September 28, 1989

W. G. Hairston, Hli
Senior Vice Presiclen!
Nuclear Operations

ELV-00902
0021

Docket No. 50-425

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D. C. 20555

Gentlemen:

VOGTLE ELECTRIC GENERATING PLANT
EXEMPTION REQUEST - WORKER RESPIRATORY

PROTECTION APPARATUS

In accordance with the provisions of 10 CFR 20.103(e) and 10 CFR 20.501,
Georgia Power Company (GPC) hereby requests an exemption for Vogtle
Electric Generating Plant - Unit 2 (VEGP) from 10 CFR 20, Appendix A,
footnote d-2(c) which states, with respect to establishing personnel
protection factors, "No allowance is to be made for the use of solvent
canisters against radioactive gases and vapors." GPC proposes to use a
protection factor equal to 50 for solvent iodine canisters in an atmosphere
containing radiciodine. A safety analysis is provided as Enclosure 1 which
demonstrates the exemption will not result in an undue h.zard to life or
property.

The requested exemption for VEGP - Unit 2 would allow utilization of air
purifying respirators in lieu of supplied air or self-contained breathing
apparatuses. The air purifying respirators, MSA GMR-1 canisters, which GPC
proposes to use would be manufactured by Mine Safety Appliance Company
(MSA). A copy of the MSA test report and correspondence justifying
Category C storage is included as Enclosures 2, 3, and 4 to this letter.

A similar exception that would allow the use of the MSA GMR-1 canister was
granted by the NRC for VEGP-Unit 1 on October 27, 1988.

10 CFR 20.103(e) allows the Commission to authorize the use of equipment
which has not been certified by NIOSH/MSHA but which has been tested
reliable under proposed conditions of use. The MSA GMR-I canister has been
adequately tested, as evidenced by the MSA tests and previously granted
exemptions. GPC asks that this request for an exemption be acted on by the
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NRC by February 1, 1990 to allow the use of these canisters in the initial
refueling outage.

Sincerely,

M))‘{m

W. G. Hairston, 1
WGH, I11/PAH/gm

Enclosures:
1. Safety Analysis
2. MSA Test Report
3. Letter from MSA dated April 5, 1989
4. letter from MSA dated September 18, 1989

xC: i r

Mr. C. K. McCoy

Mr. G. Bockhold, Jr.
Mr. R. Odom

Mr. P. D. Rushton
NORMS

U. S. Nuclear Regulatory Commission

Mr. S. Ebneter, Regional Administrator

Mr. J. B. Hopkins, Licensing Project Manager

Mr. J. F. Rogge, Senior Resident Inspector - Operations, Vogtle



ENCLOSURE 1 TO ELV-00902

PROPOSAL FOR EXEMPTION FROM 10 CFR 20, Appendix A, footnote d-2(c)
Allowing Use of the GMR-1 Canister Against Radioiodine

ABSTRACT:

This proposal is a request for exemption from 10 CFR 20, Appendix A, footnote
d-2(c) in accerdance with 10 CFR 20.103 (e) and will cover Georgia Power’s
facility Vogtle Electric Generating Plant Unit 2. The desired conclusion is the
use of the MSA GMR-1 canister and a full facepiece, that has the capability of
providing a protection factor of 100 or greater, to achieve a protection factor
of 50 against radioactive iodine and particulates.

JUSTIFICATION:

The benefits associated in using the GMR-1 over Air-lines or SCBA’s are an
increase in worker safety and a reduction in worker exposure to radiation.

Worker Safety is greatly improved by (1) reducing the respiratory protection
equipment weight causing a decrease in probability for back injury or
falling/tripping injury, (2) eliminating accidents caused by a loss of air
situation, (3) reducing worker fatigue by deleting entangled air lines,
uncomfortable harnesses and eye irritation caused by the air flow, (4) removing
the false feeling of coolness caused by the air flow across the face that can
lead to heat stroke and eventually fainting, and (5) reducing workers time in
the respiratory protection equipment by 25-50% due to the increased work
efficiency.

R ion is achieved by the decrease in work time to the corresponding

Exposure Reduction
measures of 25-50% in cases that normally require the use of Air-lines or SCBA
applications.

OPERATING CONDITIONS:

With guidance from NUREG/CR-3403, the following precautions and limitations are
proposed:

(1) The maximum permissible continuous use time for a GMR-1 canister is eight

(2)

(3)

(4)

(8) hours after which the canister is discarded. This time will be
calculated from the moment the canister is unsealed, and will include
periods of non-exposure.

The GMR-1 canister will not be stored or used in the presence of organic
solvent vapors. Procedure will deny the use or storage of these canisters
in areas that painting or use of organic vapors/chemical is in progress or
has recently been completed.

Canisters will be stored in sealed humidity-barrier packaging in a cool dry
environment (Class C).

The GMR-1 canister will be us«d with full facepiece capable of providing a
protection factor equal to ¢r greater than 500.
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(5) The GMR-1 canister will not be used in temperatures greater than 110
degrees Fahrenheit or up to 120 degrees Fahrenheit if the dewpoint is equal
to or less than 107 degrees Fahrenheit. Temperatures will be measured
prior to and/or during the use of the GMR-1 canister to assure the working
temperatures are within limits.

(6) Air samples will be taken prior to and during any activities that involve
the use of the GMR-1 canister for protection against radioactive iodine.

(7) The organic vapors and chemicals of concern relative to GMR-1 canister use
at Vogtle Electric Generating Plant:

Kylene 111 Trichloroethane
Naphthalene Methyl Ethyl Ketone
Methylnamyl Ketone Toulene
Cycholexanone Acetone
Trichlorofloroethane Butanone

These vapors and chemicals are not of concern is areas where GMR-1
canisters will be routinely stored. The canisters are purchased in a
hermetically sealed condition and are not opened until placed in service.

Vogtle Technical Specification 4.7.7 defines the availability and
surveillance requirements related to the Auxiliary Building Radiation Area
Filter Exhaust and Continuous Exhaust System. The Containment Purification
and Clean-up system and the Auxiliary Building Radiation Area Filter
Exhaust and Continuous Exhaust System plant procedures, governing the
operability and functioning of charcoal beds, are in compliance with
Regulatory Guides 1.140 and 1.52 for design, testing and maintenance of
filtration systems. These requirements are utilized to demonstrate system
operability with respect to HEPA and charcoal filters. Since GMR-1
canister will be in the same areas served by tnese systems, assurance of
continuing operability of these systems will provide assurance of a proper
environment (i.e., no organic vapors or chemicals) for GMR-1 canister use.

(8) A GMR-1 canister found to have exceeded 3 years from date of manufacture
will not be used for protection against radioactive iodine.

(9) Canisters are not to be used in total challenge concentrations or organic
iodines and other halogenated compounds greater than 1 ppm, including
nonradioactive compounds.

PROGRAM IMPLEMENTATION:

In the initial implementation of the GMR-1 program, the following verification
measures will be in effect:

a. Weekly whole body counts for individuals using the GMR-1 canisters for
radioiodine protection.

b. A whole body count for individuals that exceed 10 MPC in a week and used
the GMR-1 cansiter for respiratory protecticn in that period.
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Anyone that measure 70 nCi or greater iodine uptake to the thyroid during a
whole body count will be restricted from entering a radioiodine atmosphere
pending Health Physics evaluation.

The radiological survey and whole body count information will be complied
to evaluated the effectiveness of the program.

These precautions will be relaxed as the data proves the effectiveness of the
program.

RADIATION WASTE REDUCTIONS:

Due to the greater volume of the GMR-1 canister over a standard particulate
filter, the particulate filter will normally be used in situations permitted to
reduce the generation of radioactive waste.

PROCEDURES AND TRAINING:

Upon approval, procedures will be created or revised to define the proper
storage, issuing and use of the GMR-1 canister prior to program implementation.
These revisions will include the restrictions and limitations of the GMR-]
canister that has been formulated in the proposal. The procedures that will be
modified are Department VEGP 47001-C and Administrative VEGP 00970-C. Training
of the workers on the proper use and the limitations of the GMR-1 canister will
be performed prior to issuing and shall be incorported into the GET respirator
training program. The Health Physics staff will be qualified on the procedures
and shall receive training on the characteristics of the GMR-1 canister.

Additionally, onsite Quality Assurance audits and surveillance of the
Respiratory Protection Program will be expanded to include GMR-1 canister use
and associated procedures and controls.

ENGINEERING CONTROLS:
This proposal does not lessen the responsibilities of the 1icensee in the use of
engineering controls to relieve the needs for respiratory protection as required
in 10 CFR 20.103 (b) (1). These measures include but are not limited to,
degasification of the reactor coolant system, crud burst clean up, process to
confine or eliminate airborne radioactivity, delay breaches of primary systems
to allow decay of radioisotopes and area decontamination to decrease
possibilities of generating airborne radioactive material.

QUALITY ASSURANCE:

The Quality Assurance program established and maintained by the Mine Safety
Appliance Company is sufficient in supplying the GMR-1 canister in proper
operating condition. Only canisters covered by the MSA GMR-]1 Quality Assurance
program will be used for the p)otection against radioactive iodine. To ensure
that the MSA GMR-1 canisters meet standards for quality control, procedure
number 47001-C or a Department Instruction will require personnel verify that
for each canister used with the protection factor that the seal is intact, the
canister shelf life has not expired and the following MSA label is attached to
the GMR-1 canister:

K
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"This canister meets the NRC Quality Assurance Specification required for
Radiodine Protection Factor Credit, in addition to the NIOSM/MSHA
Requirements. Credit may only be taken by licensees who have beer granted
an NRC Exemption."

TEST DATA:

This proposal is based on studies performed by the Mine Safety Appliances
Company, enclosure 2, NUREG/CR 3403 and is structured after NRC approved
programs at Georgia Power Company Plant Hatch and Union Electric Company. The
parameters of the studies specifically air temperature and humidity, cover the
conditions that exist at Vogtle Electric Generating Plant. Enclosures 3 and 4
Justify reducing the storage requirements of the canisters from Class A to Class
e

CLOSING STATEMENT:

This proposal is based on data and contains the controls deemed acceptable by
the NRC as a proper GMR-1 canister program. This exemption will allow Georgia
Power Company to increase worker safety, by a decrease in work stress and
radiation exposure, without effecting the safety of the general public. This
proposal also acts as notification of GMR-1 canister use 30 days following
exemption approval.



ENCLOSURE 2 TO EIV-00902

THE MSA GMR-1 CANISTER
FOR USE AGAINST RADIO IODINE
AND CRGANIC ICDICES

Note:

Safety Appliances Company, Pittsburgh,
Pennsyivania for Alabama Power Company
to Nuclear Regulatory Commission staff
on April 25, 1984 at Bethesda, Maryland

} Presented by Dr. E. S. McKee, Mine
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‘

REQUIREMENTS FOR NIOSH APPROVAL FOR AN ORGANIC VAPOR
CHIN CANISTER PER 30 CFR 1

Test Concitions

Challenge conc. 5000 ppm CC1g

Test Humidity 50 + 5% R

Test Temperature 25 + 2.59 ¢

Flow 64 LPM for as received canisters

32 LPM for equilibrated canisters
Sreakthrough conc. S ppm

gggilibrltfon Qondit1on§

3 Canisters as received.

2 Canisters equilibrated for & hrs., 64 LPM, 25% RH, Room Temp,

¢ Canisters equilibrated for 6 hrs., 64 LPM, 855 RN, Room Temp.

Total 7 canisters.

Service Time Rmuimn: 12 minutes. No statistical requirements. [f

a1 seven canisters have service times of 12 minutes or more, the canister

is approved.



EXAMPLE OF LOT EVALUACION PER MIL-8TD-414

SINGLE SPECIFICATION LIMIT - FORM |

i
VARIABILITY UNiIOWN = STANDARD CEVIATION METHOD (REF. PACE 37)
LEVEL II AQL = |, 0%
SPEC. LIMIT 1.02
LOT SITZ - 500 cans

SAPLE SIZE (TABLE A3y 3=1) = 7 (n)

TEST RESULTS:

8 EOUR 3REAKTHROUGH

CAN ¢ CONCENTRATION (2)
6l .086
42 .028
43 .019
4 064
Ls . .027
' “é .035
49 .170

SAMPLE MEAN = .06129 (x)
ESTDATE OF LOT STANDARD DEVIATION = 05384 (s)

THE QUASTITY (U-x)/¢ = 1.00 - .26125 _ 17.83
cwedSe g

ACCIPTABILITY CONSTANT (k) = 1.62 (TASLE 3-1)

.‘..
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Total Radiation Dosage~-
Comparison of Data
Showing Time Involved and Workers Wearing
Air-Line Respirators or SCBAs
ve. GMR~I Respirators |

Corresponding | No. of Persons Task Time Total Dose
Dose Rate Required to Work Hours (Total Task
MR/hr Perform Task Required to Time x Dose
for Each Wearing: Perform Task Rate)
Task with Workers vith Workers
Wearing: Wearing: |
A~LR A-LR A-LR
or MR~1 or GMR~I or @MR~-I
SCBA Can SCBA Can SCBA Can |
Pressure 26 ) 6 7 5 182 130
Safety Valve
Testing
Containment 11 6 6 57 37 €27 407
Sump Work
RCS Seal 55 12 9 180 135 9,900 7,425
Inspect &
Replace
Reactor 22
Cavity
Dacon
RHR Check 37
Valve
Repair
Accumul ator 45
Check Valve
Repair
RER Heat g 59
Exchanger
Gasket
Replacement
Spent Fuel 12
| Pool Transfer
Canal Work .
Containment 75
Entry at
1002 Porer
:
i Incore 17
| Thimbdle
| Cleaning
Totals




MSA
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PERFORMANCE DATA FOR MSA'S GMR-] CANISTER SUBMITTED TO NRC

In accordance with our dgreement, e following report is submitted for
your approval.
| 1. General
\ [t was agreed with Company on March 8, 1984, that MSA

|

|

|

+
would test GMR-! cans to camo.osion in order to be able t) statistic- ‘
ally project performance at 110%F and 100% RM. In addition, other |
tests had been run prior to the March 8th agreement and the data are
|

|

shown in Tadle I. The tests were conducted under the following con-
ditions:

| Challenge Conc.: -
| Humidity: 60 + 1% and minimum of six cans at
| aigigggrcity

¢
éﬂcngiujm 192 LPM for 0.82 sec.; O LPM for 1.64 sec..,

repeating thi
This gives a rinute vo L.
Breakthrough Conc.: 1% of tae chalienge concentration

2. Test Results

h test.

Quring tiris program, 48 GMR-I cans have been tested (47 valid tests).
These cans came from six production lots made over the perfod Acril 14,
1983, to February 2, 1984. Sixteen cans were tested from lot April 14,
1983, 10 at 90% RH and 6 at 60% RM. Only efght results at 90% RM were
used in the statistical analysis given below, as one test was invalid
(No. 47) and another was stopped before completion. Only a few cars
were available from the other lots, so they could not be statistically
andlyzed; however, 21] cans run to ccmpietion had a sarvice time of



20 hours or greater. The results dre shown in Table 1. The original
14 cans not run to completion had service times well in excess of 12
hours - much in excess of the eight hours desired.

J. Statistical Analysis of Lot 4/14/83. Table 2 shows th, data used and
the statistical analysis to give the 99% prediction fnterval for
individual values of Log ¥ (log service time), whew X (relative
humidity) 1s 100%. The lower limit of this interval fs caleulated
to be 15.8 hours. This predicts that over 99% of the individual
GMR-1 can sarvice times would be greater than 15.8 hours at !55! RH
and the other test parameters used in this program. This gives a
considerable safety margin over the eight hours desfired.

One other interesting point to note from the data in Table 2, a3

well a3 all of the test data OA the GMR-I cans, is that humidity ) as
| 11ttle or no effect on the service time over the humidity range studied,
‘ 60 to 90%. This would indfcate that results at 100% RM would be very
i close to those at 90% on a log service time-<log RM plot, unless the
slope were extremely steep--which {s not the case.
\
|

4. Proposed Acceptance Plan. The extremely long service times experienced
in this program for the GMR-I cans runm to completion, an average of
over 25 hours, makes testing to completion for routine Tot acceotance
impractical; therefore, the following olan 1s prooosed.

4.1 Interim Plan. On an interim basis, until more data can be
gathered as explained in section 4.2, the proposed lot acceotance
would be as follows:

4.1.1 MIL-STD 414, Leve! [Ty AQL 1% would be used to (1) select
the proper number of cans to test, deocending on lot size,
!nd'(zg to interpret the results regarding lot accestance
or failure.

6.1.2 The cans would be tested under the conditions of sectian 1;
however, all tests would be conducted at 90% RM. Tests
would be stopoed at efght hours and the percent leaxage
recorded at this time. From evidence nresented in the
Preceding sections, results at 90 are not significantiv
different from those at 100%.

4.1.3 The percent leakage values would be compared to the spec.
limit of 1.0%, using the single spec. limit, variables
unknown, standard deviation method of MIL-STD 414.
Acceptance would be based on this analysis.

8.2 Future. Because the tests in section 4.1 are very time consuming
and somewhat difficult to run for reqgular quality assurance lot
dcceptance testing, we plar to do further testing on the GMR-!
can in an attempt to reduce the time required for testing and
2150 to simplify the test. Parameters that will be fnvesticates
ire:




4.2.1 Increasing the challenge concentration of CHol in an effore
to reduce the time to test. Under current c8nditions, a
test to completion might run 40 hours; we would 1ike to
reduce this to about two hours. [f there were 2 simple,
straight-line relationship between service time to a 13
breakthrough and challenge concentration, 1t would fndi-
cate that a challenge concentraticn of doproximately 200
pom would be required to do this. We wish to firmly
establish the service time---challenge concentration re-
lationship over & range of challenge concentrations from
1 ppm to 500 ppm.

4.2.2 Constant Flow vs. Cyelic Flow. Constant flow tests are
much simpler to conduct than cyclic flow tests. From some
preliminary information, 1t appears that constant flow
gives similar service times as cyclic flow. [f, by further
tests, this can be verified, constant flow would be used
in let acceptance tests.

4.2.3 Temperature and Kumidity Effects. Further tests will be
run to study the effects of temperature and humidity on
the performance of the GMR-I can. Itouould be preferable
to test cans for lot acceptance at 25°C and 85% RM
(standard NIOSH conditions), 15 ft can be proven that these
cenditions are as cevers as 43°C and 30% RH, or if a good
correlation between these two conditions can be established.

Conclusion.

5.1

5.2

503

Forty-seven GMR-! cans have been validly tested under the conditicns
specified in section 1. A1l of these cans had service times wel!

in excess of 12 hours. This compares to & desired service time of
eight hours.

There were 14 valid tests run on lot 4/3&/83. Statistical analysis
of this data, projected to 100% RM, 110°F, indicate that over 93%
of the GMR-I cans in this 1ot have service times well over efght
hours (15.8 hours). Incidentally, from the data of Table 1, this
lot appears to have the shortest adverage service time of the lots

testad.

In f ns 5.1 and §. - nyicered
: rvic mes over e1 under the con-

ditions: 1% brtakshrougn. cycliic flow (peak LM, average

64 LPM), 110°F (43°C) and 100% RH.



5.4 Lot Acceptance will be determined by using MIL-STD-414, Leve! £ ¢
AQL 1%. The percent leakage at eight hours service time will be

compared to the spec. limit of 1.0%, using the single spec. Timig,

“ariables unknown, standard deviation method of MIL-STD-414,

Further tests will be run studying the effects of challenge
concentration, constant flow rate, temperature and humidity on
the service time of GMR-1 cans. This program s intended to
shorten the required test time and simplify the test brocedure.

From data in this investigation, {t sppears that relative humigity
between 60 to 90% has 1ittle effect on service time of the GMR-1
Canister. Projecting the service time to 100% RM, using a log-log

plot, suggests that the service times at 90% and 100% R4 are
not significantly different.

[f you have any further Questions, please do not hesitate to contact me

/Jw

Very t;-u!y yeurs,

\ z:/?félq ‘#-:’;14;
Wayde B. Miller, Jr.
Oirector of Product § Sales Planning

Attachments/Table | and 2
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CRITERIA AND TEST METHODS FOR CERTIFYING
AIR-PURIFYING RESPIRATOR CARTRIDGES AND
CANISTERS AGAIN3T RADIOIODINE

by

Gerry O. Wood
Frank O. Valdez
Vineenit Guschick

Prepered for
Office of Nuciesr Regulatory Research
U.S. Nuclesr Regulatory Commission
Washingron, DC 20535

NRC FIN No. A704]

ABSTRACT

A project has been completed which

respirator cartricg
work with methy! jodide vapor was

ously measure penetrations of
beds of various charcosls. No
representative Vapor species for testing and its limi
testing and use conditions
temperature, flowrate, and
Temperature and simulated bres
significance than was previously
include considering the
for testing has been delivered to the N
Health. In one reisted gudy the desorption
impregnent for organi
use conditions.

provides experimental dats and recommenda-
tions for establishing 8 standard test procedure and scceptance criteria for air-purifying
es and canisters used for airborne radioiodine. Previous experimental
extended to generate elemental iodine and measure
its removal by charcoals. A special apparatus wes constructed wnd used to simultane-
radiciodine and normal iodine vapor species through
rmal methy! lodide (1-127) was seiected ms the most
wations were idemified. Effests of
(bed depth, contact time, concentration, relative bumidity,
flow cycling) were studied to identify testing requirements.
thing flow cycling were shown to bsve much more
realized. Recommendations for testng and spproval
effects of all these parameters. An &pparatus designed and built
stions! Institute for Occupational Safety and
of triethylenedismine (TEDA), a chereonl
¢ iodide removal, was found to be insignificant at normal canisier



L INTRODUCTION

The main goal of this project has been to provide the
Nuclear Regulatory Commission (NRC), the National
Institute for Occupational Safery and Health (NIOSH)
Testing and Cenification Branch (TCB), respirator
manulacturers, and respirator users with data, recom-
mendations, and proven test methods for cerufying aur-
purifying respirators against radioiodine. Since facepiece
fit is being “+ vrmined &t Los Alamos and elsewhere in
other studies, the main concern in this project was with
the air-purifying canister or cartridge used with
{acepieces.

Steps which have been taken 1o sccomplish this goal
ace:

(1) Survey and analysis of the literature relating to
wr-punifying respirators, vapor adsorption, and radio-
jodine arr clesning. Conwcts with professionals ex-
penenced in these fields.

(2) Design and construction of an experimental
spparatus for sorbent testing, mcluding generation and

. Aetecuon sysiems for nonradioacuve '] vapor species.

(3) Experimental study of the adsorption of methy!
iodide on & variety of potential respirator sorbents and
examunation of the effects of environmental and cartidge
design parameters on this adsorpuon.

(4) Expenimental study of the adsorption of elemen-
tal iodine vapors under limiwd conditions.

(5) Experimental study of the adsorption of
hypoiodous acid (HOI) vapors. ~

(6) Design and construcuon of facilities for the use
of radioiodine for sorbent testng and development of
radiciodine generators and detectors.

(7) Experimental study of the sdsorption of jodine
vapor species tagged with V'] for comparisons of results
with those obtained using stable '¥'] species. ’

(B) Studies of the effects of relative humidity, tem-
perature, flowrate, and concentration on cartridge per-
formance and service life.

(9) Measurements of desorption rates of charcoal
impregnants used to enhance methyl iodide removal.

(10) Evaluaiion of effects of cyclic flow on efMiciencies
and service Lives of potenua) rudioodine canisters.

\‘.‘
.
)

(11) Development of final acceptance tes:s. ep-
paratus, and criteria to be recommended 1o NRC for
spproval of respirator cartridges against radioiodine.

(12) Publication of results of this project and transfer

of the test procedures and techniques developed 10 the
NIOSH TCB and assistance to them in the development
of an epproval schedule.
Items &, 9, and 10 have been added to the origingl plan
W sddress concerns which have arisen as the project
deveioped. In addition, a complete, ready-to-use test
apparatus has been built for the NIOSH TCB to use for
cerufication testing.

A preceding progress report’ covered the first three of
the above steps and included the background for this
project. This report includes and organizes work re-
poried since September 1978 in quarnterly lesisr reports,
presentations st professional meetings, and publications.
With the exceptions of some journal publications to
follow, this is the fina! report for this project.

II. ELEMENTAL 1ODINE GENERATION AND
ADSORPTION ON ACTIVATED CHARCOAL

A Objectives

Testing of a selected adsorbent. an unimpregnated
acuvated charcoal, for adsorption of elemental iodine &t
ppm challenge concentrations was done 1o examine the
use‘uiness of I, generation and detection methods and 1o
demonstrate the kinds of results that might be expected
in a respirator cartridge test

B. Generation

One 1, generation technique used a flow of air (10
L/min) to pick up I, and H,O eveporsung from an
aqueous solution (<£10™" moles/L) Relsuve humidity
resulung from H,0 evaporation was abour $0%. The
challenge and test bed breskthrough concentrations were
measured using calibrated oxidant meters (Mast Mode!

24-5). The challenge concentration (C,) of 1, generated




in air was directly proportional to I, concentration in
solution [C, (mg/m,;) = 26400 [1,] (moles/L)). Both
concentrauons decreased lincarly with time as I,
evaporated faster than H,0.

Another generation technique invoived the sublima-
Sion of 1, crystals »: controlled temperatures into a
flowing air stream. Challenge concentrations of 8-30
mg/m’ (14 ppm), determined by weight losses and air
flow rates (10 L/min), were relatively sieady for up to a
week.,

C. Retention

The acuvated charcoal used for these studies was
6/16-mesh from Union Carbide.

Fracuonal bed breakthrough C,/C, from 1, genera-
tion from solutions increased from zero 10 & constant
value 1n & ume interval (10-120 min) dependent on bed
condition and challenge concentration. This limit value
of Cy/C, was constant over a wide range (X 300) of C,
and decreased exponenually with bed depth, L, ie., C,=
C.t™". All of these observations suggest that this initial
bed penetration is controlled by kinetic adsorption
processes rather than by adsorbent capacity. It should,
therefore, be equal to adsorption efficiency &t much
lower challenge concentrations.

Retention studies of 1, genersted from crystals used
beds of 6/16 mesh charcoal, 2.4-cm diameter and usually
1.25-cm deep, which corresponds at 10 L/min to a linear
flow veiocity of 22 m/min. Relative humidities of 50%

nd 90% were used. In these longer term experiments at
constant C,, after the initial constan: bed breakthrough
was sudbtracied out, 8 subseguent increase in penetraton
developed more slowly, requiring up to 7 d-1o reach an
accibonal 10% bed penetrauon. This was due to loss of
Capacity a3 mcuve sites were being used up

This subsequent breskthrough curve was best de
scribed by the equatons of the Statistical Moments
Theory, as was previously found for methyl iodide.’ An
I, challenge concentration effect (Fig. 1) was observed
ty = kCT"' (1, = breakthrough time for a selected

fracuonal penetration C,/C,), similar 10 what was ob-

served for CH,L Again, this implies that such ¢ rindge
lifeumes, determined at ppm levels using normal iodine
would be conservauve for much lower levels expecied 1n

—
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Fig. 1. lodine breakthrough times for & 6//6-mesh Union
Carbide activated charcosl bed, 1.25<¢m deep, 2.4cm
dam, 10 L/min air flow. Open symbols are for 50%
relative bumdicy and solid symbols are for 90% relative
burmidiry experiments. Fractonal bed penetrations: T for
0.02, & for 0.1, o for 0.5.

-
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radiciodine environments. However, due to the long
expernimental times involved, the determmation of
cartridge lifetimes may not be a practical way of
measuring and companng cartndge performances. The
nbserved inital breakthrough may be a8 more useful
indicator of cartridge performance.

Five types of potenual radioiodine adsorbents were
compared for 1, adsorption efficiency at the following
conditons:

2.4-cm diam x 1.25-¢cm deep beds

50% relative humidity

0.0127 g 1, in 100 m! H,0 gen

10 L/min (22.] m/min) air flow rate
The measured penetration fractions were

0.27% Westvaco WV-H, coal charconl
pregnated

0.14% SuclifTe
pregnated

0.15% Coast Engineering

0.072% SutclifTe Speakman
pregnated

0.032% Witco 337, petroleum
pregnated

Cralor soivuon

not 1m
)

207A, 1.5% Kl im

Silver Zeolite

bls] e
VoL,

charcoal




Ol. RADIOIODINE STUDIES—EXPERIMENTAL
A. Flow System

The apparatus used to measure the penetrations of
voletie iodine and radioiodine compounds through test
beds, canisters, and cartridges is diagrammed in Fig. 2
and shown in Fig. 3. It was built inside a fume hood to

. exhsust any toxic vapors which mught have been re-

leased. Radioiodine solutions and contaminated sorbents
were contained for further safety within a glove box with
charcoal and HEPA exhaust filters. Vapor gereration
and test bed exposutes were done within the glovebox.
Compressed air was filtered, regulated for proper flow -
rate, and bumudified before entering the glove box. An
electronic mass flow meter (Datametrics B00-L) which
monitored arlflow was periodically checked using s dry
test meter (Singer DTM-325) at the test bed location.
Humidification was accomplished by passing air through

the headspace over » hested water reservoir. A humidnty
monitor/controller  (Phys-Chemicz) Research Corp.)
which regulated water tempersture was calibrated with g
dew point hygrometer (EG&G 911) at the test bed
location. Waier level was maintained automatically byas
cenductive liquid level control (Lumenite Electronic
Ca).

A “Standard Operating Procedure for Use of M1 in
the Testing of Respirator Components™? was prepared
and approved by internal review. It describes tne ex-
perimental apparatus, procedures, and precautions to be
used with this radionuclide.

B. Generation Methods

Vapors were genersted in two ways shown in Fig. 2.
Liquid methy! iodide and methyl radioiodide sealed in a2
Teflon permestion tube were released at a sieady rate by

TUMPERATURE
HUMIDITY  AND WATER LEVEL

TEST BED SENSOR  CONTROLLED BATH
VENT TO — o TR
GLOVEBOX
P ™
SAMPLING
LOOP 2 \e.o LOOP 1 MASS FLOY SENSOR
GAS VALVES
CHROMATOGRAPH PARTICULATE FILTER
NITH ECD CHARCOAL FILTERS
PRESSURE REGULATOR
RADIOIODINE |} PARTICULATE FILTER
CHARCOAL TRAPS - :
Nal CRYSTALS —  COMPRESSED AIR SUPFLY
PHOTOMULTIPLIER PERMEATION SOLUTION
TUBES GENERATOR GENERATOR

Fig. & Expenmenia apparatus for fesung ar purtlying respraior caridges and canisiens uning radioiodine and normal ladine  vapor species
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permeating into & $00 ¢m’/min airflow. Temperature
control (25-70°C 2 0.1°C) of this permestion tube was
by the Calibration System (Analytical Instrument Devel-
opment, Inc., Model 303). Alternately, methyl radio-
iodide (CH}"1), elemental radiciodine (™'l,), and
byporadiciodous acid (HO'"]) were generated from
agueous solutions. A syringe was used to inject 10 mL of
solution into 100 mL of distilled water or other reagent
solution in the glass container in the lower center of Fig.
2. The volstile iodine compounds in this stirred mixture
entered the head space and were swept by 500 em’/min
of air through Teflon and glass tubing into the main
aurflow. Water vapor was also generated. Output of
volatles from solution dropped exponenually fivm the
ume of injection. Generator output and main sirstream
passed through sufficient length of 2.4-mm-i.d. glass
tubing and two eibows to mix thoroughly before entening
the test bed. Sections of the glass flow system and the
test bed were connected with O-ring seals and clamps.
Challenge air and test bed efMluent air were sampled
continunusly through Teflon tubes connected to the glass
system and into the gas chromatograph and charcoal
beds.

The technique of generating volatile iodine species
from agueous solutions for the testing of sorbent beds or
respirator cartridges has proved to be quite useful.
Concentratons in water (and in air) decrease with time,
approximately exponentially, depending on species vola-
ulity and, in some cases (CH,l, the rate of stirming of the
solution. One advantage of this generation method is that
a range of chalienge concentrations is produced in a
single experiment. This can give information sbout the
adsorpuon isotherm of the test bed. Another advantage
for inorganic species, particularly, is that generation is
from a source similar to field sources, such as reactor
coolant waters or spent fuel cooling pools. Jt is also
possible that exp” “mental generator solutions can be
mathced (pH, sc.atives, etc.) 1o actual agqueous field
sources.

C. Detection Methods

The detector for methy! iodide was a gas chromato-
graph (Varnian 1520) with a linearized zieciron capture
detector (Tracor Instruments). Air from upstream and
downstream of  the -test bed was drawn (0.8 L/min)
through matched Tr.ﬂon sampling loops snached w a
10-port valve (Valcodnstrument Co.) of Hastalloy-C (for
inertness). This vaive was preumatically actuated by 8

digital valve sequence programmer (Vaico Instrument
Co.) 10 alternately inject the upstream and downstream
air at S-minute intervals. The chromatographic column
was 1.8 m x 4-mm-id. glass packed with 15% OV-7 on
100/120-mesh Chromosord G. Opersung conditions
were 100°C and 20 em’/min 19:1 Ar:CH, carnier gas.
An electronic peak integrator (Spectra Physics Mini-
grator) quantitated the methyl iodide peaks and recorded
elapsed times. Calibrations of this analytical system were
made using weighed permestion tubes to generate known
methy! iodide concentrations in air.

The radiometric detectors continuously collected and
measured '] from the 0.8 L/min air samples passirg
through the gas chromatograph sampling vaive. Fig. 2
shows the charcoal trap and 7.6-<cm-diam x 7.6-cm-thick
Nal (T1) well-type (52-mm deep x 29-mm-diam) scintills-
uon crystal with integral photomuluplier tube (Harshaw
Cher:zal Co.). High-efficiency charcoals were used: £%
TED~ impregnated (Barnebey Cheney TN 2762) for
CH}I and activated charcoal (Union Carbide ACC)
for '], and HO"'L The majority of radiciodine was
collected at the bottom of the well, resuiting in good
detecton efliciencies (=0.5) for the 0.364 MeV gamma-
ray. Each detector for upstream and downstream air had
its own preamplifier, amplifier, singie-channe! analyzer,
and counter (all from Ortec). They shared the power bin
(Ortec), high voltage power supply (Canberra), umer
(Ortec), and printer (Ortec). Linear-iog rate meters
(Mech-Tronics) were used for count rate monitoring.
Detecior counts were taken from S-minute intervals and
printed together. Each detector trap and crystal was
shielded by 5 cm of lead to reduce background counts.
Fresh charcoal was placed in the detector traps for
background counts before each new bed was tested. The
detectors were compared almost daily for relauve
sensitvities by sampling the same radioiodine-containing
air.

D. Reagents

The source for radiciodine 131 was ICN Chemical
and Radioisotope Division, Irvine, CA. Methyl radio-
iodide was ordered as § mCi "] in 3 mL of total
methyliodide. Stated purity was 8 least 99%. Two
milliliters were used to fill a permestion tube and | mL
was dissolved in ] L of double distilled water. This
squeous solution (2.3 g/L or 0.016 mol/L) was used 10
mL at 8 time for generating as described above. Radio-
jodine in the form of Nal in 005 N NaOH was




purchased in 8 § mCi amount. Stated puriry was at least
99% with an 'T'1/""] ratio less than 10. This material of
about | mL volume was added to | L H,0 containing
Q127 g of dissolved 1, (0.127 &/L or 5 x 10~ mol/L).
Isotope exchange occurred to form P11, This solution
Was used to generate both "*'1, and HOI', For HOM'],
10 mL of this latter solution were injected into 100 mL of
4 x 107 mol/L NalO, at pH = 2 10 cause the reactions ¢

21, - ]0,' - 6H’ - 2H30 - 5 Hzox.
H.Ol" « H,0 = HO! + H,0*

No anempt was made to determine the extent of HOI
producuen, since no analytical method is known which
distinguishes this unstable species from I,

E. Test Beds

Atr-purifying respirator canisters and cartridges were
obtained from three U.S. commercial sources:' Mine
Safety Appliances Company (MSA), Piusburgh, PA;
Norion Company, Safety Products Division, Cranston,
RI; and Scon, Health/Safety Products, South Haven.
MI. They each claimed by labelling or personal manufac-
turer information, to be of some use for protecuon

aganst iodine for radiciodine vapors. Each type con-
taned & particulste filter followed by a sorbent bed
comaining a coarse grained charcoal. Some of the
charcoal sorbents were reporiedly impregnated with
reactive chemicals for radioiodine removal, such e
tricthylenediamine (TEDA) and KI, (K] « 1,) The
disunction which is made in this paper between canisters
and cartndges is that the latter are used in pairs and are
physically smaller. For some experiments beds of 2.4-cm
diam were prepared from charcoals taken from canisters.
The term “test bed” will be used in this repon to refer to
& canister, a carwridge, or an experimental bed. Table |
lists characteristics of the canisters and carridges and
ther charcoal contents.

IV. RADIOIODINE STUDIES—RESULTS AND
CONCLUSIONS

A. Comparison of Vapor Species

Penetration test results at high humidity (97 = 3% for
the three radioiodine vapor species are tabulated in Tabie
11 for five canisters (64 L/min) and in Table 111 for four
canindges (32 L/mun). Pulses of challenge vapor were
generated from solution at 2-hour intervals. Two-hour
average penerauons and swandard deviauons (given in

TABLE 1. Characteristics of Canisters and Cartridges Tested

Charcoal Bed Geomerry*

Charcon Impregnants®

Cross

Source Type Designation  Section (em?) Depth (em) Volume (em’) (Weight Percent)
MSA Canister GMR-! 100° 32 350 5% K,

Canister GMR-I(TEDA) 110° 3.2 350 £% Kl,, 2% TEDA"

Canister GMR-S 110° 3.2 350 Mewl and Ammonium Saits’
Scon Canister 6002%2-95 87 3.8 330 5% TEDA

Canister 282 OAP-R 87 s 330 Metal and Ammonium Salts’

Cartnidge  604250-75 s 1.3 62 5% TEDA

Carntridge  604403.75 48 i3 62 $% TEDA
Norton Cartridge Type I' 4s 24 106 5% TEDA

Cantndge Type IT" 44 2.4 106 5% TEDA

*Measured from opened canisters.
*Best information from manufscturers.
‘Oval cross section.

“The GMR1 (TEDA) designation is used for GMR -] canisters manu/actured gfer July, 1979 through at least April, 1980.

"TEDA « triethylenediamine.
ierized charcoal.
*Granule size 8-16 mesh.



TABLE I1. Radioiodine Test Results for Canisters’

Average Percent Instantaneous

Penctrations (and Standard Deviations)"

Canister Test
Type Vapor 02h 24h 46h 68D 8-10b
Scott CH,' - - 024 -~ .
600252-75 - (0.02)
1.07 £ 0.61 - .
(0.06) (0.05)
wy, & & & = =
HO™I — O 0.10 0.8 £
(0.03) (0.03)
GMR-1 Ci."™ 024 443 609 ~ -
(TEDA) (0.08) (0.16) (0.17)
0.99 2.46 7.54 - —
(0.41) (0.73) (1.06)
vy, 071 010 010 ~— -
(0.04) (002) (0.02)
HO"'1 — 0.08 0- - Ees
(0.04)
GMR 1 CH,™_ 334 B840 2129 ~— -
(0.52) (053) (0.65)
“y, 0.17 007 £0- - -—
(0.02) (0.01)
HO" — £0- 007 017 0.1
(0.03) (0.07) (0.03)
Scott CH," 19 98 100 - -
282 OAP-R (2) (4) N
»y, o 0.07 0.18 -~ -
(0.01) (0.02)
HO" - (- < 0.27 0.75
(0.04) (0.04)
GMR-$ »y, £- NS 0 - -
HO"'1 0- £ £- — —

*64 L/min, 97 2 3% RH.

*Zero value (-0-) means not significandy greater

than zero at the 94% confidence

level. Dash (—) means not measured.

parentheses) were determined by linear regression analy-
sis of S-minute counts in the downstream detecior versus
the upstream detector. Relative sensiivity of the two
radiviodine detectors determined by daily calibrauons
was taken into account Any penetrations calculsted 10
be within 95% confidence levels of zero were considered
as zero and listed as <0-. In only two cases were more
than one canister or carwidge of 8 type tested for a given

radioiodine vapor. Therefore, these results cannot reflect
caeissiame wirhin 4 sjven tyme At least three of esch

canister or cartridge was tested.
Methy! iodide was the vapor form of radioiodine thet
most readily penctrated the respirstor canusters and

cartridges which were tested. Penetrauons of '], and

HO™] at high humdity were low (€0.7%) and, with

one exception, did not increase significantly with ex-
posure and losding. Since methyl iodide is the mMOsi
volatile organic iodide compound, other organic i0d
should be retained on these canisiers Of caniridges with
the same or higher eTiciencies. Therelore, methyl iocice ,;'

des
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TABLE IIl. Radioiodine Test Resuits for Cartridges*

Average Percent
Carridge Tes: Instantaneous Penetrations
Type Vapor 0-2h 24h 46h
Norton Type I CH,"] 0.03 194 334
(0.01)° (0.06) (0.60)
- -0 0- £
Norton Type 11 1], ©- 0- 0
Scott CH™ 118 927 1150
60440375 (0.33) * (0.29) (0.34)
g 0.04 - 0-
(0.01)
Scont CH™ 198 101 1287
604550-75 (0.17) (0.99) (0.90)

*32 L/mm, 97 2 3% RH.

*Zero value (<0-) means not significantly greater than zero at
the 95% confidence level

‘(Standard devistions).
—

should be used as the test species 10 determine the upper
limit penetration of vapors containing iodine.

Milo Kebat and coworkers at Ontario Hydro have
challenged 1 our cartridges and canisters with CH,I, HOI,
and 1, forms or radiciodine.” The results shown in Table
IV, confirm that HO! and I, removal and retention
efMiciencies are greater than or essentially equal to those
for CH,l.

B. Methyl lodide Versus Methyl Radioiodide

Cumulative percent penetrations through three types
of impregnated charcoals are compared for methyl
iodide (Fig. 4) and for methy! radioiodide (Fig. £). The
test beds, 3.75-cm deep by 2.4-cm diameter consisied of
charcoals taken from MS GMR-1, GMR-] (TEDA) and
Scont 600252-75 canisters. Each bed was preconditioned
for 2 hours at the tes: conditions of 3 L/min airlfow and
86 = 3% relative humidity before being challenged with
15 ppm (7 mg/m’) methyliodide tagged with 1.
Cumulative fractional methy! radioiodide penetrations
were calculated directly from $-minute interval counts of
radioiodine trapped in the detectors. Cumulative frac-
tonal penetrations of methy! iodide were calculated by
Inlegratng instanianeous upstream and downstream
concentrations determined by gas chromatogrephy. The
5% TEDA impregnated charcoal from the Scon canister

was the most eflicient, allowing nearly constant 1.5 =
0.5% penetration of both methy! iodide and radiciodine
throughout the experiment. The GMR-] (§% K 1, 2%
TEDA) was iess efficient at about 10 = 2% methy!
iodide penetration end 5 2= 1% methyl radiciodide
penetration after an initial eguilibration period. The
GMR-1 (5% KI,) charcoal wes most eflicient at the
beginning of the experiments, but rapidly and steadily
deteriorated 10 give 8 60% cumulative fractional methyl
iodide penewration end & 17% cumulative fracuonal
methyl radioiodide penetration by 100 minutes.

Results from sevenieen experiments with iodized
charcoals ar: compared in Fig. 6, which shows CH,"']
cumulative percent pen:tration versus CH,l cumulative
percent penetration. The data points all fall below the
equality (dashed) line, ie., CH,! penetration grester than
CH,"'] penetration. Also, in the region of practcal
interest (less than 10% penetration) the difTerence is an
apparently only and constant factor, shout twe in thess
cases.

A more extensive comparison of fractional penetra-
tions for Scott (5% TEDA) beds is summarized in Fig. 7.
Thesz results are from 14 experiments at two humidities
for two generation methods, and for three bed depths
(1.25-3.75 cm). Each graphed point represents the aver-
age of 20 to 30 measurements for a given experiment.
The penetration values all fall close to the theoreucal
(dashed) equality line. Therefore, for this type of sorben:
(TEDA only) measurements of molecular CH,] penetra-
tions are direct measurements of the '] penetration
when the radiciodine challenge is in the form of CH;Y1.

A fourth type of charcoal, from an MSA GMR-S
canister, was tested to compare inethyl iodide and
radiciodide penetrations. This Wheterized charcoal is
impregnated with metal and ammonium salts, but con-
tains no impregnants that react with methyl radioiodide.
Therefore, removal of '”'] in CH, '*'] can occur only by
physical adsorpuon of the molesule. Cumulauve frac-
tional penetrations of methyl iodide and methyl radio-
iodide are compared in Fig. 8 for duplicate expenments.
The data points closely fit the equivalence line until the
amount desorbing from the test bed equals that entering
it. Then there was a slight deviauon in the direction of
greater radioiodine penetration than methy! iodide pese-
tration. This deviation is explained as the result of
formung volatile iodides other than methy! iodide. The
redioiodine detector is not compound specific, but the
gas chromatograpn 1s and wouid not measure the other
iodides. Insiantaneous fracuonal penetrauons (eTluent
concentrauon/challenge concentrauon) of methyl jodide
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TABLE IV. Comparisons of Radioiodine Species Removal EfMiciencies by Kabat®

Adsorber Radiciodine  Airflow Range of Percent 171!
Type Species L/min Adsorption (3t) Desorption (2h)
GCMA-H CH,] 20 98.13.99.29 31
Cartridge HO! 99.24-99.90 0.2-1.5
& 99.92-99.96 <0.10.11
GMI-H CH,I 20 $9.95-99.96 0-< 0.1
Cartridge HO! 99.87.99.92 < 0.1
1, 99.92-99.96 0.19-0.33
Canadian C1 CH,] 0 §247 4146
Canister HO! 99.2-99.6 0.30.5
1, P 1.1
MSA-Type N CH,l 40 99.91-99.93 0.140.59
Canister HO! 99.21-99.92 0.1
1, 99.87-99.96 <0.10.15

*From Reference 3. 95 percent RH, 25°C.
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Fig. 6. Companisens of cumuitive percem pencrations of
methy! radioiodide and methy! iodide for two $% Kl, charcosls:
4. GMRL: © , GMR] (TEDA).
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Fig. 7. Comparison of average pervent penewrations of methyl
radiowdide and methyl jodide for & $% TEDA-impregnaied
charcos! (Scon 600252-7%) Permestion tube genersuon: O,
97% RH and o, 85% RH; aqueous solution generstion: &, §7%
RH.
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Fig. 8. Comparisons of cumulstive percent penewations of metyl
radioiodide and methy! iodide for Wheuerized charcos) (GMR-S)
for two separaie experiments (L and O ).

increased with time and even exceeded 100% as the
vapor adsorbed at the beginning was displaced in the air.
Breakthrough times of methy! iodide averaged 33 2 3
minutes at 0.1%, 49 2 6 minutes at 1%, and 66 = 8
minutes at 10% instanitaneous penetration.

Normal methyl iodide can be used to determine the
upper limit of penetration to be expected for methyl
radiciodide. lsotope equivalent efTiciencies have been
demonstrated for sorbents not impregnated with normal
iodine or iodide. Norme! methyl iodide tests cannot
measure the removal of '*'] by isotope exchange on
jodized charcoals and, therefore, give a high (con-
servauve) estmate of methyl radioiodide penetrsuon.
However, there are currently no commercial radioiodine
canisters or cartridges which have charcoals im-
pregnated with iodide only. The GMR -] canister with 3%
K1, packing is no longer available.

C. Effects of Bed Depth and Contact Time

Another series of experiments with the TED A and K1,
impregnated respirator canisier charcoals was domne 10
establish the rate orders of methyl iodide and radioiodide




removal. The ranges of test conditions were:

Bed depth: 1.25-3.78 em

Bed diameter: 2.4 cm

Airflow rate: 1.84.2 L/min or 6.7-15.3 e/s

Bed residence time: 0.16-0.75 s

Relative bumidity: 86 = 3%

Concentrations: 6-1200 aCi/m’ ¥!] and 0.15-72
mg/m’ CH,]

Conditioning Period: 2 hours
Seventeen tests with mehtyl radiodide generated from a
permeauon tube were done using iodized charcoal from
an MSA GMR.l canister. In each test the meth-
ylradioiodide instantaneous penetration remained nearly
constant, while methyl iodide instantaneous penetration
increased sieadily with time untl it exceeded 100%.
When the logsrithm of methylradiciodids penetration
percents were plotted against bed contact times & straigt
line with an intercept of 1.0 resulted (Fig. 9). This
indicates that the methylradioiodine removal reaction
(isotope exchange) is simpie first order in meth-
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& d
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Fig. 9 Aversge imantancous percent perevations &
logunthmue functions of bed contact umes: O methyl redio
focude for & $% KJ, charcon) (GMR-1); & methy! lodide and

metny! reckoiodide for 8 5% TEDA charcoal (Seott).

ylradiciodide concentration. The range of airflow rates
was not large enough to notice the velocity efTects found
later.

Ten such experiments using $% TEDA charcow! from
Scott 600252-75 canisters were also done st similer
conditons. Semilog plots for penetration percents (both
methyl iodide and radioiodide) versus bed contact times
(Fig. 9) showed that the chemisorption reaction is also
described by a simple first order rate. Both methl iodide
and radioiodide are removed from air at the same rare.
Four experiments were also done at different bed depths
(1.25-5.0 em) using charcoal from MSA GMR.]
(TEDA) canusters. Penetrations of methyl iodide and
radioiodine during each run were both constant, but not
equal. The difference for this mixed impregnant (2%
TEDA and 5% KI,) sorbent is due to isotope exchange
which removes the '] from the methylradioiodide but
leaves 8 molecule of methyl iodide. Average first-order
rate coeflicients calculated from the slopes of plots such
as Fig. 9 are listed in Table V.

The reactior. of TEDA impregnant with methy! iodide
vapor is by first order kinetics. The isotope exchange of
iodide impregnant 1o remove the radiciodine from meth-
yiradioiodide is also by first order kinetics. EMuent
vapor concentrations decreased exponentially with bed
depth. These results indicste tha: removal efTiciency was
independent of vapor concentrations within the bed. This
is an important conclusion, since the radioiodine concen-
trations to be encountered in nuclear environments are
many orders of magnitude lower than the ppm concen-
trations required for a nonradiometnc test. The first
order kinetics also implied that contact time of vapor
within the sorbent bed is critical. Contact ume is
deterrmuned by canister geometry and airflow rate (i.e.,
workload). A high flow rate should be chosen for a
canister test 10 approach the upper limit of sverage vapor
penetration. The arbitrary test standard is 64 L/min for
canisters and32 L/min for individual cartridges used in
pairs.*

Canister charcoals containing £% TEDA impregnant
were more effective for methyl iodide removal than those
containing 5% KI, impregnants are more efTicient for
methyl radioiodide removal than those without, except
for short penods with fresh carusters.

D. Effects of Challenge Concentrations

Five tests were made with 5% Kl,-impregnated
charcoal under these condiuons:
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ABLE V. Firm Order Rate Coelficients for Methyl lodide and

Radioiodide Removal*

Rate Coeficient (s™')

Charcosl Charcoal Total Total Isotope

Impregnem  Source CH,"1] CH,! Exchange®

$% TEDA  Scon 69 = 05 71203 None
600252.95

% K1, GMR-1 36 2 03 36 = 02

% KI, « GMR-] 49 = 0.1 30 £ 0.1 19 = 02

2% TEDA  (TEDA)

*2.h preconditioning st 86% RH.

*Difference , S .

3.95-cm depth x 2.5-cm-diam bed

1.8 L/min sirfflow: 6.6 em/s; 0.57s bed contact time
86% RH; 2-hour equilibration before tesung 0.19-3.8
mg/m’ CH,l

0.0061-0.12% uCi/m* "' :

Challenge concentrations varied over 8 factor of 20.
Breakthrough times (t,) of CH,l for 1%, 10%, and 50%
instaniancous penetrations were nearly t.h‘e same for al
challenge concentratins (Table V1.) Individual bresk-
through times were used 10 calculate the h'?“throu;h
capaciues plotied versus challenge concentrations in Fig.
10. The linearity of these plots indicaied that CH,I
sdsorpuon and desorption occurred according to &
simple linerar isotherm (Henry's law). Other charcoals
which have been tested with CH,l have not indicated

linear isotherms.'

P e —
TABLE V1. Effects of Challenge Concentrations

" The Wheeler adsorption equation’ predicts the
logarithm of penetration as & linear function of time for
low penetrations (<15%9, and such plots have been
reported for CH,l. The penetration curves for the
experiments reported here with the iodized charcoal
consistently fit the Statistical Moments Theory (SMT)
equations’ and en empirica! exponential C/C, = at®
equation better than the Wheeler equation. For example,
four data sets st penetrations less than 15% yielded the
correlations in Table VIIL

The consistent failure of thr Wheeler equation to give
the best fit of penetration resclts from many experiments
brings to question its use in extrapolating to define miual
penetration at initial exposure. However, it will always
give a conservative (higher) initial value relative 10 the
true one due to the curvature of the breakthrough curve.

c")’ CH’ ll)l

Conz. Breakthrough Times (min) Conc. Percent
(mg/m’) ‘1% '10% '$0% (nCi/m’) Penetration®
0.1% 6.8 18.0 396 6.1 12.3
0.41 2.4 14.7 41.5 13.6 16.0
1.29 3.8 154 418 42.6 9.7
2.19 7.4 20.5 458 723 154
3.78 34 15.1 38.7 124.7 115
Aversge 4.8 16.7 415 Average 13.0
Sid. Dev. 2.2 .5 2.7 Std. Dev. 2.7
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Fig. 10. Dynamic sdsorpuon isotherms at three lnsun-
taneous penetravion fracuons for mebyl iodide and MSA
GMR-I (2% Kl,) charcoal

For the above expeirments, the Wheeler equation gave
an initial penetration value of 0.33% (sid. dev = 0.18%)
10 be compared with the SMT iniual value of 0. 094%.
One of the best fits of the breakthrough curves was for &
C/C, = m® empirical equation which has three dif-
ficulties: (1) it has no theoretcal basis: (2) it does not
allow extrapolstion of penetrstion to iniual exposure
time; and (3) extrapolated values very rapidly at shor
times, for this example, 0.020 at 0.5 munutes, 0.073% at
] minute, and 0.265% 8« 2 minutes.

E. Canridge Comparions

Four carridges, all conteining 5% TEDA-im-
pregrated charcoals, were tested with methyiradioiodide
a1 0, 2, and 4-hour exposure times t0 32 L/min, 97 2 3%
RH air. Methyl iodide penetrations again increased with
exposure times. Maximum penetrations (humidity equi-
libratior 5) were resched in about 3-4 hours. Aversge
penetrations measured during 4-6 hours by gas
chromstography and by radiometric counting are listed
in Table VIII. The values from the two methods are in
good agreement. Cartridges with larger sorbent volumes
(Table 1) of similar sized and impregnated charcoals gave
lower penetrations. That this can be aftributed to in-
creaded bed contact time is shown in Fig. 1. This
semilog plot also includes data from Table I for the
Scott 600252-75 cansiter. The average first order rate
coeficient is 17.6s~" (standard deviation = 1.3 s™"'). This
correlation should be useful for improving eTiciencies by
redesigning canisters and cartndges. N

The larger canisters (used alone) were more efective \

for methyl iodide removal than cartridges (used in pairs)
even though the flow rate through each cartndge was
ball as much. Also, the cartridges deteriorated in efli-
ciency more rapidly due to high humidity. Magnitudes of
efficiencies can be correlated with volumes of charcoal
and bed contact umes.

Insufficient data are available to rate cartridges an
canisters for radiciodine removal. Variauons \mhm
brands and types ahve not been established. Also. the
contents are subject to change by the mu:ufumrms
These unknowns emphasize the need for an ongoing
ceniification program. Such a program to be carmed out
in the NIOSH Testing and Cenificaiton Branch, is an

ultimate product of this project. /

TABLE VIl Fns of Pencmuon Dlu o Equluom

Linesr Correiation

Equstion Coeflicient. r
Wheeler: In(C/C,) = Ina + by, 0.925¢
Exponential: In(C/C,) = Ina « bint, 0.9999
TR B A B ‘- x, 09999

;'
i
L




AVERAGE PENETRATION (1)

Loading. When canisters or carindges were tested more

han anes

TABLE VIII. Cartridge Pemetration Fr yl lodide and Methy!
Radioiodide afler Equilibration at High quidity‘

Average Percent
Instantaneous Penetrations Charcoal
Careridge {and Standard Devistions) c:::“ Granule
Type CH,l CH, V1 Timels) Mesh
Norton Type ] 3.7 334 0.20 B-16
(0.76) (0.06)
Norton Type 11 1.50 0.20 12-20
(0.15)
Scont 50440375 13.24 11.50 " 82 B-16
{0.£9) (0.34)
Scott 604550-75 16.52 12.87 0.12 8-16
(0.61) (0.90)

32 L/min. 97 2 3% RH, 4h.

100 - - v : while continuously exposed 1o very high humidity (95 =
: 3% RH) air, increasing penetrations were usually ob-
] served. This is illustrated by the results in Tables Il and -
| - II1. Such an effect could be due to (1) loading the test bed
Vo with methyl iodide in previous tests and/or (2) loading it

urvin i

with waier vapor by exposure 10 large volumes of high
humidity air. Studie: were done to sor out these efTects
using Scott 600252-75 canisiers (£% TEDA che-~nal) at
64-L/muin airflow rate. Methyl iodide was generated from
aqueous solutions (0.22 /100 mL) st selected times
while 8 canisier wus exposed to high (97 2 3% or
medium (30 2 3%) reiative humidity air. Penetrauon
results versus exposure times are shown in Fig. 12. Box
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amws =TTl Tanges of date obtained In the first
eroe—=—=== 'OPen reciangles) & fresh canister was tested
o 5 3 €. and 24-hour exposures o 97% RH air.
Pt LOCTERSnd by Over two orders of magnitude.
1= e me=md €Xperiment another canister was exposed
a1 to=s ====dity for 16 hours before being tested at 16,
18 amz =9 bours. These dats (shown as rectangles wit:
5's) fe= oo the same curve as those from the first
oz ===t In the third experiment (solid rectangles)
gnowhes CRIUSIET WS tested at the 50% RH and 0, 2, 4,
24 a2 25-bour Exposures. Even for the longest time and
pighes: bec losding the penerration at S0% RH was not
gigrifica=t'y changed from the beginning.

A Norwon Type Il cawridge (12-20 mesh $% TEDA)
was c=elemged with 1.7 pom (7.6 mg/m’) methy! iodide
at 32 L/min &ir and 90% RH (Fig. 13). During the first 3
hours. the penetration fraction increased nearly 2 orders
of magnizude 10 1% where it remained constant for at
least 1© bours. Since the bed was being loaced constently
with mezhyl iodide and there was no change in penetra-
cor fracuon after 3 hours, the initial change must be
grributed 10 something other than sorbent exhaustion by
methyl iodide loading. Apparenty, 3 hours was required
for the charcosl 10 become equilibrated with water vapor
in eguilibrium With the 90% RH air. The larger canisters
require more tme (Fig. 12). The adsorbed watcr vapor
either blocks sccess of methyl iodide vapor to the TEDA
impregnant ©OF removes TEDA effecuveness by

bycroiysis:

N(CH,CHy),N + H,0 = N(CH,CH),NH* « OK-

enough CcONCERirAtion and continuous, th. bed will
become Joaded and will decrease in eficiency of vapor
removal. The resulting Lcrease in penetration with time
is called & breskthrough curve. Breakthrough times for
selected pentirduon fraciions are ofien dependent on the
vapor challenge concenwration. At high reistive
humidities charcon) beds become lopded with water
vapor, sl increasing penerration of test vapor with
time. The 8bove experiments have shown that for
| efMicient sorbents at low chalienge concentrations or
\  Jeadings. the reistive humidity effect may be the most
gignificant. Therefore, the time of expasurs of & canisier
or caridge 1© Righ humidity air is an important
parameter in 8 1651 procedure or 8 usage protocol.

when the challenge of & vapor to & test bed is &t # high

|

|

|

t 2. Equilibrium Penetrations. A tharcow) bed at equi-
| fbrium with the Water vesor in the air entering it does
\
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Fig. 13. Effect of exposure time on methyl jodide instananeous
penewration for & fresh Noron Type 1] cartridge tesied at 90% RH,
32 L/mio sirflow, and 1.7 ppm (7.6 mg/m’) methy| iodide.

not exhibit heaung due 1o additional water vapor ads~rp-
tion (see Section V. A.4.). Also, the penetration is often
maximized &t such eguilibrium. A Scon cantridge (642-
TEDA-H) containing 5% TEDA-impregnated charcoal
was exposed at 32 L/min airflow, 0.57 mg/m’ (0.13
ppm) CH,L, 27 2 0.4°C, and 50, 71, and 91% RH. After
equilibrium was reached at esch humidity penetration
measurements were made at seven or J0-more minute
intervals and averaged.

These values of the eguilibrium CH,] penetration
fraction P, were related 1o water vapor concentration in
air [H,0] by:

P, = exp (~47/|H,0)) .

This is consisient with the simple competitive mecha-
nism:

CH,l + N(CH,CH,),N — N(CH,CH),NCH; « I

where water vapor rescts with TEDA, making it un-
svailabdie for CH,l removal

Larger MSA canisters, also cortuining £% TEDA
charcoe!, were also measured Yor mewliv] iodide peneira-
uon st several humidiies. Flow rete was 64 L/mw and
reiative humidities ranged from 50 1o 5%t Penctranons
&t wiier vapor equilibrium, P,, were Jess sensiove to
[H.O! changes than in the case of the Scon sar-idges

bt Cbitl ey o e e NS g s T e L e s e e ek e i



wiih one-fith as much charcoal. Times required for fresh
MSA canisiers 10 reach water vama, egquilibrium vaned
from 9.5 hours at 75% RH 10 16 hours at 50% RH.

At relstive humidiles above 75% the CH,] penetre-
tion at water vapor equilibrium was not the highest
penetration value. This is illustrated in Fig. 14 with
peneraton  fraction wversus time curves for MSA
Casusiers conwuning $% TEDA charcoal. At 85% RHM &
maximum penetration of 7.6% was reached at 450
munuies as compared with an equilibrium penetration oi
4.1% (sid dev = 0.2%). This maximum is atributed to
the displacement by water of CH,! previously physically
adsorbed. Such & maximum is commonly seen at al
humidiues wath vanous charcoal beds.

Conciusions reached from studying humidity efTects
for equiibrated caristers are the following: (1) We now
undesiand how water vapor reduces the efliciencies of
TEDA impregnated charcoal beds. It is by tying up the
impregnant and making it unavaiiabie for rescuon with
methyl iodide. (2) Long times, up to 16 hours, required 1o
reach humudity equilibrium Limit the pracucality of using
peneialon at humidity equilibration as s measurement
of caruster periormance. (5) Since the penetraton a1 high
humudity eguilibrium is not the highest value which
occurs, 1s usefuness for canister or cantndge perform-
wnce speciicauon is quesuonable.

g

3. Service Lives. Messurement of service life, the
time required o reach a selected penetration fracuon, is
&N allemauve 10 measuremen: of penetraton st hurmudity
equilibnum. Service lives of air purtfying canisters and

10
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Fig 14 Humdny effest on methyl iodide breaxthirough curves i 64
L/mun for MSA % TED A charvoal.

cartndges decrease with increasing relative humudity of
the ar passing through them. This is illustrated by the

MSA 5% TEDA canisters decrease from 635§ minutes st
50% RH to 200 minutes at 85% RH. Another selected
penetrauon value would give another set of service lives.
For example, tests of three fresh GMR.] (TEDA)
canisters at 64 L/min yielded the results in Table IX.

An empirical relationship was found which described
the eTects of relative humidity on service lives (t,) of
fresh cansters. Log ¢, versus log [H,0] (or log percent
RH) plots were found to be linesr with slopes between 2
and 3. Fig. 15 shows such plots for MSA % TEDA
canisiers at 64 L/min airflow, Scott $% TEDA canisters
(600252-75) a1 64 L/min airflow, and Scor: £% TEDA
cartidges (642-TEDA-H) at 32 L/min wrflow. The two
brands of canisters, whici: have nearly the same volumes
of charcoal, had equivalen: service Lives (Fig. 15). Even
at hall the airflow rate the cartridge with much smaller
charcoal volume had much shorter service lives which
were more seniously afTected by humidity. Similar data
with MSA GMA canisters containing unimpregnated
sctivated charcoal were also linear on & log 1, versus log
[H,0] plot

The usefulness of this relstionship for a cemification
program is for extrapolsung from one humudty to

resuls in Fig. 14, If 1% is chosen as the maximum
penzirauon to be allowed, the service lives  for fresh #
7

conditions for evalusung canisters and cartngges. Also,

the sciected test humidites could be high (70-100%)

where service lives are shorter and where, (hersfore. test

tumes would be shorter. This is desirable for maxmum

eficiency of a ceruficauon test program.
w
TABLE IX. Service Life (=% min) at Three

Relatve Humidities

Percent Relative Humudity

Penetration
Fracuon 60 80 100
0.0002 145 8¢ 30
0.000% 185 108 s
0.001 228 138 4
0.002 278 155 33
0.00¢ 378 195 65
0.01 ass 215 7
0.02 855 245 93
0.05 708 308 138
0.1 BSs 475 238

Eaa—————————— —  —— — 3
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another. It may allow the selection of two humidity. )
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Fig. 15, Correlations of relauve burmudiry and service Life (1%
breakthrough) for camisters (=, Scon and 4, MSA) and »
canmcge ( O . Scont) conwining $% TEDA chareoais.

4. Humidity Heating. The adsorption 0" . . vapor
from air passing through charconl packed caasters and
cartidges hested the air to significant extents for long
penods. Temperature rises for Scou canisters (642-
TEDA-H) at 32 L/min airflow and three humudities are
shown in Fig. 16. The maximum increase of 10°C
(18°F) was observed for the highest (B5%) relatve
humidity at about & minutes from utel exposure.
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Fig. 16. Humidity besang effecus for 8 Scon % TEDA cartidge st
312 Loun wrflow.

Measureable heating (+0.2°C) continued for periods up
to 340 minutes for this series. Other cartndges and
canisters (64 L/min) showed similar hesting efTects.

Dew points were measured for air lesving test
carridges as wel as for air entering them. This allowed
determination of the rates of water vepor adsorpuon at
times throughout an experiment Tempersture increases
Wwere proportional to water vapor concentration de-
creases. This relationship was used to caiculate hests of
adsorption ranging from 4 to 9 kcal/mole.

Humidiry heating efTects are imporuant to note gnce
(1) they can make air puriflying respirators less cum-
fortable to wear and (2) they complicate the descripuons
of how canisters work. The comfon effect is more
relevant to the user than to the cerufication test

B. Tempersture

1. Equilibrium Penetrations. Ambien: air
temperstures for applications of air-punifyit.g respirstors
can vary. In additon, as mentioned sbove, air drawn
through & canister can be heated by water vapor
adsorption on the sdsorbent. Temperature efTects can be
complex since higher temperatures enhance chemical
resctons (chemisorpuon) with impregnants, but reduce
physical adsorption of vapors.

In & series of experiments with Scon cartridges (642-
TEDA-H) st 32 L/min sirflow, emperature of entenng
&ir was varied from 26.4 10 38.0°C. Test cantridges were
equilibrated a1 dew points from 15.1 to 2£.7°C before
methyl jodide penetrations were messured 8t the equi-
libration bumidities (50-75% RH). Fig. 17 shows & plot
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Fig. 17. Clapeyron piot to correlate souilibrium menry!
wdide peneTauon wath dewpont and Sir temperstares.




of |n (={H,0] In P,) versus |/T, which turns out 1o be
knear with a siope of 3020°%k.

The usefulness of this data is in sorting out the
mierreiaied effects of relatve hurmidity, ambient temper-
sfure. and dew point temperature. The following semuem-
pirical equations were derived from data for this
cartndge:

s btscn s up[fm vovr | Tamaiewr

€300 3020 J

e ~0.96 1, 2280
:~ (WKR) =P  p—

The exponent £300/Tpre porey COMes from the de-
pendence of satursuon vapor pressure of water on
lemperature. At constant diw point, ie.. st constant
Water vepor concentration, equilibrium penetration of
methyl jodide decresses with increasing ambient temper-
sture. However, when relative humidity is held constant,
equilibrium penewation actually incresses at higher am-
bien: temperature. This is due to the higher water vepor
concentravon for fixed humudity at higher temperarures.

2. Penerration and Service Lives. We have done
expenments 10 determine how much effec: the tempera-
ture of inspired wr has on the efMiciencies and service
Lves of fresh (uneguilibrated) canisters and cartndges for
methy! jodide. First, we observed that such an efTect does
exist. even over a limited expected range of use
temperatures (15-35°C or £9-95°F) This is illustrated in
Fig. 18 by dats obwined with & Mine Safety Appliances
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Fig I8 Ar tempersiure efect on methy! iodide breskthrough

Curves a1 64 L'mun and 50% RH for so MSA 2% TEDA. % K,
canmer.

Company (MSA) canister containing charcoal with two
impregnants, 2% TEDA and £% KI,. The breakthrough
curves zhow increased penetratons for incresses
temperatures &t all experimental times. When logarithms

temperatures, we obtaned apparenty siraight lines. Fig.
19 shows such plots for the MSA canister (2% TEDA.
5% Kl,) and 1 Scott 642 cartridge (% TEL A). Similar
results were obtained with an MSA-GMA canister
containing unimpregnated activated charcoal. In all three
cases, the temperature effects corresponded 10 approx-
imately doubling the penetration for each $°C (9°F)
increase in temperature.

The parameters of air tempersture (T), relstive
humidity (RH), and dew point tempereture (DP) are
interrelated and cannot independently affect service lives
(breakthrough times at selected penewrations). Therefore.
we have studied tempersture effects first with RH
consiant and then with DP constant As before, methyl
iodide is the test vapor, siace it is the most penetrating
vapor form of iodine we have found.

At constant RH, increasing temperstures shoul break-
through curves to higher penetrations and, consequently,
result in shorter service lives (Fig. 20). Canisters and
cartridges containing three types of charcoal were
studied at constant RH. The result (Tabie X) show
significant service life decreases with increasing
temperatures, up o 15% decrease per °C (8% per °F).

0.“ 1 1 i
Scory Cammridee
642 (53 TEDA)
2 Unmin
i E 53a RM =
T 3
: :
:g 0.2 . - '
- . MSA CaxisTer .
= *F (22 TERA, S2Kig) z
& < 64 L/min 8
- FE mw 3
- 2w b
: 3 1 -
2 2 L 3 .

TEMPERATURE (°0)

Fig. 19. Effects of air wrmpersture on methy! iodide penezanon st
selecied Lmes afler puuaung flows of S0% RH au.

[
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TABLE X. Tempersture Efects on Service Lives a1t Constant Humidity

Charcoal Percent T Range  Percen CH,! Service Life Decrease
Type RH (*C) Penetration (Percen: PereC)

2% TEDA, 5% KI, 52 30-35 | 4
50 31.35 1 4

26-35 0s 7

26-31 02 15

Activated 50 25-34 | 7
70 25-30 50 L

25-30 10 L

25-30 1 5

5% TEDA 50 29-38 9

In one case (2% TEDA, &% K1,), the temperature effect
varied with penetrauon fracton selected to define service
life.

At constant L P (i.e., constant water VApOr concentrs-
tion in ar), service lives increased significanty with
incressing temperatures (Fig. 21) This is due to the
combined effects of less water adsorpuon (air/charcoal
equilibrium shift) and enhanced rescuon of methyl iodide
with triethylenediamine (TEDA) impregnant The main
reason for doing constant DP studies was our hope that
wemperature effects would be less significant This did not

turn out to be the case. Aversge increases in service lives
at 1% penetration were 12% per °C at 19°C DP and 3%
per °C at 24°C DP.

The senciusion of these studiss s that temperature casn
afect service lives much more than the 1-10% reduction
per 10°C increase reporied in the literature.” Therefore,
tempersiures at which cartndges and canisters are tested
must be more closely controlled than 22.5°C specified
in CFR 30, Part I1.* Also, the units must be tested 8t
maximum T and RH of expecied use or tested at lower
values with extrapoiations of service lives to the worsi

|
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Gewpomi for an MSA carusier (2%

’em condiuons. Users must be made aware of the
potenual for reduced service life when these units are
used at even more elevated emperatures.

C. Flowrste

A canister with 2% TEDA. $% Kl, impregnated
charcoal was tested at 30°C and two RH's, DP's, and
wrilow rates. The results shown in Table XI clearly
indicate that service life is inversely proportiona to
wrflow rate. This confirmation of s well esublished
relauonship was necessary, since in this case service life
is determmed by water vapor loading rather than the
contamunant (methyl iodide) vapor loading.

TEDA, 5% KI,) &2 64 L/min.

D. Reproducibilities of Service Life Measurements

The question was raised as to what reproducibilities
can be expected for service life determinguons. consider-
ing vanabilities due 10 manufacturing and tesung. Re-
sults of limited studies are shown in Table XI1. Precision
was worst for high protection factors and shon tumes
where bed deterioration due 1o humidity was most rapid.
These resuits and other expenences indicate that at |%
penetration for one batch of cartndges or canisters »
reproducibility of 10% relative standard deviauons of
service life is reasonable. Reproducibility between
baiches can only be determined with more extensive
tesung.

Humidity on Service Life*

Service Life (2§ min)

Flowraste Dew Point  Relative Humidity at Penetrations
(L/min) (*C) Percen: 1 Percent 10 Percent
3z 19 $2 175 300
64 19 £ 80 -

32 a4 71 115 19¢
- 24 67 L 10¢

*30°C; 2% TEDA, 5% KJ, canusers.
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TABLE XI1. Reprogucibilities of Service Lis Messuremerts

Charosl  Tempersras % Relsive  Flowrme  Number of  Parpen B0 Lfe OMin) o
Trpe (*C) Humidiey  (L/min)  Measuremenu  Pemevasion Aversge Bk Dev.  §ud Dev.
M
% TEDA » ” 32 3 ko [ &) 14
[ (23 al 7
10 L] 42 ‘
b 150 122 1
% TEDA, » » [ i 128 104 ]
™ K,
5% TEDA 25 0 n o2 28 U 6
; 005 %] " n
[ 8] | 4 [ 0
02 108 10 10
0.5 132 9 ]

V1. EFFECTS OF CYCLIC FLOW (BREATHING
PATTERNS)

A, Beckground

The effects of variable flow rates and flow (bresthing)
panierns on the average efficiency needed to be. de-
termuned also. Evidence is available (Secuon IV, C.) that
the efMiciency of & sorbent bed for removing vapors from
A decreases with increasing airflow rate. There are data
which demonstraie, among other things, that peak
inspiration flow rates can be very high (200 L/min) at
moderate work loads.'' Therefore, at the peak of
inspirauon in the breathing cycle, the efficiency may be
very poor and certainly will be very dilferent from that at
the standard 64 L/min test airflow.

The work of Gary Nelson'® is widely misinterpreted as
showing no such effect Actuaily, he demonstrated only
that, in & limited number of cases. the cartridge capacity
(Wetime) was unafTected by airflow rate or cycling. In the
cases of highly toxic vepors (radiciodine, other radio-
nuclides, carcinogens, etc.) the sorbent bed efficiency,
rather than its capacity, is the limiting factor in determin-
ing usefuiness. This is because only low levels in air are
expecied 10 be encountered, resulung in low bed loading.

Expenmenial measurements and theoreucal computs-
Uons were done 1o identifly and quanutate the effects of
cyclic flow patterns. Average efficiencies for & given

bresthing cycle (work load) were mesasured for calcu-
lated and related to instantaneous efficiencies throvghout
the cycle.

B. Computer Modeling Study

A computer program was written which could calcu-
Iate canister penetrations of miethyl iodide based on
assumed airflow rate and resction kinetics of removal.
Breathing patterns of airflow were taken from the work
of Silverinan, et al.' who measured and characterized
inhalation and exhalation curves at ten work rates for
resistances approximatng those of gas masks and other
breathing apparatus. Their Table 4 provided four
parameters used to simulate “he varying flows:

R = respiration rate (per minute)

A = maximum inspiratory flowrate (L/min)

1 = fraction of towal cycie that is inspiration

F, = minute volume, mean inspiratory flowrate over

an entire breathing cycle (L/min)
Only the inspiration flow was considered since exhala-
tion is usually through an exhalation vaive, rather than
through the canisier. During expiration, flow through the
canister was set at zero.

The equation which best it the experimental breathing
curves was a linear combinstion of sinusoidal and
ellipsoidal functions:



ol (8]

FF, = instantaneous and sverage volumetric
flowrates (L/min)

t, = L/R, the aversge time for inspirstion (min)

Ay A, = constants seiected for each work rate to match
the expenimental values of maximum flowrate,
A, such that

2

Table XII1 lists the input parameters and calculated
values of A, and A, for ten workrates. The (trapezoidal)
integrated flowrates for the best fit curves are given in the
last coiumn.

A second assumption was that the canister was
equilibrated at s set of temperature and relative humidity
conditons, where the removal of methyl iodide was
described by first order kinetics (Section IV. )

P = exp -kt

TABLE XIII. Input an

d Calculated Paramerers

for Fitting Experimental Breathing

where

P
k
L
v

penetration fraction of methyl iodide

first order rate coefficient for removal (per sec)
bed contact time (sec) = 60V/F

charcoal bed volume (L)

These equations were combined to calculate instan-
taneous and integral flowrates and penevation fracuons
for steady and cyclic flows for selected values of k and V
in the ranges of expemmental values. The constant
flowrate required 1o give a penetration equal to that of
the cyclic flow was also calculated.

The simplest case, where k is a velocny-independent
constant, was computed first with the results shown in
Table XIV for k = 17.6 5~ and V = 330 em’, both
experimental values (Secuon IV. E.). Average cyelic flow
penetrations were much higher than those for equal
steacy flowrates. Higher steady flowrates (2.0 to 3.6
times) were required to pive penetrations equal to the
cyclic flow penetrations. The effects of varying the
product k V on the cyclic penetrauon (P.), steady
penezrauon (P,), and rato were given by

InP ec(kV),
InP, ==5(kV),

P/P, = exp(s~¢)(k V)] ,

Curves

Best Fit Constams

Average Maximum  Respiration Integrated
Flowrate  Flowrate Rate Inspiration A, A, Flowrste
(L/min) (L/min) (per min) Fracton (L/min) (L/min) (L/min)
9.1 37 14.8 n.382 35.20 1.79 9.9
132 as 175 0431 2642 17.58 13.1
19.8 60 18.9 0.464 29.92 30.08 19.6
270 78 20.7 0.479 3289 45.11 26.7
282 7% 22.0 0.487 27.83 5117 27.9
36.2 101 22.5 0.4%0 36.62 64.38 58
489 128 27.4 0512 33.7%6 94.24 484
64.4 160 325 0519 1061 14939 63.7
813 192 34.2 0.53% ~0.26 AR® 80.4

90.3 240 420 0.£14 86.13 153.87 89.3



TABLE XIV. Cyclic.and Steady Flow Kesuits Calculated for s Constant Rate CoefTicient®

Average Fenetration Fracton

Equivalent Steady Flowrate

Ratio  Flowrate (L/min) Ratio

Integrated
Flowrate (L/min) Cyeclic Flow Steady Flow
8.0 2x10” 2x 10"
13.1 1 x10™ Ix 0"
19.6 0.001) 2x 10~
26.7 0.0047 2x 10
279 0.0051 4x 10"
358 0.0145 6 x 10!
48.4 0.0340 0.0007
63.7 0.0675 0.0042
80.4 0.1046 0.0131
893 0.1423 0.0202

1 x 10" 322 3se
Ix 10 382 292
$x 10 50.9 2.60
2x10° 64.9 243
1280 66.0 236
sas 82.3 230
46 102.0 213
16 . 1293 2.03

8 1544 1.92

7 178.7 2.00

*k= 17647,V e 330 em’

where for each workrate ¢ and s are sverage values of
60/F for cyciic and steady flows, respectively. The
penetration ratio is a function of k V and, therefore, &
functon of the penetration fraction (P, or P,). At the
penetrauon fraction of most imterest for determuning
cartridge service life, P, = 0.01, and at a total breathing
rate of 64 L/min (32 L/min through each of two
cartridges of volume 165 cm’), k V = 4962, P, =
0.000087, and P /P, = 115.

Since expenments were showing much smalier cyclic
flow eTects (see below), the simplest mode! was modified
to include velocity dependence of the rate coefficient
Dietz, Blachly, and Jonas observed s nonlinear increase
of the first order rate coefTicient with incresses in linear
flow veiocity for methyl iodide removal by impregnated
charcoals.'” Others have also observed this

phenomenon.'*"* Including the velocity, v, (cm/sec).

dependence,
In P ==k VF

where k is a “true” constant. Wheeler has shown
theoretically that the value of n should be 0.5 for the case
of & mass transfer-imited rate.’ Diewz, et al,'’ obtained n
values of 0.45 to 0.58 for their hex-
amethylenetetramine/iodine/sodium hydroxide-im-
pregnated charcoals. The data of May and Polson'’ has
been used to calculate the n values for a 5§ per cent
TEDA-impregnated charcoal shown in Tabie XV. These
results show 8 relative humidity dependence for n, which
ranged from 0.23 t0 0.42.

m
TABLE XV. Rate Coefficient Velocity Dependence Calculated from the
Dats of May and Polson*

Log-Log Least Squares Fit

Percent Velocity  Coefficient®
Relative Range Range Number Correis-
tion
Humidity (em/s) (=" of Points n (r?)
50 17.5-101.3 40.7-85.8 4 042 1.000
60 17.9-101.7 34.5-67.) « 038 0999
80 173-103.2 254423 ¥ 029 0.97
54 17.5-101.8 212-31.8 4 023 0.9%
* Reference |3,

"




The computer program was modified to include linear Cyclic/sieady penetration ratios for P, = 0.0] varied
velocity dependence in the above penetration eguation. from 2.49 10 4.13. Sizady/cyclic Nlowrate rauos for P, =
Results shown in Table XVI were computed fromne0 P, w 001 ranged from 1.90 to 2.76, with all bur the
0 0.75, average F = 64 L/min (32 L/min through each of  Jowes: two workrates in the range 2.0 » 0.2. The
fwo cartridges), and k V selected 30 that P, = 001.  Nowrate ratios for the extreme case of n = 0 were also in
Computed equivalent (P, = P, = 0.01) meady flowrates this range for cyclic breathing rates of 48 L/min and
are listed in the last column, above (Table XIV). The cyclic/sieady flowrate rasio s

The value of o « 0.7 was used with the computer less variable than the penetration rauo, and is a possible
Program and the parameters of Table XIII 1o Calculate  way 1o wke into account cyclic flow effects.
the resuwts in Table XVIl for ten workrates, i

Values for Selected V

TABLE XVI1. Computed eiocity Parameters®

Steady Average Penetration Fraction Equivalen: Steady ‘
n Cyclic Flow  Steady Fiow  Ratio Flowrate (L/min) |

0.00 0.01 8.7 x 10~ 118 64.6 ‘
0.50 0.0: 0.0019 53 589 |
0.67 0.01 0.0036 2.8 58.1
0.70 0.01 . 0.0040 2.5 58.6

0.78 0.01 0.0046 2 $9.3

*Assumed 32 L/min through each of two canndges and breathing curve

corresponding to 64 L/min towl flowrste.

TABLE XVII. Results Computed a for Velocity-Dependent Rate CoefTicient® and One
Percent Cyclic Flow Penetration

Average Penetration Fraction

Integrated Eguivaient Stesdy Flowrate
Flowrate (L/min) Steady Flow Ratio Flowrate (L/min) Ratio
S.0 0.0019% 5.13 24.8 2.76
13.1 0.00254 394 312 238
19.6 0.0029¢6 3.38 428 2.18
26.7 0.00318 .14 6.0 2.10
279 0.00328 .08 575 2.06
358 0.00335 2.99 72.9 2.04
484 0.00364 278 93.6 1.93
63.7 0.00375 2.67 1212 150
80.4 0.00402 2.49 146.8 1.83
£9.3 0.00278 2.65 169.2 1.89

*koek VP Ve 330 em,




The computer Program was modified to include lLinear
velocity dependence in the above penetration equauon.
Results ghown in Table XVI were computed from n e 0
0 0.75, average F « 64 L/min (32 L/min through each of
fWO cartidges) and k Vv selected g0 that P, = 0.01.
Computed equivalent (P, = P, = 0.01) sieady flowrates

are listed in the Jag; column,

The value of p = 0.7 was used with the computer
Program and the paramerers of Table XI1I 1o calculate
the reults i Table XVII for en  workrates,

TABLE XVI. Computed Vailyes

Cyclic/steady penstration ratios for Pe = 0.01 varied
from 2.49 10 &.13. Steady/cyclic flowrate Tauos for P, w
P, = 0.0] ranged from 1.90 to 2.76, with 4l but the
lowest two workrates in the range 2.0 2 02. The
fNlowrate ratios for the extreme case of 1 » 0 were giso i
this range for eyclic breathing rates of 48 L/min and
tbove (Table XIV). The cyclic/steady flowrate raLO s
less variable than the penetration rayo, anc is & possidle
Wey 10 ke into account cyclic flow efTects.

for Selected Velocity Parameters®

Average Penetration Fraction

Steady Eguivalent Steady
n Cyclic Flow Steady Flow Ratio Fiowrate (L/min)
0.00 0.01 8.7 x 10 118 64.6
0.50 0.01 83 589
0.67 0.01 0.0036 58.1
' 0.70 0.01 0.0040 58.6
0.7 0.01 " 0.0046 59.3

*Assumed 32 L/min through esch of two cartridges and breathung curve

€orresponding 10 64 L/min towal flowrste.

TABLE XViL. Results Computed a for Velociry-Dependem Rate CoefMicient*

and One

Percent Cyelic Flow Penetrazion
Integrated Average Penewration Fraction Equivalent Steady Flowrate
Flowrste (L/min) Steady Flow Ratio Flowrate (L/min) Ratio
9.0 0.0619% 5.13 24.8 2.76
13.1 0.00252 3.94 31.2 2.38
19.6 0.00296 3.38 428 2.18
26.7 0.00318 3.14 56.0 2.10
27.9 0.00328 3.0% 575 2.06
358 0.00335 2.99 72.9 2.04
484 0.00364 .75 936 1.93
63.7 0.0037¢ 2.67 1212 1.90
BO.4 0.00402 2.49 146.8 1.83
§9.3 0.00378 2.65 169.2 1.89

ke k V' Ve 330 em’,
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C. Experimental Study

A Scott Breathing Simulator (Scott Aviation Corpor-
ation. Lancaster, NY, Parnt No. BOCOI16) was used 10
produce cyclic flow patierns. It is 8 dual-piston pump
operated by a motorized cam to simulate 8 bresthing
paniern. The cam used in these experiments was desig-
pated 622 KGM. Towl volumetric flowrate of air wes
adjusted with the pump speed conmtrol and measured
downstream of the test bed with a dry test meter (Singer
Mode! DTM-325) over at least 20 cycies. A senes of
check valves and s fUtered air supply was used so that
during half of the cycle backflow through the cartndge
was prevented. This was 1o simuiste one-way (inspira-
tion ) flow through 8 cartnidge on & typical air-purifying
respirator. A 20-L polyethyiene bottie was used 10 mix
methyl iodide from the permestion tube with the man
airflow to smooth out possible variatons in challenge
concentrations due 1o cycling airflow. Total flow volume
over a time corresponding to a full number of cycies
(20-25) was measured with a dry test meter downsiream
of the test bed 1o determine average Nowrate. Other than
these modifications, the experimental apparatus was the
same as that described in Sections II1 and VIIL

Tes: beds of 7.f<m-diam and 0.5 o 1.5<m-depth
were packed with varying amounts of § percent TEDA-
impregnated charcoal (Barnebey Cheney CU 2762) to
obtain 8 range of penetrauon fractions st selecied
relsuve hurmucities (25-95 per cent) and ambient temper-
sture (23 = 1°C) Airflow was maintained at 32 L/min
for both steady and cyclic (20.5 cycies/min) situstons.
After the test bed was eguilibrated at the selecied relauve
humidity, penetration fracuons of methyl iodide were
determined at 10-min intervals, aliernsung stesdy and
cyclic flow for about 2-hour periods. The resulung
messurements were sversged and a sianderd devisuon
was calculsted. Alternating flow parnierns for the same
test bed eliminated the significant between-bed vansuons
experienced in eariier experiments.

Results summerzed in Table XVIII show definite
penevsuon dilferences for the cyclic and sieady flow
cases. Cyclic flow penewration 'was grester by faciors
from 1.2 to 4.2. However, et was no consistent
correlstion of rauo with penetrauon fracuon, contrary ©©
the computer calculasuons. This suggests that the real
situation is complicated by unknown factors (e.g., rela-
tive humudity, granule size, packing density, bed depth,
eic.) having unknown effects.

Additions] experiments were done wath  other
charconls to explore the gemerality of the cyclic flow
effect. Comparisons of penetrations at €yclic and sieady
flow conditions (32 L/min) were done with several
cartndges, canisiers, and beds packed with 52.55g of
charcon! (7.5<m-diam). The measured cyclic/steady
penetrauon rauos and experimental conditions are given
in Table XIX. Figure 22 shows breakthrough curves
obtained for two 5% TEDA charcoals, one which
showed a definite cyclic flow effect (1.6 times higher
penetrations) and one which did not Likewise for the
other charcoals, some showed an effect and others did
not. There was'no obvious way to predict when the
cyclic flow would give a higher methyl jodide penetration
or how much higher it would be.

The significance of the cyclic flow efect is seen in Fig.
22 for the Scom charcoal. There appesr to be two
separate breskthrough curves differing by the factor of
1.6. The end-of-service life, defined s penetration reach-
ing 1%, is 300 min for steady airflow, but only 180 for
eyclic airflow at 32 L/min. At 1.5% the differences are
much greater (>> 500 mun vs. 260 mun).

A meximum penetrstion &t about 120 min was
observed for the Willson/Inco $% TEDA charcosal
breskthrough curve (Fig. 22). This has been seen before
for this and other charcosls and is arributed to bed
hesting by water vapor adsorpuon (see Secuon V.A4L).
Both the cyclic flow and steady flow penetration fol-
lowed the same breakthrough curve.

D. Conciusions

Both the computational and experimental approaches
to determuning cyclic/sieady penetralion ralios jed 10 the
same conclusion: significant difTerences between breek-
through fractions at a selected bed conditions (time of
use. humidity, tempersture, average flowreie, etc.) can
exist for a variety of charcoals. The limited experimental
and computed data acguired so far does not revesl the
factors determining the existence of magnitude of this
efTect for any given charcoal. It is of grest interest fors
variety of resprator applications, not merely radioiodide
removel, 1o identify these critical parameters. The ex-
istence of a cyclic flow efTect impacts on manulaciunng.
tesung. cenification, approval, and use of chemical &r
cleaning respuaior canricges and canisters.

T ——— o




TABLE XVIII. Experimental Results of Cyclic Fiow Study at 32 L/min
for one 5% TEDA charcoal (BC CU-2762)

Relative Cyelic (C) or Average Standerd  Ratio
Humidity % Steady (S) Fiow Penetration  Deviation (C/5)
25 C 0.025 0.003 4.2
s 0.006 0.001
C 0.145 0.01% 13
0.112 0.010
50 C 0.045 0.005 1.9
S 0.023 0.002
C 0.076 * 0.013 1.7
) 0.045 0.005
C 0.n86 0.007 1.6
S 0.055 0.012
75 e 0.304 0.027 13
) 0.218 0.022
86 e 0.081 0.005 25
S 0.032 0.003
C 0.067 0.008 335
- 0.020 0.001
94 & 0512 0.012 1.2
) 0.443 0.028
C 0.177 0.008 1.7
S

0.101 0.007

An immediate concern for this project is how to take
into account cyclic flow effects on methyl iodide penetra-

, tion. Three opuons have been considered:

1) Define end-of service life of & ceanister or
carurdge st a lower penetration fraction (e.8.
0.5% instead of 1%).
2) Double the tesung arflow rate.
3) Use & bresthing smulsior pump for testng.
The first opuon would require idenufying s conswnt
Or average cyclic/sieady flow penetration factor. Tables
XVIII and XIX show s significant range for this rato.
Furthermore, this opuon would penalize those manufac-
turers using charcoals which have no such effect and
may hinder the development of more efTective sorbents.
For example, the Willson/I1nco cartndge in Fig. 22 would
have failed (> ] %) enurely instead of having s service life
of about 45 min.

The second option, doubling the steady airflow, is
based on the computed results in Tables XV] and XVII,
which show thar this spproximately compensates for
cyclic flow &t a vanery of conditions. Unfortunately, the
expenmental results reves! & more complicated situation.
This option also has the same objecuons as the first.
Humidity effects would be more than doubled by
doubling the airflow rate. And modifications would be
required for the existing testing apparatus. The third
opuon also would require modifying the exisung
spparatus by 1) inserming a breathing simulator
pump ancd one wey valves between the fUtered air supply
and the humidity chamber, 2) inserung a 20 L buffer
volume between the methyl iodide generator and the test
bed and 3) changing the method of aversge flow rate
monnonng (volumetric average instead of an instan-
taneous flowmeter readout). The question remains as 10

--
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TABLE XIX. Cyclic/Steady Flow Penetration Ratios for s Vasiety of Chbarcoals.

Charcoal Original Packed Preconditioned? Run Relative Number of  Average Cyclic/Steady
Source and Type' Unit Bed® (% RH) Humidity (%) Comparisons Penetration Ratio
Norton OV Carnridge, X No 75 2 10201
(7500-1) X No 85 2 10201
MSA OV Cartridge, X as 80 3 13201
GMA (44.3%)
MSA OV Canister, X 50 8s : 3 102 0.1 2
GMA-C
MSA Carnister, b 4 No 85 “ 1.0 2 0.1
GMR-], $% KI,
MSA Canister® X No 85 . 1.72 02
% K1,, 2% TEDA
MSA Canister,® X 98 9s 4 1.0 £ 0.1
' 5% TEDA

Scon Canister, X No 85 7 1.6 2 0.1
5% TEDA (600252-75) X 85 95 2 1.72 0.2
Barmnebey Cheney X No 8 | 19202
5% TEDA (CU-2762) X Bs g “ 18202
Willson/Inco Cartridge’ X No 8s 2 1.320.1
% TEDA (L B) X 95 95 l 13201
Willson/Inco Cartidge X No 85 4
$% TEDA (Lot V) X No 8s 1 09202

X No 8s 2 1.2202

*Impregnants and amounts based on manufacturers’ informauon.
*Prototypes supplied by manufacrurers.
‘25 g in 1.5 cm-diam bed.
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Fig. 22. Bresithrough curves alternating steady flow ( O ) and eyelic
flow (2) for two 5% TEDA charcosls. Upper curve: Scom (555, 1.5-
em diam). Lower curve: Willsor/Inco (£23, 7.0-cm diam) £5% RH,
32 Umun.

which breathing curve parameters 0 use and how critical
are they to the final penetration results.

The third optiun appears to be the most desirabie, at
leas* until more data is developed. The selection of
parameters would be no more arbitrary than the selec-
tion of an average bresthing rate, usually 64 L/min, for
tesung. The data of Silverman, e al’ is availabie to make
these selections less arbitrary.

VIl. DESORPTION OF TEDA FROM IM.
PREGNATED RESPIRATOR CHARCOALS

A. Background

Data reporied earlier (Secton IV.) have been shown
thet TEDA [N(C,H,),N] is an efective charcoal impreg-
pant for the trapping of organic forms of radiociodine
from ar. Four canister manufacturers have plans to
continue or begin packing their radiciodine canisters
with £% by weigth TEDA-impregnated charcoals.

This compound has s normal boiling point of 174°C,
but is known 10 sublime readily at room temperatures.
The voladlity of the pure cryswals has brought up the
question of the volatlity of TEDA impregnated in
actuvessd charcosls. The reason for this concern is the
possible reiease of significant amounts of this amine of
unestablished toxicity from sorbents, especially in air
punifying canister applications.

There are no toxicologice! data available for TEDA:
however, TEDA belongs to the class of organic aliphatic
amines, many of which have been shown to be toxic.
Threshold Limut Values (1982)" for mmilar amines are:

mg/m’ pom
Ethylamine 18 10
Diethylamne 30 10
Triethylamine 40 10
Etylenediamine 25 10
Diethylenetriamine 3 1

By structural and functional similarives. TEDA can be
considered moderately toxic with & concern level of |
ppm or greater. Vapor pressures measured over the
range 50-110°C have been extrapolated to give 0.58 torr
&t 25°C. However, there was no informauon svailable
on the volatility of desorpuon rate of TEDA impregnated
on activate charcoal.

To supply data to answer these concerns we have
measured TEDA desorpuon from commerical im-
pregnated charcoals.

B. Apparstus and Procedures

The apparstus used for measuring TEDA desorption
is disgrammed in Fig. 23. The detector for TEDA o air
was a photoionization detector through which air sam-
ples are drawn. Detector response was amplified and
attenuated with the electrometer component and re-
corded on a strip chart The detecior was calibrated by
sublimauon of TEDA crystals at 30.0°C into flowing
air. Weight loss rate and diuent air flow rates were
measured and used to calculste calibrauon concentrs-
tons.

A gas chromatograph oven was used 10 contro!
emperatures (70-120°C) of test beds, the mr entenng
them. and the sampling lines. Charcoal sampies of 1-4
em’ volume were packed into stainless steel tubes and
held in place by giess wool. This resulted in bed depths of
1.4-5.6 cm.
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Fig. 21, The sppwarys used for srudies of TEDA desorpuon from
caantoals.

Compressed air from cylinders was passed through 8
flter of acuvated charcoal before use. It was guite 1,
iruuadly. For lugher humsudity studies a fraction or all of
the arrflow was passed through the headspace of a water
reservor. Resulung relative humudites were determuned
using a dew point hygrometer.

Two charcoal beds were placed in the oven in such 2
way that the airflow could be switched bv & valve to
ether. One bed contmned unimpregnasted scuvated
charcoal and the other the test charcoal. Air flowed
througn the former 10 the detecior during oven equilibra-
uon. Upon reaching a sieady detecior baseline Signal the
erilow was switched 10 the test bed. An upscaie signal
stuft occurred.

Such mignal shift measurements were repested at the
same concitions, often using a fresh bed. At least three
emperatures were used for each charcoal Signal shifts
recorded on the strp were measured with B ruler.
multiphied by atienusuon factors, and compared with
calibrauon curves 1o get TEDA concentrations (mgp'm?).

Three kindr of TEDA-mpregnated charcoals from $
comm.ercial sources have been studied for TEDA de-
sorpuon. Four of these commned & £% by weight
loading of TEDA. Another had a mixed im-
pregnated—2% TEDA and £% KI,. And one charconl
was impregnaied £% with a new compound called “C-
Alkyl TEDA™ or “Hesvy TEDA.” which has an alkyl
group, such as ethyl, added v one or more of the
eviene bridges. The main objective 1s 10 maxe 8 higher
molecular weight compound with lower volstlity. The
added alkyl group should not aTect the rescuve mitro-
85ns. Another charcoal, impregnated with £% K1, oniy,

was also tesied under the same conditions 10 provide a
reference and to idenufy any iodine reiease upon heaung.

C. Resuits and Conclusions

Since breathing through 8 respirator cartnidge is not at
8 fixec, constant flow rate, we first studied the ¢Tez: of
arflow veiocity. The resuits shown in Fig. 24 for one of
the £% TEDA charcoals show the sabsence of effes: of
flow rate over the range 1.6—6.8 cm's. This imphes that
the air was TEDA saturated and the volaulizauon rate
was repid. g

Since bed depths also vary for different designs of
cartnuges and canisters, we also vaned this parame:er.
Again. no effect was observed (Fig. 25). This result.
combined with no velocity efTec:, implies that the air
passed through the impregnated charcoal wes saturated
with TEDA vepor; in other words, at egutliprium.

Humudity was also vaned over s range from £% to
99% RH at 25°C. Dew points of ~18 = 4°C, 15,1 =
14°C, and 248 = 0.7°C were measured at test
condiions of 70°C, 90°C. and 110°C. A1 25°C these
dew points correspond to reistive humudities of 4%, $4%,
and 99%. Increasing water vapor concsnirauons de-
creased the response of the photoionizauon detesior.
When this response change was taken into account, no
deteciable changes in TEDA desorption rates were

80°C
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Fig. 24. Effect of airflow welocry on TEDA vapor desorpuion
CONSENrAOn &1 (W LETIDETAIUNES.
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Fig. 2%. Effecr of bed depth on TEDA vapor desorption concentrs-
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observed over these ranges of experimental parameters.
Only dry air was used in other expenments.

For the ordinary % TEDA charcoals desorpuon
concenwrauons vared widely (Fig. 26). For exampie, at
90°C the range was 4 10 48 mg/m’. The mixed
impregnant ciharcoal gave a value of 6 mg/m’, at the
lower end of this range. No iodine or other desorbing
vapors were detected from the 2% KI, (only)im-
pregnated charcoal up 10 120°C.

The differznces in desorpucn rates for the four £%
TEDA charcoals are significant. They may be due to
impregnation methods or due to the charcoei base
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F§ 26 Clasevron piou for TED A vapor gesordec from % TEDA

characiensucs (acuwity, surface ares. pore structure.
pore size, ¢1c.).

Fig. 27 shows a companson of desorpuon concentra-
tons of TEDA and Heavy TEDA. Both charcoais were
from the same manufacturer who said the same base
charcoal was used. Note that the Heavy TEDA desorp-
tion was about 10 times lower than that for TEDA. This
is what was expecied. Efficiencies for trapping methyl
iodice have been found © be similar for both impreg-
nants.

As we have seen from Figs. 26 anc 27, Clapeyvron
equation plots (log C versus 1/T) are linear. This was
expected from analogy with evaporaucn and sublimation
processes. The siopes of these plots are direciy propor-
tonal to heats of desorpuon. The range of measured
heats of desorption are shown in Table XIX. The
average is 25 kcal/mol, much higher than the ]4
keal/mol heat of TEDA sublimation from pure erysiais.
The difference is due to TEDA-charscal intergstions.
The 2% kcal/mol average corresponds 10 s doubling of
desorption concentration with every $°C nise in tempers-
wre.

Another use of the Clapeyron eguation plots is
exvapolation 1o lower temperarures where TEDA de-
sorption is 100 smail to measure directy. Such extrapola-
uons to 25°C yicided the TEDA veapor concentraticns
shown in Table XX.

The most important conclusion from these studies is
shown in this tabie: The maximum desorded TEDA
vapor concentrauon at 25°C was calcuisted to be 0.12
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o~ “otcusoiopical data is available for TEDA, but
w1 3 wed below the Threshold Limit Values for mmilar
smines, which range from 4 mg/m’ for
Lemhylensimamune 10 40 mg/m’ for triethylamine '
Therefore, there shouid be no toxic hazard from using
TEDA-impregnsied charcoals up to the 5% by weight
evel,

VIIl. TEST APPARATUS DEVELOPMENT

During the course of this project several experimental
ipperatuses have been bullt and used for challenging and
esung scroent beds, canisiers, and cartndges. The two
sarbest spparatuses heve been described elsewhere’ and
n Sesuon 11l anc Fig. 2 of this report

After experiments with radioiodine were compieted the
winalyucal instrumentation for sampling and measuning
metnyl 10Cide 1n ar was redesigned and redbuilt. Goals
were compaciness, simpheity, automaton. and low cost.
Sampling valves and loops were mounted in a heat vaive
sven (Carie Instrument Inc., Model 4300) to overcome
&ie prodlem of water condensauon during high humudity
2sts. A more eficient gas chromatograph column pack-

3 Porapek Q-S) for seperaung methyl iodide from air
~2s lound. This made possibie smaller columns tha: also -
:ould be mounted in the vaive oven and eliminated the
1eed for a separate large gas chromatograph. Two
amphng valves were ganged by gears for simultaneous

ampling upsiream and downstream of 8 test canister.
This elmunates the need for interpoisting between peak
seas of aliermate samples when making compansons.
simultaneous sampling reguires difTerent umes of armval

of methyl iodide peaks to the eieciron capture detector
(Vaico Instrument Co. Mode! 140B). Each sampie
passes through its own column (1.0 or 0.6 m long) with
its individually controlled carmier gos flow rate to ac-
compiish this. A third valve momuntaniy venmts the
eMuent from both columns to keep air from passing
through the detector. A downstream sampling loop 10
times larger than tac upstream one gives methy iodide
peaxs closer together in size during the earlier stages of
bed penetration. These improvements, the subsututon of
8 dew point hygrometer (EG&GC, Model 911) for a
resistance type hygrometer, and high output generation
of methyl iodide from permestion tubes were major steps
to the final test apparatus design.

The final tes: apparatus, pictured in Fig. 28, contains
in one unit on wheeis: (1) ar flow, humdity and
temperature control, (2) methyl iodide generator, (3)
sampiing pumps anc automatic sampiers, (4) dual col-
umn ges chromatograph with samplng vaives and
ciecrron capture detector, and (5) data integrator with
chant recorder. It regquires for operstion: (1) compressed
ar, (2) distllled water, (3) argon/methane carner ges, and
(4) electmic power. Two Respirator Cartridge Canister
Test Sysiems have been built. one for our use and one for
NIOSH. The capabilit:es are:

Tempersture: Ambient—40°C

Dew Point: g2¢°C

Airflow Rate: <100 L/min (Constant)

Penetration Fracuon: 2v.001

Challenge Concentration: 20.1 ppm CH,!
Advantages of having two units inciuce the capabuities
1o confirm tesung results, to help NIOSH with

TABLE XX. Trethyvlenediamine Desorption

Charcosl
Impregnants

Heat of Desorption
keal/mol)

Vapor Concentration
st 25°C (mg/m’)

£% TEDA 19.6
232
316
26.6
28.5

“5% KJ,
19.0

0.12
0.032
0.0003

A ae
N

0.0011

0.016

B
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troublshooung, and to provide backup in case of major
breakdowns.

A detaled and descriptive operauons manual for this
test sysiem has been wrmnen'” and will not be repeated
bere. The wble of contents is given in the Appendix of
this report 1o dlustreie the informeaton provided 10 the
NRC and NIOSH. It includes ciagrams, photographs,
speciicauons, mstrucuons. precaugons, and component
@anuals.

The first crafl was subjected 1o an evaluaton sug-
gesied by Donald Campbdell of NIOSH. Five technicians
and 5T members not familiar with the apparaius were
given the inscuctions and apparatus and asked to
periorm a camridge test These evalustions revealed
some unciear and out of seguence instuctions and
provided useiul suggesuons for improvements. The final
draft was once agan evaluated in Uus wey 10 mexe sure
the changes had been eTestive.

In the light of the discovery of significant eyelic flow
eTects, this epparatus and manual will nesd 10 be
modified 10 inciude 8 breathing simulator pump and
associated pans (Secuon VI.D.).

IX. DEVELOPMENT OF APPROVAL CRITERIA
FOR RADIOIODINE CANISTERS

A. Hisiory

Prelimmmary proposals for approval (acceptance)
Crieria were presented and discussed at NRC and
NIOSH in February 1981, Tesung conditions proposed
were: 0.2 ppm CH’I challenge 81 64 L/min. 2¢°C. and
rwo humucities, 50% and BS% RH for fresniy opened
(not equilibrated) camsters. Acceptable service lives
proposec were E hours at £0% RH and 2 bours a1t B5%
RH, which extrapolates 0 2 hours minimum at 100%
RH.

Further discussions and additional experiments led to
& revised set of proposals in Apni 1981, Tesung st 8
higher temperature (320°C) was added. Close coatrol of
RH (22%) and T (21°C) was required. A
reprocucioiny reguirement of =10% on service life
measurements wes proposed, s was idenufying service
Ufe in terms of 10wl breathed voiume. instead of in terms
of tme of use. A knowiedgeabie industnal hygienist or
Supervisor would then be abdie 10 caiculste 8 service Life
bases on T, RH, and work level These 1deas were
ciscussed over the next sEVeral monihs with vanous

meresies parues.

R

In November 1981, mesungs were heid in Rockville,
MD, with NRC and NIOSH personnel to refine some of
these proposais. We identified probabie maximurm use
conditions (90°F or 32°C; 100% RH). The proposal of
user discreuon in setung service life based on data to be
provided on work rates ard breathing volumes was
rejecied, since 1t was felt that user knowiedge was ofien
inadequate and the radiciodine has no warnung
properues in case of overuse. We identified some addi-
tonal use resimcuons (interferences, slorage, maximum
concentrauon, facepiece performances e:2.) that must be
part of the approval. Another revised se: of tesung
condiuons (30°C and 25°C a1 0% RH and <% RH)
was proposed. Steps necessary for follow-up of this
mesting were agresd upon.

The ANSI Ad Hoc Resprator Tesung and Approval
Subcommutiee mesung in Los Alamos in Dezemoer 1981
Was another good opportunity tc discuss reievant sub-
Jects wath representatives from many industry and gov-
ernment Organizauons.

Approval requirements were modified 10 allow several -
classes of approvais by humidity range (high and
moderate) and mumimum service life for 1% peneiration:

Designzuon Minimum Service Life

High Humigity, 30 munutes at 30°C and
Hall-Hour 100% RH

High Humudity, 60 munutes a1 20°C and
One-Hour 100% RH

60 minutes st 30°C and
75% RH

Moderate Humdity,
One-Hour

120 munutes at 30°C and
7% RH

Modierate Humidity,
Two-Hour

The reasons for more than one class of approvais are: (1)
1o allow some current canusiers 1o be spproved and (2) 10
provide incenuive for manufacturess (o deveiop improved
camsters for higher classes (i.e.. High Humdity, Eight
Hour) of approval.

The approvel schedule should also inciude penodic
sung to venfy sheif ife claums of manufecturers.

Additional use restmctions that must be put into the
regulations for use and on approval labels inciude:

1. Not 1o be used in the presence of organic solvent
VRpOrs.

2. To be stored in sealed. humidity barrier packaging
in cool, dry environments.

3. Service Ife is 10 be calculated from the ume of
unsesing including penods of non-exposure
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Fig. 28. Appararus developed for tesang radioiodine cartndges and canisens unng methyl kodide
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4. To be used with a facepiece capabie of providing
protecuon faciors greater than 100, as determined by
esung with 2 HEPA flter and aerosol.

3. Not 10 be used in challenge concentrations of total
organuc jodide, mcluding nenradiometnic jodide, greater
than | ppm.

Also in December 1981, NIOSH initisted by internal
memo procedures for establishing an approval schedule
on the foliowing conditions: (1) NRC will first establish
acrmunistratve controls, (2) Los Alamos will provide
NIOSE with the tesung equipment, (3) approval will be
for methyl iodide, the tesung agent, oaly. NRC then can
allow use for other iodine vapor species based on Los
Alemos and other cata.

B. Current Recommendstions

The current recommendations for radioiodine
cartridge and canister tesung condiuons and acceptance
enterie are summarized in Table XXI1. Also listed are the
current cnteria from the U.S. Code of Federal Reguis-
sons for organic vapor canisters for companson. The
latter 2re called current recommendations. rather than
final ones, since discussions will continue in the regula-
tory process.

Tesung should be cdone a1t two relative humudities end
at 64 L'min cyclic wrflow for camisters and 32 L/min
€yclic arflow for canridges used in parrs. Challenge
concentration should be | ppm methy! iodide. although
this 1s not a ciucal paramezer. Units are 1o be tested as
received and freshly opened. Tests at 25°C were
elumuinated since 30°C represents & more severe con-

dition and provides a safety factor for use Bt less severe
condit- ns. The maximum tesung humudity was reduced
from B5% to 75%, since at 30°C the latter corresponds
0 & dew pount of 25°C, the maximum practcally
aTainedle without placirg tie testng apparstus in &
warm (>25°C) room or environmuntal chamber. Linear
extrapoletion of reswts to 100% at 30°C using log
service Life versus log RH piots is recommended.
Triphcate insterd of duplicate service life determnations
will better define reprocucibility and the need for addi-
Uonal tesung.

X. ASSISTANCE TO NIOSH IN ESTABLISHING A
TESTING AND CERTIFICATION PROGRAM

All deta. conclusion, and proposaic generated from
this project have been shared with the NIOSH TCB from
the beginning. This has been accomplished by visits to
one another's laboratories, in-person and teieshone con-
VETSSLIONS, LIp repons, progress reports. public presenta-
uons, and publicauons.

A final test apparatus described in Section VIII was
bult and shipped to the NIOSH TCB for their use in
cerufication testing. An extensive operstion manual was
prepered and also given to NIOSH. Followup wisits to
the Morgantown, WV, laboratories are planned to heip
NIOSH in setung up and using this eguipmen:. Los
Alamos will also be svalabie for telephone consultauons.
&8s nesded. The duplicate spparatus 8t Los Alamos will
be usefu! for identiying and correcung prodlems NIOSH
may encounter. as well as for performung interiaboratory
comparisons of test results.



’ iz,

REFERENCES

Vapor Chin-Style Gas Mask Canisters
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ENCLOSURE 3

MSA

Mine Safcty Appliances Company * P.O. Box 426 * Pittsburgh, PA 15230

Telephone: (412) 967-3000

April 5, 1989

Mr. Tim Kivkham

Southern Company Services
P.0. Box 1295

Birmingham, A1 35201

Dear Mr., Kirkham:

Writers Direct Dial No.
(412) 967-2194

The purpose of this letter is to confirm our telephone conversation regarding
MSA's recommendations on the storage of the GMR-I Canister (MSA P/N 466220) at
nuclear faciliti~s having NRC exempticis for radioiodine protection factur

The original exemptions (including Farley Nuclezr Plant) required that GMR-I
canisters be <tored in a Class A environmeit. MSA did not feel this level of

storage was necessary and we began a test program to determine if any special

storage was required. Accelerated storage and moisture permeation tests were

conducted and they indicated that Class C storage was sufficient.

credit.
| all canister inventory at MSA is Class [.

Sincerely,

Eric J! Beck
Product Line Manacer

LOCATION: RIDC Industrial Park ® 121 Gamma Drive ® Pittsburgh, PA 15238

THF 1508 REV W87

\
|
|
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Later exemptions (e.g. Callaway) reflect the Class C storage requirements. You
|
|
|
|
\
|
|
\
\
|
\
\
|
:
|

Storage for

may want to contact them to obtain a copy of the data they submitted to the NRC.




’ ENCLOSURE 4

MSA

Mine Safety A, pliances Company ¢ P.O. Box 426 * Pittsburgh, PA 15230

September 18, 1989

Mr. Tim Kirkham

Southern Company Services
42 Inverness Cenier Parkway
Birmingham, AL 35242

Dear Mr. Kirkham:

The purpose of this letter is to update you on the further testing we have done
on GMR-] canisters.

ACCELCRATED STORAGE TESTS

In August 1985 we randomly selected 24 canisters from Lot 96 (which were
manufactured on April 18, 1985), and placed them in 120°F, 100% RH storage. The
initial inspection on Lot 96 showed an average instantaneous methyliodide
penetration of .43% at 480 minutes (challenge concentration was 10 ppm
methyliodide).

After 6 months storage, three canisters were removed and tested. No detectable
penstrations (<0.1%) occurved at 480 minutes (5 ppm methyliodide concentration).
The te:ting was continued to the end of service 1ife and the elapsed time to 2
1% breakthrough was 44 hours.

After 1 year, another canister was drawn from storage. Penetration after 480
minutes was below 0.5% (8 ppm methyliodide challenge concentration).

CLASS B STORAGE TESTS

A larger sample of Lot 96 canisters are under class B storage at our X-Stores
warehouse. Samples were drawn at three- and four-years storage and penetrations
at 480 minutes were at or below the initial lot inspection results.

MOISTURE PERMEATION OF BOTTOM SEAL

In October 1984, we conducted a moisture permeation study on the canister seal
material at 100°F and 100% RH. After three years (maximum shelf-1ife for the
canister) moisture incursion was found to be insignificant.

W
CMSAN TS Years
Workang ForYour Safeny.

ol i LOCATION: RIDC Industrial Park ¢ 121 Gamma Drive ¢ Pittsburgh, PA 15236

Telephone: (£12) 967-3000 Writers Direct Dial No.



¥ Mr. Tim Kirkham -2~ Mine Safety Appliances Company
September 18, 1989

CONCLUSION
Storage of GMR-1 canisters under Class C storage wi:l not degrade the
methyliodide performance of an unopened canister.

Please do not hesitate io contact me if you have guestions or need further
infermation,

r
Sincerely, (
Ovie | Toseh. 1
Eric J. Beck

Product Line Manager
\

|

1

cc: Al Faircloth



