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TEST CONDITIONS

Challenge Conc.: 5 - 10 ppe 003l
Humidity: 60 + 33 and 90 * 32 “(minisum of six cans at
humidity)

Temperature: 110°F
Cyclic Flow: 192 174 for 0.82 sec.; O LPM for 1.64 sec.,

repeating this cycle throughout the iest.
This gives a winute volume of 64 L.
Breakthrough Conc.: 1% of the chalienge concentration



Ol Mg Date  Seryice Time
min. hrs .
5¢ 11/30/83 720 12
6. - - P
’. - - o
29 2/2/64 2160 3.0
0 - 2520 42.0
i . 2670 44.5
12 4/1¢/83 1200 209
13 " 1500 259
4 - M0 235
15 2/2/84 1680 28.0
6 4/14/83 1530 25 5
» 11/3/83 1215 20.3
q - 1215 20.3
He 10/21/83 990 16.5%
l’. - ~ -
10* . - -
H* 11/30/83 720 12
124 10/21783 - -
1 11/36/83 - .
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9 = 2530 42.2
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5 . 249 41.5
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Table
Statistical Analysis of Lot 4/14/83

X (2 mi) Y (Svc. Time) Log X Llog ¥
60 1200 wmin. 1.77815 3.0918 Ave. Yen = 1355 min. 3
:: :2: L e 60 win. (22.6 hrs.)
- 3.14922 Ave. Y. = 1365 . R2%. .
60 1530 . 3. 18469 » S )
60 0 - 3.14922
60 1080 - 3.03342
% 1650 1.95424 3.21748
i . 120 - 3.08991
%0 1320 - 3.12057
9% 1500 - 3.17609
% 1260 . 3.18037
% 1150 . 3.13013
9% 1290 . 3.11059
% 1320 - 3.12057

991 Prediction Interval for Log ¥, given Log X = 2 (100% Rit)
993 Interval < Log ¥ (¢ 1.99/2) - Slog y (Equivalent to the cosmon expression of X + 3p).

Where Log ¥ = bo + by log X and bo = 3.08231, by = 0.02606, where b, is the intercept and b,
the slope of the plot of Log ¥ vs. log X.

Log ¥ = 3.13443 (1362 min., 22.7 hrs.), when Log X - 2 or X = 100

fse2 ' - log X)2) =
S Log ¥ IS( [1 + Va+ (Log 1= log 1)7] - 05543

991 Interval of Log ¥ when Log X = 2 or X = 100 = 3.13443 * (3.055) (.05543) = 3.13443 + 16934
= 1.30377 to 2.96509

Y= 33.5 bws to 15.4 hrs.



S - GMR-1 cans o1 W14/83

og Relative wumidity Linear : R, Goc 903 110°F Cyclic Flow 192 1ru A
with Log Service Life for 0.82 Sec;: 0 LPH  1.64 Sec. . '
log — » -
X Y Log X log ¥ X-X (x-x )" Y-¥ (x X)-(¥ V) T (v-0)?
Hel. Hum.) Life (Nin.)
60 1200 1.77815 J.07918 ~. 10062 .01012 -.05209 +.00524 3.12865  .o00245
60 1500 " 3.17609 " . +.04482 ~.0045) " .00225
60 o - . 3.14922 * " +.01795 -.0018) " .00042
60 1530 - 3. 18469 - - +.05342 -.00538 - .00314
6G islo - 3. 18922 " » +.0129% -.0018) - . 00042
60 1080 . 3J.03342 - e -.0978s5 +.00985 o . 00907
90 1650 1.95426 3.21748  +.07547  .00570  +.08621 +.00651 3.13326 00710
90 1230 . 3.0899) v " -.0k136 -.00312 - 00188
90 1320 " 3.12057 . * -.01070 -.0008) - .00016
90 1500 - 3. 17609 - T +.04482 +.003)8 - .00184
90 1260 - J. 10037 . - -.030%0 -.0023) " .00l108
90 1350 - J.13033 o - -.0009% - .00007 - .00001
30 1290 - 3.11059 - ” -.02068 -.00156 - . 00051
90 ij20 - 3. 1205) - - -.01070 -.0008) - .00016
1" =108 V=312 S = .10629 2 - 4.00277 E-_ 03049




& Z/(l-i) (v-¥) +.00277

1 - - - +0.92606
Z (x-0)? 10629

> - V- s.i = 3.13127 - .02606 (1.87877) = +3.082))

s" - Z0Dm-2 - o3k - -00254

s..’ - SEX/gx’ = .00254(.10629 - .02391 (Z= X%)

s, - {.ozm - 15461

99% Conf. iimits on Swel -

b, t ((ll.”/l)l--l S, - 02606 2 3.055 (.15%6))
1

= + 49840, -.4AG28
992 Prediction Intervals for Logy (Life) Civen log X =2

- : t ot l(l.”l,)ll -2 S"‘ 3 Y - b + b x= 3.08231 +.02606(2)

¥ -3.13M3 (22.7 wes); s, -(s? (1 ¢ My + (x - D?) = 0554

£
303443 ¢ 3.055(.05543) = 3.30377 (u); 2.96509 (L) = ::2 :Z:§

~
Y=b +0b
o

Page 2 of 2
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REQUIREMENTS FOR NIOSH APPRQVAL FOR AN ORGANIC VAPOR
CHIN CANISTER PER 30 CFR N

Tess Conditions

Challenge conc. $000 ppm CC1g4
Test Humidity $0 » 5% RN

Test Temperature 25 + 2,59 ¢
Flow 64 LPM for as received canisters

32 LPM for equilidrated canisters
Sreakthrough conc. § pom

flidbration Condition
3 Canisters as racefved
2 Canisters equil'brated for § hrs., 64 LPM, 25% RM, Room Temp.
2 Canisters couilibrated for § nrs,, 64 LPM, 85% RN, Room Temp.

Total 7 canistars.

Service Time l!gg1:]g.ns 12 minytes. No statistical requirements, |[f

2!l seven canisters have service times of 12 minutes or more, the canister

s agproved,



EXAMPLE OF LOT ESVALUATION PER MIL-STD-4lé
SINGLE SPECIFICATION LIMIT « FORM 1
VARTABILITY UNKIOWN = STANDARD DEIVIATION METHOD (REF. PACE i17)

LEVEL II AQL = |.0%

SPEC. LIMIT 1.02

LOT SIZZ - 500 caxs

SAPLE SIZE (TAMLE Ay, 8<1) = 7 (n)

TEET RESLLIS:
§ HOUR 3IREAKTHROUGH

can g _SONCENTRATION (1)

4l . 086
' 42 028
L} 019
4é 064
45 ‘ 027 -
’ o6 Q3%
49 170

SAMPLE MEAN = 06127 (X)
ESTDMATE OF LOT STANDARD DEVIATION = 08384 (s)
THE QUANTITY (UsX)/s o

« 17.5)

£

LR A

ACCIPTABILITY CONSTANT (k) » .82 (T.ASLE Bel)
Lor u:? ACCEPTABILITY CRITIZIZN SINCE U-%/8> k

-




4.1.1

4.1.2

4.1.3

4"ROPOSED LOT ACC TANCE PLAN

MIL-STD 414, tevel 11, AL 1T would be used to (i) select the p.oper mussber
of cans to test, depending on lot size, and {2) to interpret the results
regarding lot acceptance or failure.

‘&Y
e
be ted under the conditions of section 1. however, al! tests
would be conducted at 50T RD. Tests would be stopped at elght hours and the
preceat leakage recorded at this time. From evidence presented in the preceding
sections, results at fef are not significantly different from those at 100%.

The percent ’eakage valuss would be Compared to the spec. limit of 1.0%, using
the siogle spec. lixit, url&ﬁﬂ,‘a-. standard deviation sethod of MIL-STD

414. Acieptance wouid be bas2d on this analysfs.

Loy 512¢ TEST saer €
300-500 : ’
501-800 10
801-1,360 15
1,301-3,800 20
3,200-8,000 25



SAFETY FEATURES SUILT INTO TuE pyax

:ln Rate: 64 1w .. 4 person couid not Possibly breath at this rate for
* jeast twice the sverage rate.

8 Hours Service Time - this Is probably double the actua) use time required
:chl Service Times .. minimm of 20 hours ----- 2-1/2 times the required
hours.

Conclusion: Would need a Catastrophic fatlure for a canm Lo not give proper

protection ----- No destructive test sampliing plan will pick
up such a fallure.

WP o -



PLANNED FUTURE woRk

. Challienge Concentration: 1, jo, 100, 250, s00 P

2. myr
AN |
mg/1 5 15 25 34 1
5 66 3 19.5 12 1.5
9 70 19 24 15
18 79 19 30
% 97 60
54 : %0 )

Numbers in the table are the =
relative humidity percentages

“arresponding to the absolute
numidity/temperature conditions.
3. Rate of Flow: 16, 32, 64 LM

4. Cyclic vs. Constant Flow.



- SUMMARY

— . .

Data support. approval of the GMR-1 can for its ntended use.
The pramaged scceptance plan will assure Quality of future lots.
Further worx will be done to:

£
3.2.

Support the conclusions drawn in | and 2.

lmprove th: lot acceptance plan by:

3.2°) Reducing the time mu(red for testing and running the
canisters to 2 1% breakthrough service time.

3.2.2 Simplifying the test procedire.

e 12 -




o ©®
@ () (&)
|. FINE DUST FILTER 5. SPRING
2. COARSE DUST FILTER 6. HI EFF FILTER ASSY.
3. SORBENT 7 BOTTOM PLATE
4 SEPARATOR 8. INHALATION CHECK VALVE

GMR-1 CANISTER



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 Wovk Hours (Total Task
hr Perform Task Required to Time x Dose
for Each Wearing!: Perform Task Rate)
Task vith Workers vith Workers
Wearing: Wearing:
A-LR A-LR A-LR
or GMR~1 or GMR~1 or MR~1
SCBA Can SCBA Can SCBA Can
Pressure 26 6 6 ? 5 182 130
Safety Valve
Testing
Containment 11 6 6 5?7 3 627 407
Sump Work
RCS Seal 55 12 9 180 135 9,900 7,425
Inspect &
Replace
Reactor 22 18 18 34 235 6,908 5,170
Cavity
Decon
RHR Check 37 ] - 52 39 1,924 1,443
Valve
Repair
Accumul ator 45 8 6 17 58 3,465 2,610
Check Valve
Repair
RHR Heat 59 13 10 lasa 100 8,496 5,900
Exchanger
Gasket
Replacement
Spent Fuel 12 < “ ]| 16 252 192
Pool Transfer
Canal Work '
Containment 75 9 ) 27 12 2,028 900
Encry at
1002 Poter
Incore 17 16 2 %0 68 1,53 1,156
Thimble
Cleaning
Totals 97 81 969 705 35,309 25,31
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MSA

Ming Salety Appliances Company + 600 Penn Center Boulevara - Pitsourgh, Pennsyivama 14218
412,273.5000 Apri) 13. 1984 ‘ Writer § Qvect Oiai Nume or

412-273-5140

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

[n accordance with our agreement, the following ruvort s submitted for
your apgproval,

1. General

[t was agreed with Company on March 8, 1984, that MSA
would test GMR-[ cans to ccmo.os!on in order to be able to statistice-
dlly project performance at 110°F and 100% RH. [n addition, other
tests had been run prior to the March 8th agreement and the data are
s:a:n in Table I. The tests were conducted under the following con-
ditions:

Challenge Conc.: 3

Humidity: 60 + 3% an minimum of six cans at
..1$I§§!r¢1ty

|§=2!!§ i!ow:] 32 LPM for 0.82 sec.; O LPM for 1.64 sec.,

repeating thi ) test,
This gives a
Breakthrough Conc.: 1% of the cha enge concentration

2. Test Results

Quring thris program, 48 GMR-1 cans have been tested (47 valid tests).
These cans came from six production lots made over the perfod Acril 14,
1983, to Fedbruary 2, 1984, Sixteen Cans were tasted from lot April 14,
1983, 10 at 90% dnd 6 at 60% RH. Only efght results at 90% RN were
used in the statistical analysis given delow, as one test was fnvalid
(No. 47) and another was stopped before completion, Only a few cans
were avallable from the other lots, so they could not be statistically
dnalyzed; however, all cans run to ccmpletion had a service time of



20 hours or greater. The results are shown in Tadle 1. The origina!
14 ¢cans n run to completion had service times well 1n excess of 12
hours « much 1n excess of the eight haurs desired.

Statistical Analysis of Lot 4/14/83. Table 2 shows the data used and
the statistical analysis to give the 99% prediccion interval far
individual values of Log ¥ lo? service time), when X (relative
humidity) 1s 100%. The lower | mit of this interval f{s caleculated

to de lg.l hours. This predicts that over 99% of the indivi ]
GMR=I can sarvice times would be qreater than 15.8 hours at ?!8! -
ind the other test parameters used in this program. This gives a
considerable safety margin over the efght hours desired.

One other interesting point to note from the data in Tadle 2, as

well as all of the test data on the GMR«[ cans, 1s that humidity nas
1ittle or no effect on the service time over the humidity range studied,
60 to 90%. This would indicate that results at 100% RN would be very
close to those at 90% on a log service time--log RM plot, unless the
slope ware extremely steep--which is not the case.

Proposed Acceptance Plan., The extremely long service times excerienced
in this program for the GMR-1 cans run to campletion, an average of
over 29 hours, makes testing to completion for routine lot acceotance
impractical; therefore, the following olan {s procosed.

4.1 Interim Plan. 0Qn an interim dasis, until more data can bde
gathered as explained in section 4.2, the proposed ot accestince
wouid de as follows:

4.1.1 MIL-STD 414, Leve! [Ty AQL 1% wouid be used to (1) select
the proper number of cans to test, decending on lot size,
and'(f% to interpret the resylts regarding lot accestance
or fatlyre,

4.1.2 The cans would e tested under the conditions of sectian 15
P, 411 tests would bde conducted at 90% AN, Tes:s
would de stopoed at eght hours and the percent ‘eavaqe
rFecorded a4t this time. From evidence nresented in tre
Preceding sections, results at 90% dre rot sfanificant)y
different from those at 100%.

4.1.3 The percent leakage values would be compared to the soec.
limit of 1.0%, using the single spec. 1imie, variadles
unknown, standard deviation method of MIL-STD 414,
Acceptance would Se dased on this analysis.

4.2 Future. Because the tests in section 4.1 are very time consuming
dnd somewhat difficylt ta run for regular auality assurance lot
dcceptance testing, we olan to do further testing on the GMR-!
can 1n an attempt to reduce the time required for testing and
4150 to simplify the test. Parameters that will be fnvestigates
are:



4.2.1 Increasing the challenge concentration of CH.Il in an effare
to reduce the time to test, Under current candit1ons. 4
test to completion might run 40 hours; we would ike to
reduce this to about two hours. [f there were a simple,
straight-Tine relationship between service time to a 1%
Sreakthrough ind challenge concentration, 1t would indie
cate that a challenge concentration of aoproximately 200
pom would be requirad to 40 this. We wish to fimly
estadlish the service time---challenge concantration re-
lationship over a range of challenge concentrations from
1 ppm to 500 ppm.

4.2.7 Constant Flow vs. Cyclic Flow. Constant flow tests are
much simpler to conduct tham cyclifc flow tasts. From some
preliminary information, 1t apoears that constant flow
gives similar service times as cyclic flow. 1f, by further
tests, this can be verified, constant flow would bde used
in lot acceptance tests.

4.2.3 Temperature and Humidity Effects. Further tests will be
run to study the effects of temperature and humidity on
the performance of the GMR-! can. ttouou\d be preferadle
to test cans for lot acceptance at 25°C and 85% AN
(standard NIOSH conditions), 1; ft can be proven that these
conditions are as severe as 43°C and 90% RM, or if a ?oed
corralation between these two conditions can be established,

§. Conmclusion,

§.1 Forty-saven GMR-! cans have been validly tested under the conditions
specified In section 1. A1) of these cans had Zervice times wel!
fn excess of 12 hours. This compares to a desired sarvice time of
eight hours,

5.2 There were 14 valid tests run on lot 4/ 4/83. Statistical amalysis
of this data, projected to 100% RM, 110%F, indicite that over 33%
of the GMR-I cans in this lot have service times wall over eight
hours (15.8 hours). [ncidentally, from the data Jf Table 1, thiy
:et‘::ooors t0 have the inhortest average service timg of the lots

estad,

5.

tions: 1% breskghrough, cy
LPM), 110%F (43°C) and 100% RN,

64




5.4 Lot Acteptance wili be determined by using MIL-STD-414, Lave! 1[I,
AQL 1%. The percent leakage at eight hours service time will Le
COmpared to the spec. limit of 1.0%, using the sinale scec. limie,
variables unknown, standard deviation method of MIL-STD-414,

§.5 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 o
Shorten the required test time and simplify the test procedure.

§.6 From data 1n this investigation, 1t appears that relative humiafty
between 60 to 90% has little effect on iervice time of the GMR.)
canister. Projecting the service time to 100% RN, using a log-1og

are

plot, suggests that the service times at 20% and 100% RM
not signivicantly different.

[f you “ave any further cLestions, please do not hesitate to contact me

Very trny yours,

\ ﬂré 1 Pty
Wayde B. Miller. Jr.
Oirector of Product § Sales Planning

/lw
Attachments/Tadl@ | and 2




Table 1. Service Time of GMR-| Canisters
Test fonditioas: As given in section 1
00X Ry
Can ¢ Nig. Date Service] Tim Comment Lan ¢ Mfg. Date Service |l ime Comment
mia. hrs. min. hrs.
Leak @ 12 hrs.
5 11/30/83 »720 | >>12 0N.25 34 *r4/82 1410 23.5
6 - . " 0.07 o 35 2/64 1689 28.0
7 * - - 0.33 - 36 14/83 1530 25.5
29 2/2/¢e4 2160 | 36.0 1 ’ 1410 231.5
30 2 2520 |42.0 38 " 1890 31.5
3 » 2670 [44.5 39 4/14/83 1080 18.0
32 4/14/83 1200 | z0.0 40 1/9/84 2220 37.0
33 - 15¢) | 25.0
901 RN
—— 23 10/21/82 2490 |a1.5
3 11/30/83 >>1215 $>20.3 .30 :
< - >>'715 p>20.3 0.15 24 " ;:;g :!llg
990 p>16.5 0.45 25 " .
: w ot i 0.25 ® 26 2/2/84 1560 [26.0
10 . . . 0.43 a 27 - 2020 (3.5 £
Leak @ 12 brs.g . ) T -
11 83 >720 | >>12 0.67 .
:; lo;:fn e . 0.04 ‘=‘ 41 m_cm 1230 ;g.‘s’
13 11/30/83 g o 0.47 >~ 42 E :2252 ~ -
4 1/9/84 >>795 Lrl).] 0.64 43 - o -
15 - - - 0.34 &4 ) 2
7 7 39 | 31 ¥ “ . 1260|310
17 175784 1890 | 31.5 Mt; e :; - - o Test Invalid
18 o 3160 | 53.0
- - 1350 22.5
19 e ot g . - - 1290 [21.5
, . - -
;? ¥ L g lSl)‘" 25.5%] *Jest Stopped 50 840* (14.0* 'l‘:s:‘f::l:ped
22 ¥ 2280% 3P.0*|  No Breakthrouah e



Table 52

St:tistical Analysis of Lot 4/14/83

X (Z RH Y (Svc. Time) lgg X lgg Y

6n 1200 min. 1.77815% 3.07918  Ave. Y. = 13 min. (22. |
- 1200 7 3.00918 60 = 13% min. (22.6 hrs
%0 1410 - 314922 Ave. Yo = 1365 min. (22.7 brs
50 1530 . 3.18469 %

60 1410 - 3.14922

60 1080 - 3.03342

90 1650 1.95:24 3.21748

90 1230 . 3.0893)

% 1320 - 3.12057

% 1500 - 3.17600

9% 1260 - 3.18037

90 1350 . 3.1303)

%0 1290 - 3.11059

90 1320 . 3.12057

991 Prediction lnterxal for Log Y, given Log X = 2 (1002 RE)
39% Interval = Yot [ 1.9972] sA
A - | n-2 °Y

MY-NOU'I“‘M'J.WJI. bl = 0.02606
= 3.13443 (1362 wmin., 22.7 hrs.)

12 2 4,2
- 1+ 1/n ¢+ (X-X =.0554] =g(Y-¥ £
e B+ e 3] W et _
x = X-X ‘
991 Interval = 3.13443 # (3.055) (.05533) = 3.13443 + 16934

= 3.30377 to 2.96509
{¥_=32.5 hrs. to 15.4 hrs)

Revision 4/26/84
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ABSTRACT

A project has been completed which provides experimental data and recommenda-
gons for establishing 8 standard test procedure and scceptance criteria for air-purifying
respirator caruridges and caniscers used for airborne radioiodine. Previous experimental
work with methy! iodide vapor was extended to generats elemental jodine and measure
its remova: by charcoals. A special apparstus was constructed and used to mmultane-
ously measure penetrations of radioiodine and normal iodine vapor species through
beds of vericus charcoals. Normal methy! lodide (1-127) was selected as thy most
representative vapor species for testing and its limitations were identified. Effects of
testing and use conditions (bed depth, contact time, concentration, relative bumidity,
temperature, flowrate, and flow cycling) were studied to identify testng requirements.
Temperature and simulated breathing flow eycling were shown to bave much more
significance than was previously realized. Recommendations for testing and approval
include considering the effects of all these parameters. An apparatus designed and buil
for testing has been delivered to the National Institute for Occupational Safety and
Health, In one related mudy the desorpion of trieth; enediamine (TEDA), s charcon)
impregnant for organic iodide removal, was found to be insignificant at normal canster
use conditions.



L INTRODUCTION

The main goal of this project has been to provide the
Nuclear Regulatory Commission (NRC), the National
nstitute for Occupational Safety and Health (NIOSH)
Tesung and Certfication Brunch (TCB), respirator
manufacturers, and respirator users with data, recom-
mendations, and proven test methods for certifying air-
purifying respirators against radioiodire. Since facepiece
fit is being determined at Los Alamos and elsewhere in
other studies, the main concern in this project was with
the air-purifying canister or cartridge used with
facepieces.

Steps which have been taken to accomplish this goul
are:

(1) Survey and analysis of the literature relating to
air-purifying respirators, vapor adsorption, and radio-
jodine air cleaning. Contauts with professionals ex-
penenced in these fields.

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

(‘mcuon systems for nonradioactive '¥'] vapor species.

(3) Experimental study of the adsorption of methy!
iodide on a variety of potenual respirator sorbents and
examunation of the effects of environmental and cartridge
design parameters on this adsorption.

(4) Experimental study of the adsorption of elemen-
tal iodine vapers under limited conditions.

(5) Experimental study of the adsorption of
hypoiodous acid (HO!) vapors.

(6) Design and construction of facdities for the use
of rad'siodine for sorbent testing and development of
radioiodine generators and detectors.

(7) Experimental study of the adsorption of iodine
vapor species tagged with '] for comparisons of results
with those obtaned using stable '*'] species.

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

(9) Measurements of desorpton rates of charcoal
impregnants used (o enhance methyl iodide removal.

(10) Evaluar'on of elTects of cyclic Nlow on eMciencies
and service Lives of poten.ial radiciodine canisters,

(11) Development of final acceptance tests, sp-
paatus, and criteiia to be recommended to NRC for
approval of respirator cartridges against radioiodine.

(12) Publication of results of this project and transfer

of the test procsdures and techniques developed 1o the
NIOSH TCB and assistance to them in the development
of an approval schedule.
Items 8, 9, and 10 have been added to the origina) plan
to address concerns which have arisen as the project
developed. In addition, s complete, ready-to use test
apparatus has been buit for the NIOSH TCB to use for
certfication testing.

A preceding progress report’ covered the first three of
the above steps and included the background for this
projest. This report includes and organizes work re-
ported since September 1978 (a quarterly letter reponts,
presentations at professional meetings, and publications.
Wita the exceptions of some journal publications to
folow, this is the final report for this project.

II. ELEMENTAL 1ODINE GENERATION AND
ADSORPTION ON ACTIVATED CHARCOAL

A. Objectives

Testing of a selected adsorbent, an unimpregnated
actvated charcoal, for adsorption of elemental iodine at
ppm chalenge concentrations was done to examine the
use‘uiness of 1, 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 ar (10
L/un) to pick up 1, and H,0 evaporaung from an
aqueous solution (5107 moles/L) Relative humidity
resulung from H,0 evaporation was about $0%. The
challenge and test bed breakthrough concentrauons were
measured using calibrated oxidant meters (Mast Mode!
724-5). The challenge conzentration (C,) of 1, generated
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in air was directly proportional to I, concentration in
soltion |C, (mg/m,) = 26400 (1,] (moles/L)]. Bo.h
concentrations decreased linearly with time as I,
evaporated faster than H,0.

Another generation technique involved the sublima-
ton of 1, crystals at 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 steady for up to a
week,

C. Retention

The actvated charcoal used for these studies was
6/16-mesh from Union Carbid..

Fracuonal bed breakthrough C,/C, from I, genera-
tion from solutions increased from zero to a constant
value in & tume interval (10-120 min) dependent on bed
conditon and challenge concentration. This limit value
of Cy/C, was constant over a wide range (X 300) of C,
and decreased exponentially with bed depth, D, ie., Cy=
C,e™*". All of these observations suggest that this initial
bed penetration is convolled by kinetic adsorpuon
processes rather than by adsorbent capacity. It shoud,
therefore, be equal to adsorption efficiency at much
lower challenge concentrations.

Retention studies of I, generated from crystals used
beds of 6, 16 mes™ ‘harcoal, 2.4-¢m diameter and usually
1.25-¢m deep, wh.ch corresponds at 10 L/min to & linear
flow velocity of 22 m/min. Relative humidities of $0%
and 50% were used. In these longer term experiments at
constant C,, after the initial constant bed breakthrough
was subtracted out, 8 subsegquent increase in penetration
developed more slowly, requiring up to 7 d-to reach an
additiona. 10% bed penetration. This was due to loss of
Capacity as actuve sites were being used up.

This subsequent breakthrough curve was best de-
scribed by the equations of the Statistical Moments
Theory, as was previously found for methyl iodide.! An
I, challenge concenuration effect (Fig. 1) was observed:
ty = kC3*7 (1, = breakthrough time for o selected
fracuonal penevation C,/C), similar to what was ob-
served for CH,l. Again, this implies that such cartridge
lifetmes, determined at ppm levels using normal iodine
would be conservauive for much lower levels expected in

? ‘os T 1 'Iv'vrr o wpen Tvvtv:
£ .
w 2
= o -
x
S 104 -3
¢ W G5 :
- 0 Mo -
X 1
3 02-
.1 A rE R ESYy. 4 A A A L4 AL
d | 10 100

CHALLENGE CONCENTRATION (ppm)

Fig. 1. lodine breakthrough times for a 6/16-mesh Union
Carbide activated charcoa! bed, 1.25<m deep, 2.4<m
diam, 10 L/min air flow, Open symbols are for 50%
relative bumdity and solid symbols are for 90% relative
bumidiry experiments. Fractonal bed penetrations: O for
0.02, & for 0.1, o for 0.4,

radiciodine environments. However, due to the long
experimental tim:s involved, the determination of
cartridge lifetirnes may not be a practical way of
measuring and comparing cartridge performances. The
observed initial breakthrough may be a more useful
indicator of cartriuge performance.

Five types of potental radiciodine adsorbents were
compared for 1, adsorption efTiciency at the following
conditions:

2.4-cmdiam x 1.25¢m deep beds

50% relative humidity

0.0127 g 1, in 100 m! H,0 generator solution.

10 L/min (22.]1 m/min) air flow rate.

The measured penetrauon fractions were:

0.27% Westvaco WV-.H, coal charcoal, not im:
pregnated.

0.14% SutcliTe Speakman 207A, 1.5% KI im-
pregnated.

0.15% Coast Engineering Silver Zeolite, AgZ.

0.072% Sutcliffe Speakman 208C, $% TEDA im
pregnated.

0.032% Witco 337, pevroleum charcoal, not im:
pregnated.
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[Il. RADIOIODINE STUDIES—EXPERIMENTAL
A. Flow System

The apparatus uses to measure the penetrations of
volatie 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 kond to

. exhaust any toxic vapors which might have been re-

leased. Radioiodine solutions and contaminated sorbents
were contained for further safety within a glove box with
charcoal and HEPA exhaust flters. Vapor generation
and test bed exposures were “one within the glovebox.

Compressed air was fUtered, regulated for ioper flow -

raie, and humidified before entering the glove box. An
electronic mass flow meter (Datametrics 800-1.) which
monitored avifiow was penodically checked using 8 dry
test meter (Singer DTM-32%) at the test bed location.
Humidification was accomplished by passing air through

the headspace over a heated water reservoir. A humidity
monitor/controller (Phys-Chemical Research Corp.)
which regulated water temperatire was calibrated with &
dew point hygrometer (EG&G 911) at the test bed
location. Water level was maintained automatically by a
conductive bquid leve! control (Lumer’ . Electronic
Co).

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

B. Generation Methods

Vapors were generated in two ways shown in Fig. 3.
Liquid methyl iodide and methy! radioiodide sealed in &
Teflon permeation tube were released at a steady rate by

VENT TO

TEMPERATURE
HUMIDITY  AND WATER LEVEL
SENSOR ~ CONTROLLED BATH

GLOVEBOX —

CHARCOAL TRAPS

SAMPLING SAMPLING
LOOP 2 &9~ LO0P ]
GAS | AR/CH,
CHROMATOGRAPH CARRIE
WITH ECD
RADIOIODIN

Na. CRYSTALS

Y|~

MASS FLOW SENSOR
VALVES

PARTICULATE FILTER
CHARCOAL FILTERS

PRESSURE REGULATOR
PARTICULATE FILTER

]

{

PHOTOMULTIPLIER
TUBES

COMPRECSED AIR SUPPLY

PERMEATION SOLUTION
GENERATOR GENERATOR

Fig. 2 Expenmenial apparatus fov lesung alr puryng resprator cartndges and canistemy using radioiodine and normal iodine VApO! Epecies
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perm -~ting into a $00 ¢m’/min wirflow. Temperature
contrus (25-70°C 2 0.1°C) of this permeation tube was
by ' he Calibration System (Analytical Instrument Devel-
opment, Inc., Model 303). Alternately, methyl radio-
iodide (CH)"1), elem:ntal radiciodine ("'1,), and
byporadiciodous acid (HO''l) were generated from
aqueous solutions. A yringe was used 1o 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 volatde iodine compounds in this stirred mixture
entered the head space and were swept by $00 em’/min
of air through Tefllon and  1ss tubing into the main
sirflow. Water vapor was also generated. Output of
volstles from solution dropped exponentally from the
time of injection. Generator output and main airstream
passed through sufficient length of 2.4-mm-i.d. glass
tubing and two elbows to mix thoroughly before entering
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 efMuent air were sampled
continuously through Teflon tubes connected 1o the glass
system and into the gas chromatograph and charcoal
beds.

Toe technique of generating volatile iodine species
from aqueous 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-
ity and, in some cases (CH,l, the rate of strming of the
solution. One advantage of this generation method is that
s range of challenge concentrations is produced in a
single expzriment. This can give information about the
adsorption isotherm of the test bed. Another advantage
for inorganic species, particularly, is that generation is
from a scurce simiar o fleld sources, such as reactor
coolant waters or spent fuel cooling pools. ]t is also
possible that experimental generator solutions can be
mathced (pH, additives, etc.) to actual aqueous field
sources.

C. Detection Methods

The detector for methy! iodide was a gas chromato-
graph (Varan 1520) with a linearized electron capture
detector (Tracor Instruments). Air from upstream and
downstream of the test bed was drawn (0.8 L/min)
through matched Teflon sampling loops attached w &
10-port valve (Valco Instrument Co.) of Hastalloy-C (for
inertness). This valve was pneumatically actuated by a

L

digital valve sequence programmer (Valco Instrument
Co.) 1o alternately inject the upstream and downstream
air at S-minute intervals. The chromatographic column
was |.8 m x 4-mm-id. glass packed with 15% OV.7 on
100/120-mesh Chromosord G. Operating conditions
were 100°C and 20 em’/min 19:1 Ar:CH, carrier gas.
An electronic peak integrator (Spectra Physics Mini-
grator) quantitated the methyl iodide peaks and recore..
elapsed times. Calibrations of this analytical system were
made using weighed permeation tubes to generate known
methyl iodide concentratons in air.

The radiometric detectors continuously collected and
measured '"'] from the 0.8 L/min air samples passing
through the gas chromatograph sampling valve. Fig. 2
shows the charcoal trap and 7.6<<m-diam x 7.6-cm-tnick
Nal (TN) well-type (52-mm deep x 29-mm-diam) scintila-
ton crystal with integral photomuluplier tube (Harshaw
Chemical Co.). High-efTiciency charcoals were used: &%
TEDA impregnated (Barnebey Cheney CN 2762) for
CH;}"l and activated charcoal (Union Carbide ACC)
for '], and HO"'L. The majority of radiciodine was
collected at the bottom of the well, resulting in good
detecton efTiciencies (~0.%) for the 0.364 MeV gamma-
ray. Each detector for upstream and downstream air had
its own preamplifier, amplifier, single<channe! analyzer,
and counter (all from Ortec). They shared the power bin
(Ortec), high voltage power supply (Canberra), timer
(Ortec), and printer (Orec). Linear-log rate meters
(Mech-Tronics) were used for count rate moritoring.
Detecior counts were taken from S-minute intervals and
printed together. Each detector trap and crystal was
shielded by § ¢em of lead to reduce background counts.
Fresh charcoal was piaced in the detector traps for
background coun's bafore each new bed was tested. The
Cetectors were cvompared almost daily for relative
sensitivities by sampling the same radiciodine-containing
'

D. Reagents

The source for radiciodine 121 was ICN Chemical
snd Radioisotope Division, Irvine, CA. Metl.yl radio-
jodide was orcered as $ mCi "1 in 3 mL of towal
methyliodide. Stated purity was a least 99%. Two
milliliters were used to fUl a permeation tube and | mL
was dissolved in | L of double distilled water. This
aqueous solution (2.3 /L or 0.016 mel’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 & $ mCi amount. Stated purity was at least
99% with an ''1/V'] ratio less than 10. This material of
about | mL volume was added to 1 L H,0 containing
Q127 g of dissolved 1, (0.127 g/L or § x 10~ mol/L).
Isotope exchange occurred to form ™I, This solution
was used to generate both V'], and HCI'Y, For HO''],
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, + 10; + 6H* + 2H,0 = § H,01*
H,Ol‘ - H’o - HO] - H,O°

No attempt was made to determine the extent of HO!
producuon, since no analytical method is known which
distinguishes this unstahle species from I,

E. Test Beds

Alr-purllying respirator canisters and cartridges were
obtained from three U.S. commercial sources:” Mine
Safety Appliances Company (MSA), Pittsburgh, PA;
Norton Company, Safety Products Division, Cranston,
RI; and Scor, Health/Safety Products, South Haven.
M1 They each claimed by labeling or personal manufac-
turer information, to be of some use for protecton

e ——

TABLE 1. Chaiscteristics of Canisters and Cartridges Tested

against jodine for radioiodine vapors. Each type con-
tained a particulate filter followed by & sorbent bed
containing a coarse grained charcoal. Some of the
charcoal sorbents were reportedly impregnated with
reactive chemicals for radioiodine removal, such as
triethylenediamine (TEDA) and KI, (KI «+ I,). 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 repont 1o refer to
8 canister, a carvidge, or an experimental bed. Tabdle |
lists characteristics of the canisters and cartridges and
their charcoal contents.

IV. RADIOIODINE STUDIES—RESULTS AND
CONCLUSIONS

A. Comparison of Vapor Species

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

Charcoal Bed Geomerry*

Cross Charcoal Impregnants®

Source Type Designation  Section (em?) Depth (em) Volume (em’) (Weight Percent)
MSA  Canister GMR.I 110° 32 350 % KlI,

Canister GMRI(TEDA)" 110¢ 32 350 5% Kl1,, 2% TEDA"

Canister COMR.E 110°¢ 32 382 Metal and Ammorium Salts'
Scont  Canister 600242.78 87 s 330 $% TEDA

Canister 282 OAP-R 87 8 330 Metal and Ammonium Salts’

Cantridge  604250.75 4 1.3 62 % TEDA

Cantridge 604403.7% 48 i3 62 % TEDA
Norton Carricge Type I' 4 24 106 1% TEDA

Cantridge Type I 44 24 106 $% TEDA

*Measured from opened canisters.
*Best informaton from manulscturers.
‘Oval cross section.

*The GMR1 (TEDA) designation s used for GMR -1 eani.ters manufastured afer July, 1979 through at least April, 1980.

"TEDA « tiethylenediamine.
"Whetlerized charconl,
YGranue size 816 mesh.
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TABLE 1. Radioiodine Test Results for Canisters’
Average Percent Instantaneous .

Canister Test Penetrations (and Standard Deviations)®
Type Vapor 02h 24 h 46h 68h 810D
Scott CHM1 o = 0 - -
600242.75 - (0.02)
1.07 £- 061 - -—
(0.06) (0.0%)
“'l, 0- 0- '0‘ .- e
HO"1 - & 010 008 O
(0.03) (0.03)
GMR-1 CH,"'I 024 443 6.09 — —
(TEDA) (0.08) (0.16) (0.17)
0.99 2.46 7.54 — —
041) (0.73) (1.06)
my, 071 010 010 ~ -
(0.04) (0.02) (0.02)
HO'™1 - 0.08 £0- 9. 0-
(0.04)
GMR 1 CH,MI. 334 840 2129 = -
(0.£2) (0.53) (0.65)
Wy, 017 007 O  ~- -
(0.02) (0.01)
HO"' — 0- 007 017 0.11
(0.03) (0.07) (0.03)
Scott CH ,'"l 19 98 100 - -
282 OAP-R @ @ 1
iy, 0 007 018 - -
(0.01) (0.02)
HO""1 - 0- 0- 0.27 0.7%
(0.04) (0.04)
GMR.§ iy, 0 H 2o - -
HO'™M L. £0- £0- — —

‘64 L/min, 97 2 3% RH.

Zero value (-0) means not significanty greater than zero 8l the 94 % confidence

level. Dash (=) means not measared.

parentheses, were determined by linear regression analy-
sis of S-minute counts in the downstream detector versus
the upstream detector. Relative sensitvity of the two
radioiodine detectors determined by daily calibrauons
was taken into account Any penetrations calculated 10
be within 9% confidence levels of zero were considered
as 2ero and listed as O-. In only two cases were more
than o~e canister or cartridge of a type tested for a given
radioiodine vapor. Therefore, these results cannot reflect
asiame withie 4 sives tyme At least three of each

canister or cartridge was tested.

Methy! iodide was the vapor form of radioiodine that
most readily pemetrated the respirator canisters and
cartridges which were tested. Penetrauons of V', and
HO''1 at high humidity were low (£0.74%) and, with
one exception, did not increase significantly with ex-
posure and losding. Since methy! iodide is the most
volatile organic iodide compound, other organic odides
should be retained on these canisiers ¢f canridjes Wi

the same or higher eMciencies. Therefore, methyl iodide /\’

———
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TABLE 1. Radiciodine Test Results for Cartridges*

Avaorage Percent
Cartridge Test Instantaneous Penetrations
Type Vapor 02h 24h 46h
Norton Type I  CH,'"] 0.03 1.94 334
(0.01) (0.06) (0.60)
ok -0- 0- 0-
Norton Type Il "], Q- -0- Q-
Scott CH,"1 1.18 9.27 1i.%0
604403.75 (0.33) " (0.29) (0.34)
o 0.04 0- 0-
(0.01)
Scort CH,'" 198 1071 1287
60425075 (0.17)  (0.99) (0.90)

32 L/mun, 97 2 3% RH.

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

‘(Standard devistions).
p—— L

should be used as the test species to determine the upper
limit penetration of vapors contauining iodine.

Mio Kabat and coworkers at Ontariv Hydro have
challenged four cartridges and canisters with CH,I, HOI,
and 1, forms of radiciodine.” The results shown in Tabie
IV, confirm that HOI and 1, removal and retention
efliciencies are greater than or essentially equal to those
for CH,L

B. Methyl lodide Versus Methy! Radioiodide

Cumulative perceat penetrations through three types
of impregnated charcoals are compared for methyl
iodide (Fig. 4) and for methy! radiciodide (Fig. ). The
test beds, 3.75-cm deep by 2.4-¢m diameter consisted of
charcoals taken from MS CMR.1, GMR-1 (TEDA) and
Scort 60025275 canisters. Each bed was preconcitoned
for 2 hours at the test conditions of 3 L/min aislfow and
86 2 3% relative humidity before being challenged with
1.5 ppm (7 mp/m’) medylindide tagged with '],
Cumulauve fractional methyl radiciodide penetrations
were calcuwlated directly from $-minute interval counts of
radiciodine trapped in the detectors. Cumulative frac:
uonal penetrations of methyl iodide were calculated by
integraung instantaneous upstream and downstream
concentrations determined by gas chromatography. The
5% TEDA impregnated charconl from the Scon sanister

was the most eflicient, allowing nearly constant 1.8 =
0.5% penetration of both methy! iodide and radioiodine
throughout the experiment. The GMR.] (5% KI,, 2%
TEDA) was less eflicient at about 10 & 2% methyl
iodide penetration and 5 2 1% methyl radiciodide
penetration after an initial equilibration period. The
GMR:] (5% KI,) charcoal was most eflicient at the
beginning of the experiments, but rapidly and steadily
deteriorated to give 8 60% cumuative fractional methyl
iodide penetration and & 17% cumulative fractional
methyl radiociodide penetration by 100 minutes,

Results from seventeen experiments with jodized
charcoals ars compared in Fig. 6, which shows CH,"']
cumulative percent penetration versus CH,l cumulative
percent penetration. The data points all fall below the
equality (dashed) line, ie., CH,l penetration greater than
CH,""'] penetration. Also, in the region of practical
interest (less than 10% penetration) the difTerence is an
apperenty only and constant factor, about two in these
cases.

A more extensive comparison of fractional penetra.
tions for Scott (8% TEDA) beds is summarnized in Fig. 7.
These results are from 14 experiments at two humidities
for two generation methods, and for three bed depths
(1.25:3.75 em). Each graphed point represents the aver-
age of 20 to 30 measurements for a given experiment.
The penetration values all fall close 10 the theoretic
(dashed) equality line. Therefore, for this type of sorbent
(TEDA enly) measurements of melezular CH,! peneva-
tions are direct measurements of the ''] penetration
when the radioiodine challenge is in the ferm of CH)'l.

A fourth type of charcoal, from an MSA GMR.§
canister, was tested to compare methyl iodide and
radiciodide penetrations. This Whetlerized charcon) is
impregnated with metal and ammonium salts, but con-
tains no impregnants that react with methyl radiciodide.
Therefore, removal of ''] in CH, '*'] can occur only by
physical adsorpuon of the molecule. Cumulauve frac:
tional penetrations of methyl iodide and methyl radio-
iodide are compared in Fig. 8 for duplicate experiments.
The data points closely fit the equivalence line untl the
amount desorbing from the test bed equals that entening
it. Then there was a slight deviation in the direction of
grester radioiodine penetration than methy! iodide pene-
tration. This deviation is explaned as the result of
forming volatile iodides other than methy! iodide. The
radioiodine detector is not compound spec.fic, but the
gas chromatograph is and would not measu:* the other
jodides. Instantaneous fracuonal penetrauions (eMuent
concentrauon/challenge concentraton) of methyl jodide
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TABLE IV. Compsrisons of Radioiodine Species Removal EfMiciencies by Kabat*

Rarnge of Percent ''']

Adsorber Radioiodine Airflow
Type Species L/min Adsorption (3h) Desorption (21)
GMAH CH,l 20 98.13.99.29 3
Cartridge HOI 99.24.99.90 0.2:1.%
I, 99.92.99.96 <0.10.11
GMI H CH,l 20 99.95.99.96 0-< 0.1
Cartridge HO! 99.87.99.92 <0l
I, 99.92.99.96 0.190.33
Canadian C1 CH,l 40 247 4146
Canister HOI 99.2:99.6 0.30.8
I, 988 1.1
MSA-Type N CH,! 40 99.91.99.53 0.140.49
Canister HOI 99.21.99.91 0.1
1 99.87.99.96 <0.140.15
*From Reference 1. 95 percent RH, 2¢°C,
s
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Fig. 4. Mewryl lodide cumuistive percent penetrations as furstions of
time for charconls from three respirater cammters: O, Secott
600212.71 (% TEDA): ©,MSA GMR 1 (5% K, « 2% TEDA);
&, MSA GMR'] (3% K1,).
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Fig. 6. Comparisons of cumulative percent penetrations of
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WVERAGE (gl PENETRATION (D)

Fig. 1. Comparison of averagr perven: penesy sions of methyl
mdioodide and mehy| jodide for & §% TEDA imprgnated
ehascosl (Seon 60024274 Pemeston tude graersuon: O,
97% RH ané o, B5% RH; aguenia saiuton genersuon: " 97%
RH.

CHsl CUMULATIVE PENETRATION (D)
Fig. 8. Comparisons af cumulstive percant penetrations of metyi
radiokdide and methyl jodide for Wheterized charconl (GMR )
for two separsie experiments (& and O ).

increased with time and even exceeded 100% as the
vepor adsorbed at the beginning was displaced in the air.
Breakthrough times of methyl iodide averaged 33 2 3
minutes at 0.1%, 49 £ 6 minutes at 1%, and 68 = 8
minutes at 10% instantaneous penetration,

Normal methyl iodide can be used to determune the
upper limit of peneiration to be expected for methyl
radioiodide. lsotope equivalent efTiciencies have been
demonstrated for sorbents not impregnated with normal
jodine or iodide. Normal methyl iodide tests caanot
measure the removal of '"'l by isotope exchange on
iodized charcoals and, therefore, give a high (con-
servatve) estmate of methy! radiciodide penetrauon.
However, Uiere are currendy no commercial radioiodine
canisters or cartridges which have charcoals im-
pregnated with iodide only. The GMR:I canister with §%
K1, packing is no longer availabie.

C. Effects of Bed Depth 1nd Contact Time

Another series of experiments with the TED A and Kl,
impregnated respirator canister charcoals was done 10
estaolish the rate orders of methyl iodide and radioiadide
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removal. The ranges of test conditions were:

Bed depth: 1.25:.75 em

Bed diameter: 2.4 cm

Airflow raie: 1.84.2 L/min or 6.7-15.3 em/s

Bed residence time: 0.160.75 s

Relative humidity: 86 = 3%

Concentrations: 6-1200 aCi/m’ ™| and 0.19-72
mg/m’ CH,!

Conditioning Period: 2 hours
Seventeen tests with mehtyl radiodide generated from a
permeation tube were done using iodized charcoal from
an MSA GMR-] canister. In each test the meth-
ylradiciodide instantaneous penetration remained nearly
constant, while methyl jodide instantaneous penetrauon
increased steadly with time unul it exceeded [00%.
When the loganithm of methylradiciodide penetration
percents were plotted against bed contact times a strajg!
line with an intercept of 1.0 resulted (Fig. 9). This
indicates that the methylradiciodine removal reacton
(isc.ope exchange) is simple first order in meth-
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SORBENT BED CONTACT TIME (9)

Fig. % Average  nantancous  percent  penevations &
loganthmic Aunctions of bed contact limet: O methy) mdio
lodide for o % KI, charcon) (GMR1); & methy| lodide and
medhy | rndioiodide for 8 % TEDA charcod (Seon).

ylradiciodide concentration. The range of airflow rates
was rot large enough to notice the velocity efTects found
later.

Ten such experiments using $% TEDA charcoa! from
Scott 600252-75 canisters were also done at simular
conditions. Semilog plots for penetration percents (both
methyl iodide and radiciodide) versus bed contact imes
(Fig. 9) showed that the chemisorption reaction is als)
described by a simple first order rate. Both methl iodide
and radioiodide are removed from air at the same rate,
Four experiments were also done at diTerent bed deptns
(1.25-50 e¢m) using charcoal from MSA GMR:]
(TEDA) canisters. Penetrations of methyl iodide and
radidiodine during each run were both constant, but not
equal. The difference for this mixed impregnant (2%
TEDA and 5% KI1,) sorbent is due to isotop~ exchange
which removes the '] from the methylradiciodide but
leaves a molecule of methyl iodide. Average firsi-order
rate cc¢ Ticients calculated from the slopes of plots such
as Fig. 9 are listed in Table V.

The reaction of TEDA impregnant with methyl iodide
vapor is by first order kinetics. The isotope exchange of
iodide impregnant to remove the radiciodine from meth-
ylradiciodide is also by first order kinetics. EMuent
vapor concentrations decreased exponentially with bed
depth. These results indicate that removal efTiciency was
independent of vapor concentrations within the bed. This
is an important conclusicn, 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 nonradiometric test. The first
order kinetics also implied that contact time of vapor
within the sorbent bed is ecritical. Contact ume is
determuned by canister geometry and airflow rate (i.e.,
worklcad). A high flow raie should be chosen for a
canister test 10 approach the upper limit of average vapor
penetration. The arbitrary test standard is 64 L/min for
canisters and32 L/min for individual canridges used in
pairs.*

Canister charcoals containing $% TEDA impregnant
were more efTective for methyl iodide removal than those
containing $% Kl, impregnants are more efTicient for
methyl radiciodide removal than those without, except
for short periods with fresh canisters.

D. Effects of Challenge Concentrations

Five tests were made with &% Kl impregnated
charcoal under these condiuons:
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TABLE V. First Order Rate CoefTicients for Methyl lodide and
Radioiodide Removal*

Rate Coeflicient (s7')

Charcoal Charcoa) Total Total Isotope
Impregnant  Souwrce CH,'} CH,1 Exchange®
$% TEDA Scon 69 = 0.5 7.1 203 None

600252.7%

$% KlI, GMR:-1 36 £ 03 36 £ 02
% KI, + GMR-] 49 £ 0.1 30201 19 202
2% TEDA (TEDA)

*2.h preconditioning st 86% RH.

*Difference of preceeding two columns.

3.75.cm depth x 2.5-cm-<Ciam bed

1.8 L/min airflow: 6.6 cm/s; 0.57s bed contact time
86% RH; 2-hour eguilibration before testing 0.19-3.8
mg/m’ CH,l

0.0061-0.128 yCi/m’ V'L .

Challenge concentrations varied over a factor of 20.
Breakthrough times (t,) of CH,l for 1%, 10%, and 50%
instantaneous penewrations were nearly t.h‘c fame for ull
challenge concentrating (Table V1) Individual break-
through times were used 1 calculate Je breakthrough
capacities plotted versus challenge concentrations in Fig.
10. The linearity of tha+c piots indicated that CH,l
adsorpuon and desorption occurred according to a
simple linerar isotherm (Henry's law). Other charcoals
which have besn tested with CH,1 have not indicated

linear isotherms.’

" The Wheeler adsorption equation’ predicts the
logarithm of penetration as a linear function of tume 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 charcoa’
sonsistently fit the Statistical Moments Theory (SMT)
equations’ and an empirical exponential C/C, = at®
equation better than the Wheeler equation. For example,
four data sets at penetrations less than 1% yielded the
correlations in Table VIL

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

M
TABLE V1. Effects of Challenge Concentraw. s

CH,! CH. M|
Conc. Breakihrough Times (min) Cone. ’ Percent
(mg/m’) ‘1% '10%  '$0% (nCV/m’) Penetration*
0.1% 6.8 18.0 396 6.1 123
041 24 147 418 13.6 16.0
1.29 38 154 418 426 9.7
219 74 20.8 L8 722 154
378 KR 15.1 87 1247 1.
Average 48 16.9 4.5 Average 13.0
Std. Dev. 2.2 2.8 2.7 Sud. Dev, 2.7

‘Aversge instantaneous penecauon after the inual period n which physical

adsorpton was significant.
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For the above expeirments, the Wheeler equation gave
an initia) penetration value of 0.33% (sid. dev = 0.18%)
10 be compared with the SMT initial value of 0.094%.
One of the best fits of the breakthrough curves was for a
C/C, = at® empirical equation which has three dil-
ficulties: (1) it has no theoreucal basis: (2) it does not
allow extwapolation of penetraton to initial exposure
time; aid (1) exwrapolated values very rapidly at shon
times, for this example, 0.020 at 0.5 minutes, C.O73% at
| minute, and 0.265% at 2 minutes.

E Tartridge Comparions

Four cartridges, all containing 5% TEDA.im-
pregnated che coals, were tesied with methyiradioiodide
at 0, 2, and 4-hour exposure times t0 32 L/min, 97 2 3%
RH air. Methy! iodide penetrations again increased with
exposure times. Maximum penetrations (humidity equi-
librations) were reached in about 34 hours. Average
penetrations measured during 4.6 hours by gas
chromatography 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
Jower penetrations. That this can be atibuted to in-
creaded bed contact time is shown in Fig. 11. This
semilog plot also includes data from Table 11 for the
Scott 600252-75 consiter. The average first order rate
coeficient is 17.65~" (standard deviation = 1.3 57""). This
correlation should be useful for improving efi iencies by
redesigning canisters and cartndges.

The larger canisters (used alone) were more efective \

for methy! iodide removal than cartridges (used in pairs)

even though the flow rate through each cartnidge was |
half as much. Also, the cartridges deteriorated in efli- |

ciency more rapidly due to high humidity. Magnitudes of
efMiciencies can be correlated with volumes of charcoal
and bed contact umes.

InsulMicient data are available to rate cartridges and
canisters for radioiodine removal. Variations within
brands and types ahve not been established Also, their
contents are subject 1o change by the manufactureres.
These unknowns emphasize the need for an ongoing
cert'Tcation program. Such a program to be carried out
in the NIOSH Testing and Cenificaiton Branch, is an
wumate product of this projest.

TABLE VIL. Fits of Penetration Data to Equations

Linear Correlation

Equation CoefTicient, r
Wheeler: In(C/C,) = Ina + by, 0.92¢6
Exponential: 1n(C/C,) = Ina « bint, 0.99%9

ty = m, « m,/ém m
SMT: & 'x. P Vm, + ‘-"—;‘ % 0.9999

w

~4




TABLE VIli. Cartridge Penetration Fractions of Methy! lodide and Metsy]
Radioiodide afler Equilibration at High Humidity*

Average Percent

Instantaneous Penetrations
Carwridge (and Standard Deviations) Co'::ct co,h::::’
Type CH,I CH, Time(s) Mesh
Norton Type | 3.8 134 0.20 816
(0.76) (0.06)
Norton Type 11 1.50 0.20 12:20
(0.15)
Scott 604403-75 13.24 11.50 0.12 816
(0.49) (0.34)
Scort 604550.75 16.52 12.87 0.12 816
(0.61) (0.90)

32 L/min, 97 2 3% RH, 4h.
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Fig. 11, Dependence of average inmantaneous prreent penetratons
on bed contact tmes for eanisters and cartridges contaming $%
TEDA impregnued charconls: O , methyl iodide; &, methyl radio-
ocude .

V. EFFECTS OF USE CONDITIONS
A. Relstive Humidity

. Cemparisons of Water Vapor and Methyl lodide
Loading. Wher canisiers or cartndges were tested more

thoee anag wask - hy ond siad s »¢ N G40 P

while continucusly exposed to very high humidity (98 =
3% RH) air, increasing penetrations were usually ob-
served. This is ilustated by the results in Tables II and
I11. Such an efTect could be due to (1) loading the test bed
with methyl iodide in previous tests and/or (2) loading it
with water vapor by exposure to large volumes of high
humicity air, Studies were done 10 sort out these efTects
using Scott 600252-75 canisters (§% TEDA charcoal) at
64-L/min airflow rate. Methyl iodide was generated from
squeous solutions (0.23 §/100 mL) at selected times
while a canister was exposed to high (97 2 3% or
medium (50 2 3%) relative humidity air. Penewration
“esults versus exposure times are shown in Fig. 12. Box
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Fig 12. Average instantaneous pareent peneratons of methyl iodide
through Seon 600242 %8 (S% TEDA) sansiers o funcoons of
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e Tl TAnges of data obtained. In the first "
Tt fopen rectangles) a fresh canister was tested
otzr = > 6 and 2d-hour exposures to 97% RH air.
P e wES increased by over two orders of magnitude.
{s e second experiment another canister was exposed
ot LS mgea’ ity fOr 16 hours before being tested at 16,
18 aze 29 bouss. These data (shown as rectangles with
5's) fec oo the same curve as those from the first
me=t. In the third experiment (solid rectangles)
another CRAISIET Was tested at the 50% RH and 0, 2, 4,
24 ans 24-hour EXposures. Even for the longest time and
pighes: bed joading the penetration at 50% RH was not
nv&""“"y changed from the beginning.
A Norwon Type Il cartridge (12-20 mesh $% TEDA)
was cmalenged with 1.7 ppm (7.6 mg/m’) methyl iodide TIME (h)
at 32 L/min air and 90% RH (Fig. 13). During the first 3 Fig. 13. Effect of exposwe time on methyl jodide nsmantaneous
hours, the peneTation fraction increased nearly 2 orders  pemewation for & fres” Normon Type 11 carvidge tesiud ot 90% RH, |
of magnitude 10 1% where it remained constant for at 32 L/min airflow, and 1.7 ppm (7.6 mg/m’) methy! iodice. |
jeast 19 hours. Since the sed was being loaded constantly
with methyl iodide and there was no change in penetra-
gon fraction afier 3 hours, the inital change must be  not exhibit heating due to additional water vapor adsorp-
anrisuted 10 something other than sorbent exhaustion by  tion (see Section V. A.4.). Also, the penetration is often |
methyl iodide loading. Apparenty, 3 hours was required  maximized at such equilibrium. A Scott canridge (642- |
for the charcod 10 become equilibrated with water vapor  TEDA.H) containing §% TEDA. impregnated charcoal ‘
in equilibrium Wilh the 90% RH air. The larger canisters  was exposed at 32 L/min airflow, 0.87 mg/m’ (0.13

PERCENT CHy! PENETRATION

°

require more Ume (Fig. 12). The adsorbed water vapor  ppm) CH,1, 27 £ 0.4°C, and 0, 71, and 91% RH. After
either blocks Bccess of methyl iodide vapor to the TEDA  equilibrium was reached st each humidity penetration
impregnant O removes TEDA effecuveness by  measurements were made at seven or 10-more minute
hydrolysis: intervals and averaged.
These values of the equilibrium CH,! penevation
N(CH,CH,),N + H,0 = N(CH,CH),NH* « OH" fraztion P, were related 10 water vapor concentrauon in
air [H,0] by:
When the challenge of a vapor to a test bed is at a high
enough cONCENtration and contnuous, the bed will P, = exp (~47/|H,0)) .
pecome loaded and will decrease in efMiciency of vapor
removal. The resulting increase in penetration with time Thas is consistent with the simple competitive mecha-
is called o breakthrough curve. B :akthrough times for  nism:
selected penetrauon fractions are ofien dependent on the
vapor challenge roncenvauon. At high relaive CH,l.+ N(CH,CH,),N == N(CH,CH),NCH; » I
humidiues charconl beds become loaded with water
vapor, 8lso increasing penewation of test vapor with  H,0+ N(CH,CH,,N =5 N(CH,CH),NH* « OH*
gme. The 8bove experiments have shown that for
] eTicient s0rbET\S &t Jow challenge concentrations o/  where water vapor rescts with TEDA, making it un-
Joadings. the relative humidity effect may be the most  avaiabdle for CH,I removal.
' significant. Therefore, the time of exposure of a canister Larger MSA canisters, also containing % TEDA

or caridge 10 high humidity air is an important  charcowl, were also measured for methyl iodide penetra:
parameter in 8 1651 procedure or o usage protocol. uon at several humidities. Flow rate was €4 L/min and
relative humidities ranged from 50 10 R4%. Penetrations

2. Eyuilibrium Penetrations. A charcon) bed at equi- st water vapor equilibrium, P, were less sensiuve to

librum with the water vapor in the air entemng it does [H,O! changes than in the case of the Scott cartridges
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with one-filth as much charcoal. Times required for fresh
MSA canisters to reach water vapor equilibrium varied
from 9.5 hours at 75% RH 10 16 hours at 0% RH.

At relative humidities above 75% the CH,] penetra-
tion at water vapor equilibrium was not the highest
penetration value. This is illustrated in Fig. 14 with
penetration fraction versus time curves for MSA
canisters containing $% TEDA charcoal. At 85% RH »
maximum penetration of 7.6% was resched at 450
minutes as compared with an equilibrium penetration of
4.1% (std dev = 0.2%). This maximun is attributed to
the displacement by water of CH,1 previously physically
adsorbed. Such & maximum is commonly seen at all
humidiues with various charcoal beds.

Conclusions reached from studying humidity efTects
for equiibrated canisters are the following: (1) We now
undersiand how water vapor reduces the efMciencies of
TEDA impregnated charcoa) beds. It is by tying up the
impregnant and making it unavalable for reaction with
methyl iodide. (2) Long times, up to 16 hours, required to
reach humidity equilibrium limit the practicality of using
penetration at humidity equilibration as & measurement
of canister performance. (3) Since the penetration at high
humidity equilbrium is not the highest value which
occurs, its usefuness for canister or cartridge perform.
ance specification is questionable.

_~

3. Service Lives. Messurement of service Iife, the
time required o reach a selected penetration fracuon, is
an alternauve 1o measurement of penetration at humidity
equuibnum. Service lives of air punifying canisters and

10 3 L i
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0.1 0 240 L0 7¢0 960
TIME (min)

Fig 14 Humidiny effect on medy! lodide breakthrough curves sl 64
L/min for MSA % TED A charcoal.

cartndges decrease with increasing relative humidity of
the air passing through them. This is lustrated by the

MSA 5% TEDA canisters decrease from 635 minutes at
50% RH to 200 minutes at 85% RH. Another selected
penetration value would give another set of service lives.
For example, tests of three fresh GMR:l (TEDA)
canisters at 64 L/min yielded the results in Tadle 1X,

An empirical relatonship was found which described
the efTects of relative humidity on service lives (t,) of
fresh canisters. Log t, versus log [H,0] (or log percent
RH) plots were found to be linear with slopes between 2
and 3. Fig. 15 shows such plots for MSA &% TEDA
canisters at 64 L, min airflow, Scott $% TEDA canisters
(600252-75) at 64 L/min airflow, and Scott 4% TEDA
carwidges (642-TEDA-H) at 32 L/min wrflow. The two
brands of canisters, which have nearly the same volumes
of charcoal, had equivalent service lives (Fig. 15). Even
at half the airflow rate the cartridge with much smaller
charcoal volume had much shorter service lives which
were more serious!y afTected by humidity. Simiar data
with MSA GMA canisters containing unimpregnated
activated charcoal were also linear on a log ¢, versus log
[H,0] plot.

results in Fig. 14. If 1% is chosen as the maximum

peneration 1o be aliowed, the service lives 4 for fresh A‘é,
/]
/

/\
The usefulness of this relationship for a centification /
program is for extrapolaung from one humidty ‘:\X

gnother. It may allow the selection of two humidit

conditions for evaluating canisters and cartndges. Also,

the selected test humidives could be high (70-100%)

where service lives are shorter and where, therefore, test

times would be shorter. This is desirable for maximum

efliciency of a cerufication test program.
M
TABLE IX. Service Life (28 min) ot Three

Relative Humidities

Percent Relative Humidity

Penetration
Fracton 60 80 100
0.0002 145 L L 10
0.0008 18¢ 10¢ 3s
0.001 228 138 4
0.002 278 158 L}
0.005 378 194 6!
0.01 4 218 it
0.02 LEE] 244 94
0.05 704 3os 138
0.1 B 475 23§
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4. Humidity Heating. The adsorption of water vapor
from air passing through charcoe! packed canisters and
cartridges heated the air to significant extents for long
peniods. Temperature rises for Scett canisters (642-
TEDA-H) at 32 L/min airflow and three humidities are
shown in Fig. 16. The maximum incresse of 10°C
(18°F) was observed for the highest (85%) relative
humidity at about § minutes from inival exposure.
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Fig 16 Mumidity beating efocu for o Scont S% TEDA carndge st
12 Lmin arfiow

Measureable heating (+0.2°C) continued for periods up
10 340 minutes for this series. Other cartridges and
canisters (64 L/min) showed simiar heating efTects,

Dew points were measured for air leaving test
cartridges as well as for air entering them. This allowed
determination of the rates of water vapor adsorption at
times throughout an experiment Temperature increases
were proportional to water vapor concentration de-
creases. This relationship was used to calculate heats of
adsorption ranging from 4 to 9 kcal/mole.

Humidity heating efTects are imporunt to note gince
(1) they can make air puriflying respirators less com-
fortable to wear and (2) they complicate the descriptions
of how canisters work. The comfont efTect is more
relevant to the user than (. the certification test.

B. Temperature

'. Equilibrium Penetrations. Ambient air
temperatures for applicatons of air-purifying respirators
can vary. In addivon, as mentoned sbove, air drawn
through & canister can be heated by water vapor
adsorption on the adsorbent. Temperature effect: can be
compiex since higher temperatures enhance chemical
reacuons (chemisorption) with impregnants, but reducs
physical adsorption of vapers.

In & series of experiments with Scott cartridges (642.
TEDA-H) at 32 L/min wirflow, emperaturs of entering
air was varied from 26.4 10 38.0°C, Test cartridges were
equilibrated at dew points from 15.] to 25.7¢C before
methyl jodide penetrations were measured at the equi-
libration humidites (50-7¢% RH). Fig. 17 shows a plot
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Fig 17 Cupeyron plot 1o corvelate squidnum mehtyl
e peneTiuon wuh Gewpont and sl emperatures



of In (=[H,0] In P,) versus 1/T, which turns out to be
bnear with a slope of 3020°k.

The usefulness of this data is in sorting out the
mterrelated efTects of relative humidity, ambient temper-
ature, and dew point temperature. The following semiem.
pincal equations were derived from data for this
cartridge:

5300 3020
TR S, up[fan ot Twmrn]

InP. = ~0.96 t.“ 2280
. “;"”) P lnllllﬂ‘l

The exponent $300/Tprw poiny COmes from the de-
pendence of saturation vapor presswe of water on
tlemperature. At constant dew point, i.e., st constant
water vapor concentration, equilibrium penetration of
methyl iodide decreases with increasing ambient temper-
ature. However, when relative humidity is held constant,
equiibrium penetration actually incresses ot higher am-
bient temperature. This is due 1o the higher waipr vapor
concentration for fixed humidity at higher temperatures.

2. Penetration and Semvice Lives. We have done
experiments to determine how much efTect the tempera-
ture of inspired air has on the efficiencies and service
lives of fresh (uneguilibrated) canisters anc cartndges for
methy| iodide. First, we observed tha. such an efTect does
exist, even over a limited expected range of use
temperatures (15-35°C or $9-95°F). This is Ulustrated in
Fig. 18 by data obuained with & Mine Safety Appliances

B8 e ——
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Fig 18 Ar wmperature effect on methy| iodide breakthrough
eurves ot 64 L'min and 30% RHM for an MSA 2% TEDA, % KI,
canimer

Company (MSA) canister containing charcoal with two
impregnants, 2% TEDA and 5% Kl,. The brukmrough? .%/
curves show increased penetratons for increased
temperatures at all experimenta) times. When lonn‘thms'_x

of percents penetration were plotted agains
temperatures, we obtained apparently straight lines. Fig.

19 shows such plots for the MSA canister (2% TEDA,
3% KI1,) and a Scott 642 cartridge ($% TEDA). Similar
results were obtained with an MSA-GMA canister
containing unimpregnated activated charcoal. In all three
cases, the temperature eTecty corresponded 0 approx-
imately doubling the penewation for each $°C (9°F)
increase in tempersiure.

The paramsiers of air temperature (T), relative
humidity (RH), and dew point temperature (DP) are
interreiated and cannut independently afTect service lives
(breakthrough times at selected penetrations). Therefore,
we have studied temperature efects first with RH
constant and then with DP constant. As before, methyl
jodide is the test vapor, since it is the most penetrating
vapor form of iodine we have found.

At constant RH, increasing temperatures shift break-
through curves to higher penetrations and, consequently,
result in shorter service lives (Fig. 20). Canisters and
cartridges containing three types of charcoal wsre
studied at constant RH. The result (Table X) show
significant service life decreases with increasing
temperatures, up to 15% decrease per °C (8% per °F).
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Fig. 19. ENects of air emperature on methy! iodide penetration &l
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Fig. 20. Effect of air temperarure on service Bves 8t conmant $0%
RH for an MSA caniger (2% TEDA, §% Kl;) ot 64 L/min

T«BLE X T"":‘"lt ure Effects on Sc’w ¢ Lives ot Cms ant Humidity
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Penetration (Percent Per®C)

2% TEDA, % KI, l
]

—

Activated

L L L L o
O 5 = a1

O s e a I

e e L
e O O

N VY I RN

$% TEDA

Wouuu-lnquu\nh-u

]
[

In one case (2% TEDA, £% K1,), the temperature efTect turn out to be the case. Average increases in service live

vaned with penetrauon fraction selected 1o defline service at 1% penetration were 1 2% per °C at 19°C DP and 3%
life per °C at 24‘C DP

At constant DP (i.e., constant water Vapor concentra fLhese studies s that temperature can
uon n ar), service lves increased significanty with afTect service lwes much more than the 1-10% reductior

increasing temperatures (F $ 21) This is due 1o the r 10°C increase reported in the literature.’ Therefore

combined efTects of Jess water adsorption (air/charcoal tr-.”eru.:cs At which carundges and canisters are tested

A s

54
equiidbrium shift) and enhanced reacton of methyl iodide must be more closely controlled than £2.4°C specified
with triethylenediamine (TEDA) impregnant. The main in CFR 30, Part 11.* Also, the units must be tested at
reason for doing constant DP studies was our hope that maximum T and RH of ex
lemperature efTects would be less signiicant This did not vaUes wWilh extrapolations of service lives the worsi

pecied use or tested ot Jower
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Fig. 2). Effect of air Emperature on service lves a1 conrant 24°C
Gewpont for an MSA canister (3% TEDA, % Kl,) st 64 L/mun

be made aware of the D. Reproducibilives of Service Life Measuremenis
vice life when these units ar
$EC at even more elevated lemperatures The question was rajsed as 10 what repraducid

can be expected for service life determinauons, cons

ing ! - manufacturing and testing
C. Flowrate ts of limit tRgies are shown in Table XII. Precisic

ction factors and shom tim

- ' ’ -~ - iy
gnate ere terioratior 0 humudity was m

A canister with 2% TEDA. ¢% Kl impre
charcoal was tested at 30°C and two RH's, DP's, and

urflow rates. The results shown in Table X1 clearly penetration for o 12h of carnd
f

ges
indicate that service life is inversely proportional to reproducibility of 10% relative standard
arflow rate. This confirmation of 8 well established service life is reasonable Repreducibilit
relavonship was necessary, since in this case service e batches can only be determined with mo
I determined by water vapor loading rather than the tesung

contamunant (methyl iodide) vapor loading

TABLE X1. Effects of Alrflow Rate and Humidity on Service Life*

Service Life (+$ min)

i | At netrat
Flowrate  Dew Point  Relative Humidity - Penetrations

e ——————————————

(L/min) (°C) Percent 1 Percent 10 Percent

— —— —————————————— ——— e — ——————————————

P 19 p. 175 300
19 ! 80 -

2 24 ! 118 198
24 67 38 105

*30°C: 2% TEDA, % Kl, eanisters

——————————




TABLE XI11. Reproduc™loes of Servier Lt Messurementy

Charcoal Tempersture % Relative Flowrne Number of

[ — Service Life Min)

® Relstive

Type (*C) Humidicy  (L/min) Measwremesu  Perevadon  Average 51l Dev. B4 D
% TEDA » ” n & 3 4 [ &) "
s ] 46 1
10 ” 42 ‘
20 1% 122 ]
% TEDA, 3 © [ s L} 133 104 1

™Kl

% TEDA bi) ” n ] [ K] u u 9
: 0.0¢ 4t " »n
(-8} L & 0 0
o2 108 10 10
0.f 12 : )

V1. EFFECTS OF CYCLIC FLOW (BREATHING
PATTERNS)

A. Background

The efTects of variable flow rates and flow (dreatsing)
patterns on the average efficiency needed to be, de-
termined also. Evidence is available (Section IV, C.) chat
the efTiciency of a sorbent bed for removing vapor from
alr decreases with increasing airflow rate. There wre data
which demonstrate, among other things, that peak
inspiration flow rates can be very high (200 L/min) at
moderate work loads.'® Therefore, at the peak of
inspiration in the breathing cycle, the efficiency may be
very poor and certainly will be very difTerent rom that at
the standard 64 L/min test airflow,

The work of Gary Nelson'® is widely misinterpreted as
showing no such efTect. Actually, he demonstrated only
tiay in a limited number of cases, the cartridge capacity
(letime) was unafTected by airfluw rate or cycling. in the
cases of hughly toxic vapors (radioiodine, other radio-
nuclides, carcinogens, etc.) the sorbent bed efficiency,
rather than its capacity, is the limiting factor in determin.
ing usefulness. This is because only low levels in air are
expected Lo be encountered, resulting in low bed loading.

Experimental measurements and theoretical computa-
tions were done to identily and quantitate the efTects of
cyclic fow patterns. Average efliciencies for a given

breathing cycle (work load) were measured for calcu-
lated and related to insta~taneous efficiencies throughout
the cycle.

B. Computer Modeling Study

A computer program was written which could calcu-
late canister penetrations of methyl iodide based on
assumed airflow rate and reaction kinetics of removal,
Breathing patterns of airflow were taken from the work
of Siverman, e al..' who muasured and characterized
inhalation and exhalation curves at ten work rates for
res’stances approximating those of gas masks and other
breathing apparatus. Their Table 4 provided four
p: - meters used to simulate the varying Nows:

R = respiration rate (per minute)

A = maximum inspiratory flowrate (L/min)

1 = fraction of total cycle that is inspiration

Fa ® minute volume, mean inspiratory Nowrate over

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

The equation which best it the experimenta! breathing
curves was & linear combination of sinusoidal and
elipsoidal functions:
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P = penetration fraction of methy! iodide
Ostsy k = first order rate coefTicient for removal (per sec)
t, = bed contact time (sec) = 60V/F
whers V = charcoal bed volume (L)

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

t = I/R, the average time for inspiration (min)

A, A, = constants selected for each work rate to mateh
the experimental values of maximum flowrate,
A, such that

A-A,oA,mdF.-(-.!A,o;-A,)l

Table XIIT lists the input parameters and calcuated
values of A, and A, for ten workrates. The (trapezoidal)
integrated Nowrates for the best fit curves are given in the
last column.

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

P = exp [<kt]

These equations were combined to calculate instan-
taneous and integral flowrates and peaetration fractions
for steady and cyclic Nows for selected values of k and V
in the ranges of experimental values. The constant
flowrate required to give a penetration equal to that of
the cyclic flow was also calculated.

The simplest case, where k is a velocity-independent
constant, was computed first with the results shown in
Table XIV for k = 176 4™ and V = 330 em’, both
expeimental values (Secuon IV, E.). Average cyclic Now
pent'rations were much higher than those for equal
steacy fNowrates. Higher steady flowrates (2.0 to 3.6
time:) were required to give penetrations equal to the
eych: flow penetrations. The effects of varying the
product k V on the cyclic penewration (P, steady
T mewrauon (P, and rato were given by

InP,w<(kV),
InP, m sk V),

P/P, me&xp((s=¢c)(k V),

TABLE XIII. Input and Calewated Parameters for Fitting Experimenta) Breathing Curves

Best Fit Constants

Avrerage  Maxmum  Respiration Integrated
vate  Flowrate Rate Inspiration A, A, Flowrate
i dn) (L/min) (per min) Fraction (L/min)  (L/min) (L/min)

1 n 148 0.182 38.20 1.7% 9.0
132 4 17.5 0.43) 2642 17.58 121
19.8 60 18.7 0.464 29.92 30.08 19.6
27.0 78 20 0479 2 4511 26.7
82 79 2.0 0.487 27.83 51L17 279
96.2 101 2.8 0.45%0 36.62 64.18 38
%9 128 274 0512 3176 94.24 484
64.4 160 2.8 0.519 1061 149.39 6.7
¢ 813 192 M2 0.539 ~0.26 192.26 80.4

90.3 240 4.0 0.f14 86.13 153.87 89.1
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TABLE XIV. Cyclic and Steady Flow Result: Calculated for o Constant Rate CoefTicient*

Average Penetration Fraction

Integrated Equivalent Steady  Flowrate

Flowrate (L/min) Cyelic Flow Steady Flow  Rsio  Flowrate (L/min) Ratio
9.0 2x107 2x 10" 1 x 10" 322 348
131 1107 Ix100"  Ix 10 82 a9
19.6 o.M 2x 10" § x 10 509 .60
26.7 0.0047 2x 10 2x10 645 241
279 0.0051 4x 10" 1280 66.0 2.36
358 00145 6x 10" 244 82 230
484 0.0340 0.0007 46 102.0 213
63.° 0.067% 0.0042 16 . 1293 2.0}
804 0.146 0013 s 1544 1.92
8953 0.1423 0.c202 7 178.7 200

ke llbr". V- 130 em’

"—'—

where for each workrats ¢ and s are wverage valuss of
60/F for cyclic and steady flows, respectively. The
penevation raty is a function of k V and, therefore, 8
function of the perewration fracuon (P, or P,). At the
penetration fraction of most irterest for determining
carridge servica life, ®, » 001, and at a total breathing
rate of 64 LUmi. (42 L/min through esch of two
cantridges of volume 165 em’), k V = 4962, P, =
0.000087, and PP, = 115,

", ¢ ¢xperiments were showing much smaller cyclic
flow eTectt ‘see belov), the nmplest mode! was modified
10 inc'uds velocity dependence of the rate creflicient
Dietz, Blechly, anc 'onas observed 8 ronlinear increase
of the first order rate coefMcient with wcreases in linear
flow velosity for methyl iodide removal by impregna.ed
charcosls.'' Others have also observed this

phenomenon.'™"* including the velocity, v, fem/sec),

dependence,
In P =<k VF

where k is & “true” constant. Wheeler has shown
theoretically that the valie of n should be 0.5 for the case
of & mass transfer-imited rate.! Dietz, et ol,'' obtained n
values of 0.45 t¢ 0.58 for their hex:
an.2thylraetetramine/iodine/sodium  hy. vxide-im-
pregnated charcoals. The data of May #nd Polson'’ has
been used to calculate the n val.es for & § per cent
TEDA-impragnated charconl shown in Table XV. Th.se
results show a relative humidity dependence for n, which
ranged frem 0.23 10 0.42.

\ﬂ‘

TABLE XV. (- Meiemt Velocity Dependence Calculated from the
4y anu ' gjﬂ'
Percent Coel, Log-Log Least Squares Fit
Relati ¢ . ' .dumber Correls-
an
Humidiy 1o A Points n (r)
0 o N 4 042 1.000
o 1.1 B 038 0+ 9
i73-100.2 id 8 0.29 0970
7.5 "I.S 21,4318 * 0.23 0.654
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Th: computer program was modified to include linesr
velocity dependence in the above penetrstion equat :n.
Rojults shown in Table XVI were computed from n = 0
10 0.75, average F = 64 L/min (32 L/min through each of
two cartridges), and k V gelected so that P, = 001
Computed equivalent (P, = P, = 0.01) steady flowrates
are listed in the last column.

The value of n = 0.7 was used with the computer
program and the parameters of Table XI1II to calculate
the reswts in Table XVII for ten workrates.

Cyclic/sieady pene.ration ratios for P, = 00! varied
from 2.49 10 8.13. Steady/cyclic Nowrate ratios for P =
P, = 0.01 ranged from 1.90 to 2.%6, with &l but the
lowest two workrates in the range 2.0 2 0.2, The
Nowrate raLos for the extreme case of n = 0 were aso in
this range for cyclic breathing rates of 48 L/min and
above (Table XIV) The cyelic/steady flow:sie ratio
less variable han the penetration rauo, and is & possible
Way 1o wke into account cyclic Now effects.

TABLE XVI. Computed Values for Selected Velocity Parameters®

Average Peneuration Fraction

Steady —  Egquivalent Steady
n Cyclic Flow  Steady Flow Ratio Flowrate (L/min)
0.00 0.0] 87 x10° 118 646
0.50 0.01 0.0019 $3 589
0.67 0.0l 0.0016 2.8 88.1
0.70 0.01 . 0.0040 2.5 8.6
0.75 0.01 0.0046 2.2 £9.3
*Assumed )2 L/min through ! of two canndges and breathing eurve
corresponding to 64 L/min towal Nowrate.
J‘—__

_—— = e

TABLE XVII. Results Computed a for Velocity-Dependent Rate CoefMcient®

and One

Percent Cyclic Flow Penetration

Aversge Penetration Fraction

Integrated Equivalent Steady Flowrate

Flowrate (L/min) Steady Flow Ratio Flowrate (L/min) Rato
9.0 0.00195 513 48 2.7
13.} 0.00254 254 12 .38
19.6 0.00296 13 48 218
26.7 002218 Je $6.0 210
2.9 v.00328 3.0 $1.8 PR
358 0.0031¢ 299 729 2.04
484 0.00364 278 916 193
63.7 0.00375 267 1212 1.90
804 2.00402 249 468 1.83
893 0.00378 2.68 169.2 1.89

*Eoek VT Ve 330 end,




The computer program was modified to include linear
velocity dependence Ly the above penetration equation.
Results thown i, Table XVI were computed from n = 0
0 0.75, average F » 64 L/min (32 L/min through each of
two cartridges), and k V selected 5o that P, = 0.01,
Computed equivalen: (P, =P, = 001) neady fNowrates
are listed in the last column.

The value of 0 = 0.7 was used with the computer
Program and the parwneters of Table X1II to calculate
the resuts in  Table XVIl for ten workrates.

C sclic/steady penetration ratios for P, = 00! vared
from 2.49 10 8.13. Steady/cyelic Nowrate ratos for P o=
P, = 0.01 rang:d from 1.90 to 276, with all byt the
lowest two workrates in the range 20 ¢ 02, The
fowrate ratios for the extreme case of n = 0 were )50 in
this range for eyelic breathing rates of 48 L/min and
above (Table XIV) The cyclic/sieady Nowrate ratio 18
less variable than the penetration ravo, and is » possible
Way to take into account cyclic Now eects.

TABLE XV, Computed Values for Selected Velocity Parameters®

Steady

Average Penetration Fraction

Equivalent §:. 1dy

n Cyelic Flow Steady Flow  Rato Flowrs'e !L/min_)
0.00 0.01 87 x 10" 118 64.6
0.50 0.01 2.0019 8.3 89
0.67 0.01 0.0016 2.8 58.)
0.70 0.01 0.0040 2.5 586
0.7¢ 0.01 " 0.0046 2.2 9.3

*Assumed 32 Lumin through each of two canndges and reathing curve

sorresponding to 64 L/'min 10wl Nlowrate.

TABLE XVII. Results Computed o for v

‘
elocity-Dependent Rae CoeMcient® an.' One

Percent Cyelic Flow Penetration

Integrated Average Penetration Fraction Equi.alent Steady Flowrate
Flowrate (1 © ) Stesdy Flow Ravo Flowrate (L/min) Ratio
90 0.00198 513 48 2.7
131 0.00244 194 N2 2.38
19.6 0.0029¢ 138 428 2.18
26.7 0.003]8 4 6.0 2.10
279 0.00328 Jos s 2.06
KEN | 0.00315 299 729 2.04
45 4 0.00364 278 9316 1.93
3.7 070178 267 1212 1.90
804 0.00402 249 146.8 1.83
£53 0.00378 268 169.2 1.89

6ok VYV 330 em’,
= TR
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C. Eaperimental Study

A Scott Breathing Simulator (Scott Aviation Corpor-
ation, wancaster, NY, Part No. B00116) was used 10
produce eyclic flow patterns. It is o dual-piston pump
operated by & motorized cam W simulate 8 bres' ing
pattern. The cam used in these experiments was desg
pated 622 KGM. Total volumetric flowrate of air was
adjusted with the pump speed convol and measured
downstream of the test bed with a dry test meter (Singer
Mode! DTM-32¢) over at least 20 cycles. A senies of
check valves and & fliered air supply was used 80 that
during half of the cycle backflow through the cartridge
was prevented. This was 1o simulaie one-way (in pira-
tion) flow trough & cartndje on & typical air-punifying
respirator. A 20-L polyethylene botte was used 10 "ix
methy! iodide from the permeation tube with ihe main
airfow to smooth out possible variauons in chalenge
concentrations due to cycling airflow. Towl flow volume
over 8 time corresponding to & full number of cycles
(20-25) was measured with 8 gry tesi meter downsiream
of the test bed to determ ne average Nowrate. Other than
these modifications, the experimental apparatus was the
same as that descrided in Sections 111 and VIIL

Test beds of 1.8<m-dam and 0.5 0 1.5<em-depth
were packed with varying amounts of § percemt TEDA-
impregnated charcon (Barnedey Cheney CU 2762) 10
obtan a range of penevaion fracuons at selected
relative humuidiies (24-9¢ per cent) and ambient temper-
ature (23 2 1°C) Alflow was maintained ot 32 L/min
for both sieady and cyelic (20.5 eycles/min) situauons.
After the test bed was equilibrated at the selected relative
humidity, penetrauon fractcns of methy! iodide were
determined i 10-mun intervals, alternatng sieady and
eyclic flow for about 2-hour peniods. The resulung
measurements were averaged and a siandard deviation
was calculated. Altermating flow petterns for the same
test bed eliminated the significant between-bed vanauons
eaperienced in earlier experiments.

Results summarzec in Table NVIII show definite
peneiration dierences for the cyclic and meady flow
cases. Cyclic flow penewration was gresier by factors
from 1.2 to 4.2 However, there was no consistent
correlation of rauo with penetrauon fracton, contrary ©
the computer calculauons. This suggests that the real
situation is complicated by unknown factors (eg., rels-
tve humudity, granue soe, packing density, bed depth,
e2.) having uninown efTects.

Additons] experiments were done with other
charconls to eaplore the generality of the eyclic flow
effect. Comparisons of penetrauons at eyclic and siead)
fow conditions (32 L/min) werc done with several
cartridges, canisters, and beds packed with 52.85g of
charconl (7.8<m-diam) The measured cyclic/steady
penetration rauos ané experimental condiuons are given
in Tadble XIX. Figure 22 shows breakihrough curves
obianed for two 4% TEDA charcons, one which
showed & definite eyclic flow effect (1.6 umes higher
penetrguions) and or which di¢ not Likewise for the
cther charcoals, some showed an effect und others dd
not. There was r. obvious way to predici when the
cyclic Now would give a hgher mehy! iodide penevation
or how much higher it would be.

The signiicance of the cyclic flow eTect is seen in Fig.
22 for the Scom charcoal. There appesr 10 be two
separate breskthrough curves digfering by the flactor of
1.6. The end-of-service Ie, defined as penewration reach-
ing 1%, is 300 min for steady airflow, but only 180 for
eyclic airflow at 32 L/min. At 1.£% the diTerences are
much greater (>> 500 mun vs. 260 cun).

A maximum penetrauon &t about 120 min was
observed for the Willsonlnco i% TEDA charcoal
breakthrough curee (Fig. 22). This has been seen before
for this and other charcoals and is sniributed to bed
heating by water vapor adsorpucn (see Secuon V.A4),
Both the cyclc flow aad stead)y flow penetration fol:
low ed the same breakthrough curve.

D. Conclusions

Both the computational and experimental epproaches
to determining cyclc/sieady penetrauon ratios led 10 the
same conclusion: signficant diTerences between bresk:
through fractions at 8 se.icted bed condivons (uma of
use, humidity, wmp- sture, averags flowrate, etc) can
exist for & variety of -rarcoals. The limiwd experimenial
and computed daty acq vired 80 far does mot reveal the
faciors determining the existence of magnitude of this
efTect for any given charcoal. It is of great interes! fora
variety of respuator apphiv ¥ ons, ROt merely 1o modide !
removal, to ‘dentify these criucal parameters. The ex-
istence of & cyslic Now effect impacis on manufastunng.
testng. certfication, approval, and use of chemicel wr
cleaning respuator canndges and canisters.




TABLE XVIII. Experimental Resuls of Cyclic Flow Study at 32 L/min
for one $% TEDA charecal (BC CU-2762)

Relative Cyelic (C) or Average Standard Ratio
Humidity %  Sieady (S) Flow Penetration Deviaton  (C/S)
28 C 0.025 0.003 4.2
S 0.006 0.001
C 0.145 0.019 1.3
s 0.112 0.010
50 C 0.04¢ 0.0 19
s 0623 0.002
C 0.07% * 0013 1.7
s 0.045 0.00¢
0.086 0.007 1.6
s 0.054 n012
75 C 0.304 0.027 1.3
s 0.218 0.022
86 C 0.08) 0.00¢ 2.8
S 0.032 0.001
c 0.067 0.008 e
s 0.020 0.001
04 - 0512 0.012 1.2
S 0.44) 2.028
. 0.1 0.008 1.7
S

0.101 0.007

An immediate concern for this project (¢ ho~ to take
into sccount cyclic flow effects on methy! iodive penetra-

!, Yion Three opuons have been considered:
P
W

7
1

1) Define end-of service We of a canister o
carrdge at a lower penevation fracton (e
0.5% instead of 1)
2) Decuble the testng airflow rate.
3) Use a breathing smulator pump for testing.
The first option wowld "squire identfying a constevt
Or average cyclic/stessy flow penctration factor. Tables
XVII and KIX show o significant range for this ravo.
Furthermore, this option would penalze those manufac-
Wrers gsing charcoals wiug' have no such effect and
may hinder the development of more effective sorben’s
For exampie, he Wilion2nec. cx widge in Fig. 22 would
have fuiled (> 1%, enurely i ea of having a service life

L_;:“M

The second option, doubling the steady & v, s
based on the computed results in T-bles XVi ane . V1l
which show that thus approximately compensates for
eyclic flow at » vanety of conditions. Unfortunately, the
expenimental results reveal 8 more complicated situation.
numbnmommclmobmmuwm.
Humidity effects would be me-r than doublec by
dovMing the sirflow rate. And modiications would be
required for the existing testing apparatus. The third
opuon also would require modifying the euisvng
pparatus by 1) insering @ bresthisg mmulmor
Pump and one way valves between the fUtered air supp'y
and the humidity chamber, 2) inserung & 20 L buffer
volume between the methy) iodide generator and the test
bed and J3) changing the method o’ sverage Now rate
monitoring (volumewric average insead of an instan:
taneous flowmeter readout) The question remains as to

:.




TABLE XIX. Cyclic/Steady Flow Penetration Ratios for a Variety of Charcoals.

Charcoal Original Packed Preconditioned? Run Relutive  Number of  Average Cyclic/Stend)
Source and Type' Unit  Bed* (% RH) Humidity (%) Comparisons Penetration Ratio
Noron OV Canridge, X No 75 2 10201
(7500-1) X No 8 2 1.020)
MSA OV Carwidge, X kL 50 3 13201
GMA (44.35)
MSA OV Canister, X 0 B! ' 3 10201
GMA-C
MSA Canister, X No 8BS B 1.02 0.1
GMR". ’* Kl’
MSA Canister' X No 8 4 1.7202
$% Kl,, 2% TEDA
MSA Canister,' X 9¢ 9s 4 1.0 0.1
. $% TEDA
Scon Canister, X No 8¢ 1 1.6 2 0.1
&% TEDA (600252-7%) X 8! 9 2 17202
Barnebey Cheney X No | $4 | 19202
$% TEDA (CU-2762) X L B 4 18202
Willson/Inco Cartridge,’ X No L b 13201
$% TEDA (L B) X 9¢ 95 1 13z01
Willson/Inco Cartridge, X No 84 4 1.0 2 0.1
£% TEDA (Lot V) X No 8 | 02202
X No 8 2 12202

‘Impregnants and amounts based on manufacturers’ informauon.
"Prototypes suppled b, manufecturers.

45 g in VS emdiam bed
| = —— — & ___
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Fig. 22. Bresithrough curves aternating seady flow ( © ) and eyelic
flow (&) for rwe % TEDA charcoals. Upper curve: Scon (485, 74
em dam). Lower curve: Willson1nco (£35. 7.0em diam) §3% RH,
32 L/min.

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

The third option appears 10 be the most desirable, at
least untl more data is developed. The selection of
parameters would be no more arbitrary than the selec-
uon of an ave.age breathing rate, usually 64 L/muin, for
tesung The data of SUverman, & al' is svalable 1o make
these selecuons less arbitran,

VI, DESORPTION OF TEDA FROM IM.
PRFGNATED RESPIRATOR CHARCOALS

A. Background

Data reporied earlier (Section 1V.) have been shown
that TEDA [N(C,H,),N | is an efTective charcoal impreg:
pant for the trapping of organic forms o radiciodine
from air. Four canister manufacturers have plars to
continue or begin packing their rediciodine canisters
with §% by weigth TEDA-impregnated charcoals.

This compound has a normal boiling point of 174°C,
but is known to sublime readiy at room temperatures.
The volatility of the pure crystals has brought up the
question of the volaulity of TEDA impregnated in
activated charcoals. The reason for this concemn is the
possible release of significant amounts of this amine of
unestablished toxicity from sorbents, especially in air
punfying canister applicauons.

There are nc toxicological data available for TEDA;
however, TEDA belongs 1o the class of organic aliphaue
amines, many of which have been shown to be toxic.
Threshold Limit Values (1982)"* for similar amines are:

mg/m’ ppm
Ethylamine 18 10
Diethylamine 30 10
Triethylamine 40 10
Etylenediamine 28 10
Diethylenetriamine - 1

By structural and functional simisnives, TEDA can be
considered moderately toxic with a concern level of |
ppm or greater. Vapor pressures measured over the
range $0-110°C have been extrapolated to give 0.58 torr
at 25°C. However, there was no informauon avalable
on the volatility of desorption rate of TEDA impregnated
on acuvate charcoal.

7o supply data 10 answer these concerns we have
measured TEDA desorpuon from commerical im-
pregnated charcoals.

B. Appearatus and Procedures

The apparatus used for measuring TEDA desorpuion
is diagrammed in Fig. 23. The detector for TEDA in wir
was 8 pho'nionization detector through which ur sam-
pies are drawn. Detector response wis ampulied and
attenuated with the electromcier component and re-
corded on a strip chart The detector was calibrated by
sublimation of TEDA crysials st 30.0°C wnio flowing
air. Weight loss rate and dluent air flow rates were
measured and used 10 calculate calbravon concentra:
tons.

A gas chromstograph oven was used to control
emperatures (70-120°C) of test beds, the wr entenng
them, and the sampling lines. Charcoal samples of 1-4
o’ volume were packed into stainjess steel tubes and
held in place by glass wool This resulted in bed depths of
1.4-5.6 em,
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Fig. 23. The apparatus used for srudies of TEDA desorpuion from
charcoals.

Compressed air from cylinders was passed through a
flter of actvated charcoal before use. It was quite dry
imually. For hugher humidity studies a fraction or all of
the airflow was passed through the headspace of a water
reservoir. Resulung relative humidites wer2 determined
using 8 dew point hygrometer,

Two charcoal beds were placed in the oven in such a
way that the airflow could be switched by a valve to
either. One bed contained unimpregnated activated
charccal and the other the test charcoal. Al flowed
through the former (0 the detector during oven equilibra-
ton. Upon reaching a steady detector baseline signal the
airflow was switched 1o the test bed. An upscale signal
shift occurred.

Such ugnal shit measurements were repeated 8t the
same conditions, ofien using a fresh bed. At least three
emperatures were used for each charcoal. Signal shifts
recorded on the strip were measured with 3 ruler,
multiplied by atienvation factors, and compared with
calibration curves to get TEDA concentrations (mg/m’).

Three kinds of TEDA -impregnated charcoals from §
ermmercial sources have been studied for TEDA de-
sorpuon. Four of these contauned 3 $% by weight
loading of TEDA. Another had 8 mixed im-
pregnated—2% TEDA and % Kl,. And one charcon
was impregnated £% with & new compound called “C-
Alkyl TEDA™ or “Heavy TEDA,™ which has an alky!
group, such as ethyl, added 10 one or more of the
ethylene bridges. The main objective is 1o make a hugher
moiecular weight compound with lower volaulity. The
8dded alkyl group should not afTect the reactive nitro-
§ens. Another charcoal, impregnated with $% KI, only,

was also tested under the same conditions 1o provide a
reference snd 10 identify any iodine release uporn heaung

C. Results and Conclusions

Since breathing through a respirator certndge is not at
a fixed, constant flow rate, we first studied the effect of
airflow velocity. The results shown in Fig. 24 for one of
the £% TEDA charcoals show the absence of efTect of
flow rate over the range 1.6—6.8 em/s. This implies that
the air was TEDA saturated and the volaulizauon rate
was repid. )

Since bed depths also vary for different designs of
cartridges and canisters, we also varied this parameter,
Again, no effect was observed (Fig. 25). This result,
combined with no velocity efTect, implies that the wair
passed through the impregnated charcoal was saturated
with TEDA vapor; in other words, st equilibrium,

Humidity was also varied over a range from 5% 10
99% RH at 25°C. Dew points of =18 2 4°C, 15,1 2
14°C, and 248 2 0.7°C were measured at test
conditons of 70°C, 90°C, and 110°C. At 25°C these
dew po..its correspond to relative hurnidities of 4%, S4%,
and 99%. Increasing water vanor concentrations de-
creased the response of the photoionization detestor.
When this response change was taken into account, no
detectable changes in TEDA desorption rates were
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Fig. 24, EfMect of bed depth on TEDA vapor desorpuon concentrs-
SOn #t Laree Lemperatures.

observed over these ranges of experimental parameters.
Only dry air was used in other experiments.

For the ordinary &% TEDA charcoals desorption
concentrations varied widely (Fig. 26). For example, at
90°C the range was 4 10 48 mg/m’. The mixed
impregnant charcoal gave & value of 6 mg’m’, at the
lower end of this range. No iodine or other desorbing
vapors were detected from the 5% KI, (only)im-
pregnated charcoal up to 120°C.

The difTerences in desorption rates for the four &%
TEDA charcoals are signi’ .ant. They may be it w0
impregnation methods or due to the charcosl base
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Fig 26 Clapeyron piow for TEDA vapor desorved from 1% TEDA

characteristics (acuvity, surface area, pore structure,
pore size, etc.).

Fig. 27 shows a comparison of desorpuon concentra
tons of TEDA and Heavy TEDA. Both charconls were
from the same manufacturer who sad 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 expected. EfTiciencies for trapping methyl
jodide have been found to be similar for both impreg-
nants.

As we have seen from Figs. 26 and 27, Clapeyron
equation plots (log € versus 1/T) are linear. This was
expected from analogy with evaporauon and sublimation
processes. The slopes of these plots are directy prepor-
tion o heats of desorpuon. The range of measured
heaws of desorption are shown in Tavle XIX. The
average is 25 keal/mol, much higher than the 14
keal/mol heat of TEDA sublimation from pure crystals.
The difference is due to TEDA-charcoal interacuons.
The 2¢ keal/mol average corresponds to & doubling of
desorption concentration with every $°C nse in tempera-
wre.

Another use of the Clapeyron equation plots is
extapolation to lower temperaturer where TEDA de.
sorption is too small to measure directly. Such extrapola:
tions to 25°C yieldes the TEDA vapor concentrations
shown in Table XX.

The most imporant conclusion from these studies is
shown in this table: The maximum desorbed TEDA
vapor concentration at 25°C was calculated to be 0.12
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Fig 27 Clapeyron piots for vapor desorted from o “normal™ TEDA
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' Notoucological data is available for TED 4, but

3 well below the Threshold Limit Values for similar

amines, which range from 4 mg/m’ for

daehylenetriamine to 40 mg/m’ for triethylamine.'*

Therefore, thert should be no toxic hazard from using

TEDA-impregnated charcoals up 1o the 5% by weight
hevel,

VIl TEST APPARATUS DEVELOPMENT

During the course of this project several experimental
apparatuses have been buil and used for challenging and
tesung sorbent beds, canisters, and cartridges. The two
earliest apparatuses have been described elsewhere’ and
in Section 11/ and Fig. 2 of this report.

After experiments with radiciodine were completed the
analyucal instrumentation for sampling and measuring
methyl iodide in air was redesigned and rebuilt. Goals
were compactness, simplicity, sutomation, and low cost.
Sampling valves and loops were mounted in a heat valve
oven (Carle Instrument Inc., Mode! 4300) to overcome
the problem of water condensation during high humidity
tests. A more eMcient gas chromatograph column pack-

Porapak Q-§) for separating methyl iodide from air

was found. This made possibie smaller columns that also *

could be mounted in the valve oven and eliminated the
need for a separate large gas chromatograph. Two
sampling valves were ganged by gears for simutaneous
sampling upstream and downstream of 8 test canuster,
This eliminated the need for interpolating between peak
areas of alternate samples when making compansons.
Simultane~ . sampling requires difTerent umes of arrival

of methyl iodide pea’ . to the electron capture detector
(Valco Instrument Co., Model 140B) Each sample
passes through its own column (1.0 or 0.6 m long) with
its individually controlled carrier gas flow rats to ac-
complish this. A third valve momentarily “ents the
eMuent from both columns to keep air from passing
through the detector. A downstream sampling loop 10
times larger than the upstream one gives methy! iodide
peaks closer together in sze during the earlier stages of
bed penetration. These improvements, (he substtuuon of
8 dew point hygrometer (EGALG, Model 911) for a
resistance type hygrometer, and high cutput generation
of methyl iodide from permeation tubes were major steps
to the final test apparatus design.

The final test apparatus, nictured in Fig. 28, contains
in one unit on wheels: (1) air flow, humidity and
temperature control, (2) methy! iodide generator, (3)
sampling pumps and asutomatic samplers, (4) dual col-
umn gas chromatograph with sampling valves and
electron capture detecter, and () data integrator with
chan recorder. It requires for operation: (1) compressed
air, (2) distilled water, (3) argon/methane carrier gas, and
(4) electic power. Two Respirator Carvidge Canister
Test Systems have been bullt, one for our use and one for
NIOSH. The capabiliues are:

Temperature: Ambieni—40°C

Dew Point: g24°C

Airflow Rate: €100 L/min (Constant)

Penetration Fracuon: 20.001

Challenge Concentration: 20.1 ppra CH,l
Advantages of having two unius include the capablities
to confirm tesung results, to help NIOSH with

]
TABLE XX. Trethylenediamine Desorption

Charcoal Heat of Desorption Vapor Concentration
Impregnants (keal/mol) ot 25°C (mg/m’)
$% TEDA 19.6 0.12
3.2 0.032
6 0.0003
26.6 0.0C1¢
2% TEDA 285 0.0011
«5% KI,
2_\ HTEDA 19.0 0016
( T — A
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troublshooting, and to provide backup in case of major
breakdowns.

A detailed and descriptive operations manual for this
test system has been written'’ and will not be repeated
bere. The table of contents is given in the Appendix of
this report to dlustrate tne information provided to the
NRC and NIOSH. 1t include: diagrams, photographs,
specifications, instructions, precautions, and componen:
manuals.

The first draft was subjected to an evaluation sug-
gested by Donald Campbell of NIOSH. Five technicians
and stalT members not familiar with the apparatus were
given the instructions and spparatus and asked to
perform a carridge test These evalustions revealed
some unclear and out of sequence instructions and
provided useful suggesuons for improvements. The final
drafl was once agaun evaluated in this way 10 make sure
the changes had been efTective.

In the light of the discovery of significant eyclic flow
eTects, this apparatus and manual will need to be
modified to include a bresthing simulator pump and
associated parts (Section VI.D.)

IX. DEVELOPMENT OF APPROVAL CRITERIA
FOR RADIOIODINE CANISTERS

A. History

Preliminary ,roposals for approval (scceptance)
enteria were prisented and discussed at NRC and
NIOSH in Febn ary 1981, Testing conditions proposed
were: 0.1 ppm € 4'] challenge at 64 L/min, 23°C, and
™o humidities. O% and 8f% RH for freshly opened
(not equilibrated) ¢anisters. Acceptable service lives
proposed were B hours st 50% RH and 3 bours at 8%
RH, which extrapolares w 2 hours minimum at 100%
RH.

Further discussions and additional experiments Jed to
8 revised set of proposals in April 1981, Tesung ot &
higher temperature (30°C) was added. Close coatrol of
RH (22%) and T (21°C) was required. A
reproducidility requirement of 210% on service life
measurements was proposed, as was identifying service
Ufe in terms of total breathed volume, instead of in terms
of ume of use. A knowledgeadle industnal hygienist or
supervisor would then be able to calculate 8 service life
based on T, RH, and work level These ideas were
discussed over the mext several months with various
interested parties

In Novemnber 198], meetings were held in Rocks ille,
MD, with NRC and NIOSH personnel 1o refine some of
these proposals,. We identified prodable maximum use
conditions (S0°F or 32°C; 100% RH). The proposal of
user discretion in serting service life bar .d on data 1o be
provided on work rates and breathing volumes was
rejected, since it was felt that user knowledge was often
inadequate and the radiciodine has no warnng
properues in case of overuse. We identifled some addi.
tonal use restrictons (interferences, storage, maxmum
concentraton, facepiece performances etz.) that must be
part of the approval. Another revised set of tesung
condivons (30°C and 25°C at 50% RH and £5% RH)
was proposed. Steps necessary for follow-up of this
meeting were agreed upon.

The ANS/ Ad Hoc Respurator Tesung and Approval
Subcommitiee mreting in Los Ala.nos in December 1981
was another good opportunity to discuss relevant sub-
Jects with representatives from many industry and gov-
ernment organizauons.

Approval requirements were modified 10 niow severa!
classes of approvals by humidity range (high and

moderate) and murimum service life for 1% penetration:
Designauon Minimum Service Life

Hixh Humidity,

30 ranutes at 30°C and

Hulf-Hour 100% RH

High Humidity, 60 minuies at 30°C and
One Hour 100% RH

Moderate Humidity, 6C minutes at 30°C and
One Hour 75% RH

Moderate Humidity, 129 minutes at 30°C and
Two-Hour 7%% RH

The reasons for more than one class ¢f apyrovas are: (1)
to allow some curren. canisters lo de approved and (2) 1o
pre e incertive for manufacturers to develop improved
canisters for higher classes (e, Figh Humi y, Tight
Hour) of approval.

The approval schedule should alse include peiodic
®sung '0 venfy shelfl ufe clams of manufacturers.

Additional use restnctions hat must be put into the
regulavions for usc and or approval labels inel de:

i. Not (0 be used in the presence of organic solvent
vapors.

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

3. Service life is 10 be calculatew from the ume of
unsealing including penods of non-exposure
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4. To be use. with a facepiece capable of providing
protecuon fectors greater than 100, as determined by
wsting with a HEPA (lter and aerosol.

5. Not o be used in challenge concentyations of total
organic iodide, including nonradiometric iodide, greater
than | ppm.

Al in Deceibor 1981, NIOSH initiated by internal
memo procedures for establishing an approval schedule
on tke following conditions: (1) NRC will first esigblish
administrative controls, (2) Los Alamos will provide
NIOSH with the testing equipment, (3) approval will be
for methyl iod.de, the testing agent, only. NRC then can
allow use for other iodine vapor species based on Los
Alamos and other data.

B. Currert Recommendations

The current recommendations for radiciodine
cartridge and canister tesung condiuons and acceptance
criteria are summarized in Table X1 Also sted are the
current entena from the U'S. Code of Federal Regula-
dons' for organic vapor canisters for companson. The
latter are caled current reccmmendatons, rather than
final ones, since discussions will con‘inue in the regula-
ry process.

Testing should be done at two relative humidities and
ot 64 L/min cyclic aurflow for canmisters and 12 Lmin
eyclic auflow jor canridges used in pairs. Challenge
concarraon should be | ppm methy! iodide, although
this is not & erivcal parameter. Units are to be tested as
received and freshly opened Tests at 24°C were
eliminated gince 10°C represents & more severe con-

dition and provides a safety factor for use at less severe
conditions. The maximum tesung humidity was redy.ed
from B5% to 75%, since ot 30°C the latter corresponds
o & dew point of 25°C, the maximum pracucally
againable without placing the tesung spparatus in a
warm (>24£°C) room or environmental chambder. Linear

_extrapolation of results 10 100% at 30°C using log

service life versus log RH plots is recommended.
Triplicate instead of duplicate service life determinations
will better define reproduciblity and the need for addi-
uonal tesung.

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

All data, conclusion, and proposels generaied 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 telephone con-
versations, trip rep ons, progress repors, public presenta-
tons, and publications.

A final test apparatus descrided in Section V11 was
bult and shipped 10 the NIOSH TCB for > Zir use in
certfication testing. An extensive operation manual was
prepared and also given 10 NIOSH. Followup visits to
the Morgantown, WV, laboratories are planned to help
NIOSH in setting up and using this egquipment. Los
Alamos will also be svalabie for telephone consultauans,
a3 needed. The duplcate apparatui ot Los Alamos will
be usefu! for identdying and correctng provlems NIDOSH
may encounter, o5 well a3 for performing interlaboratory
comparisons of test results.




TABLE XXI. Testing Conditions and A coeptance Criteria for Organic

Vapor Chin-Style Ges Mask Canisiers
Test CFR Tiue 30, Radioiodine
Parameter Fart 11,102 Proposal 4
Vapor cCl, CH,!
Concentration $000 ppm 1 ppm
Relative Humidity 50 2 % 30; 15% (22%)
Temperature 28 2 25°C 30 2 1°C
Toul Arflow
As Re ived 64 L/min 64 L/min Cyclic Flow <
Equilll.. ated 32 LMin .
Fgqulibration Z-As Received All As Received
(6 H at 64 L/min) 2-At 5% RH LAt 50% RH
2-AL 8% RH 3 At 74% RH
Maxmum Penetation 0.1% ($ppm) 1% (0.01 ppm)
Minimum Service Life 12 min 30 min at 100% RH*
60 min at 7% RH

*Exrrapoisted from $0% and 75% RH.
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