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Abstract

MethYl isocyanate (MIC) is a very volatile liquid which is highly toxic (TLV

0.02 ppm) and possesses inadequate warning propertie~. because of the high

toxocity and lack of adequate warning properties, organic vapor (OV)

cartridges are contr~-indicated for use against HIC. Nevertheless, a study

was undertaken to evaluate the MIC breakthrough of OV and acid gas cartridges

in order tg assess their effectiveness. Two different manufacturers' OV and

acid gas cartridges were tested against HIC at three different relative

humidities and at different concentrations of HIC in air. Breakthrough times

were generally very short. Relative humidity had a large effect on the

breakthrough characteristics. The test apparatus and results will be

presented.



Penetration of Methyl Isocyanate Through
Organic-Vapor-and Acid Gas Respirator Cartridges

Methyl isocyanate (MIC) is a volatile, toxic chemical (TLV : 0.02 PPM) used

to manufacture carbamate pesticides. The principal manufacturer of MIC is

Union Carbide and the site of production is Institute, West Virginia. In

light of the Bhopal disaster and possible safety problems at the Institute

facility, NIOSH conducted this research as a basis upon which to recommend

protective equipment which might be used in an emergency. Both protective

clothing and respirators were evaluated. In particular, NIOSH studied

air-purifying respirators in order to assess their effectiveness against MIC

vapor penetration. NIOSH does not recommend any air purifying respirator for

MIC because of its high toxicity, lack of warning properties and because no

effective end of service life indicator is currently available for MIC.

This report only addresses MIC penetration through air-purifying cartridges.

Another report addresses the protective clothing issue. The results presented

are for two different manufacturers' organic vapor (OV) and acid gas

cartridges. Penetration tests were conducted at three or four MIC challenge

concentrations and at three different humidity conditions. In general,

breakthrough times (1~ of challenge concentration) were very short. Also.

high relative humidity was found to significantly decrease the breakthrough

time of MIC.
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Background

Kethyl isocyanate is an extremely hazardous compound due to its toxicity (TLV

= 0.02 ppm), volatility, and flammability. The NIOSH/OSHA Occupational Health

1
Guidelines for Chemical Hazards contains a monograph on KIC that summarizes

information on permissible exposure limits, chemical and physical properties

and potential health hazards. Recommendations for medical surveillance,

respiratory protection, and sanitation practices are given. These

recommendations are in accordance with good industrial hygiene and medical

surveillance practices. Also, the NIOSH/OSHA Standards Completion Program

contains a "Draft Technical Standard and Supporting Documentation for Kethyl

. . . 2,3,4 . 5
Isocyanate". The chem1cal and phys1cal propertles and tOX1C effects

of MIC have also been reported.
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Experimental Procedures

A. Materials

Kethyl Isocyanate (17,022-4) was obtained from the Aldrich Chemical

6
Company, Inc. , and was from lot # 3317A6.

Hexane (HPLC Grade with a UV CUtoff 195mm) was obtained from Fisher

Scientific.

Air was house air which was passed through a dryer, sorbent and high

efficiency filter to remove any residual contaminants.

B. Detectors

The H-Nu, PI-IOI, Miran lA, and Century OVA 108 direct reading instruments

were all initially evaluated for HIC detectability. The Kiran IA General

Purpose Infrared Gas Analyzer was used for the analytical monitoring of

KIC because it was the most sensitive analytical technique immediately

available. The Kiran lA is a single-beam, variable filter spectrometer,

capable of scanning the infrared spectral range between 2.5 and 14.5pm.

The instrument is equipped with a gas cell having variable pathlength

between 0.75 and 20.25 metres. Ketal Bellows Corporation pumps Kodel

KB-4l were used as the sampling pump. They have a flowrate of

approximately 8 liters per minute.
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C. Experimental Design

The laboratory set-up employed is shown in Figure I. House air was passed

through an in line dryer to remove residual moisture. The inlet air flow

was controlled by means of a central valve (A). This flowrate can be

varied from 60 - 120 Lpm but is always maintained at a flowrate that

exceeds the flowrate pulled by the downstream vacuum source (G). A

syringe pump was used to inject KIC into the airstream at a predetermined

rate. By adjusting the syringe pump feed rate and the inlet air flowrate,

a known upstream concentration can be generated. However, the upstream

KIC concentration was found to vary somewhat over the duration of any

particular run. To reduce these fluctuations in the upstream

concentration, a buffer tank was added to the system. The upstream KIC

vapor concentration (Co) was continually monitored by means of an infrared

detector (IR). When humidified conditions were necessary a Killer-Nelson

Research Inc. Kodel HCS-201 Flow-Temperature-Humidity Control System was

placed in line.

The airstream containing the challenge KIC vapor was pulled through the

cartridge cell housing that contained either a single cartridge or a pair

of cartridges depending on the manufacturer's respirator cartridge

design. Immediately downstream from the cartridges was another IR

detector which monitored the breakthrough concentration as a function of

exposure time. The downstream flow was then passed through a sorbent

scrubber to remove residual vapors before reaching the vacuum source.
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Both the upstream and downstream IR detectors were calibrated each day

before experiments were conducted. The IR instrumental conditions were

adjusted for the concentration range of interest. The upstream

concentration varied from 280 to 1100 PPM whereas the downstream

concentration r~nge of interest was between 0 and 50 PPM. Both IRs were

calibrated by injecting known quantities of MIC into a closed loop

calibration setup. The IR absorbance was monitored as a function of the

MIC concentration. A typical set of calibration curves are shown in

Figures II and III. The upstream calibration was done using neat MIC.

The downstream calibration required the use of a 10~ MIC/90~ hexane

solution and the IR abso~tion due to hexane was subtracted from the

total.

The lower limit of detection was determined by two different methods. A

known amount of liquid MIC was injected into a large carboy (50 liters),

allowed to vaporize, and then an aliquot injected into the closed loop.

h h d f
o.In t e other met 0 • a head space sample 0 MIC vapor at 20 C (vapor 1n

contact with liquid MIC) was injected into the closed loop. The lower

limit of detection was 0.20 ppm by the former method and 0.32 ppm by the

latter. The minimum detectable concentration claimed by the manufacturer

is 0.6 ppm. During these experiments the following IR conditions were

used:
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This lower limit of detection is approximately 20 times the TLV for HIC

(.02 ppm).

The cartridges tested were all "as received" from the manufacturer with no

preconditioning. Two manufacturers' products were evaluated; one having a

single cartridge arrangement and the other a dual cartridge. The

cartridges were weighed and placed in the cell holder. The cell holder

was connected to the downstream vacuum source and the flowrate through the

system adjusted to 64 Lpm by means of a standard dry test meter. When all

the adjustments had been made, the inlet gas stream containing the HIC was

placed on line and the upstream and downstream absorbance values were

monitored as a function of time.

After the breakthrough test was completed. the cell holder was removed

from the system and disassembled. Final cartridge weights were

determined. Next, the cartridges were dismantled and the sorbent

removed. The. empty cartridge was then weighed; thus permitting the

calculation of the sorbent weight.
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Results

A. Organic Vapor Cartridges

Breakthrough data obtained for OV cartridges of Manufacturer A at dry

conditions for challenge concentrations of 1004 PPM, 742 PPM, 556 PPM and

300 PPM along with the average breakthrough times for the three separate

determinations are presented in Tables I, II, III and IV, respectively.

Plots of the average breakthrough time curves for these challenge

concentrations are illustrated in Figures IV, V, VI and VII. Similar data

for OV cartridges from Manufacturer B are given in Tables V through VII

and corresponding plots in Figures VIII through X. This data clearly

shows that at high MIC challenge concentrations, which might be

encountered in an emergency situation, MIC is poorly adsorbed on OV

cartridges. This point is reinforced by the observation that at the

lowest challenge concentration studied (~ 300 PPH), a breakthrough time

of only about 30 minutes was observed and this breakthrough concentration

was approximately 20 times the TLV for MIC.

The cartridge weight data for the dry runs of Manufacturer A and Bare

presented in Tables VIII and IX respectively. Included in these tables

are the delta weight gain for each run and the calculated capacit¥ of the

sorbent gms. adsorbent Both these values reflect the low adsorption
gms. of sorbent

capacity of charcoal for HIC. Also, as expected when the challenge

concentration decreases so did the adsorption capacity decrease. The

breakthrough time variation as a function of challenge concentration was
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investigated. The average l~ breakthrough time as a function of challenge

concentration was dete~ined for the cartridges of manufacturers A and B

at dry conditions (Table X). This data is then plotted on log-log axes

(log l~ breakthrough time vs. log challenge concentration) as shown in

Figure XI. From this plot an estimate of breakthrough time can be

obtained for a given challenge concentration over a limited range.

Extrapolation outside this range can be extremely dangerous.

Next, OV cartridges of Manufacturers A and B were run at elevated relative

humidities. Both 50~ and 73~ RH were used in these studies with the

challenge concentration being between 750 and 800 PPM. The data for

Manufacturer A cartridges at 50~ and 73~ RH are presented in Tables XI and

XII. The corresponding average breakthrough curves are illustrated in

Figures XII and XIII. The 50~ RH data is not significantly different from

the dry condition data. However, at 73~ RH the onset of breakthrough is

faster but the rate of increase of the breakthrough concentration with

time is significantly suppressed. Likewise, the data for Manufacturer B

cartridges at 50 and 73~ RH are given in Tables XIII and XIV with the

corresponding breakthrough time curves presented in Figures XIV and XV.

Exactly the same trend was seen with Manufacturer B cartridges as with

Manufacturer A cartridges. Weight data for Manufacturers A and B

cartridges when run at the humidified conditions are presented in Tables

XV and XVI.
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Given these results, a set of cartridges was run at 73~ RH to see if an

increase in absorbance occurred at 3.4~ which could probably be

associated with mono methyl amine, a decomposition product of methyl

isocyanate. This experiment verified an increase in absorbance at

3.4~. This suggests that the suppression of the MIC breakthrough

concentration curve at 73~ RH was probably due to the formation of methyl

amine at or near the charcoal surface. Thus, additional experiments were

performed in order to determine the breakthrough characteristics of methyl

amine with OV cartridges. These experiments were done using the methyl

amine certification test with OV cartridges. Results for "as received"

and "preconditioned" cartridges are found in Table XVII. As expected, the

OV cartridges are ineffective in adsorbing mono methyl amine. However,

cartridges which had been pretreated at high relative humidity conditions

showed increased methyl amine adsorption due to the presence of adsorbed

water on the charcoal sorbent. This is the same effect that is probably

occurring during the HIC runs at 73~ RH. In fact, when acid gas (AG) and

OV/AG cartridges were studied against a HIC challenge vapor the same

phenomenon was observed for the 3.4~ absorption.

B. Acid Gas and Organic Vapor/Acid Gas Cartridges

It was thought that due to the high reactivity of HIC that acid gas

cartridges which might act as a catalyst might be effective. Duplicate

runs for Manufacturer A's acid gas cartridges at dry and 73~ RH are shown

in Table XVIII with the corresponding breakthrough curves illustrated in

Figures XVI through XIX. The results at dry conditions gave breakthrough
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times greater than 60 minutes but when these same acid gas cartridges were

tested at a high humidity (73~), instantaneous MIC breakthrough was

observed. This instantaneous breakthrough concentration persisted at a

steady level « 4 PPM) for approximately 30 minutes before any further
.

increase in the level of MIC breakthrough resulted. Similar results were

obtained for Manufacturer B OV/AG cartridges as displayed in Table XIX and

Figures XX through XXIII. The cartridge weight data for both these sets

of data is listed in Table XX. It is interesting to note that

Manufacturer A's AG cartridges actually lost weight when run at dry

conditions. Also, note the rather large weight gains observed at 73~ RH

-
which is mostly due to water uptake.

C. Jonas Model Results on Organic Vapor Cartridges

Since NIOSH has been. conducting research on the evaluation of the Jonas

Hodel for predicting organic v~pors breakthrough characteristics, one

final experiment was conducted with Manufacturer B cartridges at dry

conditions. Four cartridges were stacked in series and challenged with

(7, 8, 9, 10, 11, 12, 13, 14) 1
MIC to see if the Jonas breakthrough mode

applied. This model states that the breakthrough characteristics are

directly proportional to sorbent weight. The data obtained for the

respective four cartridges in series are presented in Table XXI with the

weight and calculated capacity data in Table XXII. The four breakthrough

curves are presented in Figure XXIV.
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The 1~ breakthrough times and the corresponding sorbent weights are:

Time to 1~

Breakthrough (min.)
11.9
30.8
50.0
69.9

CUmulative Sorbent
Weight (gms.)

46.6996
92.4586

140.3193
188.7943

The above 1~ breakthrough times were all corrected to a concentration value of

950 PPM. This was done by assuming linear behavior of the challenge

concentration with breakthrough time{l~ BT X CC). A plot of these 1~

\ 950
breakthrough times versus the sorbent weight gave a straight line (Figure XXV)

in accordance with the modified Wheeler equation. Results from a least

squares analysis are as follows:

slope = .4076
r intercept = -7.0998
R2 = .9999

The equilibrium adsorption capacity (W ) was calculated from the slope
e

as follows:

slope = We/CoQ
.4076 = We/2.239 X 10-6 (64000)

We = .0584 gm./gm.

where
Co = 950 PPM (57.05) = 2.239 X 10-6

109 (24.205)

Using 47.198 grams as the average weight of sorbent per cartridge and a

fill volume of 119 cc , the resulting bed packing density is .3966

gms./cmJ . The first order rate constant (kv) at a concentration ratio
~ (Co = challenge concentration & Cx = breakthrough concentration)
Cx
of 1~ can then be determined as follows:

-11-



intercept = ~eP In Cg/Cy
kv Co

-7.0998 = -.0584 (.3966)(4.6052)
kv (2.239 X 106)

kv = 6710 min-1

The critical bed weight was found to be 17.42 gms. This means that a bed of

17.42 gros. of charcoal in this configuration would give instantaneous MIC

breakthrough.

The adsorption space available in the carbon sorbent to adsorb the vapor is

calculated form the adsorption capacity (W ) as follows:
e

W d = Wvee

3
where d is the density for MIe (.967 gm/cm ).

e

This calculation employs the concept of volume pore filling of Bering, et

1
15

a .
3The adsorption space (W ) was found to be .056--gm/cm

v

Cartridges from the same manufacturer but from a different lot gave W
v

3 3
values of = .15 g/cm for acetone at 1060 PPM and = .20 g/cm for

chloroform at 1000 PPM. The W value for MIC is significantly lower and
v

reflects the fact that MIC is weakly adsorbed on charcoal sorbent.

Conclusions

This study showed that none of the commercially available air-purifying

cartridges tested provided protection against MIC breakthrough at high MIC
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challenge concentrations which might be expected during an emergency

situation. Organic vapor cartridges tested at dry conditions against a 300

ppm MIC challenge concentration gave a breakthrough time of approximately 30

minutes but the breakthrough concentration was 20 times the TLV for MIC. OV

cartridge results at 50~ RH were not significantly different from the dry

condition data. However, at 73~ RH the onset of breakthrough for the OV

cartridges was earlier but the rate of increase in the breakthrough

concentration was slower. Organic vapor/acid gas and acid gas cartridges gave

breakthrough times greater than 60 minutes at dry conditions against the high

MIC challenge concentrations. These same cartridges showed instantaneous MIC

breakthrough when tested at 73~ RH.

Sorbent capacity data for the OV cartridges confirmed that MIC was weakly

adsorbed on charcoal. All the results obtained support and emphasize the

importance of NIOSH's recommendation that any air purifying respirator should

not be used for MIC because of its high toxicity, lack of warning properties

and because no effective end of service life indicator is currently available

for MIC.
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TABU I

MIC Br.atthroulh of OV cartri4... at
Drr Conditloa. tor ~factur.r 4 at 100~ PPII

Ta. to T1.M to tlzM to Aye. Time
Br.akt.hroulb Br·uthroulb Br.aJcthroulb Br.aJcthroulh to

Concentrau.oQ 1tl.In , 1 Run , Z 1tl.In , 3 Br.aJcthroulb
(PPII) (min•• ) (min•. ) (lIin•. ) (lIin•. )
1.0 13.7 13.3

1.1 1~.1 1.\. 2 12 .• 13.6

2.• 14 •• 14.9 12.8 U.O

3.2 U.7 1.5.4 13.1 14 .•

3.9 1.5 .8 13.5

•. 5 1.5 .1 16.0 13.6 14.9

5.2 16.3 13.8

6.6 15.7 16.6 14.1 15.'

8.0 14 .•

8.7 17.1

10.1 16.3 17.3 14.7 16 .1

13.6 16.7 17.7 15.1 16.5

17.0 17 .1 18.1 15.5 16.9

20.6 17.-. 18 .• 15.7 17.2

24.0 17.7 18.7 16.0 17.5

27 .• 18.0 19.0 16.2 17.7

30,9 18.2 16 .•

3•.• 18 .• 16.6

37.8 16.8
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tAlLa II

lIe 8~••kth~oulb of OY C.~t~tdl.' at
Or, Condition. to~ Kanuf.ctu~.r A at 7A2 PPM

riM to 'riM to 'riM to AVQ. rt.
B~.akthrO\llb B~.alcthrou.b B~.aJcthrou.b B~.aJcth~oulb to

concentration IuD , 1 Run , • Run , 9 8~••kth~oulb
(PPI) (mln•• ) (111M. ) (aiM· ) (min•. )

•• 1.5.5 16.3 1.5.9 1.5.9

1 .• 11.0 11.1 17.3 17 .1.

2.1 17.6 11.6 17.9 17.7

2.8 18.3 18.2 18.3 11.3

3." 18.6 18.6 18.' 18.7

••• 19.2 19.1

5 •• 19.6

6.8 19.9 19.7 20.1 19.9

8.0 20 .• 20.1 20.6 20.A

10.0 20 .• 20.A 20.9 20.7

12.0 21.1 20.8 21.3 21.1

13.3 21." 21.0 21.6 21.3

15 .• 21.8

16.7 21.8 21.5 22.0 21.8

20.0 22.2 21.9 22 .• 22.2

23.3 22.5 22.2 22.7 22.5

26.6 22.9 22.5 23.0 22.8

30.0 23.1 22.7 23.3 23.0

33.2 23." 23.0 23.6 23.3

36.7 23.6 23.2 23.8 23.5
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TABU III

DC Breaktbroulb of OV Cartrid,e. at
Dry Candltion8 for I&ftufacturer 4 at "~I P"

TiM to TiM to TiM to AVa. Time
Breaktbnlulb Breaktbroulb Breaktbroulb Br.akthroulb to

ConcatntlO1l IuD , • Run , 5 IuA , • Br.akthroulb
(,PI, ('!in•. ) (!Pin8. ) (!Pig. ) (mlna. )
0.8 18.8 20.3

1•• 19.9 19.8 21.5 20.'

2.1 20.' 20 •• 22.1 21.2

2.' 21.1 21.0 23.5 21.9

3•• 21.' 21.3 23.9 22.3

'.1 2•••

'.8 22.' 22.0,.. 25.1

6.8 23.2 22.6 25.6 23.8

8.0 23.' 22.9 26.2 2'.2

10.0 2•• 1 23.' 26.7 2•. 7

11.' 23.7

12.0 2'.5 27.1

13.3 2•. 8 2'.0 27.' 25.'

14.8 27.7

16.7 25.3 2'.6 28.1 26.0

20.0 25.8 2'.9 28.6 26.'

23.3 26.1 25.3 29.0 26.8

26.6 26.5 25.5 29 .• 27.1

30.0 26.1 25.8 29.7 27..

33.2 27.1 26.1 30.1 27.8

36.7 27.' 26.3 30.' 28.0

'0.0 27.1
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TABU ty

mc lnuthrou,h of Oy C&t'td.4,e. at. D~ Condition. for
Manufacturer A at 300 , ...

T1JDe to T1JDe to AVG
Breakthrou,h Breakt.hroulh Breakthrou,h Time to
Conc_treUOft IuD , 3. 1luft , 39 Brukthrou,b

PPI ClUg. ) (!pln· ) (mig. )
.~ 28.3 37.2 32.'

1.0 32.1 39.9 36.0

1.7 33.7 U.~ 37.6

2.~ 3~.5 42.6 38.6

3.0 35.3 ~3.~ 39.4

3.6 36.0 U.3 40.2

5.0 36.9 45.5 U.2

6.~ 37.' 4'.3 42.1

7.7 38.5

9.0 39.1

9.6 48.0

10.3 39.7

12.9 40.7 49 .• .5.1

16.2 U.6 50 .• U.O

19.5 42.' 51.4 47.0

22.8 43.2 52 .• .7.8

26.1 U.9 53.0 48.5

29.3 U.6 53.8 49.2

32.8 ~5.2 54.4 49.8



TABI.& V

lIe Br.atthroulb of OV Cartrld,.. at
Dr" Condition. for KaDufactur.r 8 at 960\ PPH

Time to TiM to Ti.M to AVa. Time
Breakthrouah Br.atthl'oulh Br.atthroulh Breakthroulh to

Concentratlcm IuD , 16 IuD , 17 1tun , 11 Br.akthroulb
(PPI) (!liM. ) (!lin•• ) (liM· ) (min!. )

.1 •. 1 •• 5 6 •• 5.0
1.6 5.8 6.2 7.• 6.5
2.3 9.0

2.9 8.5 9.0 10.9 9.5

3.6 9•• 10.6 12.0 10.7

•• 3 12.2

5.0 11.2 13.3 13 .• 12.6

6 .• 13 .2 15.8 15.1 1".7

7.0 1".1 17 .• 16.1 15.9

8•• 15.9 19.5 17 .8 17.7

9.6 18.2 22.0 20.1

9.8 19.8

10 .• 23 .•

11.1 20.0 n.7 20.9

11.7 2•. 6

12 .• 22.7

13.2 23.5 20\.0 23.8

13.8 2•. 3 26.0\ 25.0\

14 •• 25.7 25.0\ 25.6

15.8 27.1

15.9 26.7

16 .6 26.6

17.2 27.8 27.7 27.8

19.2 28.5 27.7 28.1

20.0 28 .•

22.0 29 .• 28.9 29.2

22.7 28.8

23 .• 29.8

2•. 8 30.1 29 .• 29.2 29.6

26.1 30 ••

27 .• 30.6 29.9 29.1 30.1
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TABU VI

HIC Br.akthrOUlb of OV Cartrid.e. at
Dr1 Condltio~ to~ Manutacturer I at 7•• PPI

TiM to TiM to TiM to Ave. Tl.dIa
Bnakthroulh Broeakthroulh Bnuthroulh Ireuthrou&h to

Concentration Bun , 13 Ibm, U Run I 15 Br.aktlu·oulb
(PPI) (llin•• ) (111M. ) (111M. ) (min•. )

.8 8.1 5.5 6.5 6.9

1.6 9.9 6.5 8.7 8 .•

2.3 10.9 1.7 10.6 9.7

2.9 12.1 8.6 12.6 11.3

3.6 13.5 13.8

4.3 U.6 10.1 15.1 13.3

5.0 1.5.2 16 .6

5.6 16.2 11.1 18.0 1.5.3

6 •• 11.5 12.6 19.6 16 .6

7.0 18." 13.3 21.8 11.8

1.6 13.6

8." 20.5 U.6 23.8 19.6

9.1 16.0 26.1

10 .• 24.0 16.8

11.2 18.2 28.6

11; 7 27.0

12." 19 .• 29.8

13.8 29.3 21.0 30.9 27.1

IS.2 30.8 22.8

16.0 31.9

11.2 25.0

18.0 32.3 32.7

18.6 26.6

19.3 33.0

20.1 33.5

20.1 28.8 33.6

22.0 30.2

22.8 34.1

23 .• 31.3 3".3

24.0 32.1

2".8 3".7

26.1 33.7

'1~ " " •• III 35.1 35.0



TAILI VII

KIC lreakthrouab of OV Cartrld... at
Drr Conditiona tor xanutacturer I at 536 PPM

Tl.a to Time to tiM to Ave. time
Breakthroup Breuthroulb. Bnuthrouab. Breakthroulb to

Concentration IuD , 10 11m , 11 11Im , 12 Br••kthrousb
(PPII) (Nn•• ) (lIin•. ) (lIin•. ) (min•. )

.8 12.2 17 .1 10.3 13 .•

1 .• U.9 22.6 12.3 16 .6

2.1 18.2 27.2 U.O 19.8

2.8 20.7 31 .• U.3 22.5

3 .• 23.5 33.1 16.7 2•. '
•. 1 26.2 34.7 18.2 26 .•

•. 8 28.9 36.0 19.6 28.2

5.4 31.8 36.9 21.3 30.0

6.1 34.0 22.9

6.8 35.4 38.0 24.5 32.6

7.• 36.3 26.1

8.0 39.1 27.9

8.8 37.8

9.4 31.3

10.0 39.0 '0.3 33.5 37.6

11 .• 39.7 36.2

12.0 U.2

13.3 40.9 41.8 39.6 40.8

IS.' 41.6 .2.5 ,n.l 61.1

. 16.7 .2.0 .2.8 61.9 42.2

20.0 .3.0 .3.7 43.S 43.'
23.3 43.7 U.5 ... 7 ".3

26.6 U .• .5.1 .5.7 .5.1

30.0 .5.0 .5.7 46.5 .5.7

33.2 45.5 46.2 47.2 .6.3

-.,';1 ( --



TABLE VIII

HIC Cartridge Weight Data for
Manufacturer A When Run at Dry Conditions

Initial Cartridge Final Initial
Run Cartridge Case Cartridge Charcoal

Concentration Weight Weight Weight Weight 6 Wt. Capacity*
PPM g.ms • g.ms • glUS. RIUS. ~ gms ./gms.

1004 92.2187 28.7920 94.3287 63.4267 2.1100 .0333

1004 93.5137 28.4464 95.9255 65.0673 2.4118 .0371

1004 92.5891 28.5730 94.8862 64.0161 2.2971 .0359

742 92.9907 29.2930 95.0617 63.6977 2.0710 .0325

742 91. 0686 28.8995 93.1213 62.1701 2.0527 .0330

755 92.1931 28.6575 94.3110 63.5356 2.1179 .0333

556 97.0982 29.8646 99.1925 67.2336 2.0943 .0311

536 92.2743 28.9010 94.2326 63.6733 1.9583 .0308

556 94.3809 28.8452 96.2427 65.5357 1. 8618 .0284

304 92.8696 28.4962 93.7166 64.3734 0.8470 .0132

296 95.2900 28.3615 95.9417 66.9285 0.6517 .0097

Capacity = gms. adsorbed

gms. of sorbent

-15-



TAiLI IX

KIC Cartrid,e weilbt Data tor
Manutacturer 8 When IUD at Dry Condition8

Initial Cartdd,e rinal . InUial
Run Cartrid,e Ca.e Cartrid,e Charcoal

ConcelltraUon Wel,bt Wellbt Weilbt Wei,bt 6 Wt. Ca,acity*
PPI 'N· "~'I "'. 'M· U!.:.... 1M·I"•.
96. 143.7970 U.2071 1U.6212 99.5899 3.82_2 .03U

96. 139.392. U.1402 143.1268 95 .2522 3.73u .0392

96. 139.6111 ••. 3160 143.2263 95.2951 3.6U5 .037'

752 140.2017 U.16" 143 .•'22 96 .0••3 3.2785 .03U

,.. lU.7710 ".1916 U6.8790 ".579. 3.1080 .0312

738 138.8U2 ".309' 142.0502 9•• 55.3 3.1860 .0337

5•• 13CJ.7707 ".3373 142.7427 .5 .•33. 2. CJ720 .0311

536 146.4896 ".6737 149.5727 101.815' 3.0831 .0303

536 146.5881 ".0215 169.7832 102.5666 3.1951 .0312

* Capacity. 'mi. ad.orbed
&IU. of lorbent



TULII

laC Ireakthrouah lewlt .. a PunctlO1l
of Cballenae Coacentratlon at Dry Condltio~

Manufacturer

I

Avera,e
Challenae

Concentratloft
PPI

1004
742
556
300

964
744
536

Aver..e
l~ Bre.ktbroulb

TiM
(1Il1ft. )

16.1
20.2
23.3
39.4

20.1
11.4
29.9



TABU II

lie'~b of ov Cart~idle. at Sallelatty. Humidity
fo~ Kanufactu~e~ A at 7.2 " ••

Tia to TiM to TiM to Ava
B~••kthroulh BNakthroulb B~••kthroulb Br.akthroulb tiM to
ConCeDt~.t1cnl lun , 27 Run , 21 Run , 29 Br••kthroulb

,PI (!!lin. ) (min. ) (!!lin. ) (miD. )
.6 15.5 U.3 U.9 U.9

1.2- 17 .• 17 .2 17 .1 17.2
2.0 18.1 17 .8 18.6 18.2
2.7 18.9 18.6 19.3 18.9
3.3 19.3 19.0 19.9 19 ••
•. 0 19.1 19.6 19.7
".1 20.2 20.7 20 .•
5.5 20 .•
6.2 21.5
6.9 21.2 21.0 21.1
8.3 21.7 22.3 22.0
9.0 21.7
9.6 22.2 . 22.8

11.1 22.6 22.3 23.2 22 .•
12 .• 23.7
13.2 23.3
13.8 22.9
15.2 23.8 2".3 2".1
16.0 23."
17.3 2.~3
18.0 23.7
18.8 2•. 9
20.8 25.0 2•. 2 25.3 2•. 8
23.6 25.5 2".6 25.8 25.3
26 .• 25.0 26.2 25.6
27.8 26.2
28 .• 26.5
30.5 26.7
31.2 25.6
33.3 27.1

3•. ' 26.1 27.3 26.7
36.0 27.3
36.1 27.5
38.3 27.6 26." 27.1 27.2



rAIL. III

BIC~Ih of OV Cartridle. at 73' aelative Humidlty
for Kanufacturer A at 802 'P.I.

BC"eakthroulh
ConcentraUOG

PPI
.6

1.2
2.0
2.7
3.3
•. 0

•••
5.5
6.2
6.9
7.6
8.3
9.6

10 ••
11.2

Time to
Breakthroulh

11m , 30
(Nn. )
13.1
20.2
22.0
25.3
27.3
29.2
30.7
32.2
33.3
3•• 3
36 ••
37.1
39.3
40.8
62.0

TiM to
Breakthroulh

llun , 31
(Nn. )
13.5
19.8
23.1
26.7
28.6
30.6
33.1
3•.•
35.5
37.0
38.2
40.0

TlM to
Breakthroulh

Iwl , 32
(mln. )
10.5
U.2
21.3

Ave
n_ to

Bt>aakthroulh
(!ip. )
12 .•
19.1
22.1
26.0
28.0
29.9
31.9
33.3
3•••
35.7
37.3
38.6



TAiLI XIII

lie~.b of OV Cartrid••••t ,~ a.latiY. Humidity
. for Kaauf.cturer I at 780 , ...

Time to tiM to Tta. to AVe:
Ireakthroulb Ireatthroulb Bnakthroulb Breakthroulh tiM to
COftc_t.nt1cm IuD , 33 IUD , 3" Iuft , 35 Breakthroulb

PPI (,'p. ) (!!iD.) (Np. ) (!!ip. )
.5 6.5
.6 6." .5.7 6.1

1.2 9 •• 8 •.5 9.5 9.3
1.9 11.6
2.0 11.6 ,.. 9.7
2.6 1".9
2.7 13.8 15.6
3.3 16.8 1'.6 18.3 17 .9
•• 0 19.2 20.6 19.7 19.8
•. 1 22 .• 23.2 22.6 22.7
5 •• 25.8
5.5 2•. 1 25.2 2•• 7
6.1 27.7
6.2 25.' 27.0
6.8 28.8
6.9 26.8 28.2 27.5
7.5 29.9
7.6 28.9
8.2 30.7
8.3 28.3 29.9
9.6 29.3 31.0 32.4 30.9

10 .• 31.6
11.0 33.3
11.2 30 .•
11.8 32.5
12 .• 31.0 34.3
13.2 33.2
13.7 34.9
13.8 31.7
15.2 32.2 3".1 35.5 33.9
16.6 32.7
18.0 33.2 35.0 36.7 35.0
19 •• 35.5
20.1 33.'
20.8 - 37.5
22.2 3•.• 36.3
22.8 38.2
23.6 3".7 36.8
2•. 9 38.7
25.0 37.1
25.7 35.1
27.8 35.6 37.7 39 .• 37.6



TABLa 11V

~c~&b of OV Cartridae. at 73~ aelative Humidity
. for Manufacturer I at 790 ,,..

tlDa to tiM to AYO
BnutbrOuab Breakthrouab Breakthrouab TLM to
Concelltroatioll luG , 36 Run , 37 Bro.akthr'ouab.

rn (pdn. ) (SD. ) (!lip. )
.5 3.1 3.1 3.5

1.2 8.9 9 .• 9.2

1.9 17.2 25.3 21.3

2.6 21.6 .1.9 35.3

3.3 U.7 .9.7 ".7
•. 0 .9.6 59.0 5•. 3

•. 1 61.9



TAILa D

KIC cartrid.e wellbt Cata for
K8Dufacturer 1 WheD IuD at ~difled Conditlona

Initial Cutrid.e . Pinal Init.ial ,.
IUD Cartrid.e C..e CartricSle Charcoal Weill

Concentration Weilbt weilbt weipt W.laht 4 Wt. Chanl,PI "III '.. "'. -. ','. &aL... --1m!.

7&2 5~ 92.26U 24.5228 9&.9300 67.7386 +2.6686 +3.
7&9 5~ 93.1737 21.9867 95.7700 6&.1870 +2.5963 +4.

742 5~ 9•. 5000 28.9&81 97.3150 65.5519 +2.8150 .....
810 73~ 9&.7372 29.11" 101.•5.0 65.5516 +6.7168 +10.

19. 73~ 96.5521 29.5317 103.29.1 67.0211 6.7U3 +10.

102 7~ 91.805.



TABLI IVt

KIC C.rt~ida. weiaht o.t. fo~

Kanuf.ctu~.r • When Run .t Huaidifi.d Condition.

Initi.l C.rtrida. Pinal Initial ~

ltun Cartddl. c••• C.~t~ida· Chareoal Weil!
concentration W.ilht welpt W.ilbt Weilht 4 Wt. Chan:

PPI to-g pl. ,m,.
"~"~ 'm'. III!I.:-. -&.m!

770 5Of. 13.....0 ".1". UO.03.0 92.2952 +3.5900 +3.

801 5Of. 139.80.3 ".1769 U3.8000 95.627. +3.9957 +4.

781 SOf. 13•• 7357 ".3861 138.8820 90.3.96 +4.U63 +4 .

782 73' 13".'''78 .... 17.-7 1U.3730 90.3731 +9.12S2 +10.

796 73' 135.7601 ".09.2 U5.3590 91.6619 +9.5989 +10.
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TABLI XVIII

HIe 8reutbroqb of Add Cu
Cartri4le. for Manufacturer A

Breakthroulh Ire.kthroulh Brlakthroulh Bnakthr01.llb
8rea1cthroulh Time for TlJM tor Time for Time for

.Concentration Run • 19 Run , 20 Run • 23 Run , 2"
(PPI) (min•. ) (min•. ) (min•• ) (min•. )

.4 1.5

.7 1.1
1.2 1.4
1.3 68
1.6 40.7
1.8 1.6
2.0 72
2.1 45.3
2.2 2.0
2.6 ,. 4.0 48 .•
2.9 30.5
3.0 50.3
3.2 35.0
3.3 78.0 76
3.6 40.4 52.0
3.9 71
4.0 43.1 55.4
4.2 78
4.3 46.5
4.S 79 57.9
4.6 48.6
4.9 80
5.0 51. 3 59.7
5.2 81
5.4 53.2
5.S 61.1
5.7 54.6
6.0 56.0 62.5
6.1 82
6.4 83 57.7
6.5 63.9
6.8 80.3 58.3
7.0 65.8
7.1 84 59.7
7.4 66.8
7.7 85
8.0 68.2
8.4 86 69.0
8.9 70.0

10.2 83.0

Run '19 Up.tre.. Concentration 693 PP. at Dry Con4ition•.
Run '20 Up.tream Concentration 819 PPM at Dry Condition••
Run '23 Up.tre.. Concentration 998 PPM at 73~ RH.
Run '24 Up.tre.. Concentration 868 PPM at 73~ RH.



TAiLI xu

lIe .~.- of Oraanic vapor/Aci4 Ga. Cartridl•• for Manufacturer B

tm. to-1 TlM to TiM to Tille to
Bre.kthroulh Br••kthroulh Bl"eut.hroulh Br••kthl"OUlh Br.akthroulh
Concentration Run ., 21) 11m • 22 Run • 2' lull • 26

pn (mini.) i (!!iP. ) (ain. ) (min. )
.2 -\_/ ,...
•• 0.7
.6 60.2
.7 .2.0

1.0 U.9 63 ••
1.2 0.6
1.3 57.0
1 .• 66.7
1.' 1.0
1.6 .9
1.7 62.9
1.8 1.3
1.9 69.2
2.0 69.2
2.1 13.9
2.3 72.7
2•• 72.9
2.6 76.6 1.9 22.2
2.8 76 .•
3.0 80 .• 23.8
3.2 78.2 8.5
3.3 82.9
3.6 U.8 80.3 19.3 29.3
•• 0 89.0 82.3 2•. 0 33.5
".2 90.0
•. 3 28.3

••• n .6
•• S 39.1
•. 6 32.2
•. 8 8'.'
5.0 35.0 u.S
5.3 87.6
5 •• 37.8
5.' 50.9
5.7 90.0 .2.0
6.0 46 .5 56.3
6 .• 49.0
6.8 52.1

Run • 21 Up.tr Concentration 8"1 P" .t. Dry Con4itiona.
Run • 22 Up.tr Conc.ntration 861 PPM at Dry Condlti0D8.
Bun • 25 Up.tre.. Concentration 96' PPK at 73~ IN.
Run • 26 Up.tr... Concentration 870 PPK at. 73~ RH.
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r.uLI Dr

lIe lreatthroulh aeault. Impl011na Jona. Model stacked
09 cartrldle. at Dry condition. for Manufacturer B

Breakthroulh Breatthroulb Breakthroulb Breakthroulb
Breaktbroulb Tima for TiM for TiM for TiM for

Concentration Cartddse '1 Cartridl. '2 Cartrldle '3 Cartridle ,.
(ml) <sin•. ) (min•. ) (Nn•• ) (mine.)

.8 8.2 26 •• ••. 6 U.2

1.6 8.3 27.5

2.3 - 9.9 21.6 U.5 67.1

2.9 29.1

3.6 10.5 .8.3 68.0

•• 3 29.5

5.0 .I.a 68 .5

5.6 11.1 29.9

7.0 30.3 .9 •• 69 .•

9.0 • 9.8

9.7 30.8

10 .• 12.0 50.1 70.1

11.7 31.1

13.2 70.6

13.8 12 .• 50.6

1••• 31 .•

15.2 70.9

17.2 12.8 31.7 71.2

18.0 51.1

18.6 31.9

20.7 13.1 32.0 51.3 71.5
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