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I. Introduction

Organic vapour respirator cartridges are used for preventing workers’ exposure to organic
solvent vapour in workplaces dealing with various organic solvents. The estimation of the
service life of the cartridges in the workplace, i. e., the time of the cartridge renewal, involve
a few alternative methods. They include determination of the service life by comparing the
breakthrough time as a function of carbon tetrachloride vapour in the newly-attained cartridges
with the vapour concentration in the working environment", determination by means of identi-
fying odour or irritation by organic solvents leaking from the cartridges”, and determination
by estimating an increase in the weight of cartridges in accordance with the adsorption of
organic solvents®. However, few studies have been made on any of these methods while taking
into consideration the real-life use of cartridges in the workplace.

Furthermore, whereas the breakthrough time of cartridges was investigated in detail by
Nelson et al.*"?, their study dealt only with single organic solvents. Thus, there have likewise
been few reports on the effects of mixed solvents which are used widely in industries®.

In the present study, we carried out a series of experiments so as to estimate the time of
the cartridge renewal on the basis of the increase in weight of each cartridge being used in a
paint manufacturing plant. First, a breakthrough test of cartridges was conducted for toluene
vapour in order to determine the increase in weight of each cartridge at the breakthrough time.
Secondly, the levels of exposure of workers to organic solvents in a paint manufacturing plant
which mainly used toluene vapour were determined. The used cartridges were then collected
from the workers, and the increase in weight of each cartridge was determined along with
the determination of the amount of solvent entrapment as well as the determination using tolu-

ene vapour of the remaining filtration efficiency?.
II. Methods

1. Breakthrough time of the cartridges for toluene vapour
The cartridges (Sanko Kagaku Kogyo Co., Ltd., Tokyo) filled with 22 grams of activated

carbon were used in the present experiment. Figure 1 shows a test apparatus for measuring
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the breakthrough time of a cartridge. Fresh

air coming out of the pump (No. 1 in the
figure) was divide into two flows after passing

through a drying tower (No. 3). One of the

airflow branches was saturated with water

vapour by bubbling the air through two im- 8
pingers (No. 4). The humidity was control-

led by the ratio of the flow rate of dry air

to water-saturated air. Toluene vapour was Fig. 1 A schematic diagram of the apparatus

for measuring the breakthrough time
of cartridges.

1, 2) pump, 3) dry tower, 4) humidifier,
tridge being tested (No. 9). The concentra- 5) toluene vapour generator, 6) flow
meter, 7) mixer, 8) sampling point, 9)
testing cartridge, 10) fan, 11) constant
temperature bath

supplied from two impingers, mixed with

humidified air in a bulb and sent to the car-

tions of toluene in the upstream and the
downstream of a cartridge were determined
by means of a gas chromatograph equipped
a hydrogen flame ionization detector. The breakthrough time for different toluene vapour
concentrations (100, 300, 500 and 1000 ppm) and the increase in weight of each cartridge at
the breakthrough time were determined three times each under constant conditions, i. e., at a
flow rate of 30L/min, a temperature of 20°C and a relative humidity of 50 %. The brea-
kthrough time of a cartridge was defined as the time interval from onset of toluene vapour
supplied into the cartridge until the time when the toluene concentration reached 5ppm at
the downstream of the cartridge.

2. Investigations in a paint manufacturing plant

a. Determination of exposure concentrations for paint manufacturing workers

The workers at three sections of the paint manufacturing plant were individually examined.
Passive samplers (Organic Vapor Monitor, 3M Co., Ltd.) were attached to 38 workers thro-
ughout the working hours, and the exposure concentrations were determined over two days.
Gas chromatograph analysis was performed after desorption by adding 1.5 ml of carbon disulfide.

b. Collection of the used cartridge '

The workers were provided with organic vapour respirators on the days where the exposure
concentrations were determined, and the weight of each cartridge was determined on each day.
When the weight of the cartridge increased by 2 grams or more on the first day, the cartridge
was collected, and a new cartridge was used on the second day. Thirty-two of 44 cartridges
collected were subjected to the determination of the amount of organic solvents entrapped in
the cartridges ; the activated carbon was collected from the cartridges, put in 1-L bottle and
subjected to desorption in 300 ml of carbon disulfide, and the subsequent analysis was done by
a gas chromatograph. The other 12 cartridges were subjected to a filtration test to entrap the
residual toluene vapour for the toluene vapour concentration of 300 ppm at a flow rate of 30
L/min, at a humidity of 50 % and at a temperature of 20 °C by using the device shown in
Fig. 1.

A gas chromatograph Type GC-8 A (Shimadzu ; hydrogen flame ionization detector) fitted
with a packed column (6 % Benton 34 and 5 % DIDP on Uniport B) was applied for analysis.
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Fig. 2 Relationship between the toluene vapour
concentration and the breakthrough time.
Each circle represents a mean of the

results for 3 cartridges.

Airflow rate,

temperature and relative humidity were
fixed at 30 L/min, 20°C and 50 %, res-

pectively.

HI. Results

Figure 2 shows the relationship between the
toluene vapour concentration and the break-
through time in the case of new cartridges.
The relationship for a vapour concentration
ranging from 100 ppm to 1000 ppm was repre-
sented by the following formula : log (break-
through time in min)=—0.96 log (concentra-
tion in ppm)+4.52 (with the correlation
coefficient of 0.999). The fact that the gra-
dient in the formula was slightly less than
—1.00 indicates that absorbed toluene was
desorbed and diffused by long-time aeration
as the toluene vapour concentration decreased.
As a result, the increase in weight of cartrid-
ges at the breakthrough time was 6.4+0.3 g
at 1000 ppm, 6.1+0.6 g at 500 ppm, 5.8+0.4 g
at 300 ppm, and 5.0%0.4g at 100 ppm, sho-
wing the tendency to decrease with a decrease
in the concentration. Five grams was also
considered as the standard increase in weight

of each cartridge at the breakthrough time.

Table 1 shows the results concerning the exposure concentrations at each workplace section .

in the paint manufacturing process.

The main

components of the vapour were toluene and

ethyl acetate at the first section, toluene, buthyl acetate and ethyl acetate at the second section,

and toluene, xylene and ethylbenzene at the third section.

The concentration at which workers

were exposed to the organic vapour varied greatly between individual workers, while the in-

crease in weight of a cartridge after work was within the range from 4.9 grams to 0.1 grams.

Figure 3 shows the relationship between the increase in weight of each cartridge and the

Table 1 Exposure concentrations for the paint manufacturing workers

Workplace | Number of Organic Personal exposure (ppm)
sections persons solvents Mean Maximum | Minimum
1 10 Toluene 88 546 4

Ethyl acetate 10 33 1
Toluene 49 188 2
2 13 Buthyl acetate 55 628 1
Ethyl acetate 36 121 2
Toluene 43 384
3 15 Xylene 18 102
Ethyl benzene 10 52 1
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Fig. 3 Relationship between the weight increase in each
cartridge and the amount of entrapped organic
solvents.

amount of entrapped organic solvents. The relationship was significant, with the average ratio
of the amount of entrapped organic solvents to the increase in weight of cartridges being 93.2
%. The remaining amount seemed to account for dust in the atmosphere and absorbed water
vapour.

Figure 4 shows toluene vapour breakthrough curves for used cartridges. It was confirmed
that a cartridge with an increase in weight less than the average showed a tendency toward
entrapment of toluene. The concentration of transmitted toluene exceeded 5 ppm from the beg-
inning of the experiment in cartridge No. 1 which had had a weight increase of 4.1 grams,
presumably because the entrapped toluene vapour was diffused and transferred to the activated
carbon. Figure 5 shows a relationship between the increase in weight of each cartridge and
the remaining breakthrough time. There was an inverse correlation with a correlation coe-
fficient of —0.873, between them.

IV. Discussion

There is a method in which the timing of the cartridge renewal is determined by identifying
the corresponding point of the breakthrough curve of carbon tetrachloride vapour in new
cartridges by knowing environmental concentrations of organic solvents. In the present study,
however, it was impossible to determine such timing merely on the basis of the exposure
concentration, because the organic solvents used were different from carbon tetrachloride and the
concentration of organic solvents to which workers were exposed varied in the range of a two-
digit number even within the same section of the plant.

A method for confirming the timing of cartridge renewal by means of odour of the organic
solvents leaking from cartridges was discussed by Reist et al'®. The results suggested that it

was possible to rely on the olfactory sense only when the subject was exposed to a specific
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Fig. 4 Breakthrough curves for the toluene vapour in the case of

used cartridges.

Toluene vapour concatration, airflow rate, temperature and
relative humidity were fixed at 300 ppm, 30 L/min, 20°C

and 50 %, respectively.

Weight in parentheses was the

weight increase of the cartridge in the workplace.
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Fig. 5 Relationship between the weight increase
in each cartridge and the remaining
breakthrough time.

gas with a strong odour. As a result of the
determination over one working day in an
administration room where the workers wor-
ked without application of a respirator in the
present study, the toluene concentration aver-
aged 5.1 ppm (N=8, from 15 ppm to 0.1 ppm),
which suggested that the sensitivity of wor-
kers to the odour of organic solvent gas
Thus, this method

was also considered difficult to apply.

would decrease with time.

The increase in weight due to adsorption
of organic solvents by the activated carbon
filled in cartridges was examined in the
present study. When the increase in weight
of cartridges was in question, it was necessary
to take into account the types of organic
solvents used in the workplace and adsorbed
water vapour. Coexisting organic solvents
were toluene, ethyl acetate, butyl acetate,
ethylbenzene and xylene in the present study.
4)

The results by Nelson et al.® showed a sli-
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ghtly shorter breakthrough time of ethyl acetate and buthyl acetate than that for toluene,
whereas few breakthrough was observed for solvents in the subsequent filtration test. The incr-
ease in weight of a cartridge due to adsorbed water vapour was attributed to the relative
humidity in the place where it was used. The examination for two days revealed a range of
relative humidity from 57 % to 30 % (temperature of 21 °C to 11 °C). Some reports have sho-
wed that adsorption of water vapour by activated carbon increases rapidly at a relative humidity
of more than 50 %%, The mean ratio of entrapped organic solvent to the increase in weight
of the cartridges was 93.2 % in the present study, which showes that the adsorbed water con-
tent was confirmed to be small.

As shown in Fig. 5, there was an inverse correlation between the increase in weight of
the cartridge in the work places and the remaining filtration efficiency. This result suggested
that the increase in weight of a cartridge at the time of cartridge renewal was about 4 grams.
Kimura et al.® reported that the relation between the amount of entrapped organic solvents
shown by a filtration test and the increase in weight of cartridges used in the case] of paint
workers was characterized by an inverse correlation.

Consequently, it was demonstrated that the timing for renewal of a cartridge could be indi-
cated by measuring an increase in the weight of each cartridge. In the general workplace, it

seems necessary to consider the types of organic solvents used and adsorbed water.
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