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RESEARCH ARTICLE

A comparison study between
passive and active workplace
personal air monitoring techni-
ques for airborne isopropyl
alcohol concentrations

This research project involved a comparison between the performance of active and passive sampling
methods used to collect isopropyl alcohol vapor in an industrial setting. This field experiment was conducted
in a real-world industry setting with workers exposed to isopropyl alcohol. In order to create sample sets,
passive diffusive samplers (3M 3520 Organic Vapor Monitor) were paired, side-by-side, with active samplers
(charcoal solid sorbent tubes). A total of 17 paired sample sets were collected, which yielded data with a non-
parametric distribution. Post hoc analysis showed that 4 of the 17 paired sample sets were potential outliers.
A Wilcoxon signed-rank test showed that the passive samplers were significantly different from the active air
samples (alpha = 0.05), regardless whether or not the potential outliers were included or excluded from the
data. A linear regression analysis found a linear relationship between active and passive sampling results. An
R? value of 0.97 (when including potential outliers) and 0.79 (when excluding potential outliers) suggests
that the model fits well with the data. Satisfactory correlation between the samplers was found when
including potential outliers (r = 0.9859) and excluding potential outliers (r = 0.8863). The passive samplers
reported higher concentrations than the active samplers in 15 of the 17 sample sets. On average, the passive
samplers reported 25% higher results when including potential outliers and 16% higher results when
excluding potential outliers when compared to the paired active sampling results. Based on the strong
correlation values and the trend of passive samplers reporting higher results than the active samplers,
occupational health specialists could reliably use the passive samplers in this study to demonstrate

compliance to isopropyl alcohol exposure limits.
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INTRODUCTION

Isopropyl alcohol (IPA) is a colorless
flammable compound that can cause a
variety of health effects. Symptoms of
high personal exposure include drows-
iness, dizziness, headache, dry or
cracking skin, and irritation of the
eyes, nose, and throat.! A repetition
of high exposure levels can induce
confusion, loss of coordination or con-
sciousness, may affect the liver and
kidneys and may even cause death.?

IPA is used in a variety of consumer
and industrial products including: cos-
metics, skin and hair products, per-
fumes, de-icers, paints, resins, pharma-
ceuticals, inks, adhesives, lacquers,
dyes, and cleaners.>* IPA is also used
as an intermediary chemical in pro-
cesses that produce actone, methyl iso-
butyl ketone, isopropylamines, and
isopropyl esters®> IPA is easily
absorbed through mucous membranes
and exposure routes include inhala-
tion, ingestion, and to a lesser degree,
skin/eye contact. Workers exposed
through more than one route can
quickly become over exposed.”
Passive diffusion badges and adsor-
bent tubes connected to active air
pumps (Figure 1) are two methods
commonly employed by industrial
hygienists for quantifying chemical
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Figure 1. Active and passive sampling trains.

content in the air, and IPA is no excep-
tion. For many years, active air pump
sampling was the recognized standard
for determining air borne chemical
exposure levels. Active air pump sam-
plers function by drawing known
volumes of air through a detector or
collection device by means of pumping
or forced air convection.” In the case of
IPA sampling, the collector is two
charcoal tubes.* However, the tubes
need to be separated and capped
immediately after sampling in order
to prevent analyte loss, which poten-
tially skews the sampling results.*
When passive diffusion samplers were
introduced as an alternate method for
collecting chemical air samples, they
soon became recognized as a valuable
and efficient method for chemical
exposure sampling. Passive samplers
collect analytes from the surrounding
air by means of permeation or natural
diffusion, collecting the analyte onto a
collector within the sampler.” Passive
samplers, with their low weight, the
fact they do not require calibration,
and less cumbersome design make

these the preferred sampler over active
air pump samplers.

The National Institute for Occupa-
tional Safety and Health (NIOSH) has
established guidelines for acceptable
chemical monitoring methods, includ-
ing passive samplers.®’ The guidelines
state that an acceptable criteria for
accuracy is +25% of the true concen-
tration at the 95% confidence inter-
val.>” Other factors that could poten-
tially affect sampling outcomes are also
considered, including but not limited
to: temperature effects, shelf life, stor-
age stability, and sampling capacity.
One such factor is studying the sam-
plers “behavior in the field” or “field
evaluation” of the sampler.®’ Field
evaluations of sampling methods
require that the proposed method
under study be paired with a validated
independent sampling method as sam-
pling pairs in the field.®” Statistical
tests should be used to compare the
method under study to the validated
independent sampling method.

Many side-by-side studies compar-
ing active air pump samplers side-by-
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side with passive diffusion samplers
have been performed. A popular
method for conducting this type of
study is to pick a well-known highly
toxic chemical and monitor it in a
controlled laboratory or out in the field
where the chemical is used in the
workplace. Some studies have found
that passive diffusion sampling can be
more precise than active air pump
sampling. For example, the use of pas-
sive diffusion samplers was found to
meet NIOSH accuracy requirements
when sampling for ethylene oxide
and was also found to be more precise
than active air pump charcoal field test
sampling.® Another study found that
when sampling for benzene, passive
monitors provided acceptable results
within the criteria set by NIOSH and
were generally more precise than
active sampling with a charcoal tube
for 8-h sampling.”

Even long-term environmental sam-
pling has found that passive badge
sampling and active air pump sampling
can yield similar results. A long-term
pesticide environmental study showed
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that agreement in the average concen-
trations improved with increasing
length of sampling time between active
and passive samplers.'® A comparison
study monitoring nitrogen dioxide in
urban air showed that the results
obtained with the passive sampler
were comparable to the results from
the active sampling method (within
10-20% of each other).!!

However, it should not be assumed
that comparison trends will be the
same for all chemicals when compar-
ing two different sampling methods.
For example, a comparison study by
Delcourt and Sandino found good
agreement between the studied passive
monitor and active sampling method
when monitoring for 9 different che-
micals simultaneously.'? However, the
mean trends were not the same for
each individual chemical. The mean
trends differed in that the passive
monitors reported a higher overall
mean for 2 of the chemicals, a lower
overall mean for 5 of the chemicals,
and similar means for 2 of the chemi-
cals when compared to the studied
active air pump sampling method.'?
Another comparison study by Hickey
and Bishop showed either strong cor-
relation or no consistent significant
differences between paired sampler
results when monitoring for 22 differ-
ent organic chemicals, with the excep-
tion of methylcyclohexane and n-
octane.'® This again shows that sam-
pling trends between two different
methods can be different for each indi-
vidual chemical.

There are also situations where pas-
sive badge monitors have failed to
meet NIOSH criteria in comparison
studies. For example, one study sam-
pled for benzene in an atmosphere
with a complex mixture of competing
organic vapors using an active air sam-
pling method and 3 different brands of
passive diffusion badge monitors.'* Of
the 3 different brands of passive diffu-
sion badge monitors, only 2 were
found to report acceptable results
within the NIOSH criteria.'*

Some studies have found a wider
range of results for passive sampling
when compared to active air pump
sampling. For example, a study on
formaldehyde in pathology and histol-
ogy laboratories compared active

sampling to passive diffusion sam-
pling."”> The results in that study
showed that passive diffusion monitors
generally reported higher formalde-
hyde concentration levels than active
samplers.'> However, the authors of
that particular effort did note that indi-
vidual passive samples can show lower
results than a paired active sampler,
thus single results should be treated
with caution.’”

The purpose of the current study is
to further examine the similarities and
differences between active air pump
sampling and passive diffusion sam-
pling. A large portion of the current
comparison studies were performed in
laboratory settings using chemicals
that are very toxic or are of a high
public concern (i.e., benzene, pesti-
cides, etc.). This study focused on a
low-toxicity chemical that does not
receive a lot of interest, IPA, in a
real-world  occupational  setting.
Although IPA has a lower toxicity than
other chemicals, it is still regulated by
the Occupational Safety and Health
Administration and high exposure
levels may negatively impact worker
health. Further, IPA’s current ubiquity
in personal and industrial products
necessitate an evaluation of the best
method for sampling worker exposure.

METHODS

A SKC XR5000® active air pump
(SKC Inc., Eighty Four, PA) with an
attached solid sorbent tube (coconut
shell charcoal, 100 mg/50 mg) and a
3M 3520 Organic Vapor Monitor®™
passive badge monitor (3M, St. Paul,
MN) were used to monitor for IPA asa
sampling set. Seventeen (17) personal
sampling sets were collected by placing
the samplers side-by-side on workers.
Each sampling set was numbered
1-17. Proper IRB approval was
granted by the University of Utah, with
the sole inclusion criteria being that
workers be engaged in IPA related
processes. Workers selected for this
study handled drums full of IPA and
bags of an essential chemical powder.
The bags of chemical powder were
soaked and transported in IPA for
safer over-the-road transportation.
Workers had to dump excess IPA into

Figure 2. Both samplers attached to a
worker.

a waste container and then remove the
IPA soaked bags for drying.

Workers were fitted with a belt that
held the active air pump in place, with
low-flow fixture tubing running up and
over the right or left shoulder (see
Figure 2). The low-flow fixture tubing
was connected to a solid sorbent tube
that was placed in the breathing zone
of the worker. The passive badge mon-
itor was affixed near the solid sorbent
tube on the same shoulder, in such a
way as to not impede and/or restrict air
flow into the tube. Chemical monitor-
ing for this study occurred over the
course of multiple days inside the pro-
cess facility. Temperatures ranged
from 21 °C to 27 °C.

Active pump sampling was con-
ducted in accordance with the NIOSH
method 1400 Issue 2'° and passive
badge sampling was conducted in
accordance with the manufacturer’s
instructions.!” Active pumps were cal-
ibrated pre- and post-sampling using a
Bios DryCal Defender Series™ Pump
Calibrator (Mesa Labs, Butler, NJ).
The flow rates were set at approxi-
mately 0.09 L/min, which is within
the flow rates of NIOSH method
1400 Issue 2 (0.01 L/min minimum,
0.2 L/min maximum).'® Only pumps
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that had a <5% difference between the
pre- and post-calibration flow-rates
were deemed valid for use in the study,
in accordance to good sampling prac-
tices. The sampling time ranged from
20 min to 29 min in order to meet the
minimum volume requirements of
NIOSH method 1400 Issue 2.'® Blanks
of solid sorbent tubes and passive
badges were submitted to the lab as a
quality control for each sampling event
and were found to be lower than the
limit of detection.

Sampling media was analyzed by a
laboratory certified through the Amer-
ican Industrial Hygiene Association’s
Laboratory Accreditation Program
(AIHA-LAP). Sampling media was
delivered to the laboratory the same
day the sampling took place, following
an acceptable chain-of-custody proto-
col. Charcoal tubes used in the sam-
pling were chilled in a cooler for trans-
portation to the lab per NIOSH
method 1400 Issue 2.'° The laboratory
calculated passive diffusion badge
sample results by using the equation
found in the 3M Technical Data Bul-
letin for Organic Vapor Monitors.*”

Table 1. Sample results for paired active pump samples and passive badge samples.

After completing an initial portion of
the sampling, power calculations were
completed and it was determined a
sample size of 13 would be needed to
achieve a power of 0.8. Power calcula-
tions and subsequent statistical analy-
sis were performed using the SAS®™
software version 9.4 (SAS, Cary, NC,
USA). Statistical tests include testing
for normality, Tost test for equality,
Wilcoxon signed-rank test (the non-
parametric equivalent to a paired t-
test), Pearson Correlation test, and lin-
ear regression. Prior to conducting
sampling for this study, it was decided
that approximately +10% of the active
sample data mean would be used as the
upper and lower range in determining
equality for the Tost test at the
alpha=0.05 level. Once sampling
was completed and upon receipt of
laboratory results, it was found that
the active sample data mean was
99 ppm when excluding potential out-
liers. Based on that mean, it was
decided that an upper and lower range
of +10 ppm would be used to deter-
mine if the active and passive samplers
were statistically equivalent.

Potential outliers in the data were
determined based on unusual site sam-
pling conditions and by looking for
abnormalities in the sampling data.
Potential outliers were identified post
hoc of sampling. It was determined
that the statistical results would be
presented for all the data and for the
data when excluding potential outliers.

RESULTS

A total of 17 personal sample sets were
collected. The paired sampling set data
is shown in Table 1. Post hoc analysis
showed that there were potential out-
liers in the paired datasets. The sam-
pling site conditions were different
when monitoring for sample sets 1-3.
The hosting company had fewer work-
ers on shift to process the barrels of
chemical powder and IPA. Subse-
quently, the workers had to compen-
sate for less personnel and each had to
handle more barrels than normal. This
resulted in the employee IPA exposure
being 3-5 times higher for sample sets
1-3 than the rest of the collected

Active pump samples

Passive badge samples

Approximate difference in
passive sample results
from active sample results

1? 528 ppm
22 523 ppm
3° 355 pm
4 81 ppm
5 87 ppm
6 76 ppm
7 75 ppm
8 130 ppm
9 104 ppm
10 140 ppm
11 124 ppm
12 93 ppm
13 80 ppm
14 95 ppm
15 85 ppm
16 115 ppm
17¢ 38 ppm

680 ppm
550 ppm
460 ppm
99 ppm

110 ppm
110 ppm
100 ppm
130 ppm
120 ppm
150 ppm
130 ppm
98 ppm

100 ppm
110 ppm
98 ppm

110 ppm

100 ppm

Average Difference between all datasets (N =17)
Average Difference between datasets excluding potential outliers (N = 13)

+29%
+5%
+30%
+22%
+26%
+45%
+33%
+0%
+15%
+7%
+5%
+5%
+25%
+16%
+15%

—4%
+163%

+25%
+16%

# Identified as a potential outlier.
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Table 2. Univariate statistical output for N=17.

Univariate analysis: active samples

Univariate analyisis: passive samples

Mean

Median

Std deviation
Variance
Skewness

Kurtosis

Range
Interquartile range

161 Mean 191

95 Median 110
153 Std deviation 182
23,403 Variance 33,211
1.95 Skewness 2.04
2.57 Kurtosis 2.89
490 Range 582
49 Interquartile range 30

Table 3. Summary of Tost Test, Wilcoxon two sample test, Pearson Correlation
Coefficient, and linear regression analysis for N=17.

Tost test
Wilcoxon signed-rank test
Pearson Correlation test

Linear regression analysis
- Dependent variable

- Intercept

- Slope

- Equation (where X equals the passive sample data)

_r2

p=0.98
p < 0.0001
r=0.9859

Active Pump Sample
2.07

0.83

Y =0.83 (X) +2.07
0.97

sampling data. Thus, sample sets 1-3
are potential outliers due to the sam-
pling site work conditions being differ-
ent than the rest of the sampling
events, and due to the effect that a
few extreme values can have on the
overall mean of sampling data.
Additionally, the post hoc analysis
showed that active sample 17 was
extremely lower than the rest of the
active sampling data and the paired
passive sample 17. A low result value
such as this would suggest an operator
error in the manner in which the sam-
ple was taken. However, there were no
noted operator errors during the time
of sampling. The cause of this value
abnormality is unknown. Due to the
uncertainties surrounding this sample
and the effects that a single extreme
low value can have on the overall
mean of the data, sample set 17 was
labeled as a potential outlier.
Statistical analyses were performed
on the entire set of samples (N=17).
Univariate analysis showed that the
data points most closely resemble a
non-parametric distribution, as seen
in Table 2. The univariate datasets
for both the active and passive sample
sets having a skewness of 1.969 and
2.039, respectively, demonstrate the

data’s non-parametric distribution. In
addition, the kurtosis of the active and
passive datasets were 2.57 and 2.89,
which also demonstrate that the data
are non-parametric. The mean and
median were found to be higher for
the passive sampling data (191 and
110 respectively) than the active sam-
pling data (161 and 95 respectively).

The Tost test for equivalence found
that the sampling methods were not
statistically equivalent (p=0.98) at
the +10 ppm range (Table 3). Because
of the non-parametric trends in the
data and the use of paired datasets, a
Wilcoxon signed-rank test was deter-
mined appropriate for data analysis.
Table 3 shows the results of this analy-
sis, which indicate a statistically signif-
icant difference between the active air
pump samples and the passive diffu-
sion samples (p < 0.0001). A linear
regression analysis and the Pearson
Correlation Coefficient were calcu-
lated for the entire set of samples
(N=17) to further understand the
relationship between the paired data.
An r value of 0.9859 was found (Table
3) indicating strong correlation. Linear
regression analysis (Figure 3 and Table
3) predicted a linear model that fits
well with the data (R*>=0.97).

Fit Plot for Active

600

400

Active

200 4

Observations 17

Parameters 2
Error DF 15
MSE 700.15

R-Square 0.972
Adj R-Square 0.9701

T
200 400
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[

95% Confidence Limits

...... 95% Prediction Limits |

Figure 3. Fit plot for active pump-passive badge sampling (N=17).
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Table 4. Univariate statistical output for N= 13.

Univariate analysis: active samples

Univariate analyisis: passive samples

Mean
Median

Std deviation
Variance
Skewness
Kurtosis

Range
Interquartile range

99 Mean 113
93 Median 110
22 Std deviation 16
477 Variance 251
0.73 Skewness 1.23
_0.81 Kurtosis 1.10
65 Range 52
34 Interquartile range 20

Table 5. Summary of Tost Test, Wilcoxon two sample test, Pearson Correlation
Coefficient, and linear regression analysis for N=13.

Tost test
Wilcoxon signed-rank test
Pearson Correlation test

Linear regression analysis
- Dependent variable
- Intercept

- Slope

- Equation (where X equals the passive sample data)

_r2

p=0.89
p=0.0015
r=0.8863

Active pump sample

-38.84

1.22

Y =122 (X) - 38.84
0.79

Statistical analysis was again per-
formed on the dataset, excluding sam-
ple sets 1-3 and 17 as outliers (N = 13).
Univariate analysis showed that the
active sampler data points most closely
resemble a normal distribution (Table
4) due to having a skewness of 0.73 and
a kurtosis of —0.81. However, univari-
ate analysis showed that the passive
sampler data points most closely
resemble a non-parametric distribu-
tion (Table 4) due to having a skewness
of 1.23 and a kurtosis of 1.10. The
mean and median were again found
to be higher for the passive sampling
data (113 and 110 respectively) than
the active sampling data (99 and 93
respectively).

The Tost test for equivalence found
that the sampling methods were not
statistically equivalent (p=0.89) at
the +10 ppm range (Table 5) when
excluding potential outliers. Because
of the non-parametric distribution in
the passive sampler dataset and the use
of paired datasets, a Wilcoxon signed-
rank test was determined appropriate
for analysis. Table 5 shows the results
of this analysis, which indicate there is
a significant difference in the data

reported by the active air pump sam-
ples and the passive diffusion samples
(p=0.0015).

A linear regression analysis and the
Pearson Correlation Coefficient was
again calculated for the set of samples
excluding potential outliers (N = 13) in

order to further understand the rela-
tionship between the paired data. An r
value of 0.8863 was found (Table 5)
indicating strong correlation. Linear
regression analysis (Figure 4 and Table
5) predicted a linear model that fits
well with the data (R =0.79).

DISCUSSION

When including all the sample sets
(N=17), both active and passive
monitors were shown to report statisti-
cally different results. Although the
samplers were found to report statisti-
cally different results, a strong linear
correlation between the samplers was
found. This suggests that if the concen-
tration value from one of the samplers
is known, then the other value can be
reasonably predicted using the linear

Fit Plot for Active
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Figure 4. Fit plot for active pump-passive badge sampling (N= 13).
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model developed by the regression
analysis.

As mentioned earlier, there is reason
to believe that sample sets 1-3 and 17
are outliers; therefore, this study per-
formed additional analysis in which
these 4 sample sets were excluded
(N=13). The results showed that
excluding the potential outliers reduced
the difference between the mean and
median in the datasets, thus reducing
the effect that a few extreme outlying
values had on the mean of the datasets.
Before excluding the potential outliers,
the passive sample data mean was 74%
higher than the passive sample median
and the active sample data mean was
69% higher than the active sample
median. After excluding the potential
outliers, the passive sample data mean
was only 3% higher than the passive
sample data median and the active sam-
ple data mean was only 6% higher than
the active sample mean. In that way, the
statistical analysis of N = 13 sample sets
are probably more accurately represen-
tative than the statistical analysis of
N =17 sample sets.

The analysis of the N = 13 sample set
also showed that the active and passive
monitors reported statistically differ-
ent results. Again, a strong linear cor-
relation between the samplers were
found and if the concentration value
from one of the samplers is known,
then occupational health specialists
can predict the value of the other sam-
pler using the linear model developed
by the regression analysis.

Another finding of this study is that
the passive sampler used here, in gen-
eral, overestimated IPA air concentra-
tions when compared to the active
sampler. This is demonstrated by the
higher overall mean and median for
both the N=17 and N =13 sample
set analysis. 15 of the passive samplers
reported higher results than the paired
active samplers for N=17 and 12 of
the passive samplers reported higher
results than the paired active samplers
for N=13 (Table 1). On average, the
passive samplers reported 25% higher
results for N=17 and 16% higher
results for N =13 when compared to
the paired active sampling results. As
found in other comparison studies,’
passive samplers overestimating air
chemical concentrations is beneficial

for proving compliance with an occu-
pational exposure limit.

Limitations

Due to funding limitations, only 17
paired sample sets were collected.
Future studies should aim to increase
the sample size to provide >90% power.
Increasing the power will further vali-
date the findings discussed herein.

The period of time over which sam-
pling was conducted may also be a
limitation. The industrial process mon-
itored for this paper only lasted
approximately 30 min. While short-
term sampling is allowed in the active
sampling method and the passive sam-
ple manufacturer instructions, result-
ing short-term sampling comparison
trends are not necessarily applicable
to longer, full-shift sampling. As has
been shown in other studies,' longer
sampling times can affect the agree-
ment between active and passive sam-
pling data in comparison studies.
Industrial processes involving IPA at
other companies might expose
employees for the duration of the
entire shift. Longer sampling times
covering a full-shift might reveal differ-
ent trends and comparison results than
the short-term sampling times using in
this study.

Four of the 17 sample sets were
identified as potential outliers. The
probable cause for these discrepancies
is known for three of the four outliers,
whereas active sample 17 reported a
concentration much lower than
expected (38 ppm) with no known
explanation. Other samplers collected
during that same sampling event
showed employee exposure was in
the range of 90-160 ppm depending
on the sample set. Passive sample 17
was placed on the same shoulder as
active sample 17 and showed a con-
centration of 100 ppm. The cause of
active sample 17’s low concentration
results is unknown.

Strengths

One strength of this study was the
method of pairing the sample sets. In
other comparison studies one instru-
ment is generally attached to the left
shoulder and the other is attached to
the right under the assumption that

both shoulders are exposed to the same
concentrations of contaminate. How-
ever, a right- or left-hand preference
could potentially reduce or increase a
worker’s exposure depending on body
position in relationship to the expo-
sure. In this study, both instruments
were placed on the same shoulder
within a few inches of each other, thus
further ensuring that both sampling
devices received the same exposure.

Another strength of this study was
conducting this monitoring in a real-
world working environment as
opposed to conducting the monitoring
in the controlled environment of a
laboratory. While monitoring in the
laboratory environment provides valu-
able data, it cannot replicate the
changing and unpredictable nature of
uncontrolled real-world work settings.
Actual chemical exposure compliance
monitoring by occupational health
specialists takes place in real-world
working environments, not in the con-
trolled environment of a lab. It is vital
for occupational health specialists to
know that monitoring with passive dif-
fusion badge methods will yield similar
results as active pump sampling meth-
ods in real-world situations.

IPA was the only liquid chemical
used in this process. No other compet-
ing solvents or organic chemicals were
present in the air during the sampling
events. Sampling results were not
affected by chemical interferences.

CONCLUSIONS

Data from this study show that the
passive badge monitor used here
reported statistically different results
compared to the active air pump sam-
pler for monitoring IPA in a work-
place. A strong linear correlation rela-
tionship was found between the
datasets. Using the linear models con-
tained in this study, occupational
health specialists can, with a high
degree of reliability, predict the con-
centration value of one of the sampling
methods as long as the other method’s
concentration value is known.
Overall, one of the primary reasons
chemical samples are collected is to
determine compliance to occupational
exposure limits in order to keep
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workers safe. Due to the strong corre-
lation values and due to the finding
that the passive sampler in this study
generally overestimated the IPA
concentrations when compared to
the active sampler, occupational
health specialists could reliably
demonstrate IPA occupational expo-
sure limit compliance using the passive
samplers contained in this study.
Future IPA sampling comparison stud-
ies similar to this one should seek to
conduct sampling for entire 8-h shifts
rather than short-term samples to
determine if extended sampling peri-
ods affect the relationship trends
between passive and active samplers.
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