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TECHNICAL NOTE

Impact of test methodology on the efficacy of triethylene glycol (Grignard 
Pure) against bacteriophage MS2

Katherine M. Ratliffa , Lukas Oudejansa , John Archera , Worth Calfeea , Jerome U. Gilberryb , 
David Adam Hookb, William E. Schoppmanb, Robert W. Yagab, Lance Brooksa, and Shawn Ryana 

aCenter for Environmental Solutions and Emergency Response, Office of Research and Development, U.S. Environmental Protection 
Agency, Research Triangle Park, North Carolina, USA; bJacobs Technology Inc, Research Triangle Park, North Carolina, USA 

ABSTRACT 
The COVID-19 pandemic has raised interest in using chemical air treatments as part of a 
strategy to reduce the risk of disease transmission, but more information is needed to char
acterize their efficacy at scales translatable to applied settings and to develop standardized 
test methods for characterizing the performance of these products. Grignard Pure, a triethy
lene glycol (TEG) active ingredient air treatment, was evaluated using two different test pro
tocols in a large bioaerosol test chamber and observed to inactivate bacteriophage MS2 in 
air (up to 99.9% at 90 min) and on surfaces (up to 99% at 90 min) at a concentration of 
approximately 1.2 − 1.5 mg/m3. Introducing bioaerosol into a TEG-charged chamber led to 
overall greater reductions compared to when TEG was introduced into a bioaerosol-charged 
chamber, although the differences in efficacy against airborne MS2 were only significant in 
the first 15 min. Time-matched control conditions (no TEG present) and replicate tests for 
each condition were essential for characterizing treatment efficacy. These findings suggest 
that chemical air treatments could be effective in reducing the air and surface concentra
tions of infectious pathogens in occupied spaces, although standard methods are needed 
for evaluating their efficacy and comparing results across studies. The potential health 
impacts of chronic exposure to chemicals should also be considered, but those were not 
evaluated here.
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Introduction

The COVID-19 pandemic has raised awareness about 
the role of airborne disease transmission in the spread 
of respiratory viruses in indoor environments 
(Bourouiba 2021; Peng et al. 2022; Samet et al. 2021; 
Tang et al. 2021; Wang et al. 2021). Particularly in 
poorly ventilated spaces, virus-laden aerosols emitted 
by infectious individuals can concentrate and remain 
airborne for hours (Tang et al. 2021; Wang et al. 
2021). Accordingly, there has been an increasing 
interest in technologies that can reduce pathogen con
centrations in the air, either through particle capture 
or inactivation. Increasing ventilation and maximizing 
filtration are well-accepted methods for reducing the 
risk of disease transmission (Bueno de Mesquita et al. 
2022; Fadaei 2021; Peng et al. 2022; Wang et al. 
2021), but certain circumstances make these strategies 
challenging to implement, for example, due to cost, 

security, or engineering reasons (Bueno de Mesquita 
et al. 2022; National Academies of Sciences 2020). In 
addition to ultraviolet-C (UV-C) irradiation (Blatchley 
et al. 2023; Eadie et al. 2022; Fischer et al. 2022; Park, 
Mistrick and Rim 2022), electronic air treatment devi
ces (Baselga, Alba and Schuhmacher 2023; Bono et al. 
2021; Ratliff et al. 2023; Zeng, Heidarinejad and 
Stephens 2022), and portable air cleaners (including 
those with high-efficiency particulate air [HEPA] fil
ters) (Buising et al. 2022; Rodr�ıguez et al. 2021; Rogak 
et al. 2022), the use of chemical air treatments in 
occupied spaces has also been considered (Desai et al. 
2023; Gomez et al. 2022).

There is a long (ca. 80 year) history of research 
related to the germicidal properties of glycols in the 
air (Lester Jr et al. 1950; Puck 1947a; Puck 1947b; 
Robertson et al. 1941). Triethylene glycol (TEG), 
which has been commonly used in fog machines for 
producing theatrical smoke, has a history of 
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demonstrated efficacy against certain airborne viruses, 
bacteria, and fungi (Lester Jr et al. 1950; Puck 1947a; 
Puck 1947b; Robertson et al. 1943; Rudnick et al. 
2009). More recent research and testing motivated by 
the COVID-19 pandemic demonstrated TEG’s efficacy 
against bioaerosols (Desai et al. 2023). TEG is most 
germicidal close to its saturation point, which can be 
reached at a relatively low concentration [saturation 
concentration �4 mg/m3 at 25 �C and 50% relative 
humidity (Wise and Puck 1947)] due to its low vapor 
pressure [0.178 Pa at 25 �C (Ballantyne and Snellings 
2007)] (Lester Jr et al. 1950; Puck 1947b; Rudnick 
et al. 2009). Increasing relative humidity both lowers 
the saturation concentration of TEG in the air 
(because of its water solubility) and lowers the equi
librium concentration of TEG in aerosols (because 
aerosols will contain a higher fraction of water in 
higher relative humidity settings), both of which 
would reduce its efficacy against bioaerosols (Lester Jr 
et al. 1950; Puck 1947b). TEG tends to condense on 
cool surfaces and particulate matter because of its low 
vapor pressure, which results in greater loss of TEG 
from the air (Lester Jr et al. 1950). While there are no 
occupational exposure limits for TEG in the United 
States, the German maximum workplace air concen
tration (MAK) is 1000 mg/m3, based on an 8-h time- 
weighted average exposure in a 40-h workweek 
(Deutsche Forschungsgemeinschaft 2020).

In the United States, the Environmental Protection 
Agency (EPA) has the responsibility of regulating 
pesticide products, including antimicrobial pesticides, 
under the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA). The product registration 
process includes a comprehensive Agency review of 
the available safety and efficacy data for each product. 
Under FIFRA, all pesticidal products must be used in 
accordance with their label directions. Although 
standardized methods exist for evaluating the efficacy 
of pesticide products in suspension and on surfaces, 
there is a notable lack of standardized testing methods 
for products intended to be used against pathogens in 
the air. This is in part due to the variations and com
plexity in indoor environments, which vary in size, 
composition, and occupancy, and exhibit a wide range 
of airflow and environmental conditions. An under
standing of how these factors might impact product 
efficacy is necessary for predicting performance in the 
real world and is important for developing useful and 
reliable standardized test methods.

In this study, the efficacy of Grignard Pure was 
evaluated against bacteriophage MS2 (a non-enveloped 
virus that infects Escherichia coli) in the air and on 

surfaces in a large-scale test chamber using two differ
ent testing methodologies. As a Biosafety Level (BSL)- 
1 microorganism, MS2 is safer to use than pathogenic 
agents (e.g., SARS-CoV-2 is BSL-3), making it more 
suitable to use in routine bioaerosol research and 
standardized testing. As a small, non-enveloped virus, 
MS2 is expected to be more resistant to chemical 
inactivation than enveloped viruses, such as SARS- 
CoV-2 and influenza (Rutala and Weber 2014; 
Spaulding and Emmons 1958). In addition to control 
tests, where no product was dispersed in the chamber, 
two different product introduction sequences were 
evaluated to determine the impact of the test methods 
on the product’s calculated performance. The first test 
scenario involved aerosolizing virus into the chamber 
first prior to introducing Grignard Pure. This allows 
for a direct assessment of Grignard Pure at the target 
concentration against a high concentration of MS2 as 
a function of time. The second scenario consisted of 
reaching the target concentration of the product in 
the test chamber and subsequently aerosolizing MS2 
into the treated space, where it can immediately inter
act with the product. This was intended to be more 
representative of use of Grignard Pure in occupied 
spaces, where virus could be introduced by an infected 
individual in a space where the target concentration 
of Grignard Pure is maintained. An improved under
standing of how the testing protocols impact product 
efficacy is useful for developing and establishing 
standardized test methods and product performance 
benchmarks, both of which are intended to inform 
how chemical air treatment products are evaluated 
and regulated.

Materials and methods

For a detailed description of the test chamber and 
microbiological methods, please see Ratliff et al. 
(2023). In short, experiments were conducted in a 
large chamber (3.6 m x 7.6 m x 3.0 m, 85 m3) at EPA’s 
Aerosol Test Facility with a mock heating, ventilation, 
and air conditioning (HVAC) system (with no filter 
present) and mixing fans. Air is recirculated through 
the HVAC system using a negative air machine 
(Omni-Aire 1000 V, Omnitech, Mukilteo, WA), oper
ating at 165 L/s, resulting in approximately 7 air 
changes per hour (100% recirculated air). 
Temperature and relative humidity (RH) in the cham
ber were regulated by a supervisory control and data 
acquisition (SCADA) system, and all experiments 
were conducted at 22 ± 2 �C with an RH of 30-35%. In 
between experiments, the chamber was reset by open
ing the chamber and recirculating its air through 
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multiple high-efficiency particulate air filter banks 
until negligible particles were present based on meas
urements with an Aerodynamic Particle Sizer (Model 
3321, TSI, Inc., Shoreview, MS, USA) and a Scanning 
Mobility Particle Sizer (Model 3080 Electrostatic 
Classifier/TSI 3010 Condensation Particle Counter, 
TSI, Inc.), and background samples were taken prior 
to the initiation of each test to ensure that no MS2 
was present in the air prior to aerosolization.

In each experiment, the inoculum (target concen
tration 1010 plaque-forming unit [PFU]/mL) was 
prepared by diluting 8 mL of MS2 stock (ATCC 
15597-B1) into 32 mL of filter-sterilized deionized 
water and aerosolized using four 6-jet Collison 
Nebulizers (part no. ARGCNB3, CH Technologies, 
Westwood, NJ, USA) over a 10-minute period imme
diately prior to the first bioaerosol sampling period 
(time ¼ 0 min sample). SKC BioSamplers (SKC Inc., 
Eighty-Four, PA, USA) containing 20 mL of 1� phos
phate-buffered saline (PBS) (P0196, Teknova, 
Hollister, CA, USA) were used to collect air samples 
during testing, drawing air for 10 min during each 
sampling period at 12.5 L/min from two locations at 
“breathing zone” height within the chamber. Herein, 
the sample time is noted by the start of each 10- 
minute sampling period, where time ¼ 0 min repre
sents the time at which the bioaerosol has been fully 
introduced into the test chamber (i.e., the end of the 
aerosolization period). MS2 stock was prepared using 
a top agar overlay technique (Kropinski et al. 2009), 
and microbiological test samples were stored on ice or 
refrigerated at 4 �C and plated within two hours fol
lowing the completion of each test using a plaque 
assay with the host E. coli (ATCC 15597) following 
various dilutions and the same conventional overlay 
method. After an overnight incubation at 35 ± 2 �C, 
plaques were manually enumerated the following day.

Neutralization tests were performed with TEG and 
the collection media prior to the aerosol testing to 
ensure that no additional inactivation of MS2 
occurred after the bioaerosol samples were collected. 
In addition to an inoculation control, where no 
Grignard Pure was added, two conditions were tested; 
in the first, 100 mL of Grignard Pure was added to 
20 mL of 1�PBS already inoculated with MS2 at a 
target concentration of �105 PFU/sample, and in the 
second, MS2 was inoculated following the addition of 
100 mL of Grignard Pure. Under both conditions, sam
ples were stored for 2 h at 4 �C and subsequently 
plated and enumerated. Because this concentration is 
substantially higher than the amount of Grignard 
Pure that would be collected in each impinger during 

the sampling period and no reduction in MS2 recov
eries were observed between the inoculation controls 
and the neutralization test samples, no additional neu
tralizer was used.

Small-scale surface samples were also used to evalu
ate the impact of Grignard Pure on bioaerosol settling 
and deposition processes (i.e., if the product impacted 
aerosol agglomeration), as well as efficacy of the prod
uct in the air against MS2 on surfaces. Uniform pieces 
of 2 cm x 4 cm stainless steel material (coupons) were 
cleaned, rinsed, and sterilized prior to use. 
Inactivation coupons were inoculated at a target con
centration of 107 PFU/coupon, whereas deposition 
coupons were left blank (i.e., not inoculated prior to 
testing). The two sets of coupons were placed co- 
located at five different locations on the chamber floor 
(see Figure 1, Ratliff et al. [2023]). Following each 
test, both sets of coupons were extracted in PBS and 
enumerated via plaque assay.

Grignard Pure was dispersed into the test chamber 
by connecting a theatrical haze machine (AmHaze 
Stadium, CHAUVET Professional, Sunrise, FL) to a 
14” x 14” section of the recirculating mock HVAC 
system (downstream of the blower) via a 4” galvan
ized duct. The amount of product present in the test 

Figure 1. MS2 recoveries at each sampling time point during 
the Grignard Pure and control tests, where “GP into MS2” rep
resents the test condition where the product is introduced 
into the chamber following aerosolization of MS2, and “MS2 
into GP” represents the bioaerosol being introduced into the 
chamber with the product at its target concentration. Each 
data point represents an average recovery over duplicate bio
aerosol samples as determined by plaque assay during each 
respective test (A-D), and error bars represent pooled standard 
deviation of triplicate plating and duplicate bioaerosol samples 
at each sample time point. Time ¼ 0 min represents the end 
of the MS2 aerosolization period and the beginning of the first 
bioaerosol sampling window.
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chamber was monitored by DustTrak aerosol moni
tors (DRX 8534, TSI Inc., Shoreview, MN, USA) fol
lowing a correlation curve developed by the product 
manufacturer (Desai et al. 2023). The concentration of 
Grignard Pure was controlled by adjusting the output 
of the haze machine and manually cycling it on for 5 s 
at a time at various intervals (averaging 3 min) that 
were determined by monitoring the concentration via 
the aerosol monitors. The objective was to maintain a 
time-weighted average (TWA) aerosol concentration 
between 0.1 mg/m3 and 0.5 mg/m3 in the chamber 
throughout the duration of the tests. The average con
centration of TEG in the chamber was also measured 
during three different tests (one GP into MS2 test and 
two MS2 into GP tests) in accordance with the 
National Institute for Occupational Safety and Health 
(NIOSH) Method 5523 and determined to be 
1.2−1.5 mg/m3 during testing. In this method, a 
known volume of air is pulled through XAD-7 OVS 
sorbent tubes (#226-57, SKC Inc.) containing a glass 
fiber filter. Methanol is added to the tubes to desorb 
the analyte from both the sorbent and the glass fiber 
filter, and the eluent is analyzed using gas chromatog
raphy with a flame ionization detector. The aerosol 
monitors and samples collected for NIOSH Method 
5523 were collocated with the bioaerosol sampling 
locations. This technology was selected for evaluation 
based on stakeholder interest and was provided to 
EPA through a materials transfer agreement.

Two different test scenarios were used to evaluate 
the efficacy of Grignard Pure against MS2. In the first 
scenario, MS2 was aerosolized into the test chamber, 
an initial bioaerosol test sample was taken (time ¼
0 min), and then the Grignard Pure product was 
introduced into the chamber (“GP into MS2”). In the 
second scenario, the Grignard Pure product was intro
duced into the chamber at its target concentration 
before MS2 aerosolization and the initial bioaerosol 
test sample was collected (“MS2 into GP”). Four repli
cates of each test scenario (plus a control scenario, 
with no Grignard Pure introduced) were conducted.

To quantify efficacy, log10 reduction was calculated 
as the difference between the mean MS2 recoveries 
from control tests and the Grignard Pure tests at 
time-matched sampling points or by comparing recov
eries from control coupons to test coupons. Python 
(version 3.9.12), including packages NumPy (version 
1.23.4) and pandas (version 1.5.1), was used for statis
tical calculations. Differences in group medians for 
each test type at each sampling time point were eval
uated using Wilcoxon rank sum tests, and for data 
that satisfied the normality assumption (following a 

normality check using Shapiro-Wilk tests on log10- 
transformed data), differences in group means were 
also evaluated using Welch’s t-tests, with significance 
determined at the a¼ 0.05 level.

Results and discussion

The amount of MS2 recovered (in PFU/m3) during 
each sampling time point during all tests is shown in 
Figure 1, and Figure 2a shows the average concentra
tion of MS2 over time for each Grignard Pure test 
scenario and the control tests. The corresponding 
log10 reductions, comparing each respective Grignard 
Pure test scenario to the controls, are shown in 
Figure 2b. When the product was present, bioaerosol 
concentrations were always significantly lower than 

Figure 2. Results from Grignard Pure efficacy tests, where “GP 
into MS2” represents the test condition where the product 
was introduced into a high bioaerosol concentration, and “MS2 
into GP” represents the test condition where bioaerosol was 
introduced into the Grignard Pure product at its target concen
tration. (a) Average log10 recovery of bacteriophage MS2 at 
each sampling time point during the control and product tests, 
where error bars represent the standard deviation in log10 

recoveries in each set of tests (n¼ 4). (b) Efficacy of Grignard 
Pure, calculated as the log10 reduction for each type of test 
compared to the control tests. Error bars represent pooled 
standard error from both the control and Grignard Pure tests. 
Time ¼ 0 min represents the end of the MS2 aerosolization 
period and the beginning of the first bioaerosol sampling 
window.

AEROSOL SCIENCE AND TECHNOLOGY 1181



control conditions (Table 1). The maximum log10 

reductions for both test scenarios occur at the final 
(90 min) sampling time point, achieving 2.3 log10 

(99.5%) and 3.2 log10 (99.9%) reductions for the GP 
into MS2 and MS2 into GP scenarios, respectively.

Comparing results from the two different test scen
arios where the order of virus and product introduc
tion is switched is insightful for understanding how 
study design can impact calculated efficacy against air
borne MS2, as well as how the product might perform 
in an occupied space with active viral shedders. 
Aerosolizing MS2 into the test chamber with the 
product already present reduced the initial sample by 
2.3 log10 (99.5%) due to the presence of the product. 
The 15-min samples differed by 0.9 log10 (88%) result
ing from the differences in product contact time 
between the two test scenarios. Accordingly, there are 
significant differences in comparing recoveries from 
the two product test types at each of these sampling 
time points (both time ¼ 0 and 15 min, Table 1). 
Although the calculated log reductions for the MS2 
into GP test scenario are consistently higher than the 
GP into MS2 scenario, the differences in recoveries 
between the two test conditions at the other sampling 
time points (time ¼ 30, 60, 90 min) are not statistic
ally significant (p> 0.05). This suggests that, under 
these test conditions, changing the order of virus and 
product introduction impacts efficacy early during the 
test period (because of the notable differences in the 
product contact time), but it ultimately does not sig
nificantly impact the later portions of the test period, 

when the calculated log10 reductions are highest and 
the differences between the contact times are not as 
great.

Consistent with the findings of Ratliff et al. (2023), 
the results from these experiments underscore the 
importance of replicate testing that includes time- 
matched controls for characterizing air treatment effi
cacy. For both Grignard Pure test scenarios, MS2 
recoveries range up to >2 log10 PFU/m3 at a specific 
sampling time point, with the greatest range in recov
eries for both scenarios at time ¼ 90 min (Figure 1). 
Although there is less variability in the control tests, 
the differences in recoveries still range up to nearly 1 
log10 PFU/m3 (0.85 and 0.87 log10 PFU/m3 for time ¼
15 and 60 min, respectively, Figure 1). Averaging over 
the set of control experiments, attenuation due to nat
ural decay, wall losses, and settling account for 
approximately 2.1 log10 PFU/m3 reduction in MS2 
recoveries over the duration of the 90-min test period 
(Figure 2a). Accordingly, under these test conditions, 
calculating air treatment efficacy by comparing the 
concentrations during the product test time points to 
the initial bioaerosol load (instead of time-matched 
control conditions that account for background bio
aerosol decay not attributed to the product) can over
state the product efficacy by over 99%.

Two different sets of surface samples were included 
in the experiments presented here: deposition (blank) 
coupons, which were intended to evaluate how much 
viable MS2 was deposited on surfaces during each 
test, and inactivation (inoculated) coupons, which 

Table 1. Summary of calculated log10 reductions and p-values from Welch’s t-tests (for data that passed a formal normality 
check; otherwise, a dash represents that the assumption was not met) and Wilcoxon Rank Sum tests.
Sample Type Test Comparison Time (min) Log10 Reduction Between Tests Welch’s T-Test p-value Rank Sum Test p-value

Air Control vs. GP into MS2 0 −0.02 0.88 0.56
15 1.34 0.013 0.021
30 1.18 0.022 0.043
60 1.62 0.0058 0.021
90 2.30 0.019 0.021

Control vs. MS2 into GP 0 2.30 — 0.021
15 2.28 0.00020 0.021
30 1.49 0.0039 0.021
60 1.90 0.0025 0.021
90 3.18 0.0086 0.021

GP into MS2 vs. MS2 into GP 0 2.32 — 0.021
15 0.94 0.047 0.021
30 0.30 0.48 0.39
60 0.28 0.53 0.77
90 0.88 0.30 0.25

Surface - Deposition GP into MS2 vs. Control n/a n/a — 0.00015
MS2 into GP vs. Control n/a n/a — 0.00001
GP into MS2 vs. MS2 into GP n/a n/a — 0.30

Surface - Inoculation Control vs. GP into MS2 n/a 1.35 2.3E-08 4.1E-06
Control vs. MS2 into GP n/a 1.88 1.5E-11 3.8E-06
GP into MS2 vs. MS2 into GP n/a n/a 0.011 0.012

Where log10 reductions are shown, the calculated value is based on the difference in average recoveries from the Test Comparison column (calculated by 
subtracting recoveries from the second stated test in the Test Comparison column from the first). A value of “n/a” means that value is either not rele
vant or not meaningful. Bold text represents a statistically significant difference (a< 0.5) between paired data.
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were included to evaluate the efficacy of Grignard 
Pure against MS2 on surfaces. The MS2 recoveries 
from both sets of coupons are shown in Figure 3. 
Across all coupon and test types, MS2 recoveries from 
the control tests were consistently higher than either 
Grignard Pure test scenario, and recoveries were gen
erally lowest when MS2 was introduced into the 
chamber with the product already present (consistent 
with the lower initial bioaerosol concentration for this 
test condition, Figures 1 and 2). Pooling across cou
pon locations respective of each test type, differences 
in recoveries from both product test scenarios com
pared to both types of control test coupons were stat
istically significant (Table 1). Averaging across coupon 
locations and replicate tests, the log10 reduction of the 
inactivation coupons (compared to recoveries from 
the control tests) was 1.4 for the GP into MS2 scen
ario and 1.9 for the MS2 into GP scenario (Table 1). 
Comparing recoveries between the two Grignard Pure 
test scenarios, only the inoculation coupons showed 
statistically significant differences between test types 
(i.e., deposition coupon recoveries from the two types 
of tests with the product present were not statistically 
different). Because inactivation was evident on the 
coupons directly inoculated with MS2 (Figure 3b), it 
is likely that some of the MS2 that settled on the 
deposition coupons was also inactivated by the pres
ence of the product in the air.

It is critical to consider challenges that exist in 
extrapolating results from any laboratory-based testing 
to predicting product performance in applied settings. 
In this study, calculated efficacy is a function of the 
test conditions. The response of respiratory pathogens 
such as SARS-CoV-2, influenza, and Mycobacterium 

tuberculosis to TEG will differ from the test micro
organism used in this study (bacteriophage MS2) 
(Rutala and Weber 2014; Spaulding and Emmons 
1958). Changing aerosolization and sampling methods 
could also impact efficacy, as could airflow and envir
onmental conditions in the test chamber (including 
temperature and relative humidity). The real-world 
conditions under which air treatment products could 
be used vary widely, with differing HVAC configura
tions and airflow patterns, a variety of surfaces (e.g., 
porous) and objects in a space, and diversity in other 
particles and chemistry in the air, all of which could 
impact the interaction between the air treatment and 
target pathogen. Moreover, controlling the concentra
tion of air treatments in indoor spaces could present a 
challenge under certain conditions; in this study, the 
measured TEG concentration was greater than twice 
the maximum of the targeted average aerosol 
concentration.

The results presented herein demonstrate that 
Grignard Pure, an antimicrobial air treatment with 
TEG as the active ingredient, can inactivate airborne 
MS2 (up to 99.9% in 90 min) and MS2 on surfaces 
(up to 99% after 90 min) under these test conditions. 
Introducing the virus into the test chamber with the 
product already at its target concentration led to con
sistently lower bioaerosol recoveries than when the 
product was introduced into a high bioaerosol con
centration, but the differences between these two 
methodologies did not lead to statistically significant 
differences in efficacy against bioaerosols after 15 min. 
Time-matched controls and replicate tests for each 
condition were necessary for characterizing efficacy. 
The results presented herein demonstrate that changes 

Figure 3. Log10 recoveries of MS2 from surface samples (stainless steel coupons) following tests, averaged over each test type for 
each coupon location. (a) The amount of viable MS2 deposited on and recovered from coupons initially inserted into the test 
chamber blank. (b) The amount of MS2 recovered from coupons that were inoculated with MS2 prior to placing them in the 
chamber for each test. Error bars represent standard deviation in recoveries for each test type (n¼ 4).
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in test protocols can affect calculated air treatment 
efficacy, so caution should be exercised in juxtaposing 
results from different studies, and standardized testing 
is needed to compare findings more effectively.
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