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Abstract: The quality of indoor air evokes increasing interest; however, no standards
have been developed which determine the content of pesticides in the air of living space.
At present, insecticides are increasingly more frequently applied to control household
pests, flies, mosquitoes, termites and other harmful insects. In this study, the content
of transfluthrin was measured indoors after the application of two consumer products
containing this active substance, using commercially available electro-vaporizers. It was
found that during the application of insecticides in the form of gel and liquid the mean
concentration of transfluthrin in the air was 1.295-2.422 pg/m® and 3.817-5.227 pg/m?,
respectively. The concentration of an active agent in the air did not depend on the day
of application. The concentration of transfluthrin was higher when used in the form of
a liquid than a gel preparation. 18-24 hours after the discontinuation of the use of the
preparation no active agent was found in the air. As long as the standards are developed
regulating the content of insecticides in the air of living spaces and utility rooms, the most
important method of preventing their potential hazardous effect is informing the users of
these preparations about the occurrence of active substances in indoor air, and eventual
risk of exposure to the effect of pesticides during their application at home.
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INTRODUCTION

Recently, the quality of indoor air has evoked increas-
ing interest, and organizations are being created which un-
dertake actions on behalf of the establishment of standards
concerning the purity of indoor air. However, to-date, no
standards have been developed which would determine
content of pesticides in the air of living spaces.

The Scientific Committee on Health and Environmental
Risks attracted attention to the importance of the follow-
ing components: formaldehyde, carbon monoxide, nitro-
gen dioxide, benzene, naphthalene, environmental tobacco
smoke, radon, lead and organophosphate pesticides [13].
From among insecticides, only organophosphorus com-
pounds are mentioned as potential toxins, which should be
taken into consideration while developing standards.
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Nevertheless, at present, pyrethroids are increasingly
more frequently applied to control household pests, such as
flies, mosquitoes, termites, and other harmful insects. Pyre-
throids are considered as substances of low toxicity. How-
ever, due to the long time which humans spend in indoor
spaces, the duration of exposure is long, which may bring
about health effects. The health effects of a long-term ex-
posure to low concentrations of pesticides have been very
poorly recognized. Moreover, the occurrence of interaction
between various factors originating from the air and from
other sources may also be of great importance. Hazardous
neurotoxic interactions have been described while search-
ing for the explanation of Gulf War Syndrome [1, 2, 3, 4].
Therefore, searching for and characterizing the sources of
exposure to pesticides outside workplaces in agriculture is
very important.



86 Nazimek T, Wasak M, Zgrajka W, Turski WA

The objective of the study was determination of the con-
tent of an active substance in a room in which a biocidal
product was applied. Transfluthrin, a component of many
consumer products for indoor use, was selected as a model
substance. At the first stage of the study, a properly sensi-
tive and precise method was developed for the determina-
tion of transfluthrin in the air. Subsequently, the content of
transflutrin was measured indoors after the application of
two consumer products containing this active substance.

MATERIALS AND METHODS

Air samples were collected during the operation of an
electro-vaporizer with a product containing transfluthrin:
Baygon Master electro-vaporizer for insect control with
S.C. Johnson refill inserts (in the form of gel) (37.5% trans-
fluthrin) and Baygon Geniusz T electro-vaporizer for in-
sect control with S.C. Johnson liquid for electro-vaporizer
(37.5% transfluthrin).

Air sampling. Air samples were collected at 4 sites in an
enclosed space of the surface of 15.31 m? and cubature of
46.70 m*, with a widow. A gravity ventilation system was
in operation in the room. The study was conducted during
the period from May—June at the ambient temperature of
20 + 2°C. The samples were collected in parallel at 4 sites
at the height of 1 meter from the floor surface (Fig. 1), dur-
ing the operation of the electro-vaporizer for a period of
6 hours; after the taking of air samples the electro-vapor-
izer was switched off. The air samples were collected with
the use of samplers filled with silica gel with chemically
bonded octadecyl phase ODS-C18 (0.8 g); 180 1 of the air
was sampled with the velocity of 0.5 I/min for the period
of 6 hours.

Analytical procedure. The sampler with the air sample
collected was placed in a vertical position with the air in-
let downwards, and diethyl ether was passed through with
the flow velocity of approximately 0.5 ml/min. 20 ml of
extract was collected into the vacuum evaporator probe;
subsequently, the extract was evaporated at room tempera-
ture to dry residue. The dry residue was diluted in 1 ml
of cyclohexane and analyzed by the gas chromatography
method.

Gas chromatography. The content of the compound
in the extracts was determined by the gas chromatogra-
phy method with an electrone capture detector (ECD).
A Hewlett Packard gas chromatograph was applied — type
5890 series II with ECD detector and electronic integra-
tor equipped with HP-5 capillary column of the length of
10 m, internal diameter 0.53 mm, with a phenoxysilicon
resin network (5%) of the film thickness of 2.65 pm. Chro-
matographic analysis of the extract (at least 2-3 meas-
urements) was performed in selected conditions for the
determination: column temperature of 185°C, dispenser
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Figure 1. Diagram showing location of electro-vaporizer and four air
samplers in the room. Circle — electro-vaporizer; triangles with numbers
— air samplers, numbers correspond to respective data presented in Table
1 and 2; rectangle — window; dashed line — door.

temperature of 200°C, detector temperature of 300°C, nitro-
gen flow rate through the column of 8 ml/min. In the select-
ed conditions the transfluthrin retention time was 5.12 min.

The mean tranfluthrin recovery obtained in the model
analyses after sorption of the liquid phase and extraction
with diethyl ether for the mass of 0.05-0.50 pg/sampler
was 97.88% (accuracy of the method + 2.23%).

Durability of the samples at storage temperature of +4°C
was not less than 2 weeks.

Respiratory exposure. Respiratory exposure was cal-
culated by means of the following formula:

respiratory exposure =a X b x ¢

a— pulmonary ventilation volume [dm*/min],
b — duration of exposure to the inhalation of pesticides [min] — 360 min,
¢ — concentration of active substance in respiratory zone [mg/dm?].

Statistical analysis. The results were presented as the
mean values £ SEM. Statistical analysis was performed
with the use of Student’s t-test or ANOVA followed by post
hoc Tukey test. The p value <0.05 was considered statisti-
cally significant.

RESULTS

During the application of insecticides in the form of
a gel the mean concentration of transfluthrin in the air
of the room varied from 1.295-2.422 pg/m?, on different
days. The differences were not significant (ANOVA test,
p>0.05) (Tab. 1).

During the application of insecticides in the form of a gel
the mean concentration of transfluthrin in the air recorded
at 4 various sites varied from 1.428-2.199 pg/m?. The
differences were not significant (ANOVA test, p>0.05)
(Tab. 1).
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Table 1. Content of transfluthrin in indoor air [pug/m?] collected at 4 sites
during the operation of the electro-vaporizer for insect control with refill
insert in the form of gel.

Day Sampler Mean SEM
1 2 3 4
1 1.406 1340 1.045 1388 1.295 0.084
2 2.003  1.831 1.459  2.287 1.895 0.173
3 2482 2908  1.644  1.240 2.069 0.381
4 3.021  3.118  1.186  1.758 2.271 0.476
5 2.110 2106 2.170  3.302 2.422 0.294
6 1.566  1.616 1.169 2418 1.692 0.262
7 1262 1238 1346  2.659 1.626 0.345
8 1332 1.056 1407 2539 1.583 0.327
Mean 1.898 1902 1428  2.199 - -
SEM 0221 0270 0.125  0.245 - -

Table 2. Content of transfluthrin in indoor air [pug/m?®] collected at 4 sites
during the operation of the electro-vaporizer for insect control with liquid.

Day Sampler Mean SEM
1 2 3 4

1 4.047 3491 3.773  5.338 4.162 0.408

2 3351 3861 3890 4.165 3.817 0.170

3 4.063  5.147  4.198  7.500 5.227 0.795

Mean 3.821 4.166 3.954  5.668 - -

SEM 0235 0502  0.127 0977 - -

During the application of insecticides in the form of
a liquid the mean concentration of transfluthrin in the air
of the room varied from 3.817-5.227 pg/m?®, on different
days. The differences were not significant (ANOVA test,
p>0.05) (Tab. 2).

During the application of insecticides in the form of
a liquid the mean concentration of transfluthrin in the air
recorded at 4 various sites varied from 3.821-5.668 pug/m?>.
The differences were not significant (ANOVA test, p>0.05)
(Tab. 2).

The mean concentration of transfluthrin in the air was
higher when used in the form of a liquid than a gel prepara-
tion as compared on day 1, 2 and 3, respectively (Student’s
t-test, p<0.05).

The active agent was not detected in the air 18-24 hours
after the discontinuation of the use of each preparation
(data not shown).

Mean respiratory exposure to transfluthrin assessed by
means of the formula described in the section Materials and
Methods was 0.0134 mg/day for the gel preparation and
0.0317 mg/day for the liquid preparation, respectively.

DISCUSSION

Two commercially available preparations were investi-
gated in the study, Baygon Master refill inserts in the form
of a gel, and Baygon Genius T in the form of a liquid. The
preparations were applied in accordance with the user’s
guide. The measurements were performed in a standard
room with a window, in which a gravity ventilation sys-
tem was in operation during the summer season from May-
June. The air samples had been collected for 3 or 8 days
at 4 various sites at a height of 1 meter above the floor
surface. It was found that during the application of insec-
ticides in the forms of a gel and liquid in a living space,
the mean concentration of transfluthrin in the air was from
1.295-2.422 pg/m? and 3.817-5.227 pg/m’, respectively.
The concentration of transfluthrin in the air was higher
when used in the form of a liquid than a gel preparation.
The concentration of an active agent in the air did not de-
pend on the day of application. The study showed no pres-
ence of the active agent in the air 18-24 hours after the
discontinuation of the use of the preparation.

In the literature available, no results were found con-
cerning the measurement of the content of transfluthrin in
the air in a living space after application of the electro-va-
porizers. The maximum content of transfluthrin was only
described in indoor air after the application of mosquito
repellent in a spray, which was 0.0134 ppm [12]. However,
the content of other pyrethroids was determined in the air
of living areas following the use of electro-vaporizers. The
concentration of metofluthrine was 0.15 pg/m?®, while al-
lethrin concentration was 150 pg/m? [16]. In another report,
the concentration of allethrin in the air was 5-12 pg/m?, and
of pyrethrin 0.5-2 pg/m? [5]. The concentration of allethrin
was earlier described on the level of 2-5 pg/m? [6]. These
results are similar to the results obtained in our study.

The standard for transfluthrin concentration in indoor air
in the living space has not been established; consequently,
it is not possible to refer the results of measurements and
evaluate the toxicity of the insecticide. Respiratory expo-
sure to transfluthrin was therefore assessed by means of
the formula described in the section concerning Material
and Methods. The exposure values calculated in this way
were 0.0134 mg/day for the gel preparation and 0.0317
mg/day for the liquid preparation, respectively. The studies
conducted show that the use of insect repellents in living
spaces, outside agriculture, results in the presence of insec-
ticides in the air and may constitute a source of exposure
to its toxic effect.

Although the concentration of the agent is low, the toxic
effect cannot be excluded, especially in more susceptible
individuals. It was confirmed that transfluthrin and other
pyrethroids exert a genotoxic and potentially cancerogenic
effect. These studies were conducted on human nasal mu-
cosal cells [14, 15]. Moreover, the risk of occurrence of an
interaction which may be toxic cannot be ignored. It should
be remembered that various pesticides have been identified
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in house dust and on the surface of objects inside living
spaces [7, 10, 11].

In association with an attempt to explain the causes of
the occurrence of Gulf War Syndrome a number of studies
were conducted concerning interactions between various
chemical agents, including insecticides and repellents. Af-
ter concurrent exposure to non-toxic doses of pyridostig-
mine bromie, DEET, and chlorpyrifos or permethrin,
a strong toxic effect was observed in hens [2, 3]. Similarly,
the combination of DEET and permethrin, malathion and
permethrin, or the 3 chemicals together resulted in neu-
robehavioural deficits and neuronal degeneration in the
brain of rats [1]. Therefore, it should be borne in mind that
various pesticides have been identified in house dust and
on the surface of objects inside living areas [7, 10, 11].

A separate problem resulting from the indoor use of
pesiticdes is their possible effect on children and preg-
nant women. The data concerning this problem are scarce
because in agriculture the performance of work activities
with pesticides is prohibited for pregnant women and chil-
dren. In literature, there are no reports pertaining to the ef-
fect of transfluthrin on pregnant women and children.

Data from literature obtained from the studies of other
pesticides indicate that children’s exposure to the hazard-
ous effect of pesticides residues in the home environment is
high, because they spend most of their time at home, and the
presence of pesticides residues was confirmed not only in
house dust, but also on the surface of children’s toys [8, 9].

As long as standards are developed regulating the con-
tent of insecticides in the air of living spaces and utility
rooms, the most important method of preventing their po-
tential hazardous effect is informing the users of these
preparations about the occurrence of active substances in
indoor air, and eventual risk of exposure to the effect of
pesticides during their application at home.

Acknowledgements

The technical assistance of Kazimierz Pieczykolan and Jan Prach
is gratefully acknowledged. The study was supported by a grant from
the Institute of Agricultural Medicine, Lublin, Poland.

REFERENCES

1. Abou-Donia MB, Dechkovskaia AM, Goldstein LB, Abdel-Rahman
A, Bullman SL, Khan WA: Co-exposure to pyridostigmine bromide,
DEET, and/or permethrin causes sensorimotor deficit and alterations in
brain acetylcholinesterase activity. Pharmacol Biochem Behav 2004, 77,
253-262.

2. Abou-Donia MB, Wilmarth KR, Abdel-Rahman AA, Jensen KF,
Oehme FW, Kurt TL: Increased neurotoxicity following concurrent expo-
sure to pyridostigmine bromide, DEET, and chlorpyrifos. Fundam Appl
Toxicol 1996, 34, 201-222.

3. Abou-Donia MB, Wilmarth KR, Jensen KF, Ochme FW, Kurt TL:
Neurotoxicity resulting from coexposure to pyridostigmine bromide, deet,
and permethrin: implications of Gulf War chemical exposures. J Toxicol
Environ Health 1996, 48, 35-56.

4. Abu-Qare AW, Abou-Donia MB: Combined exposure to DEET
(N,N-diethyl-m-toluamide) and permethrin: pharmacokinetics and toxi-
cological effects. J Toxicol Environ Health B Crit Rev 2003, 6, 41-53.

5. Berger-Preiss E, Koch W, Gerling S, Kock H, Appel KE: Use of
biocidal products (insect sprays and electro-vaporizer) in indoor areas-
-exposure scenarios and exposure modeling. /nt J Hyg Environ Health
2009, 212, 505-518.

6. Class TJ: Determination of pyrethroids and their degradation prod-
ucts in indoor air and on surfaces by HRGC-ECD and HRGC-MS(NCI).
J High Resol Chromatogr 1991, 14, 446-450.

7. Curwin BD, Hein MJ, Sanderson WT, Nishioka MG, Reynolds SJ,
Ward EM, Alavanja MC: Pesticide contamination inside farm and non-
farm homes. J Occup Environ Hyg 2005, 2, 357-367.

8. Davis DL, Ahmed AK: Exposures from indoor spraying of chlorpy-
rifos pose greater health risks to children than currently estimated. Envi-
ron Health Perspect 1998, 106, 299-301.

9. Gurunathan S, Robson M, Freeman N, Buckley B, Roy A, Meyer
R, Bukowski J, Lioy PJ: Accumulation of chlorpyrifos on residential sur-
faces and toys accessible to children. Environ Health Perspect 1998, 106,
9-16.

10. Julien R, Adamkiewicz G, Levy JI, Bennett D, Nishioka M, Spen-
gler JD: Pesticide loadings of select organophosphate and pyrethroid pes-
ticides in urban public housing. J Expo Sci Environ Epidemiol 2008, 18,
167-174.

11. Obendorf SK, Lemley AT, Hedge A, Kline AA, Tan K, Dokuchaye-
va T: Distribution of pesticide residues within homes in central New York
State. Arch Environ Contam Toxicol 2006, 50, 31-44.

12. Ramesh A, Vijayalakshmi A: Monitoring of allethrin, deltamethrin,
esbiothrin, prallethrin and transfluthrin in air during the use of household
mosquito repellents. J Environ Monit 2001, 3, 191-193.

13. Scientific Committee on Health and Environmental Risks [In-
ternet]: Opinion on risk assessment on indoor air quality; 2007. Avail-
able from: http:/ec.europa.eu/health/ph_risk/committees/04_scher/docs/
scher o 055.pdf

14. Tisch M, Faulde MK, Maier H: Genotoxic effects of pentachloro-
phenol, lindane, transfluthrin, cyfluthrin, and natural pyrethrum on human
mucosal cells of the inferior and middle nasal conchae. Am J Rhinol 2005,
19, 141-151.

15. Tisch M, Schmezer P, Faulde M, Groh A, Maier H: Genotoxicity
studies on permethrin, DEET and diazinon in primary human nasal mu-
cosal cells. Eur Arch Otorhinolaryngol 2002, 259, 150-153.

16. Yoshida T: Simultaneous determination of 18 pyrethroids in indoor
air by gas chromatography/mass spectrometry. J Chromatogr A 2009,
1216, 5069-5076.



