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RESUMO: A dengue é uma infecção viral transmitida pelo mos-
quito Aedes aegypti. No Brasil, um dos inseticidas utilizados para 
controlar o mosquito é o malathion, que pode ser diluído em óleo 
vegetal (1:2 v/v). O objetivo deste trabalho foi avaliar a permanên-
cia do malathion em diferentes superfícies e no solo. As superfícies 
foram contaminadas com malathion e depois lavadas com água e 
sabão. A água utilizada para limpar as superfícies foi extraída e anali-
sada por cromatografia gasosa com detector de ionização de chama. 
O malathion 14C-GT diluído em óleo vegetal (1:2 v/v) foi aplicado 
em amostras de solo que foram analisadas nos tempos 0, 3, 7, 18, 
32, 60, 120, 240 e 360 dias após a aplicação, em um analisador de 
cintilação líquida. Os resultados mostraram alta permanência de 
malathion em superfícies porosas. Além disso, o malathion não se 
degradou no solo nos primeiros 120 dias.

PALAVRAS-CHAVE: Aedes aegypti; área urbana; aplicação 
indoor; pesticidas.

ABSTRACT: Dengue is a viral infection transmitted by the 
mosquito Aedes aegypti. In Brazil, one of the insecticides used 
to control the mosquito is malathion, which can be diluted 
in vegetable oil (1:2 v/v). The purpose of this study was to 
understand the persistence of malathion on different surfaces 
and soil. Surfaces were contaminated by malathion and then 
washed with water and soap. The water used to clean the 
surfaces was extracted and analyzed by gas chromatography 
with an FID detector. Soil samples received malathion 14C-TG 
diluted in vegetable oil (1:2 v/v) and were analyzed zero, 3, 7, 
18, 32, 60, 120, 240, and 360 days after the application in a 
liquid scintillation analyzer. Results showed a high persistence of 
malathion on porous surfaces. Moreover, it did not degrade in 
the soil for the first 120 days. 

KEYWORDS: Aedes aegypti; urban area; indoor application; 
pesticides.
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INTRODUCTION

Urban spaces are important environments for studies related 
to pesticide behavior. Many studies are being carried out 
in this area (BOUVIER et al., 2006; ASTIZ et al., 2011; 
CETTIER et al., 2015), especially in the United States and 
Europe. However, they continue to be scarce in Brazil and 
Latin America, requiring the joint efforts of different research-
ers to understand the fate of these products in urban areas.

Dengue is a global issue (CENTERS FOR DISEASE 
CONTROL AND PREVENTION, 2015a) and one of the most 
important arthropod-borne viral diseases (WORLD HEALTH 
ORGANIZATION, 2009). This disease is also expensive as it often 
results in hospitalization (TOMASELLO; SCHLAGENHAUF, 
2013); more than one-third of the population is at risk of con-
tracting the disease (CENTERS FOR DISEASE CONTROL 
AND PREVENTION, 2015a). Central America, Asia, and 
South America are the most affected regions according to the 
dengue map of the world; however, there have been reported 
cases in some countries in Europe and Africa (CENTERS FOR 
DISEASE CONTROL AND PREVENTION, 2015b).

Aedes aegypti is fully adapted to urban conditions, where it 
finds shelter and food (WORLD HEALTH ORGANIZATION, 
2009). Young forms are mainly found outdoors, while adult 
females prefer the interior of buildings (HERMANN et al., 
2015). The lack of a vaccine to immunize the exposed pop-
ulation, coupled with the great adaptability of A. aegypti in 
urban environments, makes it difficult to control this endemic 
disease (HERMANN et al., 2015). The Dengue Control 
Program is primarily based on instructing the population on 
how to avoid the proliferation of mosquitoes, managing the 
environment, and in certain situations, applying insecticides 
(WORLD HEALTH ORGANIZATION, 2009). However, the 
use of these chemicals can impact the environment and public 
health, especially because of the high concentration of pesti-
cides used in these campaigns. 

Some locations of the São Paulo urban area have experi-
enced a higher incidence of dengue (ARAUJO et al., 2015). 
In Brazil, until 2015, numerous cities used a technical-grade 
malathion organophosphate insecticide 96% diluted in veg-
etable oil 1:2 v/v (LEME et al., 2014), a procedure recom-
mended by the WORLD HEALTH ORGANIZATION 
(2009). This mixture is used to produce a liquid spray to con-
trol adult mosquitoes. The insecticide malathion is indicated 
for use in agriculture and public health campaigns, being clas-
sified as toxicity class III (LEWIS et al., 2016). This insecti-
cide is applied using a misting device for ultra-low volume 
applications, spraying droplets with a diameter of about 5 and 
25 μm (LEME et al., 2014). These droplets remain suspended 
for some time, eventually settling on different surfaces in a 
residence. Drops might also fall on the soil of gardens and 
backyards, unpaved streets, and inside houses that have mud 
floors. The latter two situations usually happen in low-income 

areas in Brazil, which are more susceptible to different diseases, 
including dengue (COSTA; NATAL, 1998). 

The INTERNATIONAL AGENCY FOR RESEARCH 
ON CANCER (IARC, 2015) reclassified malathion as “prob-
ably carcinogenic to humans”. In a study conducted by GENG 
et al. (2015), male rats showed changes in the reproduc-
tive system. CRUZ MÁRQUEZ et al. (2001) found α- and 
β-malathion monocarboxylic acid — a metabolite of mala-
thion — in the applicators twenty hours after application. 
ASTIZ et al. (2011), who worked in this activity for about 
ten years, found significant differences in biochemical tests 
in their study on pesticide applicators. 

Neither the persistence of malathion applied to surfaces 
in a house nor the potential risks to health and the environ-
ment are known yet. This study assessed the persistence of 
malathion diluted in vegetable oil deposited on different 
household surfaces and urban soil.

MATERIAL AND METHODS

Chemical analysis

Analytical standard malathion, with a chemical purity 
higher than 99%, provided by Chemservice (West Chester, 
Pennsylvania, United States), was used to establish the analytical 
conditions, while 96% technical-grade malathion, provided by 
São Paulo City Hall, and 14C-specific activity 170.2 Bq mala-
thion, provided by Izotop (Budapest, Hungary), were used in 
laboratory tests. We analyzed the 96% technical-grade mala-
thion to confirm the concentration of the active ingredient 
present. The active ingredient (malathion) was detected and 
quantified by gas chromatography with a Shimadzu (Shimadzu 
Corp., Tokyo, Japan) external standard equipment, model 
GC-2014AFsc, equipped with a flame ionization detector, 
set at 300°C. We conducted the analyses using a separation 
column RestekTM RTX-5 with 30 m length, 0.25 mm inter-
nal diameter, and 0.25 µm film thickness. The column tem-
perature was set at: 60°C for 0 minute; 25°C∙min-1 to 250°C 
for 3 minutes; and 30°C∙min-1 for 5 minutes. The last step 
was to clean the column. Nitrogen was the carrier gas at 
1.0 mL∙min-1. Hydrogen flow was kept at 3.0 mL∙min-1 and 
synthetic air at 100.0 mL∙min-1. The injection volume was 
1 µL, and the injector temperature was 250°C in a split mode 
(1:1). The 14C-malathion used for soil analysis was assessed 
using a Packard Liquid Scintillation Analyzer, Packard TRI-
CARB 1600TR (Waltham, Massachusetts, United States).

Surfaces
We sprayed different surfaces (15 x 15 cm plates) with 
malathion — 0.5 mL of malathion in soybean oil (1:2 v/v). 
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The initial concentration applied was 711 µg cm-2. Surfaces were 
washed with soap and water, using toilet paper fragments 
weighing 18.3 ± 0.2 g m2 (20 x 10 cm) or pieces of sponge 
(3 x 3 cm) for cleaning. The sponges used were the fruits 
of Luffa cylindrica, a vegetable fiber abundant in the tropics 
(TANOBE et al., 2005).

We cleaned slate and tile plates using paper and sponge. 
Wood, leather, synthetic leather (70% vinyl-poly, 25% poly-
ester, and 5% polyurethane), and vinyl flooring were cleaned 
only with sponges. Surfaces were washed with 100 mL of 
water and 1.6 g of soap, scrubbed with a sponge and washed 
again with 100 mL of water. Both portions of water were 
placed together and extracted by the liquid-liquid method 
(ENVIRONMENTAL PROTECTION AGENCY, 2012). 
We washed the pieces of cotton cloth samples with 200 mL 
of water and 3.2 g of soap. Two washing methods were used: 
manual washing by scrubbing the samples and mechanical 
agitation for one hour.

Soil
The soil used was collected from an urban area southeast of 
São Paulo city (23°38’25.9S and 46°39’08.5W). The soil 
was dried at room temperature, sieved through a 2 mm 
mesh, and analyzed for physical-chemical characteristics in 
the Department of Soil Science, School of Agriculture “Luiz 
de Queiroz” (University of São Paulo), with the following 
results: pH (H2O) — 7.3; organic matter — 24 g∙kg-1; sand 
— 469 g∙kg-1; silt — 120 g∙kg-1; clay — 411.1 g∙kg-1. 

ANALYTICAL METHODOLOGY

Sponge

The sponge used for cleaning was submitted to extraction 
with 50 mL of dichloromethane in a shaker for 30 minutes. 
The dichloromethane was used for water extraction.

Wash water
Water (200 mL) was extracted with 10 mL of dichlorometh-
ane (3 times) and 20 g of NaCl in a separatory funnel, and the 
organic layer was collected using Na2SO4 (ENVIRONMENTAL 
PROTECTION AGENCY, 2012). We used a vacuum rotary 
evaporator at temperatures below 40°C for concentration until 
reaching a 10 mL volume.

Toilet paper
As the paper used for cleaning dissolved in water, it was extracted 
in a separatory funnel with the cleaning water. 

Cotton cloth
Malathion was applied to pieces of cotton cloth (15 x 15 cm), 
which were later washed with soapy water and scrubbed by 
hand or shaken in a mechanical shaker. The water obtained 
from the washing underwent an extraction procedure, while 
the cloth fragments that were “clean” and dry were subjected 
to extraction with 150 mL of dichloromethane using mechani-
cal stirring for 30 min. Dichloromethane was concentrated 
until reaching a 10 mL volume.

Soil
After drying, the soil was sieved through a 2 mm sieve. Next, we 
placed 27 samples with 10 g of soil in Falcon tubes prepared and 
spiked with 500 μL of a solution of malathion and 14C--malathion, 
after which the samples presented 0.016 g of malathion and 
8.12 Bq per gram of soil. Samples were kept at room temperature, 
ranging from a maximum temperature of 33.3°C and minimum 
of 15.2°C, and a maximum humidity of 85% and minimum of 
45%. We analyzed the samples, in triplicate, at Tzero (time 0), 
T3, T7, T18, T32, T60, T120, T240, and T360 days. At each 
time, 3 samples were randomly taken and subjected to extraction 
procedures, adding 2.5 mL of distilled water, 4 g of sodium chlo-
ride, 2 g of sodium acetate, 8 g of magnesium sulfate, and 20 mL 
of 1% acetic acid in acetonitrile. The Falcon tubes were shaken 
vigorously for 1 minute by hand. Afterward, the samples were 
centrifuged at 3,000 rpm for 15 minutes. Subsequently, 500 μL 
aliquots of each sample were added to the scintillation fluid and 
analyzed to detect 14C-malathion. 

Statistical analysis
Due to the use of radioactive material (health and environmen-
tal risks) in the experiments, the number of samples analyzed 
was small. We considered a relevant difference of 20% sufficient 
to conclude that malathion was degraded and/or removed in 
comparison to the initial amount applied. We adopted a power 
test of 80%, with a 10% difference between the averages and a 
5% significance level. The Kolmogorov-Smirnov test assessed 
the normality of the data, the F test verified whether the vari-
ances were equal or not, and the Student’s t test checked if 
there was a significant difference among data. All tests were 
carried out using Action Excel.

RESULTS

The results obtained from the extraction of samples and the 
analyses of extracts by gas chromatography are presented as 
mean and standard deviation. We compared these results with 
the initial concentration applied (711 µg cm-2) and used them 
to calculate the percentage of malathion persistence (Table 1).
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Table 2 presents the results of the recovery of extracted 
washed and dried cloths. The data show that malathion was 
present even after the cloths were washed with water and 
soap using both methodologies (by hand and mechanically). 

We analyzed all soil samples in triplicate for each exposure 
time and obtained the results by liquid scintillation spectrometry. 
The results for each exposure time were compared with the initial 
concentration applied (Tzero) and used to calculate the percent-
age of malathion present in the soil (Fig. 1). The concentration 
did not change until T120. At T240, we found a slight variation.

The active ingredient (malathion) did not degrade in the 
soil during the first 120 days of testing. Its recovery was above 
96% compared to the first day of application, showing great 
stability in the soil used and in exposure conditions. The con-
centration of 14C-malathion presented no significant difference 
between T3 and Tzero (p = 0.26), T7 and Tzero (p = 0.76), T18 
and Tzero (p = 0.12), T32 and Tzero (p = 0.08), T60 and Tzero 
(p = 0.38), and T120 and Tzero (p = 0.14). However, we found 
a significant difference between T240 and Tzero (p = 0.01). 
T360 showed a decrease in significance compared to Tzero, 
which confirms the degradation observed in T240. 

DISCUSSION

Levels of malathion remained high on indoor surfaces even 
after cleaning. Removal of the active ingredient can differ sig-
nificantly, depending on the type of surface, mainly due to its 
degree of porosity (Table 1). 

The results of using toilet paper to remove malathion from 
tile and slate revealed that about 32 and 24% of the active 
ingredient, respectively, remained. When we cleaned the same 
surfaces with a sponge, malathion removal was above 96 and 
91%, showing that abrasive materials are more effective in 
eliminating the product from these surfaces.

Malathion persistence in vinyl flooring was approximately 
62%, even after using a sponge to clean it. The analysis was 
repeated due to the high variation coefficient in vinyl material 
(15.7). However, the new removal values were 36.9, 68.8, and 
67.6% with a coefficient of variation of 31.3. The same techni-
cian carried out all experiments using the same procedure over a 
short period, which indicates that the manual cleaning process can 
lead to non-homogeneous results on surfaces with high porosity. 

Wood was another surface difficult to clean since 85% of 
malathion remained on the material. Many pieces of house-
hold furniture, such as dressers, closets, nightstands, chairs, 
tables, and kitchen cabinets, among others, are made   of wood. 
People keep clothes, cutlery, dishes in them, which can expose 
these objects to contact with the insecticide. Collecting pesti-
cides from hardwood is difficult due to its porosity (ASTIZ et al., 
2011). The period for which malathion diluted in oil stays stable 
on this surface is not known, as there are no studies about this. 

On leather, the persistence was about 53%, while on syn-
thetic leather, it was 99%. This result shows that malathion was 
practically not removed from synthetic leather, even when cleaned 
with a sponge. These values were disturbing since this material 
is often used in the manufacture of furniture upholstery, lead-
ing to exposure as people spend part of their day in contact with 
them. Moreover, nowadays, synthetic leather is more used than 
leather because of the costs and environmental repercussions. 

The fact that the active ingredient was not removed dur-
ing a common domestic cleaning procedure can raise some 

Table 1. Percentage of malathion removed from surfaces.

Surface  Concentration 
(µg cm-2)

% of malathion 
in water ± SD

Paper cleaning (n = 3)

Tile 484.4 67.9 ± 6.0

Slate 537.8 75.8 ± 5.3

L. cylindrica cleaning (n = 5)

Tile 657.8 92.5 ± 5.8

Slate 653.3 91.7 ± 5.5

Vinyl flooring 440.0 61.9 ± 15.7

Wood 97.8 13.7 ± 2.1

Leather 355.5 50.0 ± 5.7

Synthetic leather 7.1 1.0 ± 0.56

SD: standard deviation.

Table 2. Percentage of malathion removed from soapy water and 
washed cotton cloths [hand wash (A) and mechanical agitation (B)].

   Surface  Concentration 
(mg∙mL-1)

% of malathion 
in water ± SD

Soapy water used to wash cotton cloths (n = 3)

Hand wash 346.2 48.7 ± 13.8

Mechanical agitation 93.8 13.2 ± 2.2

Cotton cloths washed (n = 3)

Hand wash 200.5 28.2 ± 10.3

Mechanical agitation 369.0 51.9 ± 3.6

SD: standard deviation.

Figure 1. Persistence of 14C-malathion in soil.
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questions. Malathion remained on all porous surfaces studied 
after cleaning. Pesticides sprayed on surfaces may be absorbed 
by the materials, and the cleaning procedure may be ineffective 
in removing all contaminants (ZOUBIRI, 2011). BOUVIER 
et al. (2006) found that malathion was frequently found on the 
hands of the general population, who were sometimes exposed 
to pesticides at levels higher than occupational exposure levels. 
Part of the product remained on the surface, which might lead 
to contact with people. On the other hand, if these surfaces 
absorb part of the applied product, there is no information if 
a deeper domestic cleaning with substances that have organic 
solvents, such as alcohol, hydrocarbon mixture, and furniture 
polishes, can extract some part of the active ingredient. Thus, 
further studies to evaluate whether the product remains on the 
surface or is absorbed are necessary. In case the active ingredient 
is deeply absorbed by the surfaces, contact with or exposure to 
malathion might not occur, which would be good. In addition, 
evaluating if malathion can be transferred from exposed surfaces 
to other surfaces, including the human skin, is also necessary. 

Analyses of the water used to wash cotton cloths exposed to 
the insecticide provided interesting results. Two procedures were 
used for washing; by hand and using mechanical agitation, simu-
lating a washing machine. In both cases, the water obtained from 
the washing was subjected to extraction, after which the extracts 
were analyzed by gas chromatography. Also, in both cases, the 
washed and dried cloths were subjected to extraction to deter-
mine the presence of pesticide residues. In the cloths washed by 
hand, malathion persistence was about 51%, whereas in the cloths 
washed using mechanical stirring, the persistence was approxi-
mately 86%, with a significant difference between the two pro-
cedures (p = 0.0000). Hand washing was possibly more effec-
tive due to the greater pressure involved during the scrubbing of 
the material, as opposed to mechanical agitation, in which only 
soapy water comes into contact with the material, with no pres-
sure from scrubbing. As expected, the extraction of cloths already 
washed and dried showed that removal reached 38.2% in cloths 
washed by hand and 51.9% in those washed by mechanical 
agitation, indicating a significant difference between them (p = 
0.0001). Results of cotton cloths washed mechanically were more 
homogeneous than of those washed manually, as the possibility 
of repeatability is higher in a mechanical process.

Analyses of water from the washed cotton cloths showed 
that the procedures adopted were not able to remove 100% 
of the insecticide. Therefore, we can conclude that personal 
garments, towels, baby cots and strollers, curtains, carpets, 
among others, retain part of the insecticide on their surfaces. 
Furthermore, it is noteworthy that baby cots, strollers, and 
carpets, for example, are usually not washed with soap and 
water, which means that once they come into contact with 
the insecticide, it will remain on their surface. In a study on 
clothes used as personal protective equipment in the spraying of 
malathion in urban areas, the authors found the cotton clothes 
were not completely cleaned in the washing process, with some 

malathion remaining in them (PAPINI et al., 2016). A study 
by the US military on clothing made with 100% cotton and 
exposed to permethrin showed that after one and ten washes, 
only 20 and 40% of the pesticide was removed, respectively 
(SNOGRASS, 1992), indicating that the rest remained in 
the clothes and, therefore, could contribute to the exposure 
of workers using this equipment. DAVIES et al. (1982) also 
noted the danger of incomplete washing of personal protec-
tive equipment. They observed washings at home to remove 
dichlorodiphenyltrichloroethane (DDT), methyl parathion, 
and toxaphene and determined that three washes were not 
sufficient to eliminate the residue.

Presently, in urban spaces, Brazil uses malathion 44% 
diluted in water to control A. aegypti, the change of oil for 
water occurred in 2016. Malathion has low environmen-
tal persistence when applied to an aqueous vehicle (LEWIS 
et al., 2016). However, the World Health Organization rec-
ommends using both oil and water in outdoor applications, 
as oil inhibits evaporation of small fog droplets (WORLD 
HEALTH ORGANIZATION, 2009), which is an impor-
tant issue in tropical countries such as Brazil. 

When using a malathion formulation prepared with oil, 
it is crucial to evaluate the methodology used to spray the 
oily solution with jets directed to residences to minimize the 
potential risk for people, especially children and older adults, 
who are the most vulnerable groups.

We also underline that, in general, dengue cases occur in 
several sites near peripheral regions of large cities in develop-
ing countries, where housing conditions are often inadequate. 
In this situation, spraying is mandatory, which theoretically 
can increase the concentration of insecticide on different 
surfaces, thus raising the possibility of exposure for people. 

Pyrethroid is another group broadly used in urban areas that 
has been widely detected, including in indoors spaces (TANG 
et al., 2018). Cypermethrin and beta-cyfluthrin are pyrethroids 
used in indoor application, and supermarkets in Brazil sell for-
mulations of these compounds; besides, some pyrethroids can 
be used in the control of A. aegypti. NAKAGAWA et al. (2017) 
assessed the concentration of cypermethrin and beta-cyfluth-
rin in dust under laboratory-controlled conditions and, after 
112 days, cypermethrin and beta-cyfluthrin decreased only 12.7 
and 16,4%, respectively, suggesting that these active ingredients 
can remain for a long time in indoor places. Soon, the popula-
tion might be exposed to different insecticides; therefore, fur-
ther studies on the exposure of the population to the applica-
tion of agrochemicals in urban areas are necessary.

Malathion significantly decreased in soil samples, with some 
degradation occurring in T240 and T360, even with the higher 
concentration retained in the soil at the time (0.014 g i.a./g soil). 
Soil samples were contaminated with radiolabeled malathion 
because pesticide residues can be bound to the organic matter in 
soil with no possibility of extraction. In such cases, the only way 
to evaluate malathion persistence is by using radiolabeled material 



66 Arq. Inst. Biol., v.86, 1-7, e0042018, 2019

R. C. B. Ferreira et al.

with a combustor for analysis. Nevertheless, using a combustor 
was not necessary, as the recovery of malathion in soil was 98% 
at Tzero, and the percentages of malathion remained high until 
T360. According to LEWIS et al. (2016), the half-life of mala-
thion in the soil is 0.17 day under laboratory conditions, while 
in the field, it is 1 day. Consequently, malathion is not considered 
persistent. However, the results of this work indicate high per-
sistence of the compound in soil. One factor that may have led 
to greater persistence is the use of malathion diluted in soybean 
oil. As malathion is applied by spraying, the solution is prepared 
in oil to avoid evaporation of small drops (BOUVIER et al., 
2006), which leads to an increase in product stability. SAVOY 
et al. (2011) analyzed an oily malathion solution stored in a poly-
ethylene bottle exposed to the external environment in São Paulo 
city for three months, during which malathion did not degrade. 

The soil used in this study was not reactivated because 
some low-income houses in Brazil, like slums, had no coat-
ing on the ground, and our objective was to determine the 
indoor conditions of residences. Biodegradation in dry soil is 
quite difficult because the absence of water limits the micro-
bial growth. After 240 and 360 days, even with a significant 
decrease in the concentration of malathion in the soil com-
pared to the initial one, there was still about 0.014 g i.a./g soil 
(90%) present at T240 and T360. This study did not assess 
the possible transfer of the product from contaminated soil 
to other surfaces or the toxicity of the concentration found 
in soil. Nonetheless, during summer, this product is used in 
greater quantities, and the concentration detected in the soil 
after 240 days may involve some risk to health.

During summer, children spend a great part of their time 
on the floor and in backyards wearing short clothes due to the 
high temperatures. The application of malathion increases dur-
ing this time due to the intense rains, which cause a high prolif-
eration of mosquitoes. In Brazil, this period also coincides with 
the summer break in schools, when children spend more time 
at their homes. Children who live in this environment may be 
at high risk of exposure, mainly by dermal contact and hand to 

mouth ingestion, due to their behavior. This is especially true 
for toddlers, as they are much closer to the floor, with a larger 
surface of their body exposed, compared to an adult. Moreover, 
they usually put their hands and other things into their mouths 
(WASON et al., 2013). An evaluation of the potential exposure 
from inhalation of atmospheric pesticides suggested that chil-
dren, toddlers, and infants are exposed not only more often, 
but also for a longer period and to higher pesticide concentra-
tions, which can lead to health risks (HUIZHEN et al., 2014). 

The parameters collected in this study were based on 
laboratory studies. If Brazil starts using malathion diluted 
in oil again, the next important step is to conduct field 
experiments for the relevant range of conditions. Despite 
the need to control the A. aegypti to prevent dengue fever 
and other diseases, extensive studies on the potential health 
effects of using malathion diluted in oil in urban conditions 
are essential, mainly because in some Brazilian cities, insec-
ticides are applied with doors and windows open and with 
the jet directed towards the interior of the residences for a 
maximum of five seconds (GOVERNO DO ESTADO DE 
SÃO PAULO, 2002).

CONCLUSIONS

Malathion diluted in oil is very stable and difficult to remove 
from surfaces. Malathion persistence was high in washed cot-
ton cloths, a surface that can come into direct contact with 
the body. Malathion hardly degraded in dry soil. 
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