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Abstract—The basin of the Corumbatai despite their considerable state of preservation, as regards quantity
and quality of water, deserves special attention since provide 100% of supply in the city of Piracicaba, SP and
other municipalities. Furthermore, in these cities it's expressive the intensive use of land for sugar cane
cultivation, where it is used, among other inputs, the pesticide fipronil. Despite the great importance of the
basin for the region, there are few studies that demonstrate the impact of agriculture and intensive use of
pesticides in water quality. Thus this study has as objective of the environmental monitoring in the basin of
the Corumbatai, determining the occurrence of residues of the pesticides fipronil and a group of
organochlorines (OCPs), which are: alachlor, chlordane, endosulfan, heptachlor and heptachlor epoxide,
lindane, metolachlor and methoxychlor in waters from differents collection points, and validate the
methodology for extraction and analysis by gas chromatography (GC-MS). The samples analyzed (40)
presented levels of OCPs and fipronil lower than allowed by Brazilian legislation.
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l. INTRODUCTION

Several hundred pesticides of different chemical nature are currently used for agricultural purposes all
over the world. Because of their widespread use, they are detected by determination of their residues in various
environmental matrices, such as soil, water and air. Pesticides are divided into many classes, of which the most
important are organochlorine and organophosphorous compounds. Organochlorine pesticides (OCPs) are known
to resist biodegradation and therefore they can be recycled through food chains and to produce a significant
magnification of the original concentration at the end of the chain. Pesticide residues reach the aquatic
environment through direct run-off, leaching, careless disposal of empty containers, equipment washings etc[1,
2,3,4].

Due to the long residence time of OCPs in the environment, there is still a great interest in examining
the pollution they cause [5, 6]. Their use has been prohibited in Brazil as well as in other countries, after
evidence of their toxicity, persistence and bioaccumulation in the environment became available. The most
OCPs have not been allowed for use in agriculture since 1985, although still use is allowed under specific
conditions. In the culture of sugar cane the allowed Maximum Residue Level for the endosulfan is 0.01 (sum)
and 0.1 mg.kg™ for alachlor.

Fipronil has been widely used in sugar-cane crops to control lepidoptera and orthoptera on crops and
coleoptera larvae in soils. The rise in fipronil consumption may be due to its effectiveness against insects that
are resistant to pyrethroids, organophosphate and carbamate insecticides. After reaching the environment, this
insecticide may have several fates as water, soil and biota [7].

The Corumbatai river sub-basin is of great socioeconomic importance for the state of So Paulo, which
the river of the same name, became the target of greater concern in recent years, when started to attend 100% of
water supply in the city of Piracicaba, SP. The surrounding area is mainly exploited by the culture of sugar cane
and is composed of soils with different physicochemical characteristics and soil varying from flat to hilly. There
is widespread concern about the environmental behavior of pesticides employed in this basin [8].

The Corumbatai river basin is located in the central-western of the state of Sdo Paulo, between parallels
22° 04' 46"S and 22° 41' 28"S and meridians 47° 26' 23"W and 47° 56" 15"W, is approximately 170.000 ha,
being that most section of its area is in the Peripheral Depression Paulista. It is divided into the following sub
basins: Alto Corumbatai (31801.68 ha), Passa-Cinco (52757.60 ha), Médio Corumbatai (29316.60 ha), Ribeirdo
Claro (28174.90 ha) and Baixo Corumbatai (28724.84 ha) [9].
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To study the fate and transport of pesticides in natural waters, very low detection limits must be
reached. The trace determination of pesticides requires both high performance analytical instruments and
efficient sample preparation. Analysis of natural waters for pesticides is recognized as complex, since several
hundred pesticides with different physical and chemical properties are widely used for agricultural purposes.
Analysis is also considered difficult and prone to errors due to the very low concentrations of the compounds
[10].

The Environmental Company of Sdo Paulo - CETESB is the agency of the State Government
responsible for the control and supervision of the water quality in the Corumbatai river basin, which performs
water sampling and analysis. According to the annual report released by the company in 2011 [11], among the
various parameters analyzed in the water, pesticide residues analyzes are not executed. According to the
environmental Legislation [12] establishing the conditions for a surface water is determined the monitoring of
organic compounds of different chemical classes, especially organochlorines, most of which have prohibited use
since 1985.

Some studies have been developed in the Corumbatai river sub-basin evaluating, for example, the
biogeodynamics of pesticides used in cultivation of sugar cane, metals in sediments and suspended materials,
water quality index (WQI) and chemicals in water and sediment, providing a improved knowledge and
monitoring of this important source of water for the region [8, 13,14].

The determination of pesticide residues in water samples is necessary to helping for solving various
environmental and biological problems. This paper describes the determination of the alachlor, chlordane,
endosulfan, heptachlor and heptachlor epoxide, lindane, metolachlor, methoxychlor and fipronil from the study
conducted in Corumbatai basin of state of Sdo Paulo, Brazil for a period from November 2006 to June 2007.
The objective is to provide an summary of the concentrations and frequencies of detection of OCPs and fipronil
in surfacewaters, by gas chromatography, utilizing two different methods of extraction.

. MATERIALS AND METHODS
2.1 Characterization of the study area
The Corumbatai river sub-basin (Fig. 1) is located in the central-eastern of the state of Sdo Paulo,
having most of their lands in the Peripheral Depression Paulista, includes the cities of: Analandia, Corumbatai,
Ipedna, Itirapina, Santa Gertrudes, Rio Claro, Charqueada and Piracicaba [14].
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Figure 1. Location map of the Corumbatai river sub-basin (adapted from Instituto de Pesquisas e Estudos
Florestais [15])
2.2 Sampling

For pesticide analysis it was established four collection points and monitoring of water in the basin and
during the collections was measured the following water quality parameters: temperature, dissolved oxygen,
turbidity, conductivity, pH, which were determined by using a multiparameter probe Horiba®.

Samples were collected during 8 (eight) months in order to achieve a result of the seasonal profile of
this region, and the collection and preservation of samples were performed according to ABNT [16]. The
frequency of collection points was collected monthly with the exception of point 1, which was quarterly. After
transportation to the laboratory, samples were stored at -20 °C and extraction was normally done within 7 days.
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2.3 Chemicals and instrumentation

The solvents used for the extraction hexane, isopropanol, methanol and acetone were obtained from
Merck (LC grade). The standards for the pesticides chosen for the study were obtained from Accustandart®.
Ultrapure water used to prepare spiked samples and as a solvent for SPE extraction was obtained from a Milli-Q
system (Millipore, Molsheim, France)

Analyses were conducted in laboratorie of Bioagri Environmental Ltda in partnership with Centre for
Nuclear Energy in Agriculture - CENA / USP - Laboratory of Ecotoxicology.

2.4 Chromatographic analysis

The pesticide residues were analyzed by gas chromatography (GC) using a Agilent Model 6890N and
quadrupole mass spectrometer Agilent Model 5973N. A capillary column Varian CP-Sil 8CB 35 m x 0.25 mm X
0.25um film thickness fused silica was used for the chromatographic separation of fipronil and Supelco SPB-35
30 m x 0.25 mm x 0.25 pm was used for the chromatographic separation of OCPs. Nitrogen was used as the
carrier gas and the injection technique was in the splitless mode.The GC conditions used are presented in Table
1.

Table 1.GC-MS conditions

Condition SPE Liquid-liguid extraction

GC-Injection volume 2 uL 2 uL

GC-Injector pressure 12.53 psi 24.7 psi

GC-Injector temperature 250°C 250°C

GC-purge flow 200 mL/min 205 mL/min

GC-Oven programming 100°C for 2 min; 60°C for 2 min;
100-250°C at 25°C/min; 60-220°C at 15°C/min;
250°C for 2 min 220°C for 7 min

220-300°C at 20°C/min

Total run time 10 min 23.67 min

GC-flow 1 mL/min 1 mL/min

MS- Transfer line temp. 300°C 300°C

MS-Source temp. 230°C 230°C

2.5 Analytical procedure

Solid Phase extraction followed by gas chromatographic detection [17] was used for the determination
of fipronil residues. Before use, SPE cartridges were conditioned successively with 3 mL 75:25 (v/v)
hexane:isopropanol, 500 puL methanol and 1 mL of MilliQ-water. Water samples (500 mL) were loaded under
vacuum at a flow rate of 10 mL min*. After sample loading, cartridges were dried under vacuum for 20 min.
After elution with 6 mL 75:25 (v/v) hexane:isopropanol the collected extracts were evaporated to dryness under
a gentle stream of nitrogen and redissolved in 1000 pL acetone.

Liquid-liquid extraction followed by gas chromatographic detection [18] was used for the
determination of OCPs residues. 1 | of the water sample was extracted by adding 60mL of dichloromethane
(three times with 20 mL) and shaking vigorously for 2 minutes. The extracts were combined and dried with
anhydrous sodium sulfate. The process was repeated with more 60 mL of dichloromethane. The resulting extract
was concentrated to exactly 2 mL using a rotary evaporator (Buchi R-215) and gentle nitrogen stream to 100
pL. Then, GC/MS analysis was performed as described in Section 2.4.

The mass spectrum of each compound was characterized in full-scan mode and selected-ion-monitoring
mode was used for all quantitative measurements. Retention times, m/z ratios, and limits of detection used for
quantitative purposes are given in Table 2. The limit of detection (LoD) for these compounds derived by use of
a signal-to- noise ratio 1:3. Blanks were performed for each batch experiment to monitor possible
contamination. No compounds were found in blank samples.
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Table 2. Retention times, m/z ratios, and limits of detection of OCPs and fipronil by gas

Chromatography

Pesticide Retention times (min) m/z ratios LoD (ug.L™)
fipronil 8.9 369-367-213 0.03
heptachlor 16.74 272-100-274 0.01
heptachlor epoxide 17.76 353-355-350 0.01
lindane 15.73 183-181-184 0.005
endosulfan 19.02 241-243-238 0.01
alachlor 16.55 160-188-146 0.004
chlordane 18.06 375-373-376 0.01
metolachlor 17.08 162-238-163 0.002
methoxychlor 20.12 228-212-114 0.003

The recommended surrogates p-terphenyl-d14 and 2-fluorobiphenyl [19] was used for to monitor
method performance with each sample concentration and extraction steps. Were added in a concentration of 250
ug.L™" in water samples extracted by SPE and 1.0 and 5.0 ug.L™ in the samples prepared by liquid-liquid
extraction.

1. RESULTS AND DISCUSSION

The correlation coefficient (r2) for each pesticide was more than 0.9961 for the selected range. The
limit of detection (LOD) was set as the lowest concentration with a signal-to-noise ratio (S/N) of at least 3,
while the limit of quantification (LOQ) was 10 times S/N. The LOQs ranged from 0.03 to 0.1 ug.L™ and were
adequate for the monitoring of the compounds studied in accordance with determined values by CONAMA
[12]. Recoveries at low (0.1 mg.L™), medium (0.5 mg.L™) and high (1 mg.L™) levels ranged between 108% and
123%, the RSD was between 1% and 5%.

Only limited data was available on contamination of pesticides in Corumbatai basin (Armas,2007;
Armas 2005).This study revealed that the OCPs and fipronil contamination in surfacewater samples was below
the allowed values in CONAMA (Table 3). The sediment has been increasingly used in studies to assess the
quality of aquatic ecosystems, because it represents the historical conditions of the influence of human activities
on these environments, not always detectable by the use of water variables. The interaction between sediment
and water column can be a source of contamination and interaction can occur through the revolving of the
sediment, for example, because of increased flow due to rainfall or activities affecting the bed of the river as
dredging operations, pipeline crossing, construction of support columns of bridges among others [11].

Table 3. Results of quantification of the compounds analyzed in the four points of the study

Pesticide : Pointzs (Hg.L™) ; . MPV(ﬁgTrlT;a 357
fipronil <0.2 <0.2 <0.2 <0.2 (ND)

alachlor <1 <1 <1 <1 20

chlordane <0.02 <0.02 <0.02 <0.02 0.04

endosulfan <0.03 <0.03 <0.03 <0.03 0.056

heptachlor + heptachlor epoxide < 0.01 <0.01 <0.01 <0.01 0.01

lindane <0.01 <0.01 <0.01 <0.01 0.02

metolachlor <1 <1 <1 <1 10

methoxychlor <0.01 <0.01 <0.01 <0.01 0.03

M.P.V. maximum permissible values
(ND) not determined

64



Evaluation of organochlorine pesticide residues and fipronil in Corumbatai river basin...

It is well known that most of the applied pesticides are subject to many transport and conversion
products. Thus, they do not remain at their target site but often enter in a aquatic environment via soil leaching,
air drift or surface runoff affecting abundance and diversity of non-target species producing complex effects on
the ecosystems and altering tropic interactions [20]. In addition, many pesticides eventually end up in ground
water and their transformation products may remain for years [21].

From large-scale studies that monitored herbicide losses to surfacewater it can be concluded that, on
average, less than 2% of the total mass applied within large catchments is ultimately lost to surfacewaters and
that losses occur primarily during and right after the application period [22]. Furthermore, such studies show
that weather conditions, soil type, land use, intrinsic properties of the compound, as well as point sources are
crucial factors influencing the overall herbicide loss from a watershed [22,23].

The monitoring of pesticide residues in water bodies, in hydrographic basins, is an onerous task and
low success in the real estimate of the risks associated with its use, since their occurrence in water bodies is
observed in peaks, and these are associated the application and rainfall and pedological factors favorable to its
displacement, which are temporally heterogeneous in the basin. This reduces the probability of obtaining
samples in a certain time and to assess risk and identify critical areas of the basin under study [14].

There are no records in the Brazilian legislation on acceptable limits of residues of fipronil in water
bodies, in this case the work was based on international studies, among them Hamilton et al., 2003 [24], which
established a limit of 0.5 pg L™ for residues of fipronil in water used for irrigated rice.

Due to its very low vapor pressure and Henry.s Law constant, fipronil is not likely to be found in the
air. Fipronil is readily transformed into its desulfinyl photodegradate when exposed to sunlight. This
photoproduct has a high affinity for insect GABA regulated chloride channels. Consequently, the photoproduct
is neurotoxic toward insects. Datas indicate that fipronil is much more susceptible to breakdown through
photolysis rather than hydrolysis in water. Under environmental pH fipronil is stable to hydrolysis with a half-
life of 1390 days at pH 7.1 (22° C). The laboratory photolytic halflife was 4.1 hours; suggesting that photolysis
is a more important pathway for the degradation of aqueous fipronil [25]. In metabolic studies it is observed that
there is a potential to bioaccumulate in fatty tissues of the desulfinyl [26].

According Rayton et al., 2006 [27] fipronil degrades slowly in water and sediments in anaerobic
conditions, with half-life between 116 and 130 days. The residues tend to remain in the upper layer of soil and
exhibit low potential for the leaching water depth, and in aquatic environments, fipronil residues water quickly
move to sediment.

V. CONCLUSION

In this study the level of OCPs and fipronil in water was investigated using two extraction methods by
GC-MS. Results showed that the levels of OCPs detected and fipronil were lower than the regulatory level.
Overall, the health risk associated with exposure to pesticides via water consumption was negligible. This sort
of study is useful to evaluate the effectiveness of legislative actions on the input of contaminants in the
environment. However, little research has been done on Brazilian watersheds.

Although not detected the presence of contaminants in the monitoring punctual, the damage to the
water quality of Corumbatai is mainly due to the increase of urban runoff and increasing industrial, extractive
and agricultural surroundings.
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