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Abstract Methodology using solid phase extraction and

high performance liquid chromatography (SPE-C18/

HPLC–DAD) was applied to pesticide determinations in

ten water reservoirs in the semidarid region of northeastern

Brazil. The validated method was suitable for determina-

tion of herbicides and insecticide in surface water. The

recovery efficiency of atrazine, methyl-parathion and

simazine was approximately 70 %. The method also

showed good linearity and selectivity with correlation

coefficients (R) greater than 0.99. The limits of detection

were below the maximum residue limits (MRLs) estab-

lished by government agencies. Studied reservoirs showed

presence of atrazine at mean levels from 7.0 to 15.0 lg/L.

Simazine and methyl parathion were not detected during

the period. The atrazine levels measured from this semiarid

region are of the same magnitude as those found in regions

with moderate to high agricultural activity. According to

detected atrazine concentrations, the annual health risk to

humans was insignificant. However, the control of herbi-

cides is important to maintain the quality of water in the

reservoirs of Ceará, Brazil.

Keywords Pesticides � Contamination � Health risk �
Water resources � Solid phase extraction

The use of pesticides in Brazil has grown significantly in

recent decades. Since 2008, the country of Brazil has been

considered the largest consumer of pesticides in the world

(Milhome et al. 2015). In Ceará State, Brazil, more than

150 active ingredients of different classes are used in

agriculture (Gama et al. 2013). Based on the classification

from the Ministry of Agriculture, 48 % of the pesticides

used in Ceará State are in the extremely and highly toxic

classification, while 60 % are considered to be extremely

and highly hazardous to the environment (MAPA 2015).

Most active ingredients used in Ceará State present great

contamination risks to surface and ground waters (Milhome

et al. 2009; Gama et al. 2013).

Currently, there is growing concern in the scientific

community about the contamination of water, soil and food

by pesticides, especially in relation to substances that exhibit

chemical stability in the environment and toxicity (Barlas

2002; Soares and Porto 2007; Cavalcante et al. 2012; Sousa

et al. 2013; Yang et al. 2015). Singh and Gupta (2002)

conducted pesticide residues monitoring on different sources

of drinking water in Jaipur, India. The indiscriminate use of

pesticides has also been shown in several countries to be a

cause of increased incidences of cancer (Rigotto 2009).

Alachlor, atrazine, simazine and methyl-parathion are

herbicides and insecticides widely used in various major

crops, such as maize, cotton, beans and sugar cane. These

products present high/moderate toxicity and persistence in

the environment, causing risks to aquatic organisms and to

humans. Several cases of contamination in surface and

groundwater have been reported worldwide (Palma et al.

2004; Claver et al. 2006; Bortoluzzi et al. 2007; Ribeiro
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et al. 2013; Milhome et al. 2015). The herbicides (atrazine,

simazine, and clomazone) and insecticides (imidacloprid,

chlorpyrifos) were found by Bortoluzzi et al. (2007) in

waters (surface and wells) related to the production of

tobacco in Rio Grande do Sul, Brazil. In addition to the

World Health Organization (WHO), several environmental

agencies have encouraged the establishment of monitoring

programs to assess the quality of water resources in order

to ensure the protection of human health. For this purpose,

analytical methods have been developed and validated,

often aimed at detecting the level of trace contaminants

(Sabin et al. 2009; Albaseer et al. 2010). Maximum residue

limits (MRLs) are established by government agencies and

therefore the methods must have detection limits below

these levels.

A large amount of pesticides are used in State of Ceará,

but few studies have reported the contamination risk of the

water resources. Thus, the main objective was to determine

validation parameters and apply a method using solid phase

extraction and high performance liquid chromatography

(SPE-C18/HPLC–DAD) for the determination of pesticides

in environmental aqueous matrices. The validated method

was applied to the determination of herbicides and insec-

ticides in the water reservoirs situated in State of Ceará to

assess the impact of agricultural activity in the semiarid

region, with scarce water resources. The quality of these

water resources is fundamental to the development of the

region. Thus, the results reported in this paper should help

the environmental agencies develop monitoring programs

and control the levels of contamination.

Materials and Methods

Standards of the alachlor, atrazine, simazine and methyl-

parathion pesticides (purity [99 %) were purchased from

Sigma–Aldrich (São Paulo, Brazil). Stock and working

solutions were prepared with ultrapure water (Milli-Q

system, Millipore). The standard solutions were used for

calibration and determination of the validation parameters.

Acetonitrile and methanol (used in SPE) were of chro-

matographic grade.

Surface water samples were collected from the ten main

reservoirs (Pacatuba, Baturité, Itapiúna, Palhano, Oróz,

Crateús, Parambu, Iguatu, Assaré, Lavras da Mangabeira)

of Ceará State, as illustrated in Fig. 1. The samples were

collected in 1 L volumes, stored in amber vials and kept

under refrigeration (4�C) until analysis. The cleaning of

bottles and glassware and quality control measures were

conducted as described by standard methods (APHA et al.

2005).The extraction of pesticides and pre-concentration of

samples were performed using SPE method. Sorbent car-

tridges (C18, 500 mg) were conditioned with 10 mL of

methanol, followed by 10 mL of Milli-Q water. A volume

of 1 L of water sample was passed through the cartridge at

flow rate of 10 mL/min. The cartridge was then eluted with

2 mL of acetonitrile for extraction of analytes.

A Shimadzu liquid chromatograph (LC-10 AD model,

Kyoto, Japan) equipped with a diode array detector, DAD

(SPD-10AVP), and column oven (CTO-10AS) system for

the low-pressure pump (SL-10AVP) was used for pesticide

analysis. The pesticide separation was performed on a

Supelco C18 column (25 cm 9 4.6 mm i.d.; particles of

5 lm diameter) with the following chromatographic con-

ditions: gradient system with acetonitrile:water mobile

phase (initially 65:35 v/v, increasing to 85:15 v/v in 7 min,

then decreased to 70:30 v/v in 10 min); flow rate of

0.8 mL/min; detection at 220 and 270 nm; and injection

volume of 20 lL.

Method validation was optimized by studying the fol-

lowing parameters: selectivity, linearity, limit of detection

(LOD), limit of quantification (LOQ), precision and

recovery, according to ABNT (2005) and CITAC/EUR-

ACHEM (2002).The linearity of a method was observed by

the correlation coefficient (R) of the linear regression curve

(calibration curve). LODs and LOQs of method were

estimated as the lowest concentration of fortified water that

yielded S/N (signal to noise) ratios of 3 and 10, respec-

tively (ABNT 2005). Precision was estimated in terms of

repeatability of the measure (relative standard deviation,

Fig. 1 Location of sampling points in Ceará, Brazil
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RSD) from 10 determinations with a sample of known

concentration. Recovery was investigated with fortified

samples. A volume of 100 mL of solution containing

atrazine, simazine, methyl-parathion and alachlor (10 lg/L)

was percolated in C18 cartridges (pre-conditioned). Then,

the analyte was eluted with 2 mL of acetonitrile, and 20 lL

were injected into the HPLC.

A health risk assessment model (non-carcinogenic

chemicals) was used based on chronic daily exposures to

evaluate the exposure doses for humans (EPA 1992, 2014).

This model connected the level of environmental contam-

ination of the studied area to human health, showing the

potential risk of ingestion. Pesticide levels were converted

into doses using an exposure equation, considering the

exposure time, ingestion rate and body weight of an

average individual, according to methods of the U.S.

Environmental Protection Agency (EPA 1992, 2014).

The value of the oral reference dose (RfD) was used as

the threshold parameter for evaluating the exposure level of

ingested water (RfDAtrazine = 0.035 mg/kg day) (EPA

2014). The Rn
i is assigned as the non-carcinogenic con-

tamination to the average individual (i) health hazard

annual risk by intake pathway. Then, the individual aver-

age health risk of chemical non-carcinogens Rn
i is expres-

sed by Rn
i ¼ Di=RfDið Þ � 10�6=70, where RfDi is the oral

reference dose; the lifetime of residents was assumed to be

the standard 70 years; and Di is the unit weight exposure

dosage of chemical non-carcinogens through water inges-

ted. Di can be obtained by: Di ¼ 2 � Ci=70, considering

2 L as the average daily intake of drinking water for adults;

C is the concentration of contamination and 70 is the

average weight (kg) of people in the studied area.

Results and Discussion

Validation parameters (linearity, LOD, LOQ, precision and

recovery) are summarized in Table 1. The linearity of the

calibration curves were evaluated by the correlation

coefficient (R) ranging from 0.9922 to 0.9995. According to

ABNT (2005) and CITAC/EURACHEM (2002), R must be

greater than 0.99. The 2–20 lg/L linearity range was satis-

factory (1–20 lg/L for alachlor). The LOD was determined

based on the results obtained for the lowest fortified level

detected in the method and LOQ was the lowest fortification

level that resulted in good accuracy and precision. LODs and

LOQs of the method ranged from 0.004 to 0.24 lg/L and

0.012 to 0.72 lg/L, respectively (Table 1). The LODs and

LOQs have similar values compared to those reported in

other studies using liquid chromatography (Ribeiro et al.

2013). RSD values (precision) were obtained ranging from

3.9 % to 15.2 % (Table 1), which are satisfactory consid-

ering that values up to 20 % are acceptable for chromato-

graphic methods (ABNT 2005).

Recovery efficiency (RE) for alachlor, atrazine, para-

thion-methyl and simazine pesticides was determined by

spiking the samples (concentration of 10 lg/L). Alachlor

had the lowest recovery (approximately 30 %), while

atrazine, methyl-parathion and simazine exhibited satis-

factory recoveries ([60 %). According to ABNT NBR

14029 (2005), RE of 60 %–115 % is acceptable for a

concentration level of 10 lg/L. Milhome et al. (2011)

found recoveries varying from 70 % to 110 % using C18

cartridges applied to determination of residues in water

spiked with molinate, parathion methyl, malathion, chlor-

pyrifos, fenitrothion, pendimethalin and triazophos.

Ribeiro et al. (2013) conducted experiements using solid

phase extraction (styrene divinylbenzene-SDVB car-

tridges) for method validation of 16 pesticides in envi-

ronmental aqueous matrices (Rio São Lourenço-MT). The

method showed average recovery efficiency between 61 %

and 120 % (CV B 15 %) for 14 pesticides, with only two

active principles being considered to exhibit unsatisfactory

recoveries.

Various parameters, such as log Kow, log Koc and sol-

ubility, govern the recovery efficiency using adsorption,

e.g.: SPE, for the determination of hydrophobic organic

contaminants (Cavalcante et al. 2007; Jeanneau et al.

Table 1 Validation parameters

of the studied pesticides using

HPLC–DAD

Parameters Alachlor Atrazine Parathion methyl Simazine

Linearity (lg/L) 1.0–20.0 2.0–20.0 2.0–20.0 2.0–20.0

R 0.9932 0.9995 0.9922 0.9988

Linear coefficient (a) 8682.0 -4356.8 -2779 -3.092

Angular coefficient (b) 26.118 15.596 36.87 14.343

LOD of method (lg/L) 0.24 0.004 0.05 0.024

LOQ of method (lg/L) 0.72 0.012 0.15 0.072

Precision (RSD %) 8.9 3.9 15.2 10.6

Recovery efficiency, RE (%) 36 72 68 73

R = correlation coefficient from equation type y = a ? bx, where a is the linear coefficient and b is the

angular coefficient
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2007). Water solubility seems to be the parameter gov-

erning the extraction of the studied pesticides using SPE

because atrazine, simazine and methyl-parathion have

similar physico-chemical properties and alachlor has a

solubility (240 mg/L), approximately 7 to 48 times higher

than the other studied pesticides.

The alachlor recovery efficiency was relatively low

(36 %) and it was not quantified in the real samples.

Simazine and parathion-methyl were not present at con-

centrations above their detection limits. Atrazine was

detected in 60 % of the samples, at levels as high as

15.0 lg/L. Its concentrations in the study are compared to

concentrations reported in other studies in Table 2. The

Ministry of Health of Brazil (Portaria MS No 2914 DE

12/12/2011) established the MRL for atrazine of 2 lg/L.

The European Community (Directive 98/83/EC) estab-

lished a limit of 0.1 lg/L for individual pesticides and

0.5 lg/L for a total concentration of pesticides and

metabolites in drinking water (European Community

1998). In six of the reservoirs (Fig. 2), atrazine levels

exceeded the limits, making the water inappropriate for

human consumption. Atrazine levels ranging from 2.0 to

9.95 lg/L had been previously reported in the municipality

of Tianguá in the western part of the Ceará state (Arraes

et al. 2008). Similar atrazine levels were reported in areas

in Brazil with moderate to high agricultural activity (Armas

et al. 2007; Arraes et al. 2008; Nogueira et al. 2012). The

high levels of atrazine in Tejo Basin (Portugal) were due to

the application of atrazine over decades of extensive

agriculture in these regions. Pesticides levels detected in

the water resources of the municipalities studied are justi-

fied because atrazine is one of the most heavily used her-

bicide (Milhome et al. 2009; Gama et al. 2013).

The risk to human health was evaluated based on the

atrazine level detected in the water samples. Figure 2

shows the relation between the pesticide level and health

risk for water reservoirs in Ceará State. Although the

atrazine levels were more than three times above the

Brazilian and International MRLs, annual health risks were

insignificant (Fig. 2). The water reservoirs located in Cra-

teús, followed by Lavras da Mangabeira, presented the

highest risks.

The human health hazard, estimated from annual health

risk, caused by atrazine levels has a magnitude ranging

Fig. 2 Pesticide (atrazine)

levels and health risk of water

reservoirs in Ceará, Brazil

Table 2 Comparison of level

of pesticides in water reservoirs

from different locations

Local Atrazine

(lg/L)

Simazine

(lg/L)

Parathion-methyl

(lg/L)

References

Ceará-Brazil n.d.–15.0 n.d. n.d. This study

Ceará-Brazil 2.0–9.95 – – Arraes et al. (2008)

São Paulo-Brazil n.d.–2.7 n.d.–0.6 – Armas et al. (2007)

Minas Gerais-Brazil – – 12.3–27.4 dos Santos Neto and Siqueira (2005)

Mato Grosso-Brazil 0.25–9.3 – – Nogueira et al. (2012)

Marne River-France 0.05–2.05 0.01–1.54 – Garmouma et al. (1998)

Tejo Basin-Portugal 0.05–29.0 – – Cerejeira et al. (2003)
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from 10-10 to 10-11. This means that the human health

hazard or the risk of death is one in ten billion people. This

indicates that the human health hazard caused by atrazine

levels in water resources from the studied area is minimal

and will not be harmful to human health. Ni et al. (2009)

found an even lower human health hazard promoted by

non-carcinogenic substance levels in drinking water.

Atrazine as a photosynthesis inhibitor is more toxic to

plants than animals. Toxic effects of triazine herbicides on

aquatic plants were studied by Vryzas et al. (2009). Toxi-

city levels of atrazine to phytoplankton is 3 lg/L. Ventura

et al. (2008) found mutagenic effects in aquatic organisms

exposed to atrazine (at level of approximately 25 lg/L).

The detected levels of atrazine in this paper (up to 15 lg/L)

would be considered as unlikely to cause observable

adverse effects in reservoirs (Solomon et al. 1996; Diana

et al. 2000). Ecological risk for freshwater benthos and fish

have been associated with higher concentrations (greater

than 220 lg/L) for atrazine (Solomon et al. 1996) m g/L

for a saltwater macrophyte, and greater than 220 mg/L for

freshwater benthos and fish.

The validated method using SPE/HPLC–DAD for atra-

zine, methyl-parathion and simazine determination in

environmental aqueous matrices was satisfactory and

applicable to environmental studies. Six out of ten reser-

voirs showed the presence of atrazine. Levels were similar

to those reported in other areas of Brazil with intense

agricultural activities. Although the atrazine levels were

about 3–7 times above the Brazilian and international

MRLs, annual health risks were insignificant. However,

due to the presence of herbicides in the samples, it is

important to monitor and control pesticide residue levels in

the waters of the reservoirs of Ceará.
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A, Ferreira M, Silva-Fernandes A (2003) Pesticides in por-

tuguese surface and ground waters. Water Res 37(5):1055–1063

CITAC/EURACHEM (2002) Guide to quality in analytical chemistry.

URL: http://www.citac.cc/CITAC_EURACHEM_GUIDE.pdf

Claver A, Ormad P, Rodrı́guez L, Ovelleiro JL (2006) Study of the

presence of pesticides in surface waters in the Ebro River basin

(Spain). Chemosphere 64(9):1437–1443

Diana SG, Resetarites WJ Jr, Schaeffer DJ, Beckmen KB, Beasley BR

(2000) Effects of atrazine on amphibian growth and survival in

artificial aquatic communities. Environ Toxicol Chem 19(12):

2961–2967

dos Santos Neto AJ, Siqueira MEPB (2005) Analysis of organophos-

phorus pesticides in water using SPE C18 disks and gas

chromatography: evaluation of Furnas dam contamination. Quı́m.

Nova 28(5):747–750

Environmental Protection Agency (EPA) (1992) Guidelines for expo-

sure assessment FRL-4129-5. URL: http://www.epa.gov/ncea/

pdfs/partmatt/April1996/guidline.pdf. Accessed on 20 Mar 2015

Environmental Protection Agency (EPA) (2014) Integrated risk infor-

mation system (IRIS). URL: http://www.epa.gov/iris/iris-nrc.htm

European Community (EC) (1998) Council Directive 98/83/EC. URL

http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:

1998:330:0032:0054:EN:PDF

Gama AF, Oliveira AHB, Cavalcante RM (2013) Inventário de
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