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A monitoring program of pesticides was implemented in the “ZV1” vulnerable zone (Directive 91/
676/EEC) in Portugal, in order to assess the impact of intensive horticulture practices on groundwater
contamination. The monitoring network comprised 23 sampling points sampled every 3 months during
a 2-year period. Forty-two pesticides belonging to varied chemical families, including current pesticides,
persistent organic pollutants (POPs), and degradation products, were analyzed by solid-phase
microextraction (SPME) and gas chromatography with electron-capture detection-thermoionic specific
detection (GC-ECD-TSD) or mass spectrometry (GC-MS). Statistical treatment was performed by
descriptive analysis followed by chemometric multivariate analysis. The latter included cluster analysis,
linear discriminant analysis, and factor analysis. Twenty-two pesticides were quantitated, 20 pesticides
were not detected, and metalaxyl, benalaxyl, quinalphos, pirimicarb, and prometryn were only
qualitatively detected. The most frequently detected pesticides (% of samples analyzed) were lindane
(53%), pendimethalin (49%), endosulfan sulfate (44%), and endosulfan (38%) while those that most
frequently exceeded the 0.1 ug L~ European Union (EU) limit were pendimethalin (13%), endosulfan
(12%), endosulfan sulfate (11%), and atrazine (9%). 45% of the samples exceeded the EU limit for
individual pesticides while 27% exceeded the limit set to the sum of pesticides (0.5 ug L™1). Principal
component analysis revealed five principal components that were attributed to environmental/
agrochemical managing factors. The broad range of pesticides investigated combined with the
intensive character of the local agriculture contributed to the diversity of pesticides that were detected.
However, the frequency of pesticides above the EU regulatory limit is comparable to that found in
the literature concerning different Portuguese and European regions.
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1. INTRODUCTION (). The quality of groundwater, as far as the pesticides content
- . - . is concerned, has been traditionally assessed in the European
Pesticide regula_tlon falls V.Vl.thm two approaches: exhaustive Union in respect to the 98/83/EC D)i/rective which establisklloes

study of new candidate pesticides regulated under the Europeaqhe quality criteria of water intended for hu,man consumption
Union (EU) Directive 91/414/EEC, which advocates that . L7 o ’
pesticides shall not be found as water contaminants under normag;n%eeggi t:; %nsepzfc?]r;ce rrggj;?iggsllntévsebféisir?{rgézléggv;%tc?r:e(ss-
usage practices, and monitoring studies, as a means to dlsclosmé| the gro’undwater quality4]. Besides the limit set for

the present contamination status and assess the impact of newly . . L i . .
implemented measures. In Europe, monitoring groundwaters has),(nd'v'dual pesticides at 0,4g L= (0.03.g L for cyclodienes,

received somewhat less attention compared to surface waterj?::ﬁfgéte% ?Otzlélf:&)]’q Vc\:f pir;?illzigzlé S(gpeé'?_l_?)tt?nnmgna;fv%lt; the
and comprehensive monitoring surveys are urgently necessar cultivated areas, because of the large number of pesticides that
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orresponding author. Telephone: . Fax: ] : : H Ha
9364219, E-mail: mfalpendurada@iaren.pt. Pesticide contamination of groundwater might be anticipated
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