
Chapter 32

Presence of Illicit Drugs in Surface Waters

of Protected Natural Wetlands Connected to

Traditional Irrigation Systems and Urban Areas

J.A. Pascual Aguilar, V. Andreu, P. Vázquez, and Y. Picó

Abstract The Mediterranean wetlands are unique in biological diversity and they

offer multiple benefits constituting a great water reserve for the planet and to

produce biomass and nutrients for the trophic chain. However, the increasing

human impact and the socio-economic development of the last decades have

provoked important losses in these ecosystems. The work has been developed in

the Natural Park of La Albufera (Valencia, Spain), which includes a coastal lagoon,

marshlands, dunes and pinewoods, surrounded by rice fields in its non-urbanized

part. In spite of this great ecological value, it suffers impacts derived from the high

human and industrial occupation and of the hydrological contributions from the

connected irrigation systems. The study has been focused on the development of a

combined methodology based on environmental forensic principles to identify

illicit drugs and its spatial sources and implications. Results show that rather than

the pattern of population distribution the traditional irrigation system connected to

location of sewage treatment plants is the way to introduce the illicit substances in

the waters of the Natural Park.
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32.1 Introduction

Mediterranean coastal wetlands are of great interest for their richness in biodiversity.

They are also fragile systems because they are exposed to various human pressures

such as farming systems (Readman et al. 1993) and urban sprawl (Li et al. 2010) that

alter their ecological and environmental conditions.

Among other emerging contaminants, illicit drugs have also been detected in the

aquatic environment. As for therapeutic substances, the main source of contamina-

tion for illicit drugs is human consumption. These substances are detectable in

treated water and contaminate the receiving surface waters (Zuccato and

Castiglioni 2009).

Some works have studied the presence of illicit substances in river systems and

open water systems after passing through urban agglomerations and sewage treat-

ment plants, although very little has been researched to analyze flow paths and

water incorporation into permanent water bodies such as coastal lagoons. The aim

of this work is the development of an integral methodology to evaluate the presence

and spatial distribution of illicit drugs in surface water of the protected Natural Park

of l’Albufera de Vaelncia wetland to obtain the background on how such substances

travel from urban and agricultural systems to the protected area.

32.2 Study Area

The study has been applied to l’Albufera de Valencia Natural Park (Fig. 32.1),

located in the east of the Iberian Peninsula. The Natural Park is surrounded by a

very populated hinterland, due to the influence of the City of Valencia and its

metropolitan area. Major threats come from the activities developed by a popula-

tion of more than 1,200,000 inhabitants. Agriculture and intensive irrigation

systems developed in and out of the limits of the Natural Park are important threats

to the preservation of ecosystems and water quality.

The present Natural Park of l’Albufera is a territory of 274.4 km2, including its

marine area. Due to secular alterations, within its limits a large proportion of the

land is covered by rice fields, which occupy the primitive marshland, with only a

few hectares still in their natural state (Soria et al. 2002). In the continental margins

of the Natural Park, intensive irrigated agricultural gardens are also found.

A shallow water lagoon is located in the centre of the Natural Park. It is almost

circular in form and is an area of approximately 23.7 km2.

The hydrology of the Natural Park combines a complex human management

system with natural contributions, as the water comes from the historic irrigation

system, the main source of water inflows to the Natural Park. There is a very

dense system of overland artificial channels for irrigation with waters mainly

coming from the rivers of Jucar and Turia, which finally drains to the lake or

directly to the sea.
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32.3 Methodology

Methodology is based on an environmental forensics perspective integrating differ-

ent sources and data formats (Taylor 2004). It is organised around two major

procedures (Fig. 32.2): analysis of water samples and a spatial analysis with

Geographical Information Systems (GIS).

Initial data consisted of (1) statistic information to municipal level on number of

inhabitants and population density (inhabitants by square kilometre, h/km2) for the

Fig. 32.1 Location of the study area and sample points setting
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Fig. 32.2 Urban and agricultural (irrigation structure) contextualization of l’Albufera Natural Park

280 J.A. Pascual Aguilar et al.



year 2008 provided by the Spanish institute of Statistics; (2) an updated 2008 digital

layer on land cover distribution from the CORINE project (Bossard et al. 2000);

(3) a digitized map with municipal boundaries; (4) a point map with the location of

sewage waters treatment plants (STPs); (5) a digital layer of the traditional irriga-

tion systems (drainage networks and areas) as stated by Hermosilla Pla

(2006, 2007); and (6) 16 water samples spatially distributed over the Natural Park

collected in fieldwork campaigns during the year 2008.

Water samples were further treated with a method using solid-phase extraction

(SPE) and liquid chromatography tandem mass spectrometry (LC-MS/MS) for the

simultaneous determination of 14 drugs of abuse and their metabolites (cocainics,

amphetamine-like compounds, cannabinoids, and opiates; Vazquez-Roig et al. 2010).

From original tabular data and map layers, GIS procedures were applied to

derivate new map overlays (artificial covers such as urban and industrial surfaces)

and to obtain two municipal spatial indexes, the integrate percentage of urban and

industrial covers and the population density.

To identify the presence of illicit drugs in traditional irrigation systems with

geographical anthropogenic origins either GIS layers or results from the illicit drugs

determination with the SPE and LC-MS/MS method were compared in the GIS

environment.

32.4 Results and Discussion

The presence of illicit substances has been found in all out points analysed in the

traditional irrigation water network of the Natural Park (Table 32.1 and Fig. 32.2),

and corroborates that urban water still incorporates emerging contaminants, including

illegal drugs after STPs treatment (Boleda et al. 2009; Postigo et al. 2010).

Most evidence has been found in cocainics COC and metabolites (BECG and

ECGME), amphetamines (AMP and MDMA), methadone, codeine, morphine, and

THC-COOH, the main metabolite of THC, which were determined in water

samples at levels ranging from less than 0.14 to 78.78 ng/L. The highest

concentrations were determined in the water samples collected at sample PM6,

which can be related to direct spillage of residual waters from a close leisure zone.

The geographical presence of illegal substances can also be explained by a

combination of water pathways and multiuse. Residual water from urban areas,

after being treated in STPs, is introduced in the agricultural system for irrigation

uses and finally drainage into the lake (Fig. 32.2). Traditional irrigation systems are

vehicles to supply the presence of illegal substances into the Natural Park. So far, a

spatial relationship between population concentration and artificial surfaces with

the presence of drugs cannot be stated, although STPs drainage in the irrigation

network has to be understood as the mean of illicit drugs presence in the Natural

Park of l’Albufera.
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32.5 Conclusions

The combined method using water samples and spatial analysis integrated under an

environmental forensic approach has been effective to detect the presence of illicit

drugs in the Natural Park o l’Albufera.

There is no clear evidence of a geographical trend based on population density or

concentration or urbanized areas; in that case, further work should be done to

establish the effectiveness of STPs in purifying contaminated waters with illicit

substances.

The analysis has proven that the water paths of inflow waters to the Natural Park

are related to the overlapping of traditional irrigation systems and networks with

STPs.
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