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RESUMEN 
 
 

Los efluentes presentan, en la mayoría de las ocasiones, mezclas complejas y 

variables de compuestos químicos, convirtiendo la caracterización química completa, 

en una labor costosa, lenta e incluso imposible en algunos casos.  

 

Muchos de estos compuestos son eliminados mediante procesos de tratamiento 

de aguas residuales, sin embargo existen compuestos que pasan las plantas 

depuradoras inalterados pudiendo producir efectos negativos sobre los ecosistemas 

receptores e incluso provocar, debido a procesos de bioacumulación o transporte, 

efectos negativos sobre ecosistemas alejados de los focos de emisión. 

 

En esta tesis se han puesto a punto distintas metodologías que permiten 

predecir, no sólo la toxicidad global de un efluente, sino también la capacidad de 

bioconcentración y persistencia de los compuestos presentes en el mismo. A su vez, se 

ha puesto a punto un modelo matemático que permite predecir el impacto negativo 

que pueden producir los efluentes sobre los ecosistemas en los medios receptores 

aunando los parámetros de toxicidad, persistencia y bioconcentración, representando 

los valores obtenidos mediante sistemas de información geográficos (SIG). La tesis 

está estructurada en cuatro capítulos. 

 

En el primer capítulo se plantearon tres objetivos: seleccionar una fibra de 

micro-extracción en fase sólida (SPME) capaz de extraer un elevado número de 

sustancias; comprobar la capacidad del SPME junto con la cromatografía de gases y 

espectrofotometría de masas (GC/MS) como método de rastreo de contaminantes; y 

por último, poner a punto metodologías de SPME-GC/MS para la cuantificación de 

distintos grupos de contaminantes. 

 

La fibra compuesta por DVB/CAR/PDMS mostró una mayor eficiencia para 

los compuestos seleccionados. Se constató mediante el método rastreo de 

contaminantes, la enorme cantidad de compuestos detectados en las muestras 

recogidas siendo una elevada proporción de éstos, sustancias que se utilizan en la 

fabricación de perfumes y cosméticos. Los métodos de cuantificación desarrollados 

mostraron buenos coeficientes de correlación así como bajos límites de detección y 
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cuantificación. Los resultados de los ensayos de recuperación mostraron una gran 

variabilidad que podría ser atribuida a la gran cantidad de materia orgánica presente 

en las muestras. 

 

El segundo capitulo presenta una metodología para evaluar la persistencia de 

efluentes basándose en los ensayos estandarizados de biodegradación para sustancias 

individuales. Los parámetros estudiados durante el ensayo fueron: carbono orgánico 

total (COT), evolución de la concentración de los contaminantes mediante SPME-

GC/MS y evolución de la toxicidad. 

 

 Los resultados obtenidos demuestran que el seguimiento de la toxicidad a lo 

largo del ensayo debe ser considerado en la evaluación de la persistencia de los 

contaminantes orgánicos presentes en los efluentes. Efluentes considerados 

biodegradables (según ensayos estandarizados) mostraron toxicidad durante todo el 

ensayo.  

 

En el tercer capítulo se desarrolló una metodología para la evaluación global 

de la peligrosidad de mezclas desconocidas, basado en el potencial de 

bioconcentración y la toxicidad, utilizando la combinación de dos metodologías: 

estimación del coeficiente de partición octanol-agua (Kow) mediante HPLC en fase 

reversa y utilización de los protocolos TIE (toxicity identification evaluation). 

 

El coeficiente de correlación obtenido para la estimación del Kow resultó 

aceptable. La aplicación conjunta de protocolos TIE y de las ecuaciones diseñadas, 

permite un refinamiento de los factores de seguridad aplicados en la evaluación de 

riesgo ambiental de efluentes. 

 

En el último capítulo de esta tesis se puso a punto un modelo matemático que 

permite la estimación del riesgo potencial de los efluentes sobre una cuenca 

hidrográfica concreta (Río Henares). Los objetivos fueron: utilizar un modelo para 

predecir el riesgo sobre organismos acuáticos usando dos aproximaciones 

(probabilística y determinística) y distintos ensayos químicos y biológicos, y 

demostrar la idoneidad del uso de Sistemas de Información Geográfica (SIG) en la 
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recopilación de información de partida así como para la representación de los 

resultados obtenidos.   

 

El resultado de ambas aproximaciones (determinística y probabilística) revela 

la presencia de compuestos químicos en el río Henares que pueden estar causando 

efectos sub-letales en las especies acuáticas presentes en el medio. Cada uno de las 

aproximaciones (determinística y probabilística) ofrece al gestor diferente 

información, siendo recomendable el uso de ambos simultáneamente. 

 

El uso de cartografía codificada por como salida de datos del modelo, puede 

ser aplicado en la gestión de cuencas hidrográficas y resulta una herramienta muy útil 

en la comunicación de riesgos. 
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SUMMARY 
 

Effluents present, in most of the cases, variable and complex mixtures of 

compounds, making very expensive, time consuming and sometimes impossible to 

perform a complete chemical characterisation. 

 

Many of these compounds are being efficiently eliminated in modern waste 

water treatment plants (WWTP), nevertheless there are still some substances that pass 

through WWTP unaltered reaching the environment. Some of these substances are able 

to cause negative effects on the species present at the receiving environment and even, 

due to bioaccumulation and transport processes, cause negative effects on ecosystems 

and species far away from the emission points. 

 

Throughout this thesis, different methodologies were developed bringing 

together chemical and biological aspects to achieve a global hazard assessment of 

effluents. These methodologies allow better predictions and understanding of, not only 

the whole effluent toxicity of a mixture, but also the bioconcentration potential and the 

persistence of the compounds present in the effluents. Additionally, a mathematical 

model has been set up allowing the prediction of the environmental risk produced by 

effluents spilling into a specific river basin (Henares river basin) combining toxicity, 

persistence and bioconcentration potential. Finally, the results obtained throughout the 

model were represented using Geographical Information Systems (GIS) to facilitate the 

risk communication and allow site-specific approaches. The thesis has been structured 

in four chapters. 

 

Through the first chapter of this thesis, different goals where aimed; first, to 

select an appropriate fiber between some of the coatings commercially available for 

solid phase micro-extraction (SPME) to detect a large group of organic contaminants; 

second, to check the capacity of SPME coupled to gas chromatography and mass 

spectrometry (GC/MS) as a screening method for unknown samples; and third, to 

develop SPME-GC/MS quantitative methods for three different groups of compounds. 

 

The DVB/CAR/PDMS showed better efficiency than the other three stationary 

phases tested. The results from the screening test showed a large quantity and variety of 
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substances found in the samples, being the majority of them, substances used in the 

perfume and cosmetics industry. Satisfactory calibration curves, quantification and 

detection limits were achieved with the quantification methods used. Nevertheless, very 

variable results were found in the recovery test which could be attributed to the high 

amount of organic matter present in the samples. 

 

In the second chapter of this thesis, a methodology for measuring the persistence 

of the compounds present in effluents adapting the standardized methods for single 

substances was achieved. A biodegradation test monitoring toxicity, total organic 

carbon (TOC) and the concentration of the compounds present in spiked effluents by 

SPME-GC/MS was carried out. 

 

The results from this test show the importance of measuring other parameters in 

the biodegradation studies such as the evolution of the toxicity. Effluents considered 

“ready biodegradable” showed toxicity throughout the whole test.  

 

 In the third chapter, a new methodology to evaluate the overall environmental 

hazard of unknown mixtures, based on bioconcentration potential and toxicity, was 

developed using a combination of two methodologies: the estimation of the octanol-

water partition coefficient (Kow) using reverse-phase high performance liquid 

chromatography (RP-HPLC) and, the Toxicity Identification Evaluation (TIE).  

 

The correlation values obtained for the Kow estimation were acceptable. The results 

showed how the method presented, can refine the safety factors that could be included 

in the environmental risk assessment of effluents in the future. 

 

 Finally, in the last chapter of this thesis, a mathematical model was optimized 

allowing the estimation of the potential risk of effluents in a specific river basin 

(Henares river basin). The objectives of this chapter were twofold: to develop a model 

which could predict the risk to aquatic organisms due to chemical mixture of 

compounds throughout a river basin using two approaches (probabilistic and 

deterministic) and different biochemical essays and, to demonstrate that the use of GIS 

technology for gathering input data and afterwards represent the model outputs 

throughout risk maps is a suitable technique for environmental risk assessment.  

 x



 

 The values obtained through both approximations (deterministic and 

probabilistic) reveal the presence in the Henares River of certain substances that might 

cause sub-lethal effects in the aquatic species present in the environment. Each one of 

the approximations can supply the stake holder with different information, hence could 

result very positive to use them together. 
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Introducción General 

Contaminación acuática 

 

 La gran capacidad del agua de disolver casi cualquier tipo de sustancia ha llevado 

a los seres humanos desde tiempos ancestrales a la creencia errónea de que el agua tiene 

la  asombrosa capacidad de autodepurarse. Desde hace miles de años e incluso hoy en 

día en algunas partes del planeta, los seres humanos hemos resuelto nuestros problemas 

de contaminación tanto sólida como líquida de la manera más sencilla imaginable, 

arrojándolo al agua, enterrándolo o quemándolo pensando así, que desaparecían.  

 

 Esta filosofía se ha traducido en que los sistemas naturales ya no son capaces de 

eliminar la enorme cantidad de sustancias que produce el ser humano y por lo tanto el 

sistema se está saturando produciendo un fuerte impacto sobre los animales y las plantas 

así como en los seres humanos. 

 

La era moderna de las plantas de depuración de aguas comenzó en el año 1920 con 

la creación de la primera planta en Alemania en la que se utilizaba un proceso pionero 

por el cual se purificaba el agua utilizando lodos activos de bacterias para eliminar 

sustancias orgánicas. La primera planta en Estados Unidos fue inaugurada en 

Washington D.C. en 1934 y en Moscú a finales de los años 30 (Lanz 2006). A partir de 

entonces, tanto las plantas de tratamiento de aguas residuales (EDAR) como las plantas 

de tratamiento de agua potable (ETAP) han experimentado una gran evolución. Sin, 

embargo, incluso las más modernas plantas en la actualidad están llegando a sus límites. 

También se ha demostrado en multitud de estudios, que existen ciertas sustancias 

químicas que son capaces de atravesar inalteradas las más modernas plantas de 

tratamiento como son algunos fármacos, las hormonas sintéticas o las sustancias de 

cuidado personal presentes en perfumes, cosméticos, y demás.  

 

 Cerca de 500 millones de toneladas de aguas residuales industriales y lodos se 

filtran a las aguas subterráneas o fluyen hacia ríos, lagos y océanos cada año, 

contaminando éstos con metales pesados, disolventes, detergentes, aceites, ácidos, 

bases, sustancias radioactivas, y muchos miles de diferentes compuestos orgánicos. A 

éstos, habría que añadir más de cien millones de toneladas de fertilizantes, varios 

millones de pesticidas usados en la agricultura, más todo tipo de compuestos presentes 
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en otros 700 millones aproximadamente de agua residual mayormente sin tratar  que se 

producen anualmente en países industrializados (Lanz 2006). 

 

 Más específicamente en Europa, el European Chemical Information System 

(Allanou 1999) lista aproximadamente 100.000 sustancias químicas como posibles 

contaminantes del medio acuático a las que hay que añadir cerca de 3300 sustancias que 

se utilizan como medicamentos (Siegrist 2003). Si sumamos a esto los metabolitos 

formados a partir de estos compuestos, el número de contaminantes orgánicos que llega 

a las plantas de tratamiento alcanza la centena de miles. 

 

 Todos estos compuestos que se encuentran distribuidos en el medio ambiente 

pueden causar efectos adversos sobre los seres humanos y sobre las especies vegetales y 

animales presentes en los diferentes ecosistemas. Los niveles de polución que causan  

efectos negativos sobre las especies que reciben la contaminación provocan, a su vez, 

desequilibrios en la cadena trófica produciendo grandes desequilibrios sobre los 

ecosistemas.  

 

 A raíz de estas observaciones y de la creciente preocupación de algunos sectores 

de la población por los efectos que producían estos contaminantes sobre los 

ecosistemas, nació en 1977 el término de “ecotoxicología”, acuñado por Truhaut, que lo 

definió como “rama de la toxicología que estudia los efectos tóxicos de sustancias 

naturales o artificiales, sobre los seres vivos que constituyen la biosfera” (Truhaut, 

1977). Más tarde, la definición de ecotoxicología fue descrita como “la ciencia que trata 

de predecir el impacto de los compuestos químicos sobre los ecosistemas” (Levin 1989) 

o como “campo de estudio que integra los efectos toxicológicos y ecológicos de los 

contaminantes químicos sobre los ecosistemas y el comportamiento (transporte, 

transformación y degradación) de dichos contaminantes en el medio” (Forbes and 

Forbes 1994) o como “la ecología en presencia de contaminantes” (Chapman 2002).  

 

 Dentro de la ecotoxicología se encuentra la ecotoxicología acuática que se define 

como “el estudio de los efectos de los compuestos químicos manufacturados y de otras 

actividades y materiales de origen antropogénico o natural (denominados agentes 

tóxicos o sustancias tóxicas) sobre organismos acuáticos a distintos niveles biológicos 
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de organización, desde organismos celulares a organismos, comunidades y ecosistemas 

(Rand 1995).  

 

 La ecotoxicología acuática es una disciplina que se nutre a su vez de otras 

disciplinas científicas básicas. Es necesario entender los factores químicos (fenómenos 

de oxidación, hidrólisis y fotólisis), físicos (estructura molecular, solubilidad, 

volatilidad y sorción) y biológicos (biotransformación, bioacumulación, etc.) que 

afectan a las concentraciones ambientales de los contaminantes, para determinar como 

los potenciales agentes tóxicos actúan en el medio ambiente y determinar la exposición 

potencial de los organismos acuáticos (Rand 1995).  

 

 Actualmente, los límites de emisión o fabricación de las sustancias químicas están 

calculados a partir de las concentraciones que producen efectos negativos sobre los 

humanos y sobre los organismos presentes en el medio ambiente utilizando los ensayos 

toxicológicos y ecotoxicológicos.  

 

Evaluaciones de riesgo ambiental 
 

  El origen de las evaluaciones de riesgo se remonta varias décadas atrás. En 1983, 

el Consejo Nacional de Investigación Norteamericana (US National Research Council, 

NRC), mediante el llamado “Red Book” definió una serie de principios  a considerar 

para la evaluación de riesgo para la salud humana y los definió como un proceso en el 

cual se analiza la información para determinar si un peligro ambiental puede causar 

daños a las personas expuestas y a los ecosistemas (NRC 1983). 

 

  Fue a finales de la década de los 80 y principios de los 90 y debido a la creciente 

preocupación por la contaminación ambiental, que estas evaluaciones se extrapolaron y 

se comenzaron a aplicar para evaluar los riesgos de los contaminantes sobre los 

ecosistemas (Bartell 1992; USEPA 1992). A partir de entonces, diversas organizaciones 

internacionales como la Organización Mundial de la Salud (OMS), la Organización para 

el Desarrollo de la Cooperación Económica (OECD), la Agencia Norteamericana para 

la Protección ambiental (USEPA), o el Centro Europeo de Ecotoxicología y 
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Toxicología de Sustancias Químicas (ECETOX), han trabajado intensamente para su 

mejora, consiguiendo progresos considerables (Brandbury 2004; van der Oost 2003).  

 

Las Evaluaciones de Riesgo Ambiental (ERA) constituyen la mejor herramienta 

disponible para dar soporte con base científica, a la toma de decisiones por parte de los 

responsables de la gestión (Jonhston 2002). Hoy en día las evaluaciones de riesgo se 

emplean prácticamente en la totalidad de los campos científicos, desde la prognosis de 

los pacientes mentales hasta el control de las actividades industriales (Tarazona 2003).  

 

De esta forma, las evaluaciones de riesgo, tal como reconoce el comité 

Científico Director de la Unión Europea, son una herramienta fundamental en los 

ámbitos de la salud humana, la seguridad alimentaria, y la protección del medio 

ambiente (SSC 2000). 

 

Dentro de la Unión Europea, las evaluaciones de riesgo ambiental se 

desarrollaron como soporte de las normativas sobre autorización y control de las 

sustancias químicas (Pugh y Tarazona 1998). Estas evaluaciones se incorporaron 

inicialmente a los procedimientos establecidos a través de varias directivas europeas que 

se aplicaban para grupos de sustancias específicos como fitosanitarias, a través de la 

Directiva 91/414/CE, los medicamentos veterinarios, a partir de la directiva 

2001/82/EEC, medicamentos de uso humano, Directiva 2001/83/EEC, etc.  Sin 

embargo, con la creación del Reglamento REACH (CE 1907/2006) todas las 

legislaciones se aúnan con el objetivo de realizar un mejor control sobre las sustancias 

que se utilizan en la industria. 

 

Una ERA es un proceso por el cual se identifica la probabilidad de que un 

determinado agente químico produzca efectos ecológicamente adversos (USEPA 1992) 

o el proceso de estimación y caracterización de la posibilidad de que efectos adversos 

derivados de acciones humanas ocurran, hayan ocurrido o puedan ocurrir en el medio 

ambiente (Rand 1995). 

 

A pesar de que las ERA evolucionaron a partir de las evaluaciones de riesgos en 

humanos, éstas no tienen por qué estructurarse de la misma manera, ya que las primeras 

son considerablemente más complejas. Esta mayor complejidad viene definida por un 
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considerable mayor número de indicadores debido a un mayor numero de especies y 

mayor nivel de organización biológica, mayor cantidad de rutas de exposición, modos 

de acción tóxica y efectos indirectos. Esta mayor complejidad, a su vez, implica un 

incremento en las mediciones, en los ensayos a realizar y en las herramientas de 

modelización a utilizar.  

 

Para el desarrollo de las evaluaciones de riesgo ambiental es necesario un 

conocimiento multidisciplinar ya que hay que trabajar en varias áreas del conocimiento 

como son la química, la toxicología y la ecología. 

 

Existen dos tipos de ERA: 

 

1. ERA prospectiva, en la cual se estima el futuro riesgo que conlleva poner en el 

mercado un determinado compuesto químico. 

2. ERA retrospectiva, en la que se estima el riesgo derivado de acciones que han 

sucedido en el pasado y/o que siguen sucediendo en el presente. 

 

En algunos casos, ambas se dan en una misma ERA. 

 

Las ERAs siguen el siguiente diagrama general (figura 1) en el que se aprecian 

3 fases fundamentales y bien diferenciadas del proceso: definición del problema, 

análisis del riesgo y caracterización del riesgo. 
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Fase 1 Definición 
del problema

Fase 2 Análisis del riesgo

Fase 3 Caracterización del 
riesgo

Paso 1: Nivel de antecedentes-
Formulación del Problema y 
evaluación de efectos ecológicos.

Paso 2: Nivel de antecedentes-
Estimación de la exposición y cálculo 
del riesgo.

Paso 3: Formulación del problema

Paso 5: Verificación del diseño de los 
estudios de campo

Paso 4: Diseño del estudio y calidad 
de los datos

Paso 6:Investigación sobre el 
emplazamiento y análisis de datos

Paso 7: Caracterización del riesgo

Paso 8: Gestión del riesgo
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Figura 1. Proceso para la evaluación de riesgos ambientales propuesto por la US EPA 

(1998). Se representa en tres fases, cada una de las cuales incluye una serie de 

procesos específicos. 

 

 

I. Definición del Problema 

  

 En esta fase se define el propósito de la evaluación, se describe el problema y se 

determina un plan para analizar y caracterizar el riesgo. En este paso se incluye la 

integración de toda la información disponible sobre las fuentes, los agentes estresantes, 

los efectos y los ecosistemas presentes en los medios receptores. 

 

A partir de esta información se generan tres nuevos productos: la elección de los 

parámetros adecuados a determinar, el desarrollo de los modelos conceptuales y el plan 

de análisis. Los parámetros a determinar deberán representar valores ecológicos 

definiendo unidades específicas (especies, poblaciones, comunidades, ecosistemas, 
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hábitats), así como atributos cuantificables de éstas, de manera que sea posible 

establecer relaciones causa-efecto. 

 

Los modelos conceptuales describen las relaciones claves entre el agente 

causante (en este caso químico) y los parámetros a determinar. Estos modelos 

conceptuales constituyen la pieza clave que une el problema que se quiere analizar con 

la metodología necesaria para abordarlo. Pueden incluir los procesos que tienen lugar en 

los ecosistemas y que repercuten en la respuesta de los receptores (organismos) así 

como también pueden describir vías de exposición. 

El plan de análisis es el producto final dentro de la formulación del problema que indica 

la manera en la que se llevará a cabo la evaluación de riesgos.  

 

 

 

II. Análisis del riesgo 

 

Esta fase es sin duda la más importante dentro de las evaluaciones de riesgo. En 

ella se valorará la cantidad de agente en el medio y los efectos que produce el agente 

estresante sobre los organismos expuestos.  

 

Para la ERA el análisis del riesgo es más complejo que una evaluación de riesgo 

en humanos debido a los múltiples parámetros a determinar y modos de exposición y 

por la gran importancia de las características del medio en el cual se produce la 

exposición. Por ello es necesario definir las fuentes, describir los diferentes escenarios 

de exposición y determinar los parámetros a medir (endpoints). 

 Caracterización de la exposición. 

 Mediante este proceso se estima la dinámica temporal de la concentración del 

contaminante en el lugar de exposición de los organismos. Consiste en la estimación de 

las propiedades físico-químicas del contaminante que determinará el transporte de la 

sustancia a través de los distintos compartimentos, la modelización de los procesos de 

transporte y trazabilidad y estimación de las rutas de exposición a los organismos 

presentes en el medio. Los dos primeros pasos están actualmente bien desarrollados, sin 
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embargo los procesos de absorción de los contaminantes por los organismos son 

parámetros difícilmente entendibles, aunque ampliamente estudiados. 

 

La descripción del medio receptor incluye una descripción de la sustancia en 

cuestión, la matriz en la que va disuelto, la concentración, y cualquier variación 

temporal en la composición incluyendo vertidos intencionados y accidentales. La 

información referente a la cantidad del compuesto en cuestión que va a ser liberada al 

medio ambiente, normalmente, la proporciona la industria interesada en obtener la 

licencia de dicho compuesto.  

 

Para evaluar la exposición de los organismos a un determinado compuesto 

también será necesario conocer la persistencia así como la capacidad de bioacumulación 

del compuesto en el medio receptor. Cuanto mayor sea la persistencia del compuesto, 

mayor es el tiempo de exposición al contaminante y la emisión continuada supondrá una 

acumulación en el medio ambiente. El parámetro de bioacumulación es importante para 

conocer la exposición secundaria dentro de la cadena trófica, esto es, la exposición a 

través del alimento de los distintos organismos así como los seres humanos que se 

sitúan en el nivel más alto de la cadena. 

 

Los datos de exposiciones estimados mediante modelos o QSARs (Quantitative 

Structure-Activity Relationship) serán posteriormente contrastados con medidas 

realizadas en campo en caso de que fuera posible. 

 Caracterización de los efectos 

 Consiste en determinar los efectos negativos que produce el agente estresante 

sobre los parámetros biológicos seleccionados. Mediante esta fase se establece la 

relación entre el grado de exposición y la naturaleza, severidad y duración de los 

efectos. 

Los efectos se cuantifican principalmente mediante la realización de ensayos 

ecotoxicológicos expresados con parámetros como LC50 (concentración que produce la 

muerte del 50% de los organismos testados), EC50 (concentración que produce un 

determinado efecto sobre el 50% de los organismos ensayados), NOEC (concentración 

más alta a la que no hay efectos observables), etc. 
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El principal problema en la caracterización de los efectos es la extrapolación de 

los efectos medidos en condiciones experimentales a la situación real en el medio 

receptor. En general, las especies ensayadas no son las mismas que las que se 

encuentran en el medio, las etapas de vida ensayadas no se corresponden con la 

realidad, las condiciones de laboratorio no son las condiciones reales, la duración de la 

exposición en laboratorio no refleja la duración a la que están expuestos los organismos 

en la realidad, los parámetros de medición seleccionados están a un diferente nivel de 

organización biológica (en laboratorio, en la mayoría de las ocasiones se realizan 

ensayos a nivel de organismo y en la realidad los efectos se han de valorar a nivel de 

población o ecosistema). Para contrarrestar estas variaciones con la realidad se utilizan 

distintas extrapolaciones.  

 

El primer tipo de extrapolación y el más utilizado es multiplicar los valores de 

toxicidad obtenidos por factores, denominados factores de seguridad, factores de 

corrección o factores de valoración  (Mount 1977). Este tipo de extrapolación tiene la 

ventaja de la simplicidad  pero tiene la desventaja de ser más generalista. El segundo 

tipo de extrapolación, es la aplicación de modelos estadísticos en los cuales se realizan 

regresiones lineales entre distintas respuestas. El tercer tipo de extrapolación trata de 

desarrollar modelos matemáticos para simular el efecto que se va a producir en los 

organismos presentes en el medio a partir de valores medidos. Para la realización del 

segundo y tercer caso de extrapolación es necesario un gran volumen de datos, siendo 

por esto los menos utilizados en el ámbito de la UE.  

 

III. Caracterización del Riesgo 

 Corresponde a la última etapa de la ERA. Es el proceso por el cual, mediante la 

combinación de los perfiles de exposición y de efectos, se estima la severidad y 

probabilidad de que ocurra un efecto adverso sobre una población/ecosistema tras la 

exposición a una sustancia. 

 

La estimación del riesgo es la relación entre la concentración de contaminante 

que no produce un efecto negativo sobre las especies y las concentraciones estimadas o 

medidas del contaminante en los diferentes compartimentos ambientales (aire, agua, 

suelo, sedimento…). La estimación del riesgo se realiza de forma escalonada de 
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complejidad creciente de tal forma que en una primera aproximación se haría una 

evaluación genérica utilizando siempre el peor caso posible esperado y en caso de que 

exista riesgo se irá refinando tanto la exposición como los efectos para una segunda 

evaluación y así sucesivamente.  

 

Lo más habitual para la caracterización del riesgo es la utilización del cociente 

exposición/efectos expresado como: PEC (Predicted Environmental Concentration) 

dividido entre PNEC (Predicted No Effect Concentration) aplicando los factores de 

seguridad correspondientes para reducir la incertidumbre. También puede expresarse 

como Cociente de Peligro (acrónimo de Hazard Quotient) o mediante un cociente 

inverso (efectos/exposición) denominado TER (acrónimo de Toxicity Exposure Ratio) 

dependiendo del tipo de compuesto. 

 

Actualmente, existe una gran controversia científica acerca de cuales son los 

valores aceptables de riesgo y existen diferentes evaluaciones de riesgo dependiendo del 

tipo de compuesto. Por ello, existe una clara intención por parte de las instituciones 

europeas de mejorar y armonizar los protocolos ERA. Para ello fue aprobado el 18 de 

Septiembre de 2006 el reglamento REACH (Registration, Evaluation, Authorisation and 

Restriction of Chemicals)(EC 2006). Este reglamento supone una reforma total del 

marco legislativo sobre sustancias y preparados químicos en la UE. Su objetivo es 

garantizar un alto nivel de protección de la salud humana y el medio ambiente. Trata a 

su vez de aumentar la velocidad y eficacia del proceso de evaluación del riesgo e 

involucrar a importadores y productores de productos químicos en dicho proceso. 

 

Evaluación de riesgo de efluentes 
 

  La Real Academia de la Lengua Española define “efluente” como “líquido que 

procede de una planta industrial”, sin embargo, el término tiene un significado más 

amplio en el mundo de la ecotoxicología ambiental; cualquier descarga de agua residual 

realizada desde un foco puntual es comúnmente llamada  “efluente” (SETAC 2004). Se 

refiere por tanto a cualquier descarga líquida realizada desde una fuente puntual y no de 

forma difusa. Los efluentes, tanto de origen industrial como de origen urbano suelen 

contener cientos o miles de sustancias de los cuales, solo algunas son las responsables 
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de la toxicidad. Además, la matriz de dichos efluentes puede cambiar sustancialmente a 

lo largo del tiempo (diariamente, mensualmente, anualmente,…). 

 

  La comunidad científica dedicada a la toxicología acuática se percató hacia el 

año 1940 de que no era posible predecir o medir efectos biológicos en las aguas 

receptoras a través de la monitorización química (Grothe 1995). No es posible realizar 

bioensayos para todos los compuestos químicos presentes en un efluente, además de 

todas las posibles combinaciones entre éstos. Si a esto, le añadimos la falta de 

información ecotoxicológica de la mayoría de los compuestos que se comercializan, se 

hace todavía más difícil la caracterización individual de cada unos de los compuestos 

presentes en las mezclas. 

 

  Esto, llevó a medir la toxicidad de los efluentes como un conjunto así como la 

toxicidad en las masas de agua receptoras de estos efluentes. Estos ensayos 

ecotoxicológicos siempre han tratado de llevar en paralelo una caracterización química 

para poder relacionar los efectos tóxicos con la presencia de compuestos químicos. Los 

ensayos ecotoxicológicos fueron evolucionando incluyendo múltiples diluciones y 

tratamientos y los métodos y las especies utilizadas se fueron estandarizando, 

permitiendo así la comparación de resultados entre distintos laboratorios.   

 

Ensayos WET 

 

  Los primeros ensayos estandarizados para evaluar la toxicidad en organismos 

acuáticos de los efluentes fueron desarrollados en Estados Unidos a través del programa 

NPDES (Nacional Pollutant Discharge Elimination System) autorizado a partir del 

Clean Water Act. El NPDES establece unos límites de calidad del agua, basados en la 

habilidad de los seres vivos de sobrevivir o reproducirse bajo la exposición al efluente, 

y por lo tanto derivan de los resultados obtenidos a través de la aplicación de ensayos 

Whole Eflluent Toxicity (WET) (Rand 1995). Los ensayos fueron evolucionando, 

añadiendo nuevas especies e identificando las especies presentes en el medio receptor. 

Estas mejoras se fueron introduciendo en paralelo a los ensayos de sustancias puras así 

como en los ensayos WET. Las herramientas desarrolladas por el NPDES son hoy en 
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día ampliamente utilizadas, no solo en las fuentes de contaminación puntuales sino 

también para medir contaminación difusa. 

 

  La toxicidad observada por medio de los ensayos WET puede ser causada por 

múltiples factores que pueden actuar tanto de forma independientemente como sumados 

entre sí. Los factores causantes de la toxicidad pueden ser los siguientes: 

 

Factores químicos: 

- Contaminantes inorgánicos como: amoniaco, cloro o metales pesados. 

- Contaminantes orgánicos como: dioxinas, PCBs, pesticidas organoclorados, etc. 

Factores físicos: 

- Sólidos disueltos o en suspensión 

- Temperatura 

Factores biológicos: 

- Bacterias, hongos o parásitos invertebrados 

 

  La ventaja de la utilización de los ensayos WET sobre los análisis químicos de 

sustancias individuales es que las propiedades tóxicas de las muestras de agua se 

determinan de forma integrada, y los efectos interactivos, que pueden ocurrir cuando 

hay presentes varios contaminantes, se evalúan directamente. Con los métodos de 

ensayo biológico, es posible determinar la afección medioambiental de un efluente 

complejo. La aplicación del WET es normalmente más rápida y económica que una 

caracterización química extensa, y por tanto podrían simplificar la reglamentación. 

Evaluación global de Efluentes (WEA) 

 

  El concepto de Whole Effluent Assessment (WEA) fue adoptado por la 

“Comisión de Oslo y Paris” en el año 2000 (OSPAR Commission 2000). La evaluación 

global de efluentes es una metodología para evaluar corrientes de aguas residuales 

complejas, y es complementario al uso de parámetros indirectos como DQO (demanda 

química de oxígeno), AOX (compuestos halogenados adsorbibles) o EOX (compuestos 

halogenados extraíbles). La finalidad es evaluar la posible peligrosidad de los efluentes, 

que estaría insuficientemente controlada si se basa solo en las indicaciones químicas 
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proporcionadas por estos parámetros suma o por límites establecidos para compuestos 

químicos individuales (CE 2003). 

 

  WEA es un término cada vez más utilizado en el ámbito europeo y engloba una 

combinación de evaluación de la toxicidad, bioacumulación, persistencia y 

genotoxicidad  de los efluentes así como otras medidas como la demanda biológica de 

oxigeno (DBO), carbono orgánico total (COT) o AOX. 

 

  La convención para la protección del medioambiente marino del Noreste 

Atlántico (la Convención de OSPAR) fue firmada en 1992 y entró en vigor en al año 

1998. Esta convención ha sido ratificada por Bélgica, Dinamarca, Finlandia, Francia, 

Alemania, Islandia, Irlanda, Luxemburgo, Países Bajos, Noruega, Portugal, Suecia, 

Suiza y Reino Unido y aprobada por la Comunidad Europea y España. 

 

  Mediante esta Convención se trata de poner en común información acerca del 

estado del medio ambiente marino así como el desarrollo de metodologías para la 

medición y el control de las fuentes de contaminación que afectan a este medio. 

   

  El WEA se comenzó a utilizar como herramienta complementaria al 

denominado “OSPAR Hazardous Substances Strategy”. Los objetivos del Hazardous 

Substances Strategy  son: alcanzar niveles bajos de sustancias nocivas en el medio 

marino, reducir de forma continuada las descargas, emisiones y fugas de sustancias 

nocivas, evaluar estas sustancias bajo el concepto PBT (sustancias Persistentes, 

Bioacumulables y Toxicas) y evaluar los resultados de forma que se traduzcan en 

disminución de las sustancias nocivas en las aguas superficiales (OSPAR 2005). 

 

  WEA trata de predecir los efectos negativos de los efluentes que no pueden ser 

explicados mediante el concepto PBT de sustancias individuales. Es un hecho ya 

aceptado por la comunidad científica que tan sólo el 20 % de las sustancias presentes en 

mezclas complejas puede ser identificado químicamente. Cuando los efectos adversos 

son medidos en los efluentes, sedimentos o aguas superficiales, solo una pequeña parte 

de estos puede ser atribuida a las características de PBT de los compuestos 

identificados. Por lo tanto, si solo se evaluase las características PBT de las sustancias 

identificadas se estaría obviando una gran parte de las propiedades PBT del efluente. 
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  Aunque la propuesta de sustancias “substance approach” usada tanto en la 

estrategia OSPAR como en la Directiva Marco del Agua, el reglamente REACH o la ley 

de Prevención y Control integrados de la Contaminación  (IPPC), ha dado muy buenos 

resultados disminuyendo la concentración de sustancias nocivas en el medio marino 

(OSPAR 2005), también se ha demostrado que tiene ciertas limitaciones especialmente 

cuando el medio que se examina tiene una composición compleja de numerosas 

sustancias como es el caso de efluentes, sedimentos y aguas superficiales. Por un lado, 

de todas las sustancias químicas que se arrojan al medio, tan sólo un número limitado de 

ellas puede ser detectado y cuantificado químicamente y por otro lado, de todas esas 

sustancias que pueden ser determinadas químicamente sólo existe información acerca de 

las características PBT de un número limitado de ellas. Hallar las propiedades PBT de 

una sustancia es un proceso laborioso y costoso y por tanto no es viable realizarlo para 

cada una de las sustancias identificadas. 

 

  Debido a estas limitaciones surgió la necesidad de diseñar ensayos capaces de 

predecir los efectos negativos que muestras complejas como efluentes, sedimentos o 

aguas superficiales producen sobre los ecosistemas.  

   

  En la figura 2 se muestra cuando es aplicable el WEA y cuando es aplicable la 

caracterización por sustancias individuales. Se describe un proceso industrial básico en 

el cual se produce una entrada de compuestos químicos, un proceso de fabricación del 

producto y un agua residual al cual se le realiza algún tipo de tratamiento. 

 

  En un proceso de WEA es recomendable siempre incluir análisis químicos así 

como otros parámetros físico-químicos como el COT, pH, DBO, conductividad, etc. 

 

  La evaluación global de efluentes se utiliza ampliamente, tanto fuera como 

dentro de la UE. La diferencia en la aplicación del WEA en los distintos países radica 

en los tipos de ensayos que se utilizan para evaluar la toxicidad, persistencia, 

bioacumulación y genotoxicidad. 
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Figura 2. Aplicación del WEA dentro del proceso de emisión de contaminantes al 

medio acuático. 

 

   

Dentro de la UE, la aplicación de la WEA en el contexto de reglamentación es amplia: 

 

- Alemania utiliza rutinariamente estándares de toxicidad y genotoxicidad como 

estándares ecotoxicológicos para efluentes de distintos sectores industriales. 

También existe un programa de investigación y desarrollo de WEA. 

- Irlanda, durante estos últimos años, ha establecido valores límite de emisiones 

en términos de Unidades Tóxicas (UT) para efluentes descargados en aguas de 

industrias con Control Integrado de Contaminación. Además, las industrias que 

descargan a una planta de tratamiento de aguas residuales municipal pueden 

tener también la obligación de realizar ensayos de toxicidad y respirometría. 

- En Suecia, la caracterización de efluentes se utiliza para evaluar el tratamiento 

de efluentes. Se realiza normalmente mediante un chequeo en las nuevas 

instalaciones de producción.  

- Reino Unido, ha implantado la evaluación de toxicidad directa (DTA) para 

descargas de efluentes. 

- En Holanda se aplica la WEA desde el año 2005, después de una fase de 

investigación y desarrollo.   

 

19 



Introducción General 
 

  En cualquier caso, la aplicación de la metodología WEA en la mayoría de los 

países se restringe a la aplicación de WETT pero no al resto de metodologías para 

evaluar persistencia, bioacumulación o genotoxicidad. 

 

  En el caso de España los vertidos industriales están regidos por una serie de 

normativas. Mediante la orden MAM 1873/2004 se establecen las autorizaciones 

previas necesarias para verter cualquier líquido al medio ambiente. La ley 10/1993, de 

26 de octubre establece la disciplina para vertidos y establece aquellos tipos de industria 

que deberán presentar autorización y queda prohibido el vertido de cualquier residuo 

que contenga cualquiera de los compuestos que aparecen en el anexo I (sustancias 

peligrosas) así como los límites de concentración de determinadas sustancias.  

 

  Sin embargo, no existe en la legislación española obligatoriedad de someter los 

efluentes a ensayos de toxicidad que determinen el impacto que estos pueden producir a 

los ecosistemas receptores. 

 

WEA en la política Europea 

 Directiva Marco del Agua: 

  Dentro de los objetivos establecidos en Directiva Marco del Agua (UE 2000) se 

describen unos objetivos de calidad de las aguas como “buen estado químico de las 

aguas” y “buen estado ecológico de las aguas”. Dentro del estado químico de las aguas, 

existe una selección de sustancias prioritarias, control de vertidos y objetivos de calidad 

basados, todo ellos, en propiedades intrínsecas de las sustancias nocivas como la 

persistencia, el potencial de bioacumulación y la toxicidad (PBT) de la misma forma 

que lo hace la estrategia “substance approach” de OSPAR. Para todas aquellas 

sustancias clasificadas como “sustancias prioritarias” se establecen medidas de 

eliminación. 

 

  Para el control del “estado ecológico de las aguas” se establecen unos objetivos 

de calidad en los cuales se evalúan la estructura ecológica del medio afectado así como 

las sustancias prioritarias que son vertidas en dicho medio. 
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  Por lo tanto, el WEA puede suponer una herramienta muy útil para la 

consecución de los objetivos planteados en la directiva marco del agua sin embargo no 

se hace alusión a la misma a lo largo del documento. 

 IPPC 

  La Ley 16/2002, que traslada a la legislación española la Directiva 96/61/CE del 

Consejo, tiene por objeto evitar, reducir y controlar la contaminación de la atmósfera, el 

agua y del suelo, mediante el establecimiento de un sistema de prevención y control 

integrados de la contaminación, con el fin de alcanzar una elevada protección del medio 

ambiente en su conjunto. Dentro de la ley se establecen unos límites de emisión de 

algunas sustancias enumeradas en el anexo III de dicha ley. 

 

  Uno de los elementos más importantes de la Directiva de  IPPC es el 

intercambio de información acerca de las “mejores técnicas disponibles” (MTD) para la 

medición de las sustancias prioritarias, con la publicación de documentos de referencia 

(BREF). En algunos de estos BREF se hace referencia a los procedimientos WEA como 

métodos útiles en el control de la contaminación por lo que parece que estos 

procedimientos se irán implantando de manera paulatina para el control de las 

emisiones. 
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General Introduction 

Water contamination 
 
 

The great capability of water to dissolve almost any kind of substance has led the 

humans from thousand of years ago, to the erroneous idea that water has the faculty of 

autodepurating. Since thousand of years ago till now in some places of the earth, 

humans have solved our solid and liquid contamination problems by the easiest way 

imaginable, throwing them into the water, burying them or burning them, believing that 

they simply disappear. 

 

This philosophy has caused that natural systems are not able to eliminate the huge 

amount of substances produced by humans anymore, leading therefore to a saturation of 

the natural systems and producing a great impact on animals, plants and humans.  

 

The era of modern sewage plants started around 1920 with the creation of the first 

plant in Germany introducing a novel purifying process employing activated sludge 

bacteria to consume and remove organic matter. Since then, waste water treatment 

processes and water purification technologies has experienced a great evolution. 

Nevertheless, even modern sewage treatment facilities are reaching their limits.  

 

It has also been demonstrated that there are certain compounds like 

pharmaceuticals, personal care products (PCP), synthetic hormones and some pesticides 

that are able to go through the Sewage Treatment Plants (STP) without being 

completely degraded. 

 

Approximately 500 million tons of industrial waste waters and sludge are filtered 

to the ground water  or flow to the rivers, lakes and oceans every year contaminating 

them with heavy metals, solvents, detergents, oils, acids, bases, radioactive substances 

and thousands of different organic compounds (Lanz 2006). 

 

More specifically in Europe, the European Chemical Information System (Allanou 

1999) lists approximately 100.000 organical chemical substances plus more than 3.300 

substances used as medicaments (Siegrist 2003) without taking into consideration all the 
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metabolites and new substances created. So basically, the amount of chemical organic 

substances that reach the STP´s is enormous.  

 

All these compounds distributed along the different environmental compartments 

cause different effects on humans, animals ad plants. The pollution levels cause 

negative effects in the receiving species leading to trophic chain disorders and therefore 

to high impacts over ecosystems. 

 

These constantly increasing observations, the concern of some sectors of the 

population about the negative effects that these contaminants where causing in the 

environment, led in 1977 to the term “ecotoxicology”. The term was conceived by 

Truhaut, who defined it as the “branch of toxicology that studies the toxic effects of 

natural or artificial substances on living organisms that constitute the biosphere” 

(Truhaut 1977). Later on, the definition of ecotoxicology was described as the “science 

that tries to predict the impact of the chemical compounds on the ecosystems” (Levin 

1989) or as “field of study which integrates the toxicological and ecological effects of 

the chemical contaminants on the ecosystems and the behaviour (transport, 

transformation and degradation) of these contaminants in the environment” (Forbes and 

Forbes 1994) or as the “ecology in the presence of contaminants” (Chapman 2002).  

 
 Among the “ecotoxicology” there is the aquatic toxicology which can be defined 

as “the study of the effects of the manufactured chemicals and other anthropogenic and 

natural materials and activities (collectively termed toxic agents or substances) on 

aquatic organisms at various levels of organization, from subcellular through individual 

organisms to communities and ecosystems” (Rand 1995). 

 

The aquatic toxicology is a discipline based on other basic scientific disciplines. It 

is necessary to understand chemical factors (oxidation, hydrolysis or photolysis), 

physical factors  (molecular structure, solubility, volatility and sorption) and biological 

factors (biotransformation, bioaccumulation, etc) that affect the environmental 

concentration of the chemical contaminants, in order to determine how the potentially 

toxic agents act in the environment and determine the potential exposure of the aquatic 

organisms (Rand 2005). 
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At the moment, the emission or fabrication limits of the chemical substances are 

calculated from the concentrations that produce negative effects on humans and the 

organisms present in the environment using toxicological or ecotoxicological tests. 

 
 

Environmental risk assessment 
 

The origin of the risk evaluations comes from several decades in the past. In the 

year 1983, the United States National Research Council (NRC), through the “Red 

Book” defined several principles to consider for the human health risk assessment and 

defined it as a process in which the information is analyzed in order to determine if an 

environmental hazard can cause harm to the people exposed and to the ecosystems 

(NRC 1983). 

 

It was at the end of the 80s and beginning o the 90s and due to the increasing 

concern about the environmental contamination, that these human risk assessments 

where extrapolated and began to be used to evaluate the risk of the contaminants to the 

ecosystems (Bartell 1992; USEPA 1992).  Since then, diverse international 

organizations like the World Health Organization (WHO), the Organization for 

Economic Co-operation and Development (OECD), the United States Environmental 

Protection Agency (USEPA), or the European Centre for Ecotoxicology and Toxicology 

of Chemicals (ECETOC), have been working intensively for its progress, achieving 

considerable improvements (Brandbury 2004; van der Oost 2003). 

 

The environmental risk assessments (ERA) constitute the best available tool to 

give support with scientific base, to the decision making of the stakeholders (Jonhston 

2002). These days risk evaluations are used practically in every scientific field, from the 

mental diseases prediction to the control of the industrial activities (Tarazona 2003).  

 

In this aspect, risk evaluations, as it is recognized by the Director Scientific 

Committee   of the European Union, are a basic tool in the human health, food security 

and environmental protection. (SSC 2000). 
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Inside the European Union, the ERAs where developed as a support of the 

chemical substances control and authorisation legislation (Pugh and Tarazona 1998). 

These evaluations where initially incorporated to the established proceedings  through 

several European directives that where applied to specific group of substances like plant 

protection products, Directive 91/414/EEC, veterinary products, Directive 2001/82/EC, 

or medical products for human health, Directive 2001/83/EC. Nevertheless, since the 

creation of the REACH reglament (CE nº 1907/2006), all legislations are unified in one 

with the intention of reaching a better control of the chemical substances used in 

industry. 

 

An ERA is a process by which the probability that a specific chemical agent can 

produce negative ecological effects is identified (USEPA 1992) or the process of 

estimating and characterizing the likelihood that adverse effects of human actions on the 

nonhuman environment will occur, are occurring, or have occurred (Rand 1995). 

 

Even though ERAs where developed from the human health risk assessment, they 

don’t necessarily have the same structure. The ERAs are much more complex due to a 

considerable higher amount of indicators due to a higher amount of species, higher level 

of biological organization, and different routes of exposure, modes of toxic action and 

indirect effects.  

 

This greater complexity, implies a greater amount of measurements in the essays 

performed and in the modelling tools to use. For the development of the ERA, it is 

necessary a multidisciplinary knowledge since there is a need in working in several 

areas like chemist, toxicology or ecology.  

 

There are two types of ERA: 

 

1. Prospective ERA, which estimates the future risk that can be produced by 

introducing in the market a new chemical substance. 

2. Retrospective ERA, which determines risk derived from actions that have 

been taking place in the past or are taking place in the present. 

 

Sometimes both types ERA can be developed at the same time. 
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 ERAs follow the next general diagrams (figure 1) in which there are three 

fundamental different phases in the process, problem formulation, risk analysis and risk 

charcaterization. 
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Figure 1. Process for the environmental risk assessment poposed by the USEPA (1998). 

Three different phases are represented including a series of specific processes inside 

each phase.  

 

I. Problem definition 

  

The purpose of the evaluation is defined in this stage, the problem is defined and 

a plan is determined for analysing and characterizing risk. 

This phase includes the integration of all the available information about sources, 

stressing agents, the effects and the ecosystems present in the receiving environment. 

From this information, three new objectives are generated: the adequate endpoints, 

development of conceptual models and the analysis plan. 
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The endpoints should represent ecological values defining specific units (specie, 

population, community, ecosystem, habitat), and quantifiable attributes of the units, in 

order to allow cause-effect relationships.  

  

 The development of conceptual models means describing the key relations 

between the agent (in this case, a chemical product) and the endpoints. Conceptual 

models represent the keystone unifying the problem to analyze and the methodology 

needed to approach it. The models can include the processes taking place in the 

ecosystems that affect the response of the receptors (organisms) and can also describe 

routes of exposure.  

 

 The analysis plan is the final product in the problem formulation and indicates 

how the risk evaluations will take place. 

 

II. Risk analysis 

 

 This phase is, without any doubt, the most important in risk assessment. Through 

this phase an evaluation of the amount of product disposed in the environment is 

estimated and the effects that this product might cause to the exposed organisms are 

predicted. 

In ERA, risk analysis is more complex than human health risk assessment due to the 

multiple endpoints, modes of exposure and to the great importance of the characteristics 

of the receiving environment. In this step is necessary to define the sources, describe the 

different exposure scenarios and determine the endpoints. 

 

Exposure characterization 

  

Throughout this process, the dynamic trend of the contaminant concentration is 

determined for the receiving environment. It consists in the estimation of the physico-

chemical properties of the contaminant which will; determine the transport of the 

substance through the different environmental compartments, model the transport 

processes and traceability and estimate the routes of exposure of the receptor organisms. 
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The first two processes are well developed, nevertheless the absorption processes of the 

contaminant into the organisms is a deeply studied and not so comprehended issue.  

 

 The description of the receptor environment includes a description of the 

substance, the matrix in which the compound is dissolved, the concentration and any 

other temporal variation in the composition including intentional or accidental spills. 

The information concerning the amount of compounds that will reach the environment 

is responsibility of the industry.  

 

To evaluate the organisms exposure to the compound it is also necessary to 

understand other parameters such as persistence and potential for bioaccumulation of 

the test compound. As longer is the persistence, longer the time of exposure to the 

contaminant and the continuous emission will lead to an accumulation of the compound 

in the environment. The bioaccumulation potential is an important issue for the 

secondary exposure through the food chain affecting other organisms on higher levels in 

the trophic chain reaching even humans.  

 

The exposure data estimated through models or QSARs (Quantitative Structure-

Activity Relationship) will be compared to field measurements. 

 

Effect characterization 

 

Consists in the determination of the negative effects that an stressor can cause to 

the biologic parameters selected. Throughout this step, the relation between the 

exposure and the severity and duration of the effects is established. 

 

The effects are mainly quantified using ecotoxicological assays and expressed 

with parameters such as LC50 (concentration producing the mortality of 50 % of the test 

organisms), EC50 (effective concentration for the 50 % of the test organisms), NOEC 

(concentration at which there are no observable effects), etc. 

 

 The main problem in the effect characterization is the extrapolation from the 

measured effects in laboratory conditions to the real environment situation. In general, 
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the tested species are not the same that in the exposure scenario neither are the life 

stages tested, the duration of the exposure, the environmental conditions, etc. To thwart 

this variations different extrapolations can be used. The first type of extrapolation and 

the most commonly used is based in the multiplication of the values obtained through 

ecotoxicity test by a “safety factor” also called “uncertainty factor” or “correction 

factor” (Mount 1977). The second type of extrapolation is the application of statistic 

models using linear regressions between different responses in different organisms. The 

amount of studies necessary for this type of extrapolation is very high and so, it is no so 

commonly used. The third type of extrapolation, tries to develop mathematical models 

to simulate the effect that the stressor will produce in the organisms present in the 

receiving environment from measured values. This kind of extrapolation is used when 

no ecotoxicity test have been made. 

 

III. Risk characterization 

 

It is the last stage of the ERA. Is the process in which, combining the exposure 

profiles and the effects, the severity and the probability of occurring an adverse effect to 

population/ecosystem after the exposure to the agent is established. 

 

The risk estimation is the relation between the concentration of a specific 

contaminant not producing any adverse effect and the estimated or measured 

concentrations of the contaminant in the different environmental compartments (air, 

water, sediment, soil, etc). The most commonly used for the risk characterization is the 

quotient exposure/effects expressed as Predicted Environmental 

Concentration/Predicted No Effect Concentration (PEC/PNEC) applying the 

correspondent safety factors to reduce uncertainty. It can also be expressed as Hazard 

Quotient or through Toxicity Exposure Ratio (TER) which is the quotient 

effect/exposure. 

 

There is a great scientific controversy around the selection of acceptable risk 

values, and therefore there is a clear intention from the European institutions to 

harmonize the ERA protocols. The 18th of September of 206 the REACH (Registration, 
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Evaluation, Authorisation and Restriction of Chemicals) (EC2006) norm entered into 

force. This norm means a total reform in the chemical substances European legislation 

with the intention of guaranteeing a high level of human health and environment 

protection. At the same time REACH will reinforce the efficiency and speed of the risk 

evaluation   compromising importers and producers of chemical compounds in the 

process. 

Risk assessment of effluents 
 

The dictionary defines “effluent” as a “liquid from an industrial plant”, 

nevertheless, this term has a wider significance in the field of environment 

ecotoxicology such as “any waste water discharge form a point source” (SETAC 2004). 

Effluents, either from industrial or urban origin normally contain hundreds or thousands 

of chemical compounds among which, only a few are responsible of the toxicity 

produced. Also, the matrix containing these substances might change drastically daily, 

monthly or annually.  

 

Scientist dedicated to aquatic toxicology realised around 1940 that it was not 

possible to predict or measure biological effects in the receiving waters by chemical 

characterization (Grothe 1995). Neither is possible to perform bioassays for every 

compound present in an effluent and all the possible combinations among them. 

Additionally, there is a lack of information regarding the ecotoxicological effects of the 

majority of the compounds that are commercially available. Therefore, the risk 

evaluation through chemical characterization is not feasible. All these matters led to the 

measurement of the toxicity of the effluents as a whole. These ecotoxicity test has 

always been carried out in parallel with chemical characterization to be able to relate the 

toxic effects with the presence of certain chemical compounds. The whole effluent 

toxicity tests (WETT) advanced over time, including multiple dilutions and treatments. 

The methods and species used where standardized, allowing the comparison of results 

among different laboratories. 
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Whole effluent toxicity tests (WETT)   

 

 The firsts standardized test to evaluate the toxicity to aquatic organisms of 

effluents where developed by the United States though the NPDES program (National 

Pollutant Discharge Elimination System) authorised from the Clean Water Act. The 

NPDES establishes water quality limits, based on the ability of living organisms to 

survive o reproduce under the exposure of an effluent, and therefore derive from the 

results obtained trough the application of WETT (Rand 1995). The assays were 

improved adding new species and identifying species present in the receptor 

environment. These improvements where introduced in parallel to the individual 

substances tests. The tools developed by the NPDES are nowadays widely used not only 

for the point source contamination but also for diffuse contamination. 

 

 The toxicity observed by WETT can be caused by several factors that can act 

independently or additively. The factors causing the toxicity can be: 

 

Chemical factors such as: 

- Inorganic substances like ammonia, chlorine or heavy metals 

- Organic contaminants like dioxins, organochlorine pesticides, etc. 

Physical factors such as: 

- Dissolved or suspended solids 

- Temperature 

Biological factors such as: 

- Bacteria, fungi, or invertebrate parasites 

 

The advantage of using WETT versus the use of individual chemical 

characterization is the integral analysis of the toxic properties of the sample and the 

interactive effects that can occur in the presence of various contaminants evaluated 

directly. WETT determines of the environmental effect of an effluent as a whole. The 

application of WETT is usually faster and economically more convenient than a 

complete chemical characterization, and therefore can simplify the legislation. 
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Whole effluent assessment (WEA)   

 

 The Whole Effluent Assessment (WEA) was adopted by the Oslo and Paris 

Commission (OSPAR Commission) in the year 2000 (OSPAR Commission 2000). The 

WEA is a methodology to evaluate complex waste water flows, and is additional to the 

use of indirect parameters such as oxygen chemical demand (COD), adsorbable organic 

halogen compounds (AOX) or extractable organic halogen compounds (EOX). The aim 

is to evaluate the possible hazard of effluents, that is insufficiently controlled if only 

based in the chemical indicators provided by these parameters or by establishing limits 

for chemical compounds individually (EC 2003).  

 

 In Europe, WEA is nowadays a commonly used term and includes a 

combination of toxic evaluation, bioaccumulation, persistency and genotoxicity of the 

effluents just as other measurements such as COD, total organic carbon (TOC) or AOX. 

 

 The Convention for the Protection of the Marine Environment of the North-East 

Atlantic (the “OSPAR Convention”) was opened for signature in 1992 and entered into 

force in 1998. This convention has been ratified by Belgium, Denmark, Finland, France, 

Germany, Iceland, Ireland, Luxemburg, the Netherlands, Norway, Portugal, Sweden and 

the United Kingdom of Great Britain and Northern Ireland and has been approved by 

Spain and the European Community. The convention tries to put in common 

information about the general state of the marine environment and about the 

development of new methodologies for the measurement and control of the sources of 

contamination that might affect this environment. 

 

 WEA started being used as a complementary tool to the so called “OSPAR 

Hazardous Substances Strategy”. The main objectives of the Hazardous Substances 

Strategy are: reaching low levels of harmful substances in the marine environment, 

reducing the discharges, emissions and spills of harmful substances, evaluate these 

substances under the PBT concept (persistent, bioaccumulable and toxic compounds) 

and evaluating the results in the way that translates in the reduction of these substances 

in the water environment (OSPAR 2005). 
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 WEA tries to predict the negative effects of the effluents that cannot be 

explained by the PBT concept of individual substances. It is scientifically accepted that 

only 20 % of the substances present in complex mixtures can be identified chemically. 

When the adverse effects (PBT) are measured in effluents, sediments or water, only a 

small portion can be attributed to the PBT characteristics of the identified compounds. 

Therefore, if only the PBT of the identified compounds was evaluated, a great portion 

of the PBT of the whole mixture would be obviated.  

 

 Even tough the substance approach, so commonly used in the OSPAR or in the 

Water Framework Directive, REACH or IPPC (International Plant Protection 

Convention), has evidenced very good results in diminishing the concentration of 

harmful substances in the marine environment (OSPAR 2005), it has been demonstrated 

to have some limitations especially when complex mixtures like effluents, sediments or 

ground water are evaluated. In one hand, among all the chemical substances that are 

being disposed in the environment, only a small percentage can be determined and 

quantified chemically, and in the other hand, among all the substances that can be 

determined chemically there is PBT information available of a limited number of them. 

To gather PBT information of a particular compound is a very laborious and sometimes 

expensive process and therefore is not viable to develop for every identified compound 

in a mixture. 

 

 Due to these limitations, it became necessary to design tests capable of 

predicting the negative affects that complex mixtures like effluents, sediments or 

ground waters can produce to the ecosystems. Figure 2 shows when the application of 

WEA is possible and when the use of the substance approach is feasible. A basic 

industrial process is described in which an input of chemical product takes place, a 

manufacturing of a product, and waste water is treated in any way. 
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Figure 2. Application of WEA in the emission of contaminants process. 

 

  In a WEA process it is recommended to include chemical analysis of the sample 

and other physical-chemical parameters (COT, pH, COD, conductivity, etc. The WEA 

is widely used inside and outside the European Community. The differences in the 

application of WEA in the different countries lie in the types of assays that they apply 

for the PBT evaluation.  

Inside the European Community, the application of WEA in the regulation context is 

broad: 

- Germany uses as a routine, toxicity and genotoxicity standards for effluents 

from different industrial sectors. They are also developing a research and 

development program on WEA. 

- Ireland, during the last years, has established limit values of emissions in terms 

of “Toxic Units” (TU) for the ffluents discharged in industries with Integrated 

Contamination Control. Additionally, industries discharging into a municipal 

WWTP can have the obligation of performing toxicity and respirometry tests.  

- In Sweden, effluents characterization is used in order to evaluate the specific 

treatment to use. It is done in a daily basis for new industrial sites. 

- Great Britain has introduced the Direct Toxicity Assessment (DTA) for effluents 

discharges. 
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- In Holland the WEA has been applied since 2005, after a research and 

development phase. 

 

As can be seen, the application of WEA in most countries is restricted to the use 

of whole effluent toxicity test but not to the rest of methodologies in order to 

comprehend the persistence, bioaccumulation or genotoxicity of effluents. 

 

 In the Spanish case the industrial effluents are included in several national 

regulations. The Spanish order MAM 1873/2004 establishes the authorizations needed 

for spilling any kind of effluent into the environment. The Spanish law 10/1993 

establishes the specific discipline for any kind of effluent or disposal of any matrix 

containing any of the substances specified in its Annex I (dangerous substances) and the 

concentration limits for each of the compounds.  

 

Nevertheless, there is a lack in the Spanish legislation of any obligations to 

develop toxicity test to the mixtures in order to determine the negative impact that these 

mixtures can produce to the receiving ecosystems. 

 

WEA in the European policy  

 Water Framework Directive 

 

 Among the main objectives of the Water Framework Directive (EC 2000) it 

establishes the conditions for a “good chemical status of the water” and a “good 

ecological status of the water”. In the chemical status, there is a list of priority 

substances, spilling control and quality objectives all based in the intrinsic properties of 

the harmful substances like persistence, bioaccumulation and toxicity in the same way 

as the OSPAR “substance approach” does. For all the substances classified as harmful, 

reduction and elimination objectives are defined. 

  

For the control of the “ecological status” several quality objectives are defined in 

which the ecological structure of the affected environment and the harmful substances 

that are being spilled are evaluated.   
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 Therefore, WEA may represent a very useful tool for the consecution of the 

objectives proposed by the Water Framework Directive, in spite of not being mentioned 

throughout the text. 

The IPPC 

 

 The Spanish law 16/2002 which transposes the European Council Directive 

96/61/EC of 24 September 1996 concerning integrated pollution prevention and control 

(IPPC) has the objective of preventing, reducing and controlling the atmospheric, water 

and soil contamination stablishing an integrated prevention and control system, with the 

final aim of reaching a high protection of the environment. The Annex III of this 

legislation establishes emission limits of a list of compounds classified as priority 

pollutants. 

 

One of the most important elements is the exchange of information about the 

“best available techniques” for the measurement of the priority substances throughout 

the publication of “Best Available Technique Reference Notes” (BREF). In some of 

these BREF documents the WEA procedure is mentioned as useful methods in the 

contamination control. Therefore, it seems like the WEA will be implemented slowly 

for the emissions control. 
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Objetivos 
 

Basándose en la Evaluación de Riesgo Ambiental de sustancias puras y distintas 

metodologías utilizadas en la Evaluación Global de Efluentes (WEA), este proyecto 

pretende desarrollar las herramientas necesarias para establecer un sistema capaz de 

cuantificar la peligrosidad ambiental de los efluentes industriales y agrarios, integrando 

tres parámetros fundamentales: Toxicidad, Persistencia y Bioacumulación, así como 

estimar el riesgo asociado a dicha peligrosidad en función de las condiciones del vertido 

y del medio receptor.  

 

Los objetivos específicos de cada capítulo se detallan a continuación: 

 

I. Poner a punto una metodología analítica de rastreo de contaminantes así 

como los métodos analíticos concretos para cuantificar una gran variedad de 

contaminantes orgánicos. Como condición indispensable, el método de 

extracción debe requerir pequeños volúmenes de muestra para que sea 

compatible con las siguientes fases del proyecto. 

 

II. Desarrollar un método de valoración de la capacidad de degradación de los 

efluentes, basado en los métodos existentes de biodegradación de sustancias 

puras y monitorizando la degradación a través de la evolución de la toxicidad 

global y de la concentración de los contaminantes presentes en las mezclas. 

 

III. Desarrollar una metodología capaz de estimar el potencial de 

bioconcentración de mezclas complejas de contaminantes desconocidos 

valorando a su vez la toxicidad general del efluente.  

 

IV. Poner a punto un modelo que permita la cuantificación de la peligrosidad 

ambiental de los efluentes en una cuenca hidrográfica concreta, integrando 

toxicidad, bioacumulación y persistencia (PBT). A su vez, diseñar una 

herramienta útil para la comunicación del riesgo ambiental obtenido 

mediante el modelo,  aplicando Sistemas de Información Geográfica.
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Objectives 
 

Objectives 
 

Based in the Environmental Risk Assessment of single substances and different 

other methodologies used in whole effluent assessment protocols, this projects aims to 

develop the tools necessary to establish a system capable of evaluating the 

environmental hazard of effluents integrating three crucial parameters, toxicity, 

persistence and bioaccumulation. Additionally, it intends to estimate the risk associated 

to the hazard as a function of the conditions of spill and the characteristics of the 

receiving environment.  

 

The specific objectives of each of the chapters are: 

 

I. To optimize an analytical technique for the screening and quantification of a 

high variety of organic contaminants. The methodology used must require 

small volumes of sample for its use in further stages of this thesis.  

 

II. To develop a methodology capable of evaluating the biodegradation capacity 

of effluents based in the methodologies used for single substances but 

following the evolution of other parameters such as toxicity and the 

concentrations of the compounds present in the effluents.  

 

III. To elaborate a methodology to estimate the bioconcentration potential of the 

compounds present in an unknown mixture evaluating at the same time the 

overall toxicity of the effluent. 

 

IV. Using a case of study, to optimize a mathematical model for the risk 

assessment of effluents in a specific river basin, integrating toxicity, 

persistence and bioaccumulation. Additionally, to develop a useful tool for 

the risk communication applying Geographical Information Systems to the 

data generated by the model. 
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Chapter 1: Introduction 
 

1. Introduction 

 

Thousands of different compounds are released into the environment everyday 

in many different ways. To these thousands of compounds it is also important to sum 

the metabolites that are formed from these chemical molecules in the different 

environmental compartments. The main sources of contamination are the direct and 

indirect agro-industrial spills, the outputs of the waste water treatment plants WWTP, 

and the agricultural diffuse contamination. 

 

One could think that it is possible to guess what chemical substances could be in 

the environment if information about what type of source is found, but this is not true in 

most of the cases. (Alonso et al. 2001). 

 

The analysis of chemical compounds in water normally begins with 

concentration of the sample through a liquid-liquid extraction, solid phase extraction, 

headspace, or many other techniques that have been developed over the years. All these 

methodologies normally imply prolonged times, excessive use of solvents and 

sometimes complex equipments. For example, in the case of chlorinated pesticides 

extraction with liquid-liquid extraction can take up to 18 hours, if using solid phase 

extraction, the extraction time can decrease to 2 hours but a large amount of solvent 

would be needed.   

 

It’s also important to mention that conventional extraction procedures require 

filtration of the sample, extraction with a solvent and in some cases, evaporation and 

solving again with a different solvent. All this manipulation of the samples can lead to 

many errors and losses of the desired compounds.  

 

In the past years, a huge effort has been made in the development of extraction 

techniques free of solvents due to the restrictions in the use of these substances. 

Moreover, the EPA encourages the development of new methods and alternative test 

procedures to perform analyses more easily, with reduced costs, complexity and 

consumption of dangerous materials in the interest of protecting human health and the 

environment (Guillot et al. 2006).  
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Solid phase micro extraction (SPME) was first introduced by Arthur and 

Pawliszin in 1990 and commercialized by Supelco since 1993. SPME was one of the six 

“great ideas of the decade” as illustrated in a survey of Analytical Chemistry 

(Theodoris, Koster and Jong 2000) and addressed as an effective extraction method for 

the screening of contaminants due to its simplicity and fast technique (Prosen 1999). 

The technique presents some advantages compared to the conventional extraction 

methodologies. Some of these advantages are: the simplicity, low cost, possibility to 

automat and the requirement of low volumes of sample compared to the conventional 

methods. The method does not require the use of any solvent at all which is another 

great advantage of the SPME. Additionally, due to the simplicity of the structure, it is a 

powerful tool for its use in field studies. 

 

Although SPME was initially applied only for the analysis of organic 

compounds from rather clean samples of air or water, it is now being used in many 

different fields like bioanalysis (in vitro and in vivo) for the determination of proteins, 

polar alkaloids, pharmaceuticals and surfactants, because of its successful coupling with 

liquid chromatography (LC), capillary electrophoresis (CE) and mass spectrometry 

(MS) devices (Musteata and Pawliszyn 2007). The technique has also become very 

popular for determining volatile and semi-volatile compounds because its advantages 

over conventional extraction methods. It has been applied in the analysis of a wide 

variety of samples, including environmental, indoor air, food and biological samples, 

and analytes (e.g. organic pollutants, pesticide residues, drugs, and metallic and 

organometallic species) (Tena and Carrillo 2007). 

 

The method implies the adsorption of the organic compounds present in a 

medium to a silica fibre covered by a sorbent matrix, in most of the cases a polymeric 

material. Then, the organics are desorbed from the fiber by temperature or solvents to be 

injected in a chromatographic system equipped with an appropriate detector. 

 

The small size of the fiber and its cylindrical shape, makes easy to manipulate 

and protect when is not being used.  

 

The principle of the method is the partition of an analyte between the sample 

matrix and the coating on a fused-silica fiber (Pawliszyn 1997). The process starts when 
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the fiber reaches the sample and ends when the target compounds reach the equilibrium 

between the matrix and the fused-silica coating (as depicted in figure 1). As Louch et al. 

(1992) explained, there is a linear relationship between the amount of analyte retained in 

the fiber and the initial amount of analyte in the sample. The amount of analyte 

extracted by the fiber coating when equilibrium is reached in a three-phase system 

(sample, headspace and fiber coating) is given by the equation: 

 

sffs

s0ffs

VVK
VCVK

n
+

=  

 

where n is the initial amount of analyte absorbed by the stationary phase, Kfs is the fiber 

coating-sample and headspace-sample distribution constants, Vf and Vs are the coating 

and sample volumes and C0 is the initial concentration of the analyte in the sample. 

 

With constant temperature and phase volumes, a calibration curve can be 

constructed from the analytical response obtained for known amounts of target 

compounds. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. SPME process. 

 

The kinetics of the process is crucial in SPME. The equilibration time depends 

on many factors and can be improved, increasing the temperature of the matrix, using 

constant stirring or using ultrasound in the adsorption process.  
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All these systems have the aim of reducing the effect generated by the static 

zone that is produced around the stationary phase and that causes a diminution of the 

extraction speed. Also, the stirring methods compensate the low diffusion coefficients 

of the liquid matrices (Pawliszyn 1997). 

 

Since the commercialization of the SPME, many different stationary phases have 

been adapted, optimizing the absorption of many different kinds of organic compounds 

and for many different uses.  

 

Due to the complexity of effluents poured into rivers or as inputs in WWTP, 

concerning the differences in the aqueous matrices and in the organic chemical 

compounds that might be present in these effluents, it is necessary to select a stationary 

phase that is adapted to the extraction of the greatest number of compounds. Generally, 

when attempting to detect or quantify one specific compound, the selection of the 

stationary phase is dependant on the physico-chemical properties of the target 

compound. Usually, for more polar compounds, like phenols, a polyiacrylate stationary 

phase (PA) is used. In the case of more hydrophobic compounds like PAHs or VOCs, 

polydimehylsiloxane phases are selected 

 

Through this work, different goals where aimed; first, to select an appropriate 

fiber between some of the coatings commercially available, to detect a large group of 

organic contaminants; second, to see the capacity of SPME as a screening method for 

unknown samples; and third, to develop SPME-Chromatographic quantitative methods 

for three different group of compounds. 
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2. Materials and methods 
 

2.1 Standards preparation and samples 

The selection of substances for the development of the different methodologies 

was determined taking into account several factors. In one hand, different families of 

compounds were needed to represent as many different structures and lipophilic 

characteristics as possible. In the other hand, another aim was to select compounds by 

their toxicity to aquatic organisms for their use in other sections of this thesis project.  

 

To work with such a high amount of substances, four different mixtures were 

selected as shown in table 1. The mixtures used were: EPA 625 Base-Neutral 1, EPA 

625 Base Neutral 2 and EPA 625/CLP Pesticide Mix, all purchased from Supleco (Park, 

Bellafornte, PA, USA) and a mixture of Atrazine, Chlorpyrifos, Cypermetrine and 

Quinalphos called Pesticide INIA Mix. Atrazine was purchased from Sigma-Aldrich 

(Saint Luis, MO, USA) and Chlopyriphos, Cypermetrine and Quinalphos were 

purchased from Supelco.  

 

Methanol and Acetonitrile (HPLC quality) were purchased from Scharlau 

(F.E.R.O.S.A. La Jota 86, Barcelona, Spain). 

 

The SPME coatings used were, StableFlex Carbowax/Divinylbenzene 

(CW/DVB) 70 µm bonded, StableFlex Divilylbenzene/Carboxen/PDMS 

(DVB/CAR/PDMS) 50/30 µm, Poliacrylate 80 µm bonded , Polydimetylsiloxane 

(PDMS) 100 µm Non-Bonded and Polydimetylsiloxane (PDMS) 7 µm Bonded. All 

coatings were purchased from Supelco. 

 

To operate the coatings properly, a support and magnetic stirring device 

(Technilab Apdo. 61161, 28080 Madrid Spain) and amber vials screwtop 4 mL with 

hole cap PTFE/Silicone septa were used. 

 

 

 

67 



Chapter 1: Materials and Methods 

Table 1. Compounds selected.. 

Group Compond Cas *Kow Reference

Bis (2-Chloroethyl) Ether 111-44-4 1,29 Hansch,C et al. (1995)
1,4-Dichlorobenzene 106-46-7 3,44 Hansch,C et al. (1995)
Bis (2-Chloroisopropyl) Ether 108-60-1 2,48 Kawamoto K & Urano K (1989)
Nitrobenzene 98-95-3 1,85 Hansch,C et al. (1995)
Acenaphthylene 208-96-8 3,94 Hansch,C et al. (1995)
Dimethyl Phthalate 131-11-3 1,60 Ellington,JJ & Floyd,TL (1996)
2,6-Dinitrotoluene 606-20-2 2,10 Nakagawa,Y et al. (1992)
4-Bromophenylphenyl Ether 101-55-3 4,94 Meylan, WM & Howard,PH (1995)
Di-N-Butyl Phthalate 84-74-2 4,50 Ellington,JJ & Floyd,TL (1996)
3,3-Dichlorobenzidine 91-94-1 3,51 Hansch,C et al. (1995)
Bis (2-EthylHexyl) Phthalate 117-81-7 7,60 Debruijn,J et al. (1989)
Benzo (B) Fluoranthene 205-99-2 5,78 Wang,L et al. (1986)

1,3-Dichlorobenzene 541-73-1 3,53 Hansch,C et al. (1995)
1,2-Dichlorobenzene 95-50-1 3,43 Hansch,C et al. (1995)
Bis-(2-Chloroethoxy)methane 111-91-1 1,30 Meylan, WM & Howard,PH (1995)
Crysene 218-01-9 5,81 De Maagd, PG et al. (1986)
Dibenzo(a,h) Anthracene 53-70-3 6.75 Sangster (1993)
Benzo (a) Anthracene 56-55-3 5,76 Wang,L et al. (1986)
Napthalene 91-20-3 3,30 Hansch,C et al. (1995)
Hexachlorobutadiene 87-68-3 4,78 Hansch,C et al. (1995)
Acenaphthene 83-32-9 3,92 Hansch,C et al. (1995)
2,4-dinitrotoluene 121-14-2 1,98 Hansch,C et al. (1995)
Fluorene 86-73-7 4,18 Hansch,C et al. (1995)
Diethylphthalate 84-66-2 2,42 Ellington,JJ & Floyd,TL (1996)
Hexachlorobenzene 118-74-1 5,73 Debruijn,J et al. (1989)
Anthracene 120-12-7 4,45 Hansch,C et al. (1995)
Pyrene 129-00-0 4,88 Hansch,C et al. (1995)

α-BHC 319-84-6 3,80 Hansch,C et al. (1995)
β-BHC 319-85-7 3,78 Hansch,C et al. (1995)
γ-BHC 319-86-8 4,14 Hansch,C et al. (1995)
δ-BHC 58-89-9 3,72 Hansch,C et al. (1995)
Heptachlor 76-44-8 6,10 Simpson, CD et al. (1995)
Aldrin 309-00-2 6,50 Debruijn,J et al. (1989)
Heptachlor Epoxide 1024-57-3 4,98 Sangster (1993)
Endosulfan I 959-98-8 3,83 Hansch,C et al. (1995)
DDE 72-55-9 6,61 Sangster (1993)
Dieldrin 60-57-1 5,40 Debruijn,J et al. (1989)
Endrin 72-20-8 5,20 Debruijn,J et al. (1989)
Endosulfan II 33213-65-9 3,83 Hansch,C & Leo,AJ (1985); From Alpha
DDD 72-54-8 6,02 Sangster (1994)
Endrin Aldehide 7421-93-4 4,80 Meylan, WM & Howard,PH (1995)
Endosulfan Sulfato 1031-07-8 3,66 Hansch,C et al. (1995)
DDT 50-29-3 6,91 Hansch,C et al. (1995)

Atrazine 1912-24-9 2,61 Hansch,C et al. (1995)
Chlorpyriphos 2921-88-2 4,96 Sangster (1994)
Quinalphos 13593-03-8 4,44 Biobyte (1995)
Cypermethrin 52315-07-8 6,60 Tomlin C (1997)

EPA 625 
Base-

Neutral 1

EPA 
625/CLP 
Pesticide 

Mix

Pesticide 
INIA MIX

EPA 625 
Base-

Neutral 2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Kow values obtained from literature 
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Chromatographic analysis were performed in a gas chromatographer GC 6890 

chromatograph equipped with a 5973 mass selective detector (MSD) from Agilent 

Technologies (Palo Alto CA., USA) and EQUITY TMS 30 m x 0.25 nm, 0.25 µm Film 

Column Supelco 21013-03A (SUPELCO, Bellefonte, Mass. USA) column.  

 

Diverse samples, from several distinct sources were used for the different 

sections of this work (table 2). 

 

Samples Industrial 1, Urban 1, WWTP Industrial 1, WWTP Urban 1 and P1-P10 

where used in screening experiments. Samples Ren 1 to 4 where used for the recovery 

test. 

 

Table 2. Sample description 

 

Sample Description

Industrial 1 Grab sample from an industrial spill before any treatment

Urban 1 Composite sample of a small urban area of 1000 people

WWTP 
Industrial 1

Grab sample of the output of a WWTP from industrial origin. Treats 
around 16,4 hm3 a year

WWTP 
Urban 1

Grab sample of the output of a WWTP from urban origin. Treats 
around 27,3 hm3 a year. An area of around 200,000 inhabitants

P1 - P10 Grab sample from Henares River

Ren 1 Grab sample from a beer factory effluent  

Ren 2 Grab sample from the output of a cheese factory

Ren 3 Grab sample from output from a municipal WWTP

Ren 4 Grab sample from a whey treatment plant effluent 

 

. 
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70 

2.2. Fiber selection 

In order to select a suitable fiber for screening unknown compounds it was 

necessary to study the commercially available coatings (table 3).  

 

When searching for unknown compounds, where different families of substances 

can be present; the selection of the appropriate fiber is not an easy pursuit. Therefore, to 

determine the most suitable fiber among some of the commercially available the 

procedure was the following: 

 

1. To check the response of several commercially available coatings to a variety of 

41 different compounds. 

2. To quantify the capacity of each stationary phase for extracting each compound 

using the chromatographic areas of the peaks obtained by GC/MS analysis. 

3. To compare between the tested fibers using the corrected peak areas and its 

deviation versus the mean response. 

 

Four different stationary phases were chosen; polydimethylsiloxane (PDMS) 

100µm, polyacrylate 85 µm, carbowax/divinylbenzene (CW/DVB) and stableflex 

divinylbenzene/carboxen/PDMS (DVB/CAR/PDMS). By choosing these four phases, 

different polarities were tested, from polar phases like CW/DVB to non-polar phase like 

PDMS. 

 

The selected compounds were contained in the mixtures EPA 625 Base-Neutral 

1, EPA 625/CLP Pesticide Mix and EPA 625 Base-Neutral 2 summing a total of 41 

different organic compounds (shown in table 1) covering a wide range of polarities. 

 

Adequate chromatographic methods were developed for detecting all of the 

compounds by direct injection of methanolic solutions of the selected mixtures. The 

chromatographic methods are explained in section 2.4. In order to accurately determine 

the response factor of the mass spectrum detector (MSD), all compounds were injected 

in the same concentrations and the chromatographic peak area of each compound was 

obtained separately. 
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Description Operating temperature Polarity Recommended 
use Extraction type

Polydimethylsiloxane (PDMS) 100 µm Non-bonded 200-280ºC Non-polar GC/HPLC Absortion
30 µm Non-bonded 200-280ºC Non-polar GC/HPLC Absortion
7 µm Bonded 200-320ºC Non-polar GC/HPLC Absortion

65 µm Partially bonded 200-270ºC Bipolar GC Adsortion
60 µm Partially bonded 200-270ºC Bipolar HPLC Adsortion
65 µm Bonded (StableFlexTM) 200-270ºC Bipolar GC Adsortion

Polyacrylate (PA) 85 µm Partially bonded 220-310ºC Polar GC/HPLC Absortion

75 µm Partially bonded 250-310ºC Bipolar Adsortion
85 µm Bonded (StableFlexTM) 250-310ºC Bipolar Adsortion

Carbowax/Divinylbenzene (CW/DVB) 65 µm Partially bonded 200-250ºC Polar GC Adsortion
70 µm Bonded (StableFlexTM) 200-250ºC Polar GC Adsortion

Carbowax/Templated resin (CW/TPR) 50 µm Partially bonded Polar HPLC Adsortion

50/30 µm Bonded (StableFlexTM) 230-270ºC Bipolar GC Adsortion
50/30 µm Bonded (StableFlexTM) 230-270ºC Bipolar GC Adsortion

Divinylbenzene/Carboxen/PDMS 
(DVB/CAR/PDMS)

Stationary Phase/Film Thickness

Polydimethylsiloxane/Divinylbenzene 
(PDMS/DVB)

CarboxenTM/Polydimethylsiloxane 
(CAR/PDMS)
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Table 3. Different stationary phases commercially available. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 1: Materials and Methods 

 

Once all peak areas were determined, the response factor of the detector (RFD) 

was calculated as follows: 

 

mixture the in peaks all of Average
area Peak FDR =  

 

Then, each fiber was tested separately for each mixture. The fiber was left for 24 

hours immersed in 3 ml spiked milliQ water under continuous stirring and a constant 

temperature of 20 ± 2ºC. The peak area was again determined for every compound and 

each stationary phase. Injections were performed twice so the final value for each 

compound is the average of two measurements. The Corrected Peak Area (CPA) was 

calculated with the next equation: 

 

RFD
 SPME witharea Peak CPA =  

 

The CPA was calculated for every compound. Once all the CPA values of all 

compounds are obtained, the deviation was calculated as follows: 

 

Deviation = (CPA – Total Mean)2 

 

Where total mean is the mean value of the CPA of all compounds. 

 

To compare the values obtained, the following criterion was used: how many 

compounds measured with each fiber were, under the average and, which deviations 

were above the average. The fiber selected, would be the one which has fewer 

compounds under the average and, the highest sum of all those deviations above the 

average. 

 

With this methodology is possible to evaluate which fiber works more efficiently 

with higher number of different compounds and, using the deviations, what magnitude 

of efficiency that fiber has. 
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2.3 Screening method for environmental samples 

The purpose of this section of the work focuses on the validation of the SPME-

GC-MSD as an acceptable tool for screening of organic chemicals in unknown water 

samples. 

Mass Spectrometry with Electron Impact is probably the most widely used of all 

ionization methods. In the Mass Spectrometry (Electron Impact) process, the sample is 

vaporized into the mass spectrometer ion source, where it is impacted by a beam of 

electrons with sufficient energy (70 eV) to fractionate and ionize the molecule.  

The ion M+ is known as the molecular ion.  This species indicates the molecular 

weight, and thus provides very useful analytical information. The molecular ion will 

fragment again by action of the electron beam. This fact is very advantageous because 

this fragmentation provides structural information about the molecule under analysis. 

The graphic representation (bar diagram) of the masses of the fragments versus their 

abundances is called the Mass Spectrum of the compound and it is constituted by  the 

molecular ion M+ when is present, and the rest of fragments. The Mass Spectrum (EI) 

of a molecule is an invariable characteristic of the compound being a fact for its 

chemical identification.  

The Wiley Library of Mass Spectral Data is the best standard for identification. It is the 

most trusted and comprehensive Mass Spectral Libraries in the world used in 

GC/MS(EI) for the identification of organic compounds in Toxicology, Forensic, 

Environmental Science, Research, etc. The instrument software calculates the match 

factor which is the quality and confidence of the identification of the compounds 

detected. A match factor above 80% is considered good enough to exclude the 

identification of a false positive or a false negative (Stein 1999). Nevertheless, for this 

work, only substances with a match factor higher than 90% were considered due to the 

high complexity of the matrix (raw effluents). 

 

In the other hand, the use of SPME permits the extraction of high amount of 

chemicals without a previous knowledge of the sample composition. Also, as it has been 

mentioned before, with the SPME, the compounds concentrate in the stationary phase 

without any extraction procedure other than the simple immersion of the fiber into the 

aqueous sample and maintain a continuous stirring. 
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The chromatographic method developed to screen organic contaminants in 

effluents was the following: 

 

The oven temperature starts at 40ºC for 5 minutes, then raises to 100ºC at 

10ºC/min and stays for 5 minutes and then raises at 5ºC/min to 300ºC and remains at 

that temperature for 10 min to allow the column to completely desorb all compounds. 

The carrier gas was helium at 23.5 ml/min. 

 

The MSD is set to SCAN mode to detect ions from 40 to 600 m/z, at 200ºC 

source temperature and 100ºC as the quadrupole temperature. The injector is set to 

300ºC and split-less mode.  

 

The extraction time was set to 90 minutes according to the results obtained by 

some other authors (Carabias-Martínez et al. 2003; Fernández et al. 2004, Llompart et 

al. 2002; Tomkins and Ilgner 2002) under continuous stirring and a constant 

temperature of 20 ± 2 ºC. 

 

The fiber was maintained in the injector for ten minutes to completely desorb all 

compounds and be sure that no compounds remain in the stationary phase for the next 

injection.  

 

The stationary phase used was the one selected throughout the previous section. 

 

For the data analysis, all peaks with a noise-signal ratio greater than 20 and a 

match factor above 90% were selected. The mass spectra library used was 

NIST/EPA/NIH Mass Spectral Library 2003. 

 

The samples used for this section were Industrial 1, Urban 1; WWTP Industrial 

and Urban 1 and P1 to P10 (see table 2 for details). 

 

Once the compounds where detected and identified they where classified 

according to the main uses and sources of these compounds in order to analyse the main 

sources of contaminants in specific sites. The classification used is explained in table 4. 
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Table 4. Classification of uses and sources of the compounds found through the 

screening process. 

 
Clasification Source

A Dyes and paints
B Perfume and cosmetics
C Petroleum and coal derivates
D Pesticides, cleaning products
E Intermediate of other products
F Natural source
G Food and additives industry

 

 

 

 

 

 

 

2.4 Quantification method for complex mixtures 

Throughout this section three methods were developed to quantify the organic 

compounds present in various mixtures. The mixtures used were EPA 625 Base Neutral 

1, EPA 625/CLP Pesticide Mix and the Pesticides INIA mix. 

 

Once all the calibration curves were developed, a recovery study was performed 

using effluents Ren 1, 2, 3 and 4. The recovery tests were accomplished to verify that 

the quantification methods designed were efficient for the monitoring of mixtures of 

contaminants in environmental samples and evaluate the matrix effect of the different 

effluents used. 

 

As an internal standard for all groups, 2,4,5 trichlotoluene was used as 

recommended by OSPAR commission. 

The fiber selected in the first section was immersed in 3 ml of the aqueous matrix for 90 

minutes and constant stirring and temperature.  

 

The MSD method is set to SIM mode and the ions selected are shown in table 8. 

For the selection of the ions of each compound, a first injection in SCAN mode was 

performed at a concentration of 20 mg/L. 
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The column starts at a temperature of 50ºC and remains for 5 minutes, then, 

raises to 100ºC at 10º/min and remains 5 minutes. Then, the temperature is raised to 

300ºC at 5ºC/min and stays at that temperature for 10 minutes. 

The carrier gas is helium and set at a flow of 23.5 ml/min. 

 

The standards were prepared in methanol at a high concentration in order to 

avoid adding large solvent volumes to the millliQ water.  

 

Once all standard curves were calculated, the limits of detection LD and 

quantification limits QL were calculated following the “Harmonized guidelines for 

single-laboratory validation of method analysis” (Thompson, Ellison and Wood, 2002). 

 

For the recovery tests, four effluents (Ren 1, 2, 3 and 4) were spiked with all 

mixtures separately. Two concentrations were tested, 25 and 50 µg/L using the same 

internal standard (2,4,5 Trichlotoluene). 

 

A repeatability test was carried out using the EPA 625/CLP Pesticide Mix and 

the fiber selected used was the one chosen in the first section. For this purpose, the 

concentration of 50 µg/L was chosen injecting a total of 7 replicates. 

 

Using the data obtained throughout the recovery test a comparison between the 

different matrices was done in order to establish the importance of the matrix effect in 

the process applying a least significant difference test. For the statistical analysis, 

StatGraphics Plus was used. 
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3. Results and discussion 
 

3.1 Fiber selection 

Both, the polyacrylate stationary phase and the DVB/CAR/PDMS show the 

same number of peaks above the mean (table 5). Nevertheless, taking into account the 

sum of the deviations of these compounds, the DVB/CAR/PDMS shows a lower value 

than the polyactrylate, revealing that the combination of divinylbenzene, carboxen and 

PDMS has a better efficiency than the other three stationary phases tested.  

 

Table 5. Values obtained for each compound and type of stationary phase used. 

Compound Response factor of the 
MSD PDMS CW/DVB DVB/CAR/PDMS Polyacrylate PDMS CW/DVB DVB/CAR/PDMS Polyacrylate

Alpha-BHC 0,91 1,53E+05 1,81E+04 1,16E+07 1,14E+05 4,58E+15 4,60E+15 3,16E+15 4,58E+15
Beta-BHC 0,77 7,12E+04 n.d. 1,20E+07 4,43E+04 4,59E+15 n.d. 3,11E+15 4,59E+15
Gamma-BHC 0,75 7,14E+04 1,16E+04 1,10E+07 4,37E+04 4,59E+15 4,60E+15 3,23E+15 4,59E+15
Delta-BHC 0,14 1,11E+05 n.d. 4,43E+07 n.d. 4,58E+15 n.d. 5,51E+14 n.d.
Heptachlor 0,88 9,80E+04 1,09E+04 7,17E+06 2,02E+04 4,59E+15 4,60E+15 3,68E+15 4,60E+15
Aldrin 0,82 8,88E+04 1,26E+04 4,97E+06 2,57E+04 4,59E+15 4,60E+15 3,95E+15 4,59E+15
Heptachlor Epoxide isomer B 0,95 1,32E+05 n.d. 2,10E+07 1,14E+04 4,58E+15 n.d. 2,19E+15 4,60E+15
Endosulfan I (Alpha) 0,09 2,92E+05 n.d. 5,74E+07 n.d. 4,56E+15 n.d. 1,09E+14 n.d.
4,4´-DDE 3,53 1,52E+04 4,24E+04 3,63E+06 5,36E+03 4,60E+15 4,59E+15 4,12E+15 4,60E+15
Endrin 0,21 7,52E+04 n.d. 2,29E+07 n.d. 4,59E+15 n.d. 2,01E+15 n.d.
Endosulfan II (Beta) 0,06 1,34E+05 n.d. 1,03E+08 n.d. 4,58E+15 n.d. 0,00E+00 n.d.
4,4´-DDD 3,69 9,14E+03 3,73E+04 7,96E+06 3,33E+03 4,60E+15 4,59E+15 3,58E+15 4,60E+15
Endrin Aldehyde 0,36 n.d. n.d. 2,08E+06 n.d. n.d. n.d. 4,32E+15 n.d.
Endosulfan Sulfate 0,09 n.d. n.d. 5,26E+07 n.d. n.d. n.d. 2,32E+14 n.d.
4,4´-DDT 1,76 n.d. 3,24E+04 5,52E+06 n.d. n.d. 4,59E+15 3,88E+15 n.d.
Bis (2-Chloroethyl) ether 0,69 5,51E+05 n.d. 1,80E+06 1,86E+06 4,52E+15 n.d. 4,36E+15 4,35E+15
1,4-dichlorobenzene 0,63 8,38E+07 n.d. 1,69E+08 1,11E+08 0,00E+00 n.d. 0,00E+00 0,00E+00
Bis (2-Chloroisopropyl) ether 0,27 5,07E+06 n.d. 1,24E+07 8,99E+06 3,94E+15 n.d. 3,07E+15 3,46E+15
Nitrobenzene 0,33 2,29E+06 n.d. 2,02E+07 1,00E+07 4,29E+15 n.d. 2,27E+15 3,34E+15
Acenaphthylene 2,53 1,05E+08 5,29E+06 2,58E+08 2,07E+08 0,00E+00 3,91E+15 0,00E+00 0,00E+00
2,6-dinitrotoluene 0,23 3,06E+06 3,37E+06 4,79E+07 4,63E+07 4,19E+15 4,15E+15 3,98E+14 4,62E+14
4-Bromophenylphenyl ether 0,49 3,39E+08 4,43E+06 3,64E+08 3,50E+08 0,00E+00 4,02E+15 0,00E+00 0,00E+00
Di-N-Butyl Phthalate 1,90 2,64E+08 1,13E+05 3,76E+08 2,91E+08 0,00E+00 4,58E+15 0,00E+00 0,00E+00
3,3-Dichlorobenzidine 0,35 1,76E+07 3,76E+06 9,07E+07 6,17E+08 2,52E+15 4,10E+15 0,00E+00 0,00E+00
Bis (2-Ethylhexyl) Phathalate 1,31 2,20E+07 9,39E+06 6,14E+07 6,79E+07 2,10E+15 3,41E+15 4,07E+13 0,00E+00
Benzo (b) Fluoranthene 2,28 3,17E+07 4,14E+06 9,76E+06 6,09E+07 1,31E+15 4,05E+15 3,37E+15 4,84E+13
1,2-Dichlorobenzene 0,54 2,11E+08 1,87E+07 1,85E+08 9,05E+07 0,00E+00 2,41E+15 0,00E+00 0,00E+00
1,3-Dichlorobenzene 0,55 1,74E+08 1,86E+07 1,51E+08 9,09E+07 0,00E+00 2,42E+15 0,00E+00 0,00E+00
Bis (2-Chloroethoxy) methane 0,69 1,55E+06 3,51E+05 2,38E+06 2,11E+06 4,39E+15 4,55E+15 4,28E+15 4,32E+15
Naphthalene 2,00 1,44E+08 2,33E+07 1,52E+08 1,08E+08 0,00E+00 1,98E+15 0,00E+00 0,00E+00
Hexachlorobutadiene 0,25 5,33E+08 1,17E+08 3,61E+08 2,02E+08 0,00E+00 0,00E+00 0,00E+00 0,00E+00
Acenaphthene 1,18 3,43E+08 8,80E+07 2,92E+08 2,23E+08 0,00E+00 0,00E+00 0,00E+00 0,00E+00
2,4-dinitrotoluene 0,06 2,23E+07 3,00E+07 2,50E+08 1,48E+08 2,07E+15 1,43E+15 0,00E+00 0,00E+00
Fluorene 1,11 3,72E+08 1,36E+08 3,24E+08 2,50E+08 0,00E+00 0,00E+00 0,00E+00 0,00E+00
Diethylphathalate 0,82 2,00E+07 5,26E+06 5,49E+07 3,56E+07 2,28E+15 3,91E+15 1,67E+14 1,04E+15
Hexachlorobenzene 0,38 3,32E+07 3,49E+07 5,89E+07 3,33E+07 1,20E+15 1,08E+15 7,94E+13 1,19E+15
Anthracene 1,48 1,27E+08 7,39E+07 1,15E+08 1,01E+08 0,00E+00 0,00E+00 0,00E+00 0,00E+00
Pyrene 1,79 1,53E+08 1,06E+08 1,16E+08 1,20E+08 0,00E+00 0,00E+00 0,00E+00 0,00E+00
Benzo (a) Anthracene 1,57 4,01E+07 4,55E+07 2,53E+07 5,68E+07 7,69E+14 4,96E+14 1,81E+15 1,22E+14
Chrysene 1,92 1,86E+07 2,87E+07 1,72E+07 3,09E+07 2,42E+15 1,53E+15 2,57E+15 1,36E+15
Dibenz (a,h) anthracene 0,66 3,67E+07 7,20E+07 5,44E+06 3,09E+07 9,67E+14 0,00E+00 3,89E+15 1,36E+15

Total Mean Area 7,83E+07 12 6 15 15
29,27 14,63 36,59 36,59

1,06E+17 1,35E+17 6,44E+16 9,00E+16
3 12 0 7

Sum of the deviations
Not detected compounds

Corrected Peak Area (CPA) Deviation = (Mt-CPA)2 below the total mean

Number of compounds above mean
Percentage of compounds above mean

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reviewing the literature (Gorecki and Pawliszyn 1995; Eisert and Levsen 1996; 

Poerchmann et al. 1997), it could be expected that the PDMS fiber should perform best 

for the determination of a wide range of different compounds. Also the thickness of the 

PDMS fiber is higher than the DVB/CAR/PDMS. In any case, the results show that 

DVB/CAR/PDMS performs better for the compounds used in this work. 
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A low affinity of he CW/DVB as stationary phase for the compounds tested was 

also seen. This stationary phase is a polar phase and has a higher affinity for polar 

compounds like alcohols and most of the compounds tested were non-polar or partially 

polar compounds. This characteristic of the selected compounds could have also lead to 

the fact that PDMS didn’t perform as expected. The PDMS is a non-polar phase so it 

might not be so efficient for those compounds partially polar. 

 

It has been stated by Eisert and Levsen (1996) that the presence of a high 

amount of organic matter may affect the efficiency of the extraction of the SPME. 

However, the aim of this work is to validate the use of the fibers for the screening and 

quantification of organics present in effluents where the content in organic substances is 

normally significant. 

 

In figure 2 the compounds are represented in increasing order of octanol-water 

partition coefficient related to the corrected peak area (CPA) for each stationary phase 

used. The total mean of CPAs is also represented in the graph in order to compare how 

each compounds is extracted by each fiber compared to the rest of the substances. 

 

 
Figure 2. Correlation between the log Kow obtained from the literature and the 

corrected peak area calculated for each substance and type of fiber. 
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The fiber selected throughout this test (DVB/CAR/PDMS), was used for the remaining 

sections of this work. 

3.2 Screening method for environmental samples 

Tables 6 and 7 lists all compounds found in samples with a signal-to-noise ratio 

higher than 20 and a match factor above 90%. It is also shown in the results the main 

source of these types of contaminants and if the compound is in the High Volume 

Chemical (HVC) list of the EPA. HPV chemicals are classified as those chemicals 

produced or imported in the United States in quantities of 1 million pounds or more per 

year and can be extrapolated to European countries due to the similar industrialized 

societies. 

 

 
Figure 3. MSD chromatogram in scan mode with the spectrum of two different peak of 

Sample P1. 

 

As it can be seen in the results (table 6), WWTP industrial 2 and WWTP urban 2 have 

some compounds in common. The WWTP urban 2 is not big enough to treat all the flow 

received so some of the water is forwarded to WWTP industrial 2 which is a bigger 

plant and can treat a higher volume of water. 

Figure 3 shows one of the MSD chromatograms, specifically for sample P1 
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Table 6. Chemicals found in the samples.  

 Sample Name CAS Sourcea HVPb

p-Cyanotoluene 104-85-8 A
Dibenzofuran 132-64-9 E
Biphenyl 92-52-4 D *
Dibenzofuran, 4-methyl 7320-53-8 C
1-Methylfluorene 1730-37-6 C
Phenanthrene 85-01-8 C
Benzo(H)Quinoline 230-27-3 A
Carbazole 86-74-8 A
Methyl dibenzothiophene 30995-64-3 C
4,4´-Biphenyldicarbonitrile 1591-30-6 E
Fluoranthene 206-44-0 C

2,4 Toluene diisocyanate 584-84-9 E *
2,6-Di-T-Butyl-4-Methylphenol (BHT) 128-37-0 E *
3-Indole acetonitrile 771-51-7 G
Dimethyl trisulfate 3658-80-8 G
Octyl Methoxycinnamate 5466-77-3 B *
Diazinon 333-41-5 D
Triclosan 3380-34-5 D *
Quinalphos 13593-03-8 D
Indole 120-72-9 F
2-Methylindole 95-20-5 F
Menthol 89-78-1 B
Ethyl 4-Ethoxybenzoate 23676-09-7 B
Acetic Acid 64-19-7 G *
Furfuryl mercaptan 98-00-0 E *
Linoleic Acid 60-33-3 A *
Cholesterol 57-88-5 F
Dihydrocholesterol 80-97-7 F
Bisphenol A 80-05-7 E *
Palmitic acid 57-10-3 A *
Oleic acid 112-80-1 E *
Acetophenone 98-86-2 B *
1,4-Cinecol 470-67-7 B
Stearic acid 57-11-4 A,F *
2,4 Toluene diisocyanate 584-84-9 E *
Bencillbenzoato 120-51-4 B *
Isopropil Palmitato 142-91-6 B *
Musk 50 1222-05-5 B,D *
Octasulfur 10544-50-0 F
p-Acetylacetophenone 1009-61-6 B

1,8-Cineole 470-82-6 B,G
Dihydromyrcenol 18479-58-8 B *
L-camphor 464-48-2 E
DL-Menthol 15356-70-4 B,G
6-Octen-1-ol, 3,7-dimethyl-, (R)-; 1117-61-9 B
Pichtosin 125-12-2 B,D *
4-t-Butylcyclohexyl acetate 32210-23-4 B *
2-methoxy-Naphthalene 93-04-9 B
Musk 50 1222-05-5 B,G *

D-limonene 5989-27-5 B,G *
1,8-Cineole 470-82-6 B,G
L-camphor 464-48-2 E
Menthol 89-78-1 B,G
6-Octen-1-ol, 3,7-dimethyl-, (R)-; 1117-61-9 B
Pichtosin 125-12-2 B,G *
Indole 120-72-9 D
3-Methyl Indole 83-34-1 B,G
Phenyl ether 101-84-8 B,G
2-methoxy-Naphthalene 93-04-9 B,G
1-Decene 872-05-9 E
alpha-Isomethyl ionone 127-51-5 B *
3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-, (E)- 79-77-6 E
Methyl dihydrojasmonate 24851-98-7 B *
Octanal, 2-(phenylmethylene)- 101-86-0 B *
Musk 50 1222-05-5 B *
AETT 88-29-9 B

 Urban 1

Industrial 1

WWTP 
Industrial 2

WWTP 
Urban 2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a Classified source of emission. b classified as a HVP (High Volume Production) by the 

USEPA. 



 
Table 7. Chemicals found in the samples.  

 Sample Name CAS Sourcea HVPb

Palmitic acid 57-10-3 F *
Isopropyl palmitate 142-91-6 B *
1-Octadecene 112-88-9 E *
Stearic acid 57-11-4 F *
2-Ethylhexyl 4-methoxycinnamate 5466-77-3 F *
2-ethylhexyl chloroformate 24468-13-1 E *

P2 NOT FOUND

1-Decene 872-05-9 B,G,E *
Lysmeral 80-54-6 B *
Octanal, 2-(phenylmethylene)- 101-86-0 B,G *

P4 NOT FOUND

6-Octen-1-ol, 3,7-dimethyl-, (R) 1117-61-9 D
Nopol 128-50-7 B
4-t-Butylcyclohexyl acetate 32210-23-4 B *
Nopyl acetate 128-51-8 B
Cyclododecane 294-62-2 E *
2,4-di-tert-butylphenol 96-76-4 E *
Lysmeral 80-54-6 B *
Ethanol, 2-(dodecyloxy)- 4536-30-5 E,B
Octanal, 2-(phenylmethylene)- 101-86-0 B,G *
methyl octadecanoate 112-61-8 B *

Longifolene 475-20-7 F,B
n-Octadecane 593-45-3 B *
Palmitic acid 57-10-3 A,B,E *
Bisphenol A 80-05-7 E *

P6 NOT FOUND

Cyclododecane 294-62-2 E *
hexyl salicylate 6259-76-3 B,G
Octanal, 2-(phenylmethylene)- 101-86-0 B,G *
n-Tetradecanoic Acid 544-63-8 B,A *
Palmitic acid 57-10-3 A,F *
isopropyl palmitate 142-91-6 B,E *
icosan-1-ol 629-96-9 B *
Di-n-octadecyl phosphite 19047-85-9
2-Ethylhexyl 4-methoxycinnamate 5466-77-3 B *
Bisphenol A 80-05-7 E *
Squalene 7683-64-9 F

4-(1,1-Dimethylethyl)cyclohexanol 98-52-2 D *
Nopol 128-50-7 B
4-t-Butylcyclohexyl acetate 32210-23-4 B *
Nopyl acetate 128-51-8 B
1-Decene 872-05-9 E *
Ethanol, 2-(dodecyloxy)- 4536-30-5 B
Octanal, 2-(phenylmethylene)- 101-86-0 B,G *
trans-squalene 7683-64-9 B,D *

P9 NOT FOUND

Isobornyl acetate 125-12-2 D *
4-t-Butylcyclohexyl acetate 32210-23-4 B *
Bisphenol A 80-05-7 E *
Spinaceno 111-02-4 B

4-Tert-butylcyclohexanone 98-53-3 B *
alpha-Isomethyl ionone 127-51-5 B *
Octanal, 2-(phenylmethylene)- 101-86-0 B *
Musk 50 1222-05-5 B *
AETT 88-29-9 B

P12 Musk 50 1222-05-5 B *

2-Ethyl-1-hexanol 104-76-7 E,D *
Phenyl ether 101-84-8 B *
cyclohexyl-2-pyrrolidone 6837-24-7 A,E,B
Octanal, 2-(phenylmethylene)- 101-86-0 B,G *
Musk 50 1222-05-5 B *
AETT 88-29-9 B
Octanal, 2-(phenylmethylene)- 10544-50-0 A

P11

P13

P7

P8

P10

P1

P3

P4B

P5

Bisphenol A 80-05-7 E *
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P1 to P13 are grab samples from the Henares River at different points and were 

sampled in the same day which could explain the presence of some common substances.  

Figure 4 shows the percentage of compounds found from the different sources: Most of 

the compounds found, are used in the perfume and cosmetics industries. The presence 

of pharmaceutical and health care products in the aquatic environment has been 

recognized as one of the emerging contaminants to be considered in the future of 

environmental chemical analysis (Richardson and Ternes 2005). The notable presence 

of these compounds in the environment can be explained in one hand, because of the 

increasing use in modern societies, and also, because of the incomplete elimination of 

these products in the actual WWTP facilities. The fragrances, cosmetics and personal 

care products (PCP) are designed to last long after the application so they are also 

molecules difficult to degrade with the actual waste water treatment technologies. 
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Figure 4. Shows the percentage of different uses found in the screening process. 

 

Substances like Musk 50, found in many of the samples tested (WWTP Urban 1, 

WWTP Industrial 2, WWTP Urban 2, P11, P12 and P13) is widely used as a fragrance 

for soaps, perfumes, detergents, conditioners and house cleaning products. The presence 

of these polycyclic musks has been stated not only in many environmental 

compartments, but also in some organisms present in the aquatic trophic chain, in some 
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fatty tissues and mothers milk (Fromme et al 2001, Kannan et al 2005). Musk 50 has 

been found in rivers up to a concentration of 313 ng/L (Moldovan 2006). 

 

PCPs are usually considered as persistent compounds, due to their elevated 

discharge into the aquatic environment. These compounds pass the WWTP without 

being degraded which could lead to a multigenerational exposure for the aquatic 

organisms with the consequent adverse effects (Daughton and Ternes 1999). 

 

3.3 Quantification and recovery tests 

For all three groups of compounds and using the chromatographic method 

selected, the chromatographic peaks corresponding to each of the compounds in these 

mixtures separated good enough to allow an adequate quantification. Table 8 shows the 

retention time and selected ions used for compounds detection. Also, regression lines 

(m, b and r2 ) values and quantification (QL) and detection limits (DL) are shown. 

 

All the calibration curves correlated well as can be seen from the r2 values. The 

use of an internal standard is crucial when employing SPME techniques, since a high 

deviation in the adsorption/desorption to the fiber can be found throughout different 

injections.  

 

In the other hand, the recovery tests shown in table 9 don’t evidence very robust 

results. Even though the extraction and desorption times are executed carefully, 

Tomkins and Ilgner (2002) stated a potentially serious limitation in the SPME 

procedure in the manual injection. It should be noted that SPME is an equilibrium 

method and the extraction is rarely quantitative so the extraction and desorption 

conditions should be controlled strictly. This feature permits a very simple holder to be 

used successfully, but also introduces the possibility of severe irreproducibility. This 

low reproducibility could be improved by employing an automated SPME sampler. 

Also, reducing the SPME sampling time, and thus the mass of analytes extracted, is a 

possible, but less favourable option. 

 

Nevertheless, the results obtained from the repeatability test (table 10) manifest 

considerably good results if compared to the recovery test. 
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Table 8. Compounds tested showing the retention times, selected ions, calibration curve characteristics, quantification and detection limits 

Group Compound Cas Retention 
time (min)

Selected 
ions m b r QL (ug/l) DL (ug/l)

Bis (2-Chloroethyl) Ether 111-44-4 10,76 93, 63 0,005 0,006 0,98 1,25 1,04
1,4-Dichlorobenzene 106-46-7 11,45 148, 146 0,002 0,014 0,98 0,25 0,47
Bis (2-Chloroisopropyl) Ether 108-60-1 12,64 121, 77 0,010 0,038 0,97 1,25 0,62
Nitrobenzene 98-95-3 13,76 123, 77 0,015 0,013 0,99 0,50 0,40
Acenaphthylene 208-96-8 26,24 152, 76 0,136 0,262 0,99 0,06 0,18
Dimethyl Phthalate 131-11-3 26,33 194, 163 0,010 0,025 0,98 0,50 0,23
2,6-Dinitrotoluene 606-20-2 26,55 148, 165 0,008 0,019 0,99 1,25 0,84
4-Bromophenylphenyl Ether 101-55-3 32,32 250, 141 0,064 0,132 0,99 0,25 0,14
Di-N-Butyl Phthalate 84-74-2 37,94 149, 104 0,090 0,422 0,97 0,02 0,48
3,3-Dichlorobenzidine 91-94-1 46,95 252, 254 0,043 0,028 0,99 5,00 1,66
Bis (2-EthylHexyl) Phthalate 117-81-7 47,99 149, 167 0,008 0,170 0,72 0,25 1,24
Benzo (B) Fluoranthene 205-99-2 51,40 252, 250 0,038 0,356 0,98 0,25 0,26

α-BHC 319-84-6 32,59 181, 219 0,055 0,194 0,97 0,63 0,23
β-BHC 319-85-7 34,03 181, 220 0,039 0,175 0,97 0,63 0,19
γ-BHC 319-86-8 34,20 181, 221 0,044 0,166 0,97 0,31 0,07
δ-BHC 58-89-9 35,17 181, 222 0,035 0,121 0,97 1,25 0,31
Heptachlor 76-44-8 36,97 100, 272 0,022 0,082 0,96 0,63 0,36
Aldrin 309-00-2 38,36 79, 263 0,024 0,132 0,98 0,31 0,24
Heptachlor Epoxide 1024-57-3 39,96 353, 237 0,035 0,170 0,96 0,16 0,08
Endosulfan I 959-98-8 41,33 195, 241 0,022 0,173 0,97 0,63 0,13
DDE 72-55-9 42,23 246, 318 0,041 0,400 0,99 0,16 0,07
Dieldrin 60-57-1 42,31 79, 263 0,029 0,224 0,98 0,08 0,02
Endrin 72-20-8 43,11 81, 264 0,015 0,081 0,95 0,63 0,16
Endosulfan II 33213-65-9 43,25 195, 235 0,014 0,047 0,97 0,63 0,26
DDD 72-54-8 43,79 235, 165 0,058 0,221 0,99 0,63 0,27
Endrin Aldehide 7421-93-4 44,16 345, 67 0,014 0,035 0,97 0,63 0,19
Endosulfan Sulfato 1031-07-8 45,03 272, 387 0,026 0,064 0,96 2,50 0,43
DDT 50-29-3 45,13 235, 165 0,022 0,169 0,98 1,25 0,31

Atrazine 1912-24-9 32,75 200, 215 0,005 0,056 0,94 0,31 0,18
Chlorpyriphos 2921-88-2 37,70 350, 198 0,001 0,003 0,96 1,25 0,62
Quinalphos 13593-03-8 39,40 146, 298 0,032 0,291 0,98 0,63 0,50
Cypermethrin 52315-07-8 51,40 163, 181 0,005 0,082 0,93 2,50 1,23

EPA 625 
Base-Neutral 

1

EPA 
625/CLP 

Pesticide Mix

Pesticide 
INIA MIX

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(QL) Quantification limit, (DL) Detection limit 
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Compound REN 1 
(ug/l)

REN1 + 25 
ug/l (%)

REN1 + 50 
ug/l (%)

REN 2 
(ug/l)

REN2 + 25 
ug/l (%)

REN2 + 50 
ug/l (%)

REN 3 
(ug/l)

REN3 + 25 
ug/l (%)

REN3 + 50 
ug/l (%)

REN 4 
(ug/l)

REN4 + 25 
ug/l (%)

REN4 + 50 
ug/l (%)

Bis(2-chloroethyl)ether n.d n.q 85,0 n.d n.q 172,2 n.d n.q 68,4 n.d n.q 85,4
1,4-Dichlorobenzene n.d 70,8 59,8 n.d 83,2 173,6 n.d 64,0 44,4 n.d 66,0 76,6
Bis(2-chloroisopropyl)ether n.d 107,2 76,4 n.d 110,8 117,6 n.d n.q 91,8 n.d 107,6 100,6
Nitrobenzene n.d 60,0 62,8 n.d 62,0 143,4 n.d 55,2 42,8 n.d 57,6 53,8
Dimethyil phthalate n.d 48,4 46,4 14,4 50,0 122,8 n.d 42,8 35,2 n.d 42,0 44,6
2,6-Dinitrotoluene n.d 77,2 63,4 98,2 74,8 195,2 20,0 n.q 13,8 17,3 4,8 36,0
Acenaphtylene n.d 72,4 103,6 n.d 92,4 278,8 n.d 56,4 78,4 n.d 62,0 97,2
4-Bromophenylphenyl ether n.d 130,4 88,0 14,0 106,8 88,0 n.d 145,6 147,4 n.d 149,6 95,4
Di-n-butyl phthalate n.d 105,6 126,2 219,0 192,8 200,0 0,4 150,0 93,6 n.d 108,8 87,0
3,3´-Dichlorobenzidine n.d n.q 14,4 n.d 81,6 n.q n.d 155,6 296,0 n.d 231,2 161,4
Bis(2-ethylhexyl)phthalate 27,3 44,0 270,2 27,6 34,4 5,2 n.d 146,0 256,2 27,3 41,6 73,4
Benzo(b)fluoranthene n.d n.q 264,8 n.d n.q n.q n.d n.q 165,0 n.d 176,0 147,2

α-BHC n.d 67,4 84,4 n.d 93,6 138,5 n.d 175,8 152,4 n.d 254,5 95,2
β-BHC n.d 62,9 87,1 n.d n.q 142,3 n.d 124,3 138,8 n.d 208,8 96,9
γ-BHC n.d 87,6 90,7 n.d 105,2 135,4 n.d 194,8 154,4 n.d 269,8 104,8
δ-BHC n.d 81,5 82,8 n.d 153,3 155,5 n.d 196,4 177,4 n.d 276,6 118,3
Heptaclor 7,0 98,1 70,2 5,3 30,2 42,9 5,3 83,7 103,0 5,3 111,6 87,4
Aldrin 5,6 58,9 82,6 5,4 22,2 55,6 5,2 54,5 89,0 5,3 62,3 79,9
Heptaclor Epoxide n.d 93,2 94,7 n.d 12,6 32,5 n.d 84,5 85,6 n.d 236,8 n.q
Endosulfan I n.d 58,2 76,8 n.d n.q 21,9 n.d 51,7 69,8 n.d 210,0 55,9
DDE n.d 61,7 102,7 n.d 2,9 53,9 n.d 55,1 37,4 n.d 186,9 36,8
Dieldrin n.d 75,2 174,4 n.d 6,8 60,8 n.d 68,6 158,4 n.d 245,4 128,9
Endrin n.d 75,2 87,2 n.d 6,8 30,4 n.d 68,6 79,2 n.d 245,4 64,5
Endosulfan II n.d 39,0 64,1 n.d 9,8 54,3 n.d 41,4 99,4 n.d 185,1 60,8
DDD n.d 50,0 85,8 n.d 13,5 44,2 n.d 40,6 76,8 n.d 141,0 n.q
Endrin Aldehide n.d 64,0 76,7 n.d 48,2 97,0 n.d 113,8 144,0 n.d 255,7 92,6
Endosulfan Sulfato n.d 38,0 43,9 n.d 61,6 92,6 n.d 94,0 120,6 n.d 129,6 62,8
DDT 11,4 38,6 59,1 11,3 7,6 31,3 11,1 39,5 74,8 11,0 108,0 65,7

Atrazine 11,8 38,7 74,9 n.d 39,3 127,7 n.d 64,5 52,3 n.d 62,6 58,1
Chlorpirifos n.d 104,8 103,0 n.d 32,1 42,0 n.d 71,4 9,6 n.d 108,7 78,9
Quinalphos 9,1 70,3 59,7 n.d 39,8 69,7 n.d 72,3 60,8 n.d 70,4 66,5
Cypermetrin n.d 73,2 70,8 n.d 66,5 60,0 n.d 72,7 43,8 n.d 92,6 104,5

Table 9. Percentage of recovery of raw samples and spiked samples at two different concentrations (25 and 50 µg/L).  

n.d. Below detection limits.  n.q below quantification limits
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Table 10. Results of the SPME/GC-MS repeatibility test carried out on sewage sample 4 

spiked with 50 µg/l of Organochlorine pesticide mixture. 

 

Compound Mean of 7 replicates SD Repeatibility (%)

α-BHC 48.60 3.47 97.14
β-BHC 44.09 4.83 88.18
-BHC 49.80 2.17 99.60
-BHC 59.22 15.43 118.44

lor 65.57 14.31 131.15
Aldrin 52.94 10.22 105.89

lor Epoxide 46.32 8.46 92.65
ulfan I 29.63 14.29 59.26

34,86 18,85 69,71
in 66.57 34.08 66.57

Endrin 43.13 15.48 86.26
ulfan II 24.56 11.60 49.12

38.04 12.23 76.07
in Aldehide 41.78 4.65 83.55

ulfan Sulfato 34.85 19.33 69.69
DDT 55.03 9.81 110.07

Ren 4 + 50 ug/l  

γ
δ
Heptac

Heptac
Endos
DDE
Dieldr

Endos
DDD
Endr
Endos

 

 

 

 

 

 

 

 

 

 

 

 

 

Additionally, the matrix effect of the samples used could be decreasing the 

efficiency of the stationary phase for the compounds tested. Some other authors have 

obtained not very good recoveries when extracting with SPME (López-Blanco et al. 

2003). 

 

Using the data obtained in the recovery test, statistical analysis was performed in 

order to ascertain if there was any relation between the effluent used and the recovery 

obtained throughout the quantification method. A least significance difference (LSD) 

test was achieved showing significance difference between Ren 1 and 4 and Ren 2 and 4 

as shown in figure 5. This can lead to the interpretation that the matrix may affect the 

extracting process of the fiber. It can also be observed in the same figure how the type 

of aqueous solution is modifying the extraction of the target compounds.  
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Figure 5. Mean percentage of recovery graph with 95% confidence interval. 

 

The lowest recovery rates were acquired in Ren 2 followed by Ren 1 and Ren 3. 

Ren 2 was obtained from a cheese factory and the sample had a white aspect with 

probably a considerable high amount of organic matter, which could be occupying the 

absorption places in the stationary phase of the SPME fiber for the target compounds. A 

significant difference was found between Ren 4 and Ren 2 but no explanation was 

found to interpret this result since Ren 4 was a grab sample from a whey treatment plant 

effluent. If the target compounds are very lipofilic and the matrix has greases or other 

lipofilic substances, the compounds could be bonded strongly to these compounds not 

allowing an acceptable extraction of the fiber. 
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4. Conclusions 
 

The fiber selection methodology presented can be considered appropriate for the 

selection of a stationary phase capable of extracting a high amount of organic 

compounds for its use in real effluents poured in the environment. 

  

Solid Phase Micro Extraction hyphenated with Gas Chromatography Mass 

Spectrometry in the Scan mode can be used as an exploratory technique in the analysis 

of environmental samples, taking advance of the high capacity of concentration, the low 

volume of sample necessary to assay and specially the low volume of organic solvents 

used. Once the exploratory job is completed, the presence of the substances detected 

must be necessarily confirmed with the proper certified standard given the fact that gas 

chromatography-mass spectrometry is firstly based on retention times and secondly in 

spectrum coincidence.  

 

For quantitative purposes, the high capacity of analytes concentration of this 

technique and the lack of solvent use are also enormous advantages but there are some 

aspects which merit mention. The recoveries and repeatibility figures obtained in this 

work are clearly insufficient for control or regulatory purposes but can be pertinent for 

semi-quantitative objectives as is to monitor the evolution of a mixture of compounds at 

a specific site which was the objective of the present work. 
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Chapter 2: Introduction 
 

1. Introduction 

 

  The elimination of pollutants in the aquatic environment is becoming one of the 

main objectives of these times. The population is constantly increasing and so is the 

amount of non-biodegradable compounds disposed into the water resources. The 

European Inventory for Existing Commercial Chemical Substances contains 100,204 

substances listed (ESIS 2008).  

 

Agro-industrial effluents often contain toxic and non-biodegradable organic 

substances for which, actual water treatment technology is not completely efficient, e.g. 

personal care products, pharmaceuticals, excreted hormones, pesticides, household and 

industrial chemicals. In EU approximately 3,300 different substances are used as 

medicaments (Siegrist et al. 2003). Main sources of the contaminants disposed into 

water are households, hospitals, the industry and rain that collects pollutants from air 

and surfaces before entering the sewer (Erikson et al. 2003; Douzinas 2001). Many 

pesticides can persist for long periods in an ecosystem, organochlorine insecticides, for 

instance, were still detectable in surface waters 20 years after their use has been banned 

(Larson et al. 1997). Once these persistent pesticides have entered the food chain, they 

can undergo “biomagnification”, where it may reach concentrations many times higher 

than in the surrounding environment (Cerrillo et al. 2006; Campoy et al. 2001; Jimenez-

Torres et al. 2006). 

 

  The conventional technologies for removal of pollutants, excluding the 

biological processes, decisively does not solve the problem (Rodrigues de Souza et al. 

2006). Therefore, there is a need for controlling the effluents poured into the 

environment or into the water treatment plants (WWTP). The European directive 

91/271/CEE establishes the deadline of 31st of December of 2005 for including, at least, 

a secondary treatment for urban waste waters in cities with more than 2,000 and less 

than 10,000 equivalent inhabitants so by now, most of the concerning urban areas 

should perform secondary treatment. 

 

  The persistence of any pollutant is determined by its susceptibility to be 

degraded. One pollutant can be degraded by chemical processes (photodegradation, 
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redox reactions and hydrolysis), biodegradation or a combination of both which 

normally happens in the environment. Among these three types, hydrolysis is based on 

the attack of the compound by a water molecule or a hydroxide ion, degrading manly 

esters, carboxylic acids, amides, carbamates and organophosphates. Reductive 

dehalogenation involves the transfer of an electron from the oxidation of reduced 

organic matter to the halogenated, like in the conversion of DDT to DDD. The presence 

of natural organic matter, mediators and microorganisms in the sediments might cause 

the degradation of organics added to particles. 

 

  In the other hand, the biodegradation by aquatic microorganisms is an important 

factor in the fate of organic pollutants in the aquatic environment. The process consists 

in the breakdown of organic chemical compounds by the microorganisms that use the 

carbon present in these molecules. These biodegradation can be either aerobic or 

anaerobic. 

 

  Biodegradability screening test are a basic tool for the assessment of the 

environmental fate of chemicals (Guhl and Steber 2006) and are used in the general 

procedure of Environmental Risk Assessment of Chemicals in the Technical Guidance 

Document (TGD) by the European Chemicals Bureau (ECB 2003). Standardized test 

has been widely used to obtain a first idea about the accessibility of the specific 

chemical compound to microorganisms. The most used biodegradation screening test 

for single substances in Europe has been the OECD 301 series (OECD 1992) but there 

are others like the UN ISO 7827, 9439, 10707, 9408, or 14593 that are also being used. 

Table 1 shows the different biodegradation tests used in Europe. 

 

  All these methodologies are based on quantifying the degradation of a specific 

chemical compound through the measurement of the consumption of oxygen, the 

production of CO2 or the evolution of the total organic carbon (TOC) under specific 

conditions. In all countries, the analysis of total organic carbon (TOC) is recognised as 

the most suitable index for the control of civil and industrial wastes (Visco, Campanella 

and Nobili 2005). 
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Table 1. Standardized test used in some European countries. 

Standard method* Type Countries 

ISO 7827 Dissolved Organic carbon (DOC) Sweden

ISO 9439 Carbon Dioxide (CO2) Evolution Test 

ISO 10707 Closed Bottle Test meassures biochemical oxygen 
demand 

ISO 9408 Determination of oxygen demand 

ISO 14593 CO2 headspace test Finland

OECD 301 DOC, CO2 evolution, closed Bottle, Manometric 
respirometry

Denmark, The netherlands, 
United kingdom

OECD 309 (draft) Aerobic mineralisation in surface water. Simulation 
biodegradation test

 

 

 

 

 

 

 

 

 

 

 
* All methods were designed for single substance 

 

  Basically, the substance is dissolved into a certain amount of mineral medium 

and the degradation is prompted by the addition of an inoculum. Depending on the 

method used, the conditions at which the solution is conserved, varies. Samples are 

gathered throughout time and the different parameters (O2, CO2 or TOC) are measured 

depending on the test. 

 

  In unpolluted waters, dissolved organic carbon (DOC) is mainly due to fulvic 

and humic substances and to vegetal and animal partially degraded matter (generally 

resistant to microbial degradation). In polluted waters, DOC is mainly due to anthropic 

contributions, such as fertilizers, pesticides, surfactants, solvents coming from their 

direct use or from inefficient sewage treatment plants (Visco, Campanella and Nobili 

2005).  

 

  Effluents will often contain a complex combination of substances, some which 

are easily degraded in the environment (that is non-persistent) and some of which are 

conservative and persistent (Johnson and Watts 2001). 

 

  Toxicity testing has become a useful parameter to protect receiving waters from 

potential impacts of toxicity pollutants (USEPA 1992). This is one of the main reasons 
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why the use of toxicity test becomes indispensable in the risk characterization of 

complex mixtures. This type of test can supply the stakeholders and scientist with 

important information on the adverse effects produced in the environment without 

specific information on the compounds responsible of these effects. Bioassays, most of 

the times, show that the chemical substances identified in an effluent by analytical 

methods are responsible of a limited portion of the effects produced (OSPAR 2005). 

This means, that there is a high portion of effects that are produced by undetected 

substances. 

 

  Through this work, a methodology has been designed for measuring the 

biodegradation of complex mixtures and to demonstrate the need of measuring other 

parameters like toxicity as an additional parameter in the biodegradation test of 

effluents. A biodegradation test monitoring toxicity, TOC and the concentration of the 

compounds present in spiked effluents by solid phase micro-extraction and gas 

chromatography-mass spectrometry SPME-GC/MS is presented. 
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2.Materials and methods 
 

2.1 Selection of effluents, digesting sludge and spiked compounds 

In order to have representative results, four effluent samples were collected from 

different sources assessing several types of industrial activities and water treatments 

(described in table 2).  

 

Sample Ren 1 was a grab sample from a beer factory effluent situated in the 

outskirts of Madrid. The factory has a small waste water treatment plant which includes 

a filtration, a small primary treatment and a decantation. After these processes the 

effluent is spilled into the Jarama river.  

 

Sample Ren 2 is a grabbed sample from a cheese factory situated in an industrial 

park of a 6.000 inhabitants village in Toledo (Spain). The grab sample was taken from 

the manhole that comes out from the factory and connects to the municipal waste water. 

In the case of Ren 3 the grab sample was taken from the output of a  WWTP of the same 

village as Ren 2 . The plant is 15 years old and receives water from urban sources and 

the waste water from an industrial site near the plant. As it is completely impossible for 

the plant to treat that flow of water, a system has been installed to only process 25% of 

all the water received, the rest is directly poured into a small tributary stream of Algodor 

River, tributary of Tajo river. 

 

The last sample, Ren 4 was a grab sample collected from a whey treatment plant 

present in the same industrial park as Ren 2 or Ren 3. The plant is capable of processing 

40 m3 a day and the spill only takes place in one specific hour a day.  

 

The inoculum to be used in biodegradation test may be derived from a variety of 

sources (OECD 301) in order to be capable of degrading different types of organic 

matter. The incolum was sampled from the sludge tank of the same WWTP as Ren 3. 

The plant receives waters from the city of Toledo (6000 inhabitants) and from small 

industries near Toledo. 
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Table 2. Samples used with first measures of inorganic carbon (IC), organic carbon 

(OC) and total carbon TC. 

Name Type Treatment before spill Conductivity 
(ms/cm) pH IC (mg/L) OC (mg/L) TC (mg/L) 

Ren 1 Bear factory Secondary treatment 2,87 8,21 324,30 21,40 345,70
Ren 2 Cheese factory No treatment 2,66 4,64 8,98 4670,03 4679,00
Ren 3 Urban WWTP Primary/secondary 0,78 8,03 55,35 35,80 91,15
Ren 4 Whey treatment plant Secondary treatment 2,50 8,23 537,80 61,30 599,10

Inoculum WWTP sludge From secondary - - - - -

 

 

 

 

 

 

 

Samples where collected in 2.5 litters crystal flasks at different days and were 

stored at anaerobic conditions, in the dark and at 4ºC before the test. 

The pre-conditioning of the inoculum consisted in aeration of the activated sludge with 

mineral medium for at least 5 days before the experiment following the OECD 301 

guideline (OECD 1992).  

 

Spiked samples were prepared adding different mixtures of contaminants to 

effluents. The mixtures of organic compounds used for the experiment were: EPA 

625/CLP Pesticide Mix, purchased from Supleco (Park, Bellafornte, PA, USA) and 

Pesticide INIA Mix, consisting of Atrazine (Pestanal, Fluka) and Chlopyrifos, 

Cypermethrin and Quinalphos, purchased from Supelco. The content of each mixture is 

explained in table 3. These two mixtures were selected because of their toxicity to 

Daphnia magna and the half-life in water of their components. Some of the pesticides 

selected are known because of their long persistence in the environment as they are 

considered persistent organic pollutants in the 850/2004/CE regulation. Also, some of 

these pesticides, like endosulfan have been extensively used in agriculture in Spain for 

many years.  
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Table 3. List of compounds used with reference obtained Kow  

Group Compound CAS Regulation 
850/2004/CE *

Kow Reference

α-BHC 319-84-6 * 3,80 Hansch,C et al. (1995)

β-BHC 319-85-7 * 3,78 Hansch,C et al. (1995)

γ-BHC 319-86-8 * 4,14 Hansch,C et al. (1995)

δ-BHC 58-89-9 * 3,72 Hansch,C et al. (1995)

Heptachlor 76-44-8 * 6,10 Simpson, CD et al. (1995)

Aldrin 309-00-2 * 6,50 Debruijn,J et al. (1989)

Heptachlor Epoxide 1024-57-3 4,98 Sangster (1993)

Endosulfan I 959-98-8 * 3,83 Hansch,C et al. (1995)

DDE 72-55-9 6,61 Sangster (1993)

Dieldrin 60-57-1 * 5,40 Debruijn,J et al. (1989)

Endrin 72-20-8 * 5,20 Debruijn,J et al. (1989)

Endosulfan II 33213-65-9 3,83 Hansch,C & Leo,AJ (1985); From Alpha

DDD 72-54-8 6,02 Sangster (1994)

Endrin Aldehide 7421-93-4 4,80 Meylan, WM & Howard,PH (1995)

Endosulfan Sulfate 1031-07-8 3,66 Hansch,C et al. (1995)

DDT 50-29-3 * 6,91 Hansch,C et al. (1995)

Atrazine 1912-24-9 2,61 Hansch,C et al. (1995)

Chlorpyriphos 2921-88-2 4,96 Sangster (1994)

Quinalphos 13593-03-8 4,44 Biobyte (1995)

Cypermethrin 52315-07-8 6,60 Tomlin C (1997)

EPA 625/CLP 
Pesticide Mix

Pesticide INIA 
MIX

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Those compounds listed in the 850/2004/CE regulation 

 

The mineral medium used in the biodegradation test was prepared following the 

OECD 301 test guideline and the compounds used were; potassium dihydrogen 

orthophosphate and ammonium chloride, purchased from Merck (Darmstadt, Germany), 

dipotassium hydrogen orthophosphate, disodium hydrogen orthophosphate, calcium 

chloride and  magnessium suphate were purchased from Panreac (Barcelona, Spain) and 

iron (III) chloride purchased from Supleco (Park, Bellafornte, PA, USA). 

 

2.2 Pre-screening of the effluents. 

Previous studies were performed to the different effluents before designing the 

biodegradation test. The different studies where: auto biodegradation studies of each 

effluent, TOC measurements, ecotoxicity test with Daphnia magna, analytical 

monitoring set up, and inoculum preconditioning.  
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2.2.1 Auto biodegradation studies 

 

Standard biodegradation test use an inoculum from a STP sludge, as a source of 

microorganisms to produce the biodegradation of the tested substance. Hence, agro 

industrial effluents have their own charge of microorganisms. Due to this fact, previous 

to the degradation studies, the capability of effluents to auto degradate was tested. This 

capability was measured using the indirect CO2 production rate. 

 

Additionally, these studies where conducted in order to confirm if the inoculum 

could be used as a source of bacteria in the biodegradation tests. 

The CO2 production rate were meassured with a BacTrac 4000 Microbiological 

Analyser (SY LAB, Purkersdorf,. Austria). The basic principles of the method are 

described below. 

 

Microbial metabolism utilises nutrient substrates for the most part consisting of 

higher molecular compounds (proteins, peptides and carbohydrates), producing lower 

molecular, charged decomposition products and CO2. In the case of charged 

decomposition products, the resulting ions lead to a measurable change in the charge of 

the solution and electrical resistance in the nutrient. Applying AC voltage with two 

electrodes immersed in the nutrient changes the impedance of the solution and can be 

measured to obtain a direct measurement of the microbial activity taking place in the 

sample.  

 

Another option for recording the microbial activity is detecting the CO2 

produced via the aerobic microbial metabolism. In this process the impedance is not 

detected directly in the nutrient, rather it is the change in impedance of a potassium 

hydroxide solution caused by the uptake of the CO2 formed. In this case, the sample and 

the potassium hydroxide solution are displaced in separate container but communicated 

by air.  

 

For this experiment, the indirect meassurement was used. In both cases of 

induced respiration, a source of organic material is needed for the micro organisms to 

degrade. For this purpose, normally glucose is used as a source of organic matter but, in 
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order to adapt the conditions to the biodegradation test and follow the OCDE 301 test, 

sodium acetate was also used. 

 

The measurement of both variations in conductivity or impedance, form a 

characteristic curve were it can be differentiated three different ranges, (figure 1). Initial 

or adaptation phase is where the micro-organisms adapt their metabolism to the 

substrates present in the aqueous matter and begin exponential growth. After reaching a 

certain concentration of micro-organisms, the measuring curves reach their 

characteristic turning point and start the exponential phase.  The point of inflection of 

the curve has the most relevance for this measuring technology. After the exponential 

phase, the micro-organisms conclude the metabolism and their exponential growth, as a 

result of the nutrient limitation or the accumulation of toxic products. This phase is 

called stationary phase.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Characteristic impedance curve. M shows the change in impedance. 

 

The higher the amount of micro-organism in the sample, the shorter the length of 

time before the formation of the characteristic measuring curve. 

If the impedance analysis is compared to the standard plate count, the first one is a 

dynamic process which determines the metabolic capacities of proliferating micro-

organisms. Additionally, no dilution of sample is needed reducing the sample 

preparation time.  

 

One first experience was assessed with all the effluents as follows: 
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5 ml of sample were introduced in a polyethylene vial inside the BackTrack 

measurement cell containing: 2 ml of 0.2 %  KOH aqueous solution, recently prepared 

with MilliQ water and 0,25 ml of a 120 g/L or 60 m/L of glucose solution 

corresponding to 15 or 30 mg per 5 ml of sample. The measurement cell with sample 

vial was capped an introduced in the thermostatized incubation chamber (22ºC). After a 

30 minutes period of warming up, the impedance of each cell is measured at 10 minutes 

intervals for 24 hours. Three replicates of each sample were measured and compared to 

controls consisting of three capped and three decapped cells containing only the KOH 

solution. Capped controls will appear as almost straight lines where no change in 

impedance occurs, while decapped controls will show a fast change in impedance 

reaching a stationary phase in the first hours of the test. 

 

After data collection, CO2 production rate was calculated with the help of a 

previously calibration curve with known quantities of CO2 in the KOH impedance 

measurement solution. 

 

Once the data obtained from the first experiment was evaluated, another test was 

performed raising the incubation temperature to 30ºC to see a faster response. After 

evaluating the results, the experiment was repeated only with the sewage sludge 

(inoculum),  to check its conditions. The study was first conducted with glucose as a 

source of organic matter and then, sodium acetate was used with the purpose of 

following the conditions described in the OECD 301 test. The final aim of this work is 

to adapt the OECD test for single substances to complex matrices.   

 

2.2.2 TOC Measurements 

The initial organic carbon present in the effluent at the beginning of the 

biodegradation test should not exceed 100 mg/L to be sure that first order kinetics is 

taking place. For this reason in order to determine the volume of effluent to be 

introduced in the biodegradation test, the total organic carbon (TOC) was measured. 

The total carbon analysis was performed by the oxidation/non-dispersive infrared 

detection method with a TOC-Vwp equipment (Shimadzu Scientific Instruments, 

Columbia, North America). The process consist of an oxidation of the carbon present in 

 106



Chapter 2: Materials and Methods 
 

the sample by adding phosphoric acid and sodium persulfate to the sample and heating 

to 90 ºC under UV illumination. At the end of the oxidation, the carbon has been 

transformed into carbon dioxide which is poured out by the carrier gas (nitrogen) into 

the Non-Disperse Infrared detector (NDIR). The area of the carbon dioxide peak signal 

is measured and correlated with a pre-prepared calibration curve with TOC standard 

from Sigma-Aldrich (USA), supplying the total carbon (TC) content of the sample. In 

the other hand, the inorganic carbon (IC) content is obtained through the acidification of 

the sample using a strong acid (phosphoric acid) producing CO2 that is poured out by 

the carrier gas to the measurement cell. Once the TC and the IC are obtained, the TOC 

is calculated as the difference between the TC and IC. 

The initial values of the IC, OC and TC of the samples are shown in table 2. 

 

2.2.3 Ecotoxicity test 

 

As explained in previous sections, the biodegradation process will be 

monitorized by TOC analyses and ecotoxicity test. At predefined times, samples will be 

taken to check the biodegradation process. 

It is important to use a toxicity test that demands small volume of sample, due to the 

limited amount of sample in each vessel and the great number of samples to be grabbed 

throughout the biodegradation test.  

The toxicity test used for the study was an adaptation of the standardised OECD 

Daphnia magna inmobilisation acute test (OECD 2004). The adaptation was made in 

order to use smaller volume of sample. In duplicate, 10 Daphnia magna neonates (less 

than 24 h) where exposed, in small vessels, to 15 ml of several dilutions of sample in 

reconstituted water, preparing 50% serial dilutions.  

To validate this procedure, a comparison between standardised OECD 202 method and 

the above miniaturized method was performed using potassium dichromate as reference 

standard. 5 potassium dichromate concentrations, ranging from 6 to 0.375 mg/l, were 

assayed by both procedures. The difference of the LC50 values from both tests is 0.087 

mg/L. The main difference of the tests resides in the standard deviation, since in the 

miniaturized test, only two replicates are used compared to four in the case of the 

standardized OECD test.  
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The effect (% of immobility after 48 h) was transformed into percentage of 

inhibition and the LC50 values where calculated using a probit analysis with Stat 

Graphics (Statistical Graphics Corp. Ver. 5.1) 

 

In order to compare the values obtained from the toxicity test, the toxicity unit approach  

was used (TU = (EC50)-1 x 100) (Sprague and Ramsay 1965). 

 

One previous toxicity test was carried out to all effluents (Ren 1, 2, 3, and 4). 

2.2.4 Analytical monitoring 

 

The method used for this purpose was solid phased micro extraction with gas 

chromatography-mass spectrometry (SPME-GC/MS). The main reason of using this 

methodology was, again, the small amount of sample needed for the extraction (only 3 

ml). The method is also explained in detail in chapter one of this thesis. 

 

A GC 6890 gas chromatograph (GC) and a 5973 mass selective detector (MSD), 

both from Agilent Technologies, were used. The extraction procedure was developed 

with Solid Phase MicroExtraction (SPME) using the StableFlex 

Divinylbenzene/Carboxen/PDMS (DVB/CAR/PDMS) 50/30 μm from Supelco, (USA). 

For the extraction, the fiber was immersed in 3 ml sample inside vials and under 

continuous stirring for 90 minutes at 22ºC temperature. As internal standard the 2,4,5 

Thirchlorotoluene (Supelco) was used. A capillary column HP-5MS, 30 m, 0.25 mm x 

30 m x 0.25 µm, Agilent 19091S-433, was used. 

 

The GC oven was kept at 50 ºC for 5 minutes, subsequently the temperature was 

raised at 10 ºC min-1 to 100 ºC, then kept at this temperature for 5 minutes before a 

second ramp up to 300 ºC at 5 ºC min-1, and finally it was kept constant for 5 minutes. 

splitless injection mode and helium as a carrier gas, with a constant flow of 0.6 ml min-1 

was used. 

 

The mass spectrometer was operated in the single ion monitoring procedure. 

Quantitation was done using an internal standard (IS), between 50 and 5 ng/ml of each 

compound in MilliQ water. 
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The fiber conditioning was carried out according to recommendations of 

Supelco, in the injector of the GC system. Fibres were also cleaned between analyses in 

the injection port for 10 minutes 

 

For the extraction procedure, 3 ml of sample and 25 µl of the IS solution was 

placed in a 4 ml amber glass vial with polypropylene open-top screw caps, 

PTFE/silicone septum (45 mm x 15 mm). The fibre was directly immersed in the 

sample at a depth of 1 cm, at room temperature for 1 hour and with a Teflon coated 

magnetic stirred. After the absorption, desorption of organic compounds from the fiber 

was performed into the helium stream of the heated injector port (250ºC splitless 5 

min). All samples were analysed in triplicate. 

Chromatography was used to follow the degradation of the organic compounds present 

in the spiked samples. 

 

2.2.5 Digesting sludge (inoculum) pre-conditioning 

 

A portion of the inoculum taken from the aeration tank is suspended in mineral 

medium in continuous aeration and stirring. The proportion of sludge suspended in the 

mineral medium is from 3 to 5 grams of sludge every litter. It was kept under these 

conditions for five to seven days to allow the micro organisms acclimate to the new 

conditions.  

For the biodegradation test, only the sobrenadant is collected. 

  

2.3 Effluent degradation test 

 

As mentioned previously, this approach pretends to adapt the OECD 301A test. 

The method should simulate real conditions as much as possible (e.g. temperature, 

oxygenation, dilution, pH, solar radiation). The main prerequisites for the test are: 

 

- Aerobic biodegradation, with some kind of shaking, and diffuse light. 
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- The organic material is limited (2-100 mg/L) with the intention of simulating the 

same degradation kinetics as observed in the environment. To respect this 

requisite, the dilution of effluents, according to TOC content, into a mineral 

medium of neutral pH is needed.  

- Effluents may have enough bacteria to cause the degradation of organic matter. 

It is therefore necessary to have a previous idea about the auto-biodegradation 

potential of each effluent before the study. 

- In order to check the capacity of the inoculum to degrade organic matter, a 

positive control is needed in the experiment. For this matter, sodium acetate was 

used because it is easily degraded by microorganisms and is also recommended 

by the OECD. 

- The biodegradation process was monitorized not only though parameters that 

inform about the mineralization of the organic matter (TOC) but also throughout 

bioassays to follow the degradation of toxicity, and the evolution of the 

concentration of the compounds using SPME/GC-MS. 

- As an additional parameter, analytics were performed periodically to help 

interpret the results. 

 

First, a previous test was performed with effluents Ren 1, Ren 2, Ren 3 and Ren 

4 to understand how each effluent degrades. Different volumes of mineral medium and 

effluent were mixed together in order to sum 500 ml and a maximum of 30 mg/L of 

TOC. The conditions used were: temperature 20 ± 2ºC, pH 7.4, constant stirring, 

continuous aeration, ambient light, and 1 ml/L of selected inoculum. The degradation 

was followed by TOC, pH and dissolved oxygen that was measured on days 0, 1, 2, 3, 

6, 10 and 13. Two replicates of each effluent and two positive controls with sodium 

acetate were prepared. Two different controls are prepared, a blank control with 

inoculum and a sodium acetate control with inoculum. The blank control was used for 

the degradation calculations and the sodium acetate control is used to validate the test. 

In order to validate the test the percentage degradation of the reference compound must 

reach the pass levels (70% degradation) by day 14 (OECD 1992). 

 

After performing a first test to evaluate the biodegradation of the effluents, a 

further step was taken using spiked effluents with the selected compounds (spiked 

effluents). This time, a specific amount of known mixtures were added to the effluents 
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with the purpose of measuring, not only TOC, pH and O2 but also the toxicity and the 

evolution of the toxic compounds over time measured with SPME/GS-MS. Table 4 

shows the different samples and spiked effluents used. Same controls as in previous test 

were used.  

Samples where taken on days 0, 1, 2, 3, 6, 8, 10, 14, 17, 20, 24, 31 and 38 to perform 

TOC measurements, pH, O2, toxicity test and GC/MS analysis. 

 

Table 4. Different preparations for the biodegradation test with synthetic effluents 

a Sodium acetate, b Mineral medium 

Sample Description Concentration of spiked compounds 
(ng/ml)

PC A AcONaa Standard 170 mg in 1 L -
PC B AcONaa Standard 170 mg in 1 L -
BI A Blank with inoculum in 1 L -
BI B Blank with inoculum in 1 L -

R1 Inia Mix A 90 ml Ren 1 + 908 ml MMb + 2.25 ml Inia Mix (2mg/l) 4,5
R1 Inia Mix B 90 ml Ren 1 + 908 ml MMb + 2.25 ml Inia Mix (2mg/l) 4,5

R3 Pest A 330 ml Ren 3 + 662 ml MMb + 8.25 ml Pest (2mg/l) 16,5
R3 Pest B 330 ml Ren 3 + 662 ml MMb + 8.25 ml Pest (2mg/l) 16,5

R3 Inia Mix A 330 ml Ren 3 + 662 ml MMb + 8.25 ml Inia Mix ((2mg/l) 16,5
R3 Inia Mix B 330 ml Ren 3 + 662 ml MMb + 8.25 ml Inia Mix (2mg/l) 16,5
R4 Inia Mix A 50 ml Ren 4 + 949 ml MMb + 1.25 ml Inia Mix (2mg/l) 2,5
R4 Inia Mix B 50 ml Ren 4 + 949 ml MMb + 1.25 ml Inia Mix (2mg/l) 2,5

To calculate the percentage of degradation, the equation form the OECD 301 test was 

used: 
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Where: 

  Dt is the degradation percentage at time t.  

  Ct is the carbon content at time t. Cbl is the carbon content in the blank control.  
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3.Results and discussion 
 

3.1 Autodegradation capacity of effluents and state of the inoculum 

 

It was seen from the first experiment (22ºC temperature) that in 24 hours only 

one effluent was able to completely degrade all the glucose in the effluent reaching the 

stationary phase at about ten to fourteen hours (figure 2). A complete degradation was 

seen for Ren 2 with both 15 and 30 mg of glucose in about 13 hours. The next two 

effluents that showed some degradation were Ren 3 and then the incolum with 15 mg of 

glucose. All of the effluents except Ren 2 showed a long latency period prior of starting 

the exponential growth phase (approximately 19 hours) meaning that the 

microorganisms present in the these mixtures present long acclimatising periods which 

could be due to a lower amount of micro organisms. 

In the next assay, the temperature was raised to 30ºC to observe the microbial 

activity in 24 hours, (figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Auto degradation capacity of effluents. 22ºC and 24 hours with glucose. 

Decapped controls where left out of the figure 

 

This time, the inoculum was able to reach the stationary phase in about 19 hours 

and again, Ren 2 showed very fast degradation of the glucose. The next effluent in 
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degrading the organic matter was Ren 3 with 15 and 30 mg of glucose. Then, Ren 1 and 

Ren 4 showed a slightly decrease in the M value but far from reaching the exponential 

phase. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Autodegradation capacity of effluents. 30ºC and 24 hours with glucose 

 

In both experiments, Ren 2 was degrading very rapidly the glucose. The main 

reason to explain this effect is the high specificity of Ren 2 for degrading glucose. Since 

Ren 2 was a grab sample from a cheese factory, the effluent contains very specific 

bacteria to degrade lactose so it is also very efficient in degrading glucose molecules. 

Because of its high specificity for glucose like molecules, it is probably not going to 

degrade other molecules so efficiently. The WWTP sludge was finally selected as a 

source of inoculum as it was expected. A complete degradation of the organic matter in 

less than 24 hours was stated. The incolum was sampled from a waste water treatment 

plant that treats both, urban source water and industrial source water, so it is very likely 

to degrade different kinds of organic contaminants. 
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Figure 4. Auto degradation capacity of effluents. Incolum at 22ºC and 48 hours with 

Sodium Acetate. 

 

Once the source of inoculum has been tested, the experiment was repeated with at least 

48 hours and 22ºC that was the temperature selected for the biodegradation test.  

 

The test was performed with different concentrations of sodium acetate (3,75; 

7,5; 15 and 30 mg). The results (figure 4) show that the respiration rate increases when 

increasing the amount of sodium acetate until it reaches 15 mg where it is the same as 

using 30 mg. It is also seen that the exponential phase starts at about 13 hours and the 

complete degradation of all the sodium acetate is finished at about 29 hours for all 

sodium acetate concentrations. 

 

 3.2 TOC evolution test 

 

The results of the first degradation test can be seen in figure 5. As it was 

explained in the previous section, in this first test, only TOC was measured since no 

acute toxicity to Daphnia magna was found in the samples. Samples were grabbed on 

days 1, 2, 3, 6 and 13 to measure TOC. The results (figure 5) show how, for all samples 

tested, the first three days is where most of the degradation occurs.  
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Sodium acetate was added as a positive control in mineral medium. For Ren 1, 3 

and 4 the total organic carbon evolution is very similar. A first degradation takes place 

in the first day of the experiment that reaches around 40 or 50 percent of the carbon 

content. Then, between day one and three, it reaches a stationary phase and in the cases 

of Ren 1 and 4 a slight increase in the carbon content is stated, due, probably, to the 

evaporation taking place in the flasks. It seems like if the dissolved carbon was 

disappearing in the first days, adsorbed to the walls of the vessels or to the particles, and 

then is freed after an accommodation period of one day. For Ren 1, 3 and 4 not more 

than 50 % of the degradation is achieved after 13 days of test. Perhaps, there are 

persistent organic pollutants in the mixture although, not producing any toxic effect. 
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Figure 5. Percentage of degradation obtained through TOC measurements of raw 

effluents and incolum. Standard deviations are also shown. 

 

If the pass levels of the OECD test were applied, only Ren 2 would be 

considered as ready biodegradable reaching 80,2 % degradation on day 13, even higher 

than AcONa control that reached 70,4 % degradation in day 13. Ren 1 reached 41,7 %, 

Ren 3 47,5 % and Ren 4 57 % at day 13. Ren 2 has probably a high percentage of its 

TOC present in glucose like molecules which are easily degraded. The rest of the 

effluents are grab samples taken after some kind of process which probably has already 

degraded the easily degradable compounds leaving the more persistent ones. 
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As shown in table 5 the control shows a 80,38 % degradation by day fourteen 

which validates the test following the OECD 301 criteria. R3 Pest and R4 Inia Mix 

reach around 78 % degradation by day 14th which also means that these mixtures fulfil 

the ready biodegradable approach. 

 

Figure 6. Percentage of degradation obtained throughout TOC measurements. 

Standard deviation values are also shown 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the biodegradation test with the spiked effluents (figure 6) a similar 

degradation process can be observed. The first day of the test the highest degradation is 

detected. For R1 Inia Mix and R3 Inia Mix, the decrease in TOC content is higher than 

for the other two mixtures reaching almost 50 %. In the other hand, for R4 Inia mixture 

and Ren3 pest mixture, the decrease of TOC is smoother but, at the end of the test (20 

days) these two mixtures reach higher degradations.  
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Table 5. Degradation values from day o to day 20  

Sample Degradation % SD Degradation % SD Degradation % SD Degradation % SD Degradation % SD Degradation % SD Degradation % SD

PC 0,00 0,00 5,81 2,32 51,11 0,87 72,73 2,29 73,52 0,48 80,38 0,36 79,35 0,27
R1 Inia Mix 0,00 0,00 46,30 0,31 48,13 1,54 56,22 0,74 59,81 1,43 64,26 0,52 64,63 0,34

R3 Pest 0,00 0,00 17,79 2,39 21,58 7,18 29,61 7,17 48,81 9,76 78,90 12,97 88,75 8,11
R3 Inia Mix 0,00 0,00 44,78 1,00 46,56 0,65 49,41 1,77 51,63 3,39 55,06 1,23 61,87 0,74
R4 Inia Mix 0,00 0,00 25,88 1,39 29,97 0,50 34,01 0,83 53,88 0,84 78,27 0,46 88,98 0,16

Day 6 Day 14 Day 20Day 0 Day 1 Day 2 Day 3
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3.3. Degradation of chemical mixtures followed by SPME-GC/MS 

 

For the Inia mix analysis, only the evolution R3 Inia Mix was measured in order 

to reduce the number of samples. The result of the analysis is shown in figure 7. As 

explained in previous sections, the initial concentration spiked in the sample was 16 

µg/l. For atrazine, quinalphos and cypermethrin a similar response is seen until the third 

day of the test. Then, a decrease in quinalphos is seen. For the chlorpyrifos there is a 

huge difference between the nominal concentration and the concentration found in the 

sample. Pablo et al. stated almost a complete loss of chlorpyrifos 24 hours after the 

application (Pablo et al. 2008), nevertheless, other authors have classified Chlorpyrifos 

into highly persistent contaminant (half life between 15 and 30 days) (Claver et al. 

2006). For the other three compounds no degradation seem to occur except for the 

quinalfos which seems to decrease from day 3 to 6 and from day 13 to day 16 an 

increase is stated which can be due to analytical artefacts.  
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Figure 7. Degradation followed by SPME-GC/MS of R3Inia Mixture 

 

For the pest mixture analysis, R3 Pest was used. The results are shown in figure 

8, 9 and 10. The compounds seem to disappear in the sample. An initial concentration 

of 16 µg/l is expected at the beginning of the test but the analytics show much less from 

the beginning of the experiment. Figure 8 shows the evolution of the concentration of 

α-BHC, ß-BHC, γ-BHC, δ-BCH and Endrin aldehyde. For this first set of compounds, 
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there is a decrease in the concentration after day one until it reaches almost zero for day 

20.  
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In figures 9 and 10 the rest of compounds in pest mixture are shown. No explanation 

was found, other than the analytical artefact, to the fact that 10 times less than the 

nominal concentration was found at time zero. In any case, after time zero a decrease is 

also seen that could correspond to the TOC diminution (figure 9 and 10). 
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Figure 8. Degradation followed by SPME-GC/MS of pest Mixture 
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Figure 9. Degradation followed by SPME-GC/MS of pest Mixture 
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The toxicity was only followed for the effluents spiked with Inia mixture. Even 

though, the pesticides mixture should cause adverse effects to Daphnia magna at the 

concentration tested, no toxicity was found at time zero. Furthermore, by looking at the 

analytical results, it seems as if the pesticides were vanishing from the media, added to 

the organic mater or to the walls of the vessels or other type of artefact.

3.4 Toxicity evolution followed by Daphnia magna toxicity test 

 

Some authors have reported that a substantial amount of pollutants in natural 

waters could be bond to dissolved humic materials (Hassett and Anderson 1979; Carter 

and Suffet 1985). Colloidal material, organic macromolecules and microparticules are 

other forms of organic matter in the aquatic environment. These materials are composed 

mainly of carbohydrates and peptides, and can be originated from aquatic 

microorganisms and plants. The affinity of hydrophobic pollutants for colloidal material 

in aquatic environments has been stated, demonstrating that dissolved organic material 

DOM can bind these pollutants in the form of a stable colloidal suspension (Wijayratne 

and Means 1984). 
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Figure 10. Degradation followed by SPME-GC/MS of pest Mixture 
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Sample LC50 % 95%-CL LC50 % 95%-CL LC50 % 95%-CL LC50 % 95%-CL LC50 % 95%-CL LC50 % 95%-CL LC50 % 95%-CL

R1 Inia Mix A (4.5 ug/l) 3,70 3,52 - 4,18 5,06 4,42 - 5,79 4,25 3,90 - 4,64 4,25 3,90 - 4,64 8,31 7,72 - 8,94 8,20 7,63 - 8,82 11,78 10,15-13,67
R1 Inia Mix B (4.5 ug/l) 2,36 1,97 - 2,83 4,25 3,90 - 4,64 3,48 3,22 - 3,75 7,47 6,96 - 8,02 7,75 7,23 - 8,33 11,78 10,15 - 13,67 22,37 14,71-34,02
R3 Inia Mix A (16 ug/l) 0,75 0,63 - 0,97 1,52 1,22 - 1,89 1,65 1,37 - 1,98 1,34 1,26 - 1,43 2,17 1,87 - 2,52 2,17 1,87 - 2,52 2,17 1,87-2,52
R3 Inia Mix B (16 ug/l) 0,91 0,69 - 1,14 1,56 1,27 - 1,92 1,69 1,42 - 2,02 1,79 1,53 - 2,11 2,17 1,87 - 2,53 2,17 1,87 - 2,52 3,32 3,09-3,89
R4 Inia Mix A (2.5 ug/l) 5,06 4,42 - 5,79 5,81 5,55 - 6,64 7,08 6,58 - 7,62 11,78 10,15 - 13,67 11,78 10,15 - 13,67 13,68 11,73 - 15,95 26,87 23,70-30,46
R4 Inia Mix B (2.5 ug/l) 7,39 6,14 - 7,39 7,68 7,84 - 11,87 5,06 4,42 - 5,79 8,20 7,63 - 8,82 11,78 10,15 - 13,67 13,68 11,73 - 15,95 11,53 10,59-13,80

Day 6 Day 13 Day 20Day 0 Day 1 Day 2 Day 3

Table 6. LC50 values and 95% confidence limits of the miniaturized Daphnia magna test. Concentrations are expressed in % dilution.  
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In the other hand, the spiked effluents with Inia mixture are very suitable 

mixtures to follow the toxicity throughout the biodegradation test. The use of a 

miniaturized test allows taking enough volume of sample to perform the test in 

duplicate and for the days needed. Table 6 shows the LC50 (expressed as % dilution) 

values obtained from the miniaturized Daphnia magna toxicity test. 

 

Figure 11 shows the variation of samples toxicity expressed as toxic units (TU) 

(mean ± standard deviation of two replicates). It is possible to see a diminution in the 

toxic effect in all samples. It is also reasonable that R3 Inia Mix A and B show more 

toxic effect than the other two since the concentration is higher. If compared to the 

analytical results, a correlation is seen in both data. A strong diminution in the toxic 

effect is seen between day 0 and day one which could be related to the fading of 

chlorpyrifos and then, a slower diminution is stated that could correspond to the 

decrease of quinalphos concentration.  
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Figure 11. Toxicity evolution measured in Toxic Units (TU) 

 

When comparing toxicity data with the TOC degradation curves (figure 12) it 

seems to be a good correlation. The diminution of toxic effect on day one corresponds 

with the diminution in the TOC content. After day one, there is a stable phase in the 

TOC content and an increase is seen in the toxicity except for R3 Inia Mix which still 
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decreasing. Then, a slow decrease in the toxic effect is correlated with a slow decrease 

in the TOC content for all mixtures compared. 
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Figure 12. Toxicity evolution measured in Toxic Units (TU) 

 

A study was performed in the Netherlands between 1995 and 1996 with ten 

different effluents applying an adjusted version of the OECD 301E test. The results 

showed a strong reduction of the toxicity, while a TOC did not show and decrease in 

concentration (Ake Unden, 2001). Nevertheless, in this case, both parameters seem to 

correlate quite well. If the ready biodegradability criteria was used R4 Inia mix would 

fulfil the test meaning that is a ready biodegradable sample. If looking at the toxicity 

results, R4 Inia mix is still causing toxicity by day twenty.  
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4.Conclusions 
 

For complex mixtures, the standard biodegradation test might not provide 

enough information. It could happen that the most toxic compound is also the most 

stable and hard to degrade. For the results obtained in the biodegradation test followed 

by toxicity test and chemical analysis, the toxicity test with the OECD biodegradation 

test proceedings can be a useful tool to measure non biodegradable compounds present 

in aqueous matrices. 

 

Logically when performing these tests with single substances the evolution on the 

carbon present in the mineral medium test, the CO2 production or the O2 decrease is a 

direct measure of the compound degradation. Nevertheless, this relation is not so 

obvious when performing adaptations of these tests for complex mixtures. In a complex 

mixture, like a WWT effluent, there are different amounts of chemical substances which 

haven´t been degraded plus the organic matter, so it is possible to observe degradation 

of the whole organic matter but no degradation of the compound or compounds 

responsible of the toxicity of the sample. Therefore, it is necessary to measure 

additional parameters simultaneously to the O2, CO2 or TOC measurements when 

dealing with complex mixtures. 

 

As further improvements of the method, real toxic effluents should be used and 

different methodologies could be applied depending on the disposal of the effluent. 

Higher amount of inoculum should be used if the effluents are entering a WWTP to 

simulate real conditions. 

 

  The method to evaluate the capacity of biodegradation of effluents must simulate 

as much as possible the environmental conditions in order to approach more realistic 

results. These persistent pollutants not only can cause chronic exposure to the species 

that live in the environment near the spill but they can travel thousands of kilometres 

away from the source of contamination without suffering any biodegradation. 
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Chapter 3: Introduction 
 

1. Introduction 
 

Effluents present a very complex and variable mixture of compounds making 

very expensive, time consuming, and sometimes impossible to perform a complete 

chemical characterization.  

 

The impact of effluents discharged into aquatic environment should take into 

account the persistence, the bioconcentration potential and the toxicity of the 

components (Hynning 1996). There are several methods to evaluate the toxicity of the 

effluents such as the Whole Effluent Toxicity Test (WETT), Toxicity Identification 

Evaluation (TIE) or Effect Directed Analysis (EDA) but, there is a lack of validated 

methods to evaluate persistence or bioconcentration potential of these complex 

matrices. 

 

The environmental risk assessment (ERA) protocols have been developed for 

single substances to reduce the spilling from its source but, there are yet no simplified 

risk assessment protocols to evaluate a whole effluent poured into the environment or 

influents entering waste water treatment plants (WWTP).  

 

Considering the environmental quality standards (EQS) in the European Water 

Framework Directive (EC 2000) and the European Directive on Integrated Pollution 

Prevention and Control (Directive 96/61/CE) the principles for a simplified 

Environmental Risk Assessment of effluents is highly desirable. 

 

Here, we apply a combination of two methodologies. On one hand, the Kow 

estimation and in the other hand, the extraction, fractionation and ecotoxicity testing of 

the fractions. 

 

Toxicity test of the fractions, and subsequent chemical analysis of the toxic 

fractions, can reduce analysis cost by focusing on relevant toxic compounds (Hartnik 
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2007). For this purpose non-polar sorbents (e.g., C18-phases) are frequently used in 

many bioassay-directed fractionations (Brack 2003; Hewitt and Marvin 2005). 

 

For the Kow estimation chemical methods of assessing potentially 

bioacumulating substances (PBS) all rely on the relationship between hydrophobicity of 

a compound and its tendency to bioacumulate, expressed as a bioconcentration or 

bioaccumulation factor (De Maagd 2000).  

 

For the calculation of the Kow, many methods have been used, “shake-flask 

method” (OECD 1981; He et al. 1995), “slow stirring method” (Haelst et al. 1994), 

theoretical calculation (Leo et al. 1971) but the only one that can be used, so far, for 

multiple unknown substances is Reverse Phase High Performance Liquid 

Chromatography (RP-HPLC) (OECD 117).  

 

Established protocols mentioned above like EDA and TIE aims to establish a 

relationship between the chemical substances present in effluents and the biological 

effects they produce, trying to provide the stakeholders a higher amount of information 

in order to make a better assessment. Both systems apply an extraction procedure, 

followed by a fractionation of the sample. Then, a toxicity test is applied to each 

fraction and a chemical characterization is performed to those fractions that are toxic. 

EDA was shown to be a powerful, and in many cases, successful tool to identify and 

confirm previously unknown or unexpected pollutants in the environment, (Brack 

2003).  

 

The aim of this study is to develop an equation capable of assessing the hazard 

of a mixture and consequently make a further step in the environmental risk assessment 

of effluents. The methodology presented combines the RP-HPLC system to estimate the 

log Kow of mixtures of unknown chemical compounds with the Effect Directed Analysis 

techniques to finally estimate a hazard index of effluents. The proposed method is 

simple and robust, which makes it applicable for screening and monitoring purposes. 
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2. Theoretical approximation 
 

Simplified environmental assessments are mostly based on risk quotients, 

expressed as the ratio between exposure and effects. The European TGD (Technical 

Guidance Document on Risk Assessment of Chemical Substances following European 

Regulations and Directives 2003) and the definitions of EQS (Environmental Quality 

Standards) interpreted this quotient as the PEC/PNEC ratio, where PEC expresses the 

Predicted Environmental Concentration and the PNEC is the Predicted No Effect 

Concentration obtained through the application of a “safety factor” to the lowest toxicity 

value. 

 

For the case of effluents, the concentration may be expressed as the percentage 

of dilution instead of concentration, using the acronym PNED. 

Analysing the principles for setting water quality standards (Tarazona 1997; Bro-

Rasmussen et al. 1994), the Water Framework Directive and the TGD, an adaptation of 

the PNEC value can be established as: 

 

 

                                            or alternatively,                                                           (1)  

                                                                                                                                      

 

The value of the EC50 introduced in the PNEC equation is taken from the lowest 

toxicity data, obtained from the most sensitive specie tested. Dealing with effluents, the 

concentration is normally expressed as percentage of dilution. The safety factors of 

equation (1) can be understood differently depending on the document. For the case of 

effluents, an adaptation has been made and is explained as follows: 

 

A) 100 value for the percentage correction since the EC50 value is expressed as a 

percentage of dilution in which 50 % of the individuals are affected. 

B) 10 value to assess the variability between species and test conditions. 

Theoretically, some species may be sensitive to some of the chemicals while 

some other species may be sensitive to other chemicals present in the mixture. 

For the case of complex mixtures Pedersen and Petersen (1996) published some 

FactorsSafety 
EC

PNEC = 50

FactorsSafety 
ED

PNED = 50
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safety factors ten times below the OCED factors based on bioassays with 

mixtures of 26 different compounds and 5 different test organisms. Nevertheless 

this feature won’t be discussed throughout this work. 

C) A 10 value to assess the persistence. The value can be refined by the use of 

chronic tests or adaptations of standardised test (OECD 301a-f). The refinement 

of this security factor could be discussed elsewhere.  

D) A 10 value to assess the bioaccumulation. This value will be refined with the 

methodology presented. 

 

Considering this approximation, the present chapter, is focused on the refinement of this 

10 value to achieve a more realistic PNEC value.   
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3. Materials and methods 

 

A general explanation of the methodology developed is explained next: 

Firstly, 47 different compounds were injected independently in a RP-HPLC 

system to establish a correlation between retention time and octanol-water partition 

coefficient. Secondly, two mixtures were prepared with different known compounds in 

order to simulate real effluents. The mixtures were injected in the RP-HPLC system, 

separated and recovered. The retention times gathered from the chromatography were 

translated to Kow values from the regression obtained in the first part. Toxicity test were 

performed to the raw mixture and the different fractions recovered from the RP-HPLC. 

Finally an equation is developed capable of relating the toxicity of the raw mixture, the 

toxicity of the fractions and the Kow to obtain a relative hazard index of the whole 

mixture. The process of the testing is as shown in figure 1. No extraction was 

performed since it was not the aim of this work and a 100 % recovery was simulated 

 

 

 

 

 

 

 

 

Figure 2. Fractionation and toxicity test scheme 
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3.1 Chemical mixture preparation 

 

Two different mixtures (M1 and M2) were studied. The characteristics of each 

one and the preparation processes are described below:  

The mixture M1 consist of three different compounds, Nonylphenol (NP), 2,4 

Dichloroaniline (DA) and Diazinon (DZ) mixed in MilliQ water. These compounds 

were selected in base of their high toxicity to Daphnia magna, their different modes of 

action and their octanol-water partition coefficient. In order to establish the initial 

concentrations of M1 and M2, previous toxicity test with Daphnia magna were carried 

out. 

 

The mixture M2 was prepared using a 16 pesticides, see table 1 (EPA 625/CLP 

Pesticide Mix; Supelco, USA). In this case, all the compounds interfere in the 

transmission of nerve impulse which represents a different case than M1. Also, working 

with a higher amount of compounds, represents a higher level of complexity and a 

better approach of reality. 

 

For the injection in the RP-HPLC a preparation in acetonitrile (Panreac Quimica 

S.A., Barcelona, Spain) 1000 times more concentrated than the mixture in water was 

prepared. No extraction was performed since it is not the aim of this work and many 

different extraction procedures can be developed. The different fractions recovered form  

the RP-HLC were evaporated under a flow of nitrogen and redissolved in dimethyl 

sulfoxide (Supelco, USA) for miniaturized Daphnia test.  

 

The substances used and the initial concentrations of each compound are shown 

in table 1. An analytical method with GC-MS was design for a further screening of the 

fractions to assure the presence of what compounds were present in each fraction. The 

method was designed for qualitative purposes and no quantification was carried out. 
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Table 1. Compounds used. Kow values obtained from literature. 

Synthetic 
effluent

Compound CAS log Kow Reference
Initial 

concentration 
(mg/l)

3,4-dichloroaniline 95-76-1 2.69 Hansch,C et al. (1995) 0.6
Diazinon 333-41-5 3.81 Hansch,C et al. (1995) 0.003
4-nonylphenol 84852-15-3 5.92 Meylan,Wm & Howard,Ph (1995) 0.3

α-BHC 319-84-6 3.8 Hansch,C et al. (1995) 0.2
Endosulfan Sulfate 1031-07-8 3.66 Hansch,C et al. (1995) 0.2
δ-BHC 58-89-9 3.72 Hansch,C et al. (1995) 0.2
β-BHC 319-85-7 3.78 Hansch,C et al. (1995) 0.2
Endosulfan I 959-98-8 3.83 Hansch,C et al. (1995) 0.2
Endosulfan II 33213-65-9 3.83 Hansch,C & Leo,Aj (1985); From Alpha 0.2
γ-BHC 319-86-8 4.14 Hansch,C et al. (1995) 0.2
Endrin Aldehyde 7421-93-4 4.8 Meylan,Wm & Howard,Ph (1995) 0.2
Heptachlor Epoxide 1024-57-3 4.98 Sangster (1993) 0.2
Endrin 72-20-8 5.2 DeBruijn,J et al. (1989) 0.2
Dieldrin 60-57-1 5.4 DeBruijn,J et al. (1989) 0.2
DDD 72-54-8 6.02 Sangster (1993) 0.2
Heptachlor 76-44-8 6.1 Simpson,Cd et al. (1995) 0.2
Aldrin 309-00-2 6.5 DeBruijn,J et al. (1989) 0.2
DDE 72-55-9 6.51 Sangster (1993) 0.2
DDT 50-29-3 6.91 Hansch,C et al. (1995) 0.2

M1

2M

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the GC-MS determination a GC 6890 chromatograph and a 5973 detector 

both from Agilent were used. The extraction procedure was developed with Solid Phase 

MicroExtraction (SPME) using the StableFlex Divinylbenzene/Carboxen/PDMS 

(DVB/CR/PDMS) 50/30 μm from Supelco, USA. 

 

3.2 Miniaturized Daphnia magna acute toxicity test 

 

The toxicity test used for the study was an adaptation of the standardised OECD 

test (OECD 2004). An adaptation is needed in order to use smaller volume of sample. In 

duplicate, 10 Daphnia magna neonates (less than 24 h) where exposed, in small vessels, 

to 15 ml of serial dilutions of sample in reconstituted water. Figure 2 shows the 

miniaturized D. magna test. 
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The test was previously validated comparing the results of a standardized OECD 

(OECD 2004) test and the miniaturized test. The validation was made with K2Cr2O7 in 

five different concentrations from 6 to 0.375 mg/l. The difference of the LC50 values 

from both tests were 0.087 mg/l. The main difference of the tests resides in the standard 

deviation, since in the miniaturized test only two replicates are used compared to four in 

the case of the standardized OECD test. 

 

Figure 2. Miniaturized D. magna toxicity acute test 

 

The effect (immobility after 48 h) was transformed into percentage of inhibition 

and the LC50 values where calculated using a log-logistic concentration-effect curve 

with a minimum of 0% and a maximum of 100%. For each set of samples with is 

concentration-effect curves, a common slopes was optimized by fitting all data together, 

using the least square method implemented with the excel solver to optimize the 

adjustable parameters slope and the EC50 values of each sample (fraction or mixture). 

After a common slope was found the concentration-effect curves were fitted 

independently with Prism 4.0 from GraphPad Software using the EC50 values as only 

adjustable parameters. 

 

The toxicity test of the fractions and those for the initial synthetic effluent were 

conducted in parallel. 
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3.3 Kow determination by RP-HPLC 

 

This approach is based on substance partition between a stationary apolar 

organic phase and a mobile polar aqueous phase on a C18 column. Of all experimental 

methods to estimate the Kow, this is the most rapid and least expensive (Finizio et al. 

1997), and is found to accurately determine log Kow values and shows good correlation 

with other methods (Griffin et al. 1999). 

 

The chromatographic separation was performed using a Waters 2695 Separation 

Module and a Phenomenex Luna 5µ C18 (250 x 4.60 mm) column. The 

chromatographic conditions were: 1 ml/min flow, 25 ºC temperature of the column, 100 

µl volume of injection, and acetonitrile/water (linear gradient from 10 % acetonitrile to 

100% in 71 minutes) as the mobile phase. A 2996 Waters Photodiode Array Detector 

was used to detect from 200 to 400 nm, covering most of the organic contaminants in 

the environment.  

 

With the conditions described, 47 compounds (table 2) were injected to obtain 

the corresponding retention times. A range of log Kow between 1 and almost 8 was 

covered obtaining the values from different bibliographic sources. For those compounds 

that no experimental data of the Kow value could be found, the software KowWIN 

v.1.67 US EPA was used.  

 

The compounds selected for the regression were industrial products, pesticides, 

insecticides and pharmaceutical products, most of them classified as priority pollutants 

by the USEPA (2005). A concentration of 20 mg/l in acetonitrile was prepared for each 

of the compounds used. The value of the retention time corresponds to the mean value 

of two injections.  
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Table 2. Reference substances and their log Kow values.  

Compound CAS log Kow Reference Rt (min)a
EPA Priority 
Pollutantsb

o-anisidine 90-04-0 1.18 Hansch,C et al. (1995) 18.24
Benzidine 92-87-5 1.34 Hansch,C et al. (1995) 18.33 *

Dimethyl phthalate 131-11-3 1.60 Ellington,JJ & Floyd,TL (1996) 23.62 *
1-Fluoro-2,4-dinitrobenzene 70-34-8 1.83 Kowwin V1.67 25.29

4-Nitrophenol 100-02-7 1.91 Hansch,C et al. (1995) 19.70 *
2,4-Dinitrotoluene 121-14-2 1.98 Hansch,C et al. (1995) 28.24 *
2,6 Dinitrotoluene 606-20-2 2.10 Nakagawa,Y et al. (1992) 28.44

Indole 120-72-9 2.14 Hansch,C et al. (1995) 25.22

 

 

Carbaryl 63-25-2 2.36 Hansch,C et al. (1995) 25.21
Diethyl Phtalate 84-66-2 2.42 Ellington,JJ & Floyd,TL (1996) 29.72 *

3,4-dichloroaniline 95-76-1 2.69 Hansch,C et al. (1995) 27.89
Triadimefon 43121-43-3 2.77 Hansch,C et al. (1995) 31.63

4-chloro-o-cresol 1570-64-5 2.78 Hansch,C et al. (1995) 26.88
2,4-dichlorophenol 120-83-2 3.06 Hansch,C et al. (1995) 27.52 *

Naphthalene 91-20-3 3.30 Hansch,C et al. (1995) 34.41 *
4-tert-Butylphenol 98-54-4 3.31 Hansch,C et al. (1995) 30.21

1,2 Dichlorobenzene 95-50-1 3.43 Hansch,C et al. (1995) 34.78 *
1,4-dichlorobenzene 106-46-7 3.44 Hansch,C et al. (1995) 35.09 *

3,3 Dichlorobenzidine 91-94-1 3.51 Hansch,C et al. (1995) 30.71
1,3-dichlorobenzene 541-73-1 3.53 Hansch,C et al. (1995) 36.16
3,5-Dichlorophenol 591-35-5 3.62 Hansch,C et al. (1995) 29.16

umene 98-82-8 3.66 Hansch,C et al. (1995) 36.86
Ethynyl estradiol 57-63-6 3.67 Hansch,C et al. (1995) 28.06

2,4,6-Trichlorophenol 88-06-2 3.69 Hansch,C et al. (1995) 31.26 *
iazinon 333-41-5 3.81 Hansch,C et al. (1995) 37.72

Acenaphtene 83-32-9 3.92 Hansch,C et al. (1995) 38.68 *
Acenaphtylene 208-96-8 3.94 Hansch,C et al. (1995) 36.14 *

17 beta estradiol 50-28-2 4.01 Hansch,C et al. (1995) 35.84
Prochloraz 67747-09-5 4.10 Baker, Ea et al. (1992) 34.31
Fluorene 86-73-7 4.18 Hansch,C et al. (1995) 40.19 *

3,4,6-Tetrachlorophenol 58-90-2 4.45 Hansch,C et al. (1995) 34.27 *
Anthracene 120-12-7 4.45 Hansch,C et al. (1995) 41.73 *

1,2,3,4-tetrachlorobenzene 634-66-2 4.60 Hansch,C et al. (1995) 41.60
Pyrene 129-00-0 4.88 Hansch,C et al. (1995) 42.43 *

Chlorpyrifos 2921-88-2 4.96 Sangster (1994) 31.30
Diethylstilbestrol 56-53-1 5.07 Hansch,C et al. (1995) 30.28

Pentachlorophenol 87-86-5 5.12 Hansch,C et al. (1995) 37.22 *
Benzo (a) anthracene 56-55-3 5.76 Wang,L et al. (1986) 44.16 *

Nonylphenol 25154-52-3 5.76 Itokawa,H et al. (1989) 45.50
Benzo (b) fluoranthene 205-99-2 5.78 Wang,L et al. (1986) 46.40 *

hrysene 218-01-9 5.81 De Maagd,PG et al. (1998) 44.41 *
Benzo (k) fluoranthene 207-08-9 6.11 De Maagd,PG et al. (1998) 46.65 *

Benzo (a) pyrene 50-32-8 6.13 De Maagd,PG et al. (1998) 47.17 *
Dibenzo (g,h,l) perylene 191-24-2 6.63 Hansch,C et al. (1995) 49.10 *
Dibenz (a,h) anthracene 53-70-3 6.75 Sangster (1993) 48.06 *

Indenopyrene 72254-06-9 6.99 Kowwin V1.67 49.38
Bis (2-EthylHexyl) Phthalate 117-81-7 7.60 DeBruijn,J et al. (1989) 54.55 *

C

D

2,

C

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Retention times in minutes obtained from the DAD. b Compounds that appear in the list 

of priority pollutants for which the U.S. EPA must establish ambient water- quality 

criteria and effluent limitations, (USEPA , 2002). 
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A linear regression was fitted between the log Kow and the corrected retention 

time (k´), using 47 products. As established by the OECD 117 method the type of 

regression is: 

 

bkaKow +∗= ´log  (2) 

 

Once the linear relationship between k´ and log Kow of the standard compounds 

was determined, it is assumed that unknown compounds will follow the same 

relationship. Seven different compounds where injected in the system to check the 

precision of the estimation. The results were also compared to the KowWin calculation 

software. 

 

3.4 Estimation of a Bioconcentration Index (BCI) 

 

The method presented, assumes that the uptake of chemicals compounds that is 

being taken into account is the direct uptake from the water phase. This leads to the 

estimation of the BCF values from the Kow of the different compounds present in the 

mixture. The BCF has been defined as the ratio of the concentration of a chemical in the 

whole organism at steady-state conditions and in water column, so it can be an indicator 

of the accumulation of a chemical in the lipid compartment of an organism (Contreras 

2003). 

 

Many equations can be used for the estimation of BCF from the Kow but in this 

case the equations from the TGD (2003) where selected since the work intends to adapt 

the TGD protocols to complex mixtures. With these equations two different 

assumptions are considered: 1) compounds with a log Kow from 2 to 6, a linear equation 

can be used and 2) chemical compounds with a log Kow greater than 6, a parabolic 

equation is proposed. It is known that, for chemicals with a log Kow greater than 

approximately 6, a linear model for bioconcentration is inaccurate (Bintein et al. 1993). 

It should therefore be considered that the experimental data on BCF have a much higher 

level of uncertainty for high log Kow values than for lower values (TGD 2003).  

The equations used are: 
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70.0log85.0log −∗= KowBCFfish  Veith et al. (1979)             (3) 

72.4log74.2log2.0log 2 −∗+∗−= KowKowBCFfish  Connell and Hawker (1988)  (4)  

 

The linear model (3) was validated by Devillers et al. (1996) using data of 267 

different molecules with a root mean square error of the predictions of 0.58. In the case 

of the substances with a log Kow greater than 6, both values, the estimated by the QSAR 

and the experimental must be taken carefully. The experimental determination for these 

substances is difficult, leading to relatively large experimental uncertainties (TGD 

2003). 

 

Once the BCF is estimated from the Kow calculated from the regression (2) the 

value is normalized into a 1 (min BCF) to 10 (maximum BCF) range called 

Bioconcentration Index (BCI). The BCF is represented in a graph against a given value 

of 1 to 10 (BCI). Then, the estimation of BCI for the unknown peaks is performed by a 

linear interpolation since a linear fitting of the BCF values shows poor results and a 

high level of uncertainty. The BCI would be considered as 1 when the chemical 

compound presents no risk for bioconcentration and a 10 value (the worst case possible) 

when the compound has a very high potential of bioconcentration. 

 

3.5 Estimation of a Relative Hazard Index (RHI) 

 

The approach used, assumes a similar mechanism of action of all substances in 

the test mixture using the concentration addition (CA) assumption (Loewe and 

Muischnek 1926; Loewe 1927). The CA concept has the implication that any toxic 

mixture component at any concentration will contribute to the mixture toxicity.  

Afterwards, a correction factor is included in the equation for the cases in which 

compounds with different modes of action are present in a certain effluent.  

 

Once the LC50 values of each of the fractions and in the whole effluent are 

obtained (Figure 1), are transformed in toxicity units TU (100 / LC50 (%)) and inserted 

in the following equation: 
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TUi is the toxic units of each of the fractions. The BCIi are the bioconcentration 

indexes estimated for the fractions, as described above. There are some important issues 

that must be taken into account when deciding what BCI value to use. First, the diode 

array detector (DAD) is maybe not sensible enough to detect a concentration of a 

specific substance capable of producing a toxic effect. Second, the DAD is useless for 

compounds without chromophoric groups. Because of these two reasons, the highest 

BCI value must be used regardless of the appearance of a peak in the chromatogram. 

Further analytical procedures can be performed to identify the peak responsible for the 

toxicity. Also smaller fractions can be collected to be more accurate in the estimation. 

 

The TUresidual is considered the part of the toxicity that is produced by inorganic 

or very polar substances which are not being extracted. This value is obtained by 

another toxicity test carried out with the remaining effluent after extraction of 

liphophilic compounds. 

 

The toxicity adjustment factor (TAF) is introduced in the equation to correct two 

deficiencies in the chemical method: a) the chemical procedures are never perfect and 

there might be some loss of compounds with the different extraction and evaporation 

processes (Brack and Schirmer 2003) and b) the amount of compound or compounds in 

one of the fractions could be insufficient to produce any effect by itself or the effect is 

not enough to calculate the LC50.  

To compensate these deficiencies, the TAF is calculated as follows: 

 

∑
=

−
= n

i
i

residualwett

TU

TUTUTAF

1

      (6) 

 

TUwett is the LC50 of the whole effluent transformed into TU.  
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4. Results and discussion 
 

4.1 Kow Estimation from RP-HPLC 

 

The retention time of 47 compounds was obtained through the RP-HPLC 

method and a linear regression was fitted with the log Kow values obtained from 

literature. This linear regression is shown in figure 3. When working with unknown 

samples there is not previous information about the best pH of mobile phase to assure 

that no ionised form of all compounds; in the worst possible case when the pH of the 

mobile phase were approximately the same of the pKa of a compound, two peaks should 

appear in the HPLC chromatogram corresponding to ionised and no ionised forms. In 

any case Kow should be determined from the peak with grater retention time, 

corresponding to the form with bioaccumulation capability.  

 

The most important factors for reliable experimental results are the choice and 

the number of reference substances, whereas the dead-time determination, the use of a 

precolumn, the choice of the analytical column, or the temperature has minimal effect in 

the results (Namjesnik-Dejanovic and Cabaniss 2004).  

 

 
Figure 3. Regression between log Kow from literature and log k´ (corrected retention 

time) of 47 compounds.  
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The equation for the fitted model was: 

 

Log Kow = -1.46 + 0.46 * log k´     R2 = 0.86, sd = 0.606 

 

It is clear that the correlation coefficient are not as good as the ones presented in 

other experiments (Griffin et al. 1999; Helweg et al. 1997), nevertheless it should be 

taken into account that both, the studies of Griffin and Helweg and the OECD protocol, 

are focused on estimating the log Kow of one specific compound at a time so, similar 

molecular structures should configure the regression in order to get good results in the 

estimation. In this case, any kind of substance can be expected, so the regression should 

be built with, as many different molecules as possible. It should be noticed also that the 

literature review in search of Kow values is not homogeneous. The different 

methodologies used for the Kow estimation differ, so this may lead to a lower fit, i.e. 

lower R2 and higher sd of the regression. 

 

By looking at the regression (figure 3), the compounds with a log Kow of about 

3.5 seem to be overestimated by the model. In the other hand the model seems to work 

properly for the compounds with a log Kow from 6 to 8. There are two compounds that 

clearly fall out of the prediction interval which are chlorpyrifos and diethylstilbestrol 

but no explanation was found to elucidate this circumstance. 

 

For the validation of the model, seven new compounds where injected in the 

HPLC and the estimation was made using the equation presented above. The results of 

the estimation are shown in table 3. The RP-HPLC method was further evaluated by 

comparing the estimated values to those calculated using the software KowWin V 1.67 

developed by the US Environmental Protection Agency. The KowWin uses the 

Atom/fragment contribution method described by Meylan and Howard (1995).  

 

In general, for the compounds tested, the calculation method can predict the log 

Kow with more accuracy than the RP-HPLC proposed in this work. This fact differs 

from other works (Finizio et al. 1997; Griffin et al. 1999) but it should be again 

considered the high diversity of compounds selected for the regression which represents 

a more representative sample 

 

147 



Chapter 3: Results and discussion 
 

 

Table 3. Validation of the RP-HPLC method 

Compound CAS 
log Kow 
literature Reference log K´

log Kow 
estimated RP-

HPLC

log Kow 
calculated 

KowWin V1.67

Deviations 
from RP-HPLC 

Method

 

 
1-Phenylimidazole 7164-98-9 1.82 Kowwin V1.67 0.77 0.71 1.82 0.78

3-Chlorophenol 108-43-0 2.50 Hansch,C et al. (1995) 0.88 2.06 2.16 0.07
Methyl indole 27323-28-0 2.53 Hansch,C et al. (1995) 0.98 3.16 2.61 0.39
Bisphenol A 80-05-7 3.32 Hansch,C et al. (1995) 0.92 2.43 3.64 0.86

1,2,4-trichlorobenzene 120-82-1 4.02 Hansch,C et al. (1995) 1.11 4.71 3.93 0.55
i-n-Buylphthalate 84-74-2 4.50 Ellington, JJ & Floyd, TL (1996) 1.15 5.07 4.61 0.33
Fluoranthene 206-44-0 5.16 Hansch,C et al. (1995) 1.16 5.21 4.93 0.20
Cypermethrin 52315-07-8 6.06 San

 

 

 D
1.19 5.55 6.37 0.58

Mean Dev 0.47

gster (1993) 

 
a Calculated deviations from the RP-HPLC method and the KowWin V1.67. 

 

Furthermore, KowWin was established by using many of the compounds with 

literature data which naturally results in smaller errors than in truly novel compounds. 

However the most important aspect is, when working with unknown mixtures, the 

calculation methods like KowWin are useless since no information on the molecule 

other than the retention time is available.  

 

4.2 Toxicity test and application of the equation 

 

Once the regression was described, the different mixtures M1 and M2 in 

acetonitrile were injected in order to check the different chromatograms and design the 

fractionation. In both cases M1 and M2, the fractionation was made according to the 

chromatogram (figure 4), separating three distinct series of peaks. 
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Figure 4. Three dimensional diode array detector chromatogram of a) M1 mixture and 

b) M2 mixture. The lines describe the limits of each fraction. 

 

For the estimations of the bioconcentration indexes (BCI) of M1, the retention 

time of the three peaks present in the chromatogram were used since it is clear what 

peak represent each of the compounds. 
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For M2 the worst case possible was considered, assuming that there is a 

substance, which is not being detected in the DAD, at the end of each fraction and is the 

responsible of the toxicity of the fraction. So, the retention times taken for each fraction 

are 25 minutes for the first fraction, 35 minutes for fraction 2 and 35 minutes for 

fraction 3. To be more precise in the BCI calculation, subsequent fractionation can be 

done. 

 

The BCI calculation is based on the BCF estimation from the log Kow obtained 

through the regression. Many discrepancies can be stated for the use of this simple 

correlation because it doesn’t seem to work so well when other elimination processes 

such as biotransformation, elimination by growth or elimination by excretion in eggs or 

semen occur (De Maagd 2000) but in any case this BCF value is overestimated and 

never underestimated. Dealing with complex mixtures such as effluents, this correlation 

is the only one that can be used since the chemical compounds present in the aqueous 

matrix is unknown, making a substance-specific approach very limited or prohibitively 

expensive. From the experiment conducted by Gossett et al. (1983) where 27 

compounds where tested experimentally, it was found that sediment and tissue 

concentrations of the compounds were negatively correlated to their effluent 

concentrations and positively correlated to their Kow.  

 

Log Kow values obtained from the retention times in RP-HPLC method, BCF 

values calculated applying the equations from (3) and (4), BCI obtained by linear 

interpolation,  TU calculated from LC50 values of the different tests,  TAF obtained from 

equation (6) and  the relative hazard index calculated from equation (5) are shown in 

table 4. In both cases M1 and M2 not all the toxicity was explained by the sum of the 

fractions. As Hartnik et al. (2006) stated, it is not uncommon that the sum of the 

fractions is larger or lower than the original sample: it may be that not all compounds 

present act via similar mechanism. Also Grote et al. (2005) stated some differences in 

the values obtained from the complete samples and the sum of the different fractions.  

For the cases studied, there are different modes of action in M1 but rarely in M2 since 

all 16 compounds are insecticides that should act via the same mechanism. In M2 the 

GC-MS results can help explaining the results obtained in the toxicity test. The results 

from the gas chromatography show that δ-BHC and β-BHC appear in the first fraction 

while in the second fraction Endosulfan Sulfate, α-BHC, Endosulfan I, Endosulfan II, γ-
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BHC, Endrin Aldehide, Endrin Aldehyde, Heptaclor Epoxide, Endrin, Dieldrin, and 

DDD are found. Heptaclor, Aldrin, DDE and DDT appear in the third fraction. This 

information can explain why no toxicity was found in fraction 1 since there is not 

enough concentration of δ-BHC to cause any visible effect by the test performed and β-

BHC causes no acute toxicity at the concentration tested (Kaushik and Kaushik 2007). 

No explanation was found to the fact that the third fraction is more toxic than the 

second since there are a few more compounds in fraction 2 and which are also, more 

toxic. 

 

Additionally, the loss of compounds during evaporation and solution of the 

organic compounds in dimethyl sulfoxide should be considered, although the process 

was carried out very carefully.  

 

The various concentration-effect curves are depicted in figure 5. At low 

concentrations, the whole effluent toxicity seem to decrease more slowly than for the 

fractions, i.e. the concentration-effect curves appeared to be slightly less steep. 

However, in order to justify the TU concept, we needed to work with a common slope 

of the concentration-effect curves. If the slope was not fixed to a common value, the 

quality of fit was slightly but not significantly better, which justifies the simplifying 

assumption. For the M1 case the slope that showed best results was 4.09 and for M2 the 

best fit was made using 4.92 as a common slope. 
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Figure 5. Concentration-effect curves with common slopes a) M1 Mixture. M1 Fr1 

corresponds to the 3,4 Dichloroaniline, M1 Fr2 corresponds to diazinon and M1 Fr3 

represents the dose-response curve for Nonylphenol b) M2. Only fraction 2 (M2 Fr2) 

and fraction 3 (M2 Fr3) are represented since the first fraction showed no toxicity. 
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Table 4. Log Kow estimation, BCF calculation, BCI, toxicity test results, TAF and RBPI 

calculation.  

 

Sample Log Kow
a Log BCFb BCIc TUe TUwett TAFf RHIg

M 1 - - - - 14.94 1.80 6.96
Fr 1 2.73 1.62 3.87 1.57 - -
Fr 2 4.44 3.07 6.49 1.35 - -
Fr 3 5.70 4.14 7.98 5.37 - -

M 2 - - - - 19.11 1.83 9.33
Fr 1 3.98 2.68 4.80 0 - -
Fr 2 5.67 4.12 8.18 1.66 - -
Fr 3 7.35 4.61 9.23 8.78 - -

 

 

 

 

 

 

 

 
a Log Kow values are obtained from the retention times in RP-HPLC method. b BCF 

values are calculated applying the equations from (3) and (4). c BCI obtained by linear 

interpolation. e TU calculated from LD50 values of the different tests. f Toxicity 

adjustment factor from equation (6). g The relative hazard index calculated from 

equation (5).  

 

In the case of M1 the acute toxicity of the whole sample was 14.9 TU and the 

sum of the toxicity of the three fractions was 8.3 TU. The toxicity adjustment factor in 

this case is 1.8. For M2 the acute toxicity found was 19.1 TU while the sum of the 

toxicity of the fractions is 10.4 TU. There is a considerable loss of toxicity that should 

be studied in future experiments.  

 

Once all the values have been calculated and estimated the equation (5) was 

applied. The values are shown in table 4. For both mixtures, a high RHI value was 

obtained.. For M1 the RHI was 6.96 and for M2, the value was 9.33 meaning, in both 

cases, that there are toxic and bioaccumulative substances in the mixture. 
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5. Conclusions 
 

The methodologies presented in this work can be an easy and very useful tool to 

refine the PNEC value to be included in the environmental risk assessment of effluents. 

The use of this methodology could imply an added value for whole effluent assessment, 

providing more information and helping in decision-making. 

 

For future improvement of the methodology, more sensitive toxicity test could 

be performed in order to split the sample in smaller fractions and make a more realistic 

estimation of the relative hazard index. Also the application of the method to real 

samples is an outlook. 
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1. Introduction 
 

The overexploitation of water sources is becoming a serious problem for the 

environment. The water is taken from wells, lakes or rivers, is consumed in many 

different ways and then is disposed in the environment containing different amounts of 

harmful substances. These chemicals disposed into rivers, air or soil need to be 

measured in means of concentration or potentially harmful to the organisms present in 

the receiving environment in order to protect the human health and the environment. 

Nowadays, the assessment of whether a substance can suppose a potential risk to the 

organisms present in the environment is based on a comparison between the predicted 

environment concentration (PEC) and the predicted no effect concentration (PNEC) also 

addressed as hazard quotients. Hazard quotients are point estimates that compare an 

estimate of exposure to some established toxicity reference value to protect surrogate 

species. This concept has been applied in Europe through the Technical Guidance 

Document (TGD) (ECB 2003) and is currently being used with the purpose of 

authorizing chemical substances.  

 

When trying to calculate the PEC many uncertainties come to the question. 

Theoretically, the exposure may be calculated from measured values in the different 

environmental compartments. However, in most of the cases, this data is unavailable or 

insufficient due to the complexity inherent to “real” spatial/temporal environments.  

Due to this fact, models have become very useful tools to predict concentrations of 

certain contaminants in specific compartments. In many risk assessments, the actual 

concentrations in the environment cannot be measured and risk assessors must make use 

of models to predict what these concentrations will likely be (Solomon 1999). Models 

are continually being developed and upgraded to optimize the often competing demands 

of regulation, environmental protection, and efficacy and cost control measures (Booty 

2005). In the European Union, screening level assessments are often performed 

according to the TGD which is implemented in the EUSES model (Vermeire et al. 

2005).  

 

Due to the  recent technological advancements, especially the increased 

availability and relative affordability of Geographic Information Systems (GIS), many 
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GIS-based surface water models have been created for estimating concentration of 

certain contaminants simulating point-source and diffuse contamination e.g. GREAT-

ER (Geography-Referenced Regional Exposure Assessment Tool for European Rivers 

(Feijtel 1998), BASINS (Better Assessment Science Integrating Point and Non-Point 

Sources (Whittemore 1998) and GIS-ROUT (Wang 2005). All the models stated above, 

use physico-chemical properties (e.g. partitions coefficients, vapour pressure, solubility) 

of the substance of concern to predict the fate of the chemical in the environment. 

Although all of these models are able to predict environmental concentration of a single 

compound at a time, still there is a need for models that can predict real situations where 

several different compounds might be present. 

 

The assessment of environmental risk due to exposure to pollutants has been 

historically centred in analyzing the impact of single substances (Nadal 2006). 

However, single compounds are rarely in the environment acting solely rather than a 

mixture of compounds. The reality of concurrent or sequential exposure to multiple 

chemicals indicates the necessity of exposure assessment, hazard identification and risk 

assessment of chemical mixtures (Feron 1995). 

 

Effluents can be considered as mixtures of compounds with variable 

composition and could be handled on the basis of its toxicity, and the persistence and 

potential for bioacummulation of the toxic effluent components. 

 

When dealing with single substance, the assessment of its physico-chemical 

properties that will allow running a fate model is feasible. With complex mixture this 

methodology is not applicable and, in order to predict the environmental concentration 

of the different chemical compounds present in an effluent, other methodologies are 

needed.  

 

In the other hand, the use of probabilistic approaches to estimate risk has been 

used for actuarial purposes for centuries (Solomon 2000). Probabilistic Risk 

Assessments PRA allows the risk assessor to include estimates of uncertainty as well as 

stochastic properties of both exposures and responses. The use of PRA recognizes that 

there are no absolutes in risk assessment; there are never any situations where there is a 

complete certainty that a given level of effect will occur (Solomon 2000). The science 
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of ecological risk assessment has been developing over the past 20 years and during this 

time, many improvements have been made. Probabilistic Ecological Risk Assessment 

offers more useful figures for decision making than do hazard quotients (Brain 2006). 

Monte Carlo simulation is one established solution, and can be implemented in a 

spreadsheet, combining the features of spreadsheets with the ability to run and analyse 

simulations (Fernández et al. 2003). 

 

The objectives of this study were twofold: first, to develop a model which could 

predict the risk to aquatic organisms due to chemical mixture of compounds throughout 

a river channel using a probabilistic approach based in Monte Carlo analysis and 

different biochemical essays and second, to use the GIS technology for gathering input 

data for the model and afterwards, represent the model outputs throughout risk maps. 

As a case of study, the Spanish, Henares River basin was assessed focusing in a portion 

of the basin which receives important point source emissions.  
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2. Materials and methods 
 

2.1 Study Area 

 

The study was carried out in the Henares River, located in the Tajo river basin, 

one of the 12 main basins present in Spain. With a total area of 4.136,13 Km2 the basin 

is situated in the centre of Spain near Madrid corresponding to the Mediterranean 

continental region with a precipitation of 593 mm a year. The precipitation is 

concentrated in certain months of the year causing large flow fluctuations of the water 

courses and therefore leading to important differences in the dilution of the compounds 

present in wastewater discharges. Figure 1 shows the situation of the Henares river 

basin inside the Spanish territory. 

 
Figure 1. Henares river basin inside the Tajo river basin. 

 

The river source is situated in the village of Horna located in Sierra Ministra 

near Sigüenza  at an altitude of 1190 meters. After 172 km Henares river ends in the 

Jarama river near the village Torrejón de Ardoz at 560 meters above see level. 
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The Henares River crosses several large populations (Guadalajara, Alcalá de 

Henares, Azuqueca de Henares, …) and one of the main industrial sites of Madrid 

(Miralcampo industrial site) (CAM 2001).  

 

Many studies have been published, most of them focused on the river section 

between Guadalajara and Torrejón de Ardoz, and dealing with the effects of the urban 

and industrial effluents on the composition and state of the Henares river waters 

(Aguayo et al. 2004; Bustos et al.. 1984; Carballo et al. 2005). Nevertheless, no studies 

have been found that forecasts the risk due to effluents in the Henares river. 

 

2.2. Sampling 

 

Samples were taken as grab samples on the same day (July 2006). All of them 

come from the outputs of different waste water treatments plants. Table 1 shows sample 

identification and the main characteristics of each sample. Figure 2 and 3 shows the 

visual aspect of the effluents. 

 

The samples where grabbed in 5 litter glass bottles and stored at 4ºC until 

testing. Sample points are depicted in figure 4. Conductivity, pH, temperature and 

dissolved oxygen were measured in moment at sampling time with portable equipment. 

 

 

Table 1. Description, source and characteristics of the different grab samples 

 
Effluent Description Source Flow (hm3/year) Conductivity (µS) pH O2 (%)

P11 Output WWTP Alcalá West Industrial and urban 27,31 1039 7,06 101
P13 Output WWTP Alcalá East Urban 16,43 1080 7,51 80
P14 Oytput WWTP Miralcampo Industrial 0,31 1844 7,30 50
P15 Output WWTP Guadalajara Insustrial and urban 14,67 1236 7,50 103
P16 Output WWTP Azuqueca Insustrial and urban 6,21 1275 7,55 104  
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Figure 2. Spilling from Guadalajara WWTP to the Henares river. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Spilling from Alcalá East WWTP to the Henares river. 

170 



Chapter 4: Materials and methods 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Water speed measurements and effluents sampled along the Henares river 

basin 

 

2.3 Screening for chemicals using SPME-GC/MS 

 

In order to screen which chemicals could be present in each effluent sample, a 

first screening process was achieved using the procedure described in the first section of 

this thesis based in solid phase micro-extraction coupled to gas chromatography-mass 

spectrometry (SPME/GC-MSD) in scan mode. 

The SPME fiber selected was StableFlex Divinylbenzene/Carboxen/PDMS 

(DVB/CR/PDMS) 50/30 μm from Supelco, USA. 

 

For the GC-MS determination a GC 6890 chromatograph and a 5973 detector 

both from Agilent were used. The column used was an EQUITY TMS 30 m x 0.25 nm, 

0.25 µm Film Column purchased from Supelco (Bellefonte, Mass. USA). The SPME 

fiber was immersed in 3 ml of effluent sample at ambient temperature and constant 

171 



Chapter 4: Materials and methods 
 

stirring for 90 minutes. Then, the fiber is inserted in the injector and left there for 10 

minutes to avoid any memory effect for next injections. 

 

The temperature of the injector was 300 ºC. The carrier gas was helium at a flow 

rate of 23 ml/min. The column temperature starts at 50ºC for 5 minutes, then raises to 

100ºC at 10ºC/min and stays for 5 minutes and the raises at 5ºC/min to 300ºC and 

remains at that temperature for 10 min to allow the column to allow the complete 

desorption of any compound. 

 

For identification purposes, all peaks with a noise-signal ratio greater than 20 

and a match factor above 90% were selected. The mass spectra library used was 

NIST/EPA/NIH Mass Spectral Library 2005. 

 

2.4 Whole effluent bioassays 

 

Selection of appropriate endpoints is particularly important in any risk 

assessment. Poorly selected assessment endpoints have resulted in more risk assessment 

failures than any other possible error in risk assessment (Solomon 1999). 

In this study a test battery was used with all samples in order to select the most sensitive 

endpoint to introduce into the model. 

 

The results from the whole effluent toxicity test performed will be introduced 

into the model as single values or as distributions if more than one bioassay is 

performed. 

 

Three different tests were performed: 

 

2.4.1 Xenopus laevis acute toxicity test 

 

A 96 hours acute toxicity test on Xenopus laevis was assayed as follows. Larvae 

at stage 45-46 (Nieuwkoop and Faber, 1994) were obtained from a pair of sexually 

mature animals reared in the laboratory. To induce breeding, the male and the female 
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received 800 and 1000 IU, respectively, of human chorionic gonadotropin by injection 

into the dorsal lymph sac.  

 

Test were performed in triplicate with 15 tadpoles of each concentration and 4 

medium controls (Fetax) with 15 tadpoles each beaker (ASTM 1998).  

Only 10 % dilution was tested for samples P11, P13, P14, P15 and P16 as a first 

approach and if any adverse effect was notice, serial dilutions would have been 

prepared. 

 

Fetax solution pH was 7.78.  Test beakers were placed at 22ºC ± 1ºC in a water 

bath with 12:12 hours light:dark photoperiod. The acceptability criterion for the test was 

90% survival in the control after 96 hours.  

 

2.4.2 Daphnia magna acute immobilization test 

 

The toxicity test used for the study was an adaptation of the standardised OECD 

test (OECD 2004). An adaptation was needed in order to use smaller volume of sample. 

In duplicate, 10 Daphnia magna neonates (less than 24 h) where exposed, in small 

vessels, to 15 ml of serial dilutions of sample in reconstituted water. 

 

This test was previously validated comparing its results with those of a 

standardized OECD (OECD 2004) test. The validation was made with K2Cr2O7 in five 

different concentrations from 6 to 0.375 mg/l. The difference of the LC50 values from 

both tests was 0.087 mg/l.  

 

Measured effects (immobility after 48 h) were transformed into percentage of 

inhibition and the LC50 values were calculated using a log-logistic concentration-effect 

curve with a minimum of 0% and a maximum of 100%.  

 

2.4.4 Daphnia magna feeding test 

 

Prior to the test, the samples were filtered by 0,45 µm Watman filters. Feeding 

responses were assessed using 24 h toxicity tests following a slightly modified version 
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of the procedure described by Barata et al. (2000). Groups of 10 neonates were exposed 

to 20 ml of effluent dilutions (100%, 75%, 50%, 25%, 12%, 6%) in 30 ml borosilicate 

flasks in the presence of food, Chlorella vulgaris, that was added at a concentration of 

5×105 cells/ml. Treatments consisted of a control with no effluent and the selected 

effluent dilutions with five replicates each. Each group of replicates consisted of four 

vessels with animals and one blank. Blanks were used to assure that the initial algal 

concentrations did not increase significantly over the exposure period. At the start of the 

experiment, groups of 5 neonates were distributed randomly among the four replicates 

of each treatment and allowed to feed for a period of 24 h, after which they were 

removed from the vessels.  

 

Feeding experiments were conducted in the dark to avoid algal growth. 

Individual feeding rates (number of algal cells ingested per animal per hour) were 

determined as the change in cell density during 24 h according to the method described 

by Allen et al. (1995) and converted to proportional feeding rates relative to control 

(Barata 2000). Cell density was estimated from absorbance measurements at λ = 650 nm 

using standard calibration curves based on at least 20 data points (r2> 0.98). 

 

2.5 River Modelling RABETOX 

 

The RABETOX stands for Risk Assessment of Basins by Ecotoxicological 

Evaluation. It was designed and patented by Fernandez et al. in year 2002 (Fernández et 

al. 2002). 

 

The model, based on system dynamics, was developed on a spreadsheet 

(Microsoft Excell) combined with Crystal Ball 2000 Professional Edition from 

Decisioneering (UK, LTA) for the probabilistic approach. 

 

The model assesses the hazardness of different point source contamination along 

a determined river stream. Additionally, it is adapted for assessing bioaccumulation, 

persistence and other hazards established by the user in order to fulfil the PBT 

(persistent, bioaccumulable and toxic) requirements used for single compounds. The 

model is capable of working in a deterministic process directly with the measured data 
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or is capable of forecasting risk with a probability distribution through Monte Carlo 

analysis. In both models, unified in one, is possible to make temporal analysis, 

particularly important in Mediterranean environments where the precipitations are 

drastically seasonal dependant. 

 

RABETOX comprises three different subroutines: Volume Management, Hazard 

Management and Risk Forecasting. 

 

2.5.1 Volume management subroutine 

 

The model presents the basin as a main river with tributaries represented as 

inflows. The portion of basin chosen in the analysis is settled by the user, establishing a 

variable number of segments according to a time constant. This constant is defined as 

the time needed for a water portion to travel from one segment to the next. By making 

the time constant higher, the segments get longer with the purpose of detailing certain 

sites along the river. Each line in the spreadsheet represents a river segment with its 

code number, time constant, linear water speed, length and cumulative time and 

cumulative distance from the stream origin.  

 

For the velocity parameter, several measurements where done throughout a 

sampling campaign in different points. The water velocity was measured with a Rod 

Held Current Meter RHCM from Hydro-Bios at different depths and distances from the 

river side and a media was calculated. Five different points where selected along the 

area of interest (figure 4).  

 

For this purpose, the slope of the terrain was calculated with ArcGis tools to try 

to extrapolate and assign a specific water velocity to a certain slope but there where no 

significant difference in the values obtained. For that reason, the mean value plus the 

stand error value of water speed was used for the whole model using all water speed 

values collected.  

 

For the flow values from tributaries and main river (figure 5), the information 

was obtained from the Confederacion Hidrografica del Tajo. Input 1 corresponds to 
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Arroyo de Camarmilla and Input 2 corresponds to Torote River. The entity provides 

flow information from different points of the basin for the past twenty five years. If the 

deterministic RABETOX is used, the media of the flow values using all 25 years is 

calculated for each month of the year and introduced in the model as a unique value. At 

the end, 12 different forecasts are achieved and a comparison of them will be 

accomplished.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Flow data of the Henares river area of study 

 

For the probabilistic approach, the flow data along all 25 years is transformed 

into distributions calculated with Crystal Ball software. The software permits fitting the 

best distribution for the data set or to decide a custom distribution by the user. 

The distances from each of the influents to the main river origin, are calculated with 

ArcGIS tools. Then, the data is introduced in RABETOX into the corresponding river 

segment. 
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2.5.2 Hazard management subroutine 

 

This subroutine handles effluent information. After performing the different 

toxicity tests and the correspondent persistence and bioaccumulation tests, the data is 

introduced in the correspondent cell. 

 

First, the effluent flow is introduced. In this case, the datum were obtained from 

the Confederacion Hidrografica del Tajo, that provides monthly flow information on 

several points distributed along the basin. Then, the toxicity value obtained from the 

lowest value from the different bioassays performed, is introduced into the model 

(acute, chronic, different species, etc). The toxicity value is introduced as Toxic Units 

(TU), according to the formula of Sprague and Ramsay (1965) (TU = (EC50)-1 x 100) 

where the EC50 is expressed as percentage of dilution. 

 

The toxicity values were introduced as single values for the deterministic 

calculation. When performing the probabilistic RABETOX, uniform distributions were 

built using the 95% confidence intervals of the EC50 calculations, allowing a higher 

range of possibilities.  

 

Then, the half-life value of is introduced into the model. This value can be 

obtained from the adapted OECD 301 (OECD 1992) test for effluents as explained in a 

previous chapter of this thesis. In the case studied, no persistency test was conducted, so 

a conservative value is better used in order to protect the environment.  Most of the 

compounds that pass the waste water treatment plants are probably not ready 

biodegradable substances which mean that are molecules difficult to degrade. The 

Regulation  No 1907/2006 of the European Parliament and of the Council (EC 2006) 

specifies on its annex XIII the criteria for the identification of persistent, 

bioaccumulative and toxic substances, and very persistent and very bioaccumulative 

substances. The regulation establishes that a substance will be considered persistent 

when the half-life in fresh or estuarine water is higher than 40 days, therefore, 40 days 

will be used in the model in order to be conservative. 
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Then, a safety or uncertainty factor is introduced in the equation to ensure an 

overall protection of the aquatic environment. This safety factor corrects: intra- and 

inter-laboratory variation of toxicity data; intra- and inter-species variations (biological 

variance); short-term to long-term toxicity extrapolation; laboratory data to field impact 

extrapolation and; additive, synergistic and antagonistic effects from the presence of 

other substances may also play a role here (ECB 2003). 

 

This safety values can be adapted from the safety factors suggested by the WQS 

(Tarazona 1997; Bro-Rasmussen et al. 1994), the Technical Guidance Document (TGD) 

(ECB 2003) or the Water Framework Directive (EC 2000). As pointed out by Suter II et 

al. (1993), the risk manager needs to understand the uncertainties associated with the 

data that is used to make risk management decisions. This value can also be refined 

with the use of adapted test for mixtures (chapter two and three of this thesis). For this 

specific work, no additional essay was accomplished to effluents; therefore conservative 

factors were used.  

 

As explained in the chapter three of this thesis, the safety factors used for 

complex mixtures could be understood as follows and represent an adaptation of the 

safety factors used for the evaluation of single substances: 

 

- 10 value to cover interspecies differences and therefore to cover a wider range of 

organisms than those tested to be protected. The refinement of this value could 

be achieved by performing bioassays on organisms from different trophic levels. 

- 100 value to cover acute and chronic extrapolation plus the additional concerns 

for bioaccumulation and persistency. This value can be split into two 10 factor 

which could be refined considering the bioaccumulation and persistency 

potential of the toxicity within the mixture, respectively. 

 

For the whole effluent ecotoxicity tests developed through these work, the safety 

factors used were adapted to the test characteristics and applied as follows: 

 

- For the D. magna immobilization test and Xenopus laevis acute toxicity test, a 

1000 factor is appropriate as they provide information on lethal effects and the 

standard approach for acute tests should be used. 
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- The D. magna feeding test, measures a sub-lethal effect which is the decrease in 

food consumption by crustaceans exposed to a mixture of compounds. This 

decrease in energy source will probably lead into reproduction decay after first 

generation which is actually the sublethal endpoint of the chronic test.  Barata 

and Baird (Barata and Baird 2000) stated that predicted low concentration 

effects for reproductive traits after only one instar of exposure (NOEC, EC10) to 

cadmium were similar to previously reported effects measured in 21-day 

Daphnia reproduction test. Nevertheless, it won’t be considered as a chronic test 

for this study and a 1000 value was used. 

 

Once all the values are inserted in the model, the Hazard Units (HU) are 

automatically calculated: 

 

HU = TU * Effluent Flow (m3/s) * Safety Factor * Time Constant (s) 

 

These HU are introduced in the river segment that corresponds to the effluent 

input and is automatically distributed to the following river segments applying the first 

order kinetics equation and the half life value. 

Each row represents a different effluent and at the end, all HU are added and diluted 

depending on the previous events. The model design permits introducing up to 13 

effluents, however could be expanded as much as needed.  

 

2.5.3 Risk forecasting subroutine 

 

Through this subroutine, a Risk Unit (RU) is obtained for each segment along 

the river. The calculation of this risk is determined by the quotient between the Hazard 

Units and the water volume in that specific segment. RABETOX has the possibility of 

calculating the risk units using single values or using all the distributions inserted 

throughout the model, referred as assumptions by Crystall Ball (flow, toxicity, 

persistence, bioaccumulation, etc), using Monte Carlo analysis.  
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The final values obtained as Risk Units are fully dependant on the safety factors 

used and will be classified depending on the test selected and the safety factor applied. 

This classification gives easy to understand information about the overall state of a 

specific river segment, covering the risk communication aspects.  

 

For the probabilistic RABETOX, the user can select certain points from the main 

river to perform the forecast selecting the graphic output setting and the number of trials 

to run. In this case, 7 different points where selected as forecasting points, distributed 

along the Henares river (figure 6). The number of trials used for the Monte Carlo 

analysis was 100.000.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Forecasting points distributed along the Henares river for the probabilistic 

RABETOX. 

 

The different probability forecasts can be represented as probability distributions 

or as a percentage of probability of finding a specific risk interval. In the case studied, 

the probability of finding the different risk classes where calculated. 
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2.6 GIS uses 

 

For the case studied, the thematic land coverages used were provided by the 

Cuenca Hidrográfica del Tajo CHT (Ministry of Environment of Spain) and Instituto 

Geográfico Nacional (Ministry of Development). The geographical Information System 

Software used is ArcGis 9.2 from Esri.  

 

First, a scenario was built using several thematic land coverages like urban and 

industrial sites, river delineation, and digital elevation model. Also the spilling points 

and the flow monitoring points were added. Once all these information was gathered 

and studied, the sampling points where designed. 

 

To be able to work with distances between points following a specific stream, 

the rivers where transformed into routes. This functionality allows gathering the 

information needed for RABETOX. 

 

Once, all the data has been added to RABETOX, the model works by it self and 

generates RU for each segment defined in the main river. Then, an ArcGis model was 

built, to automatically traduce the information generated by RABETOX creating new 

layers (shapefiles) where each river segment has a specific risk value calculated with 

RABETOX. This new shapefile can be divided into colour fragments to easily identify 

more impacted river segments.  
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3. Results and discussion  

3.1 Analytical screening results through SPME-GC/MS. 

 

A basic screening was performed in order to better understand the composition 

of the effluents tested. The results are shown in table 2. It can be observed that most of 

the compounds identified are mainly used in the fragrances, cosmetics and personal care 

products (PCPs) industry. PCPs are usually considered as persistent-like compounds, 

due to their continuous discharge into the aquatic environment. These compounds pass 

the WWTP without being degraded which could lead to a multigenerational exposure 

for the aquatic organisms with the consequent adverse effects (Daughton and Ternes 

1999). 

 

In P11 and P13 similar chemicals have been identified. The explanation to this 

fact is that WWTP Alcalá West receives water from WWTP Alcalá East because the 

second one is not able to treat all the water that receives. The presence of polycyclic 

musks has been stated not only in many environmental compartments, but also in some 

organisms present in the aquatic trophic chain, in some fatty tissues and mothers milk 

(Fromme et al. 2001, Kannan et al. 2005). Musk 50 has been found in rivers up to a 

concentration of 313 ng/L (Moldovan 2006). 

 

In the case of P15 results are quite confusing. The WWTP of Guadalajara treats 

14,67 Hm3 a year coming from industrial and urban sources and many other compounds 

should have been detected at least personal health care products like in the other urban 

and industrial WWTP. Toluene and 2,4,5-Trichlorotoluene was found in the sample. 

Toluene is commonly used as a solvent and it can be found in chemical reactants, 

rubber, printing ink, adhesives (glues), lacquers, leather tanners, and disinfectants and it 

has been found in waste waters from WWTP (Cardozo et al. 2006; Rosell et al. 2006; 

Sarafraz-Yazdi et al. 2008).  

 

In the study performed by Aguayo et al. (Aguayo et al 2004) some common 

compounds were found.  
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Table 2. Identified organic compounds by GC-MS with a match factor higher than 90 

%. 

 
Effluent Compound CAS 

D-limonene 5989-27-5
1,8-Cineole 470-82-6
L-camphor 464-48-2
Menthol 89-78-1
6-Octen-1-ol, 3,7-dimethyl-, (R)-; 1117-61-9
Pichtosin 125-12-2
Indole 120-72-9
3-Methyl Indole 83-34-1
Phenyl ether 101-84-8
2-methoxy-Naphthalene 93-04-9
1-Decene 872-05-9
alpha-Isomethyl ionone 127-51-5
3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-, (E)- 79-77-6
Methyl dihydrojasmonate 24851-98-7
Octanal, 2-(phenylmethylene)- 101-86-0
Musk 50 1222-05-5
AETT 88-29-9

1,8-Cineole 470-82-6
Dihydromyrcenol 18479-58-8
L-camphor 464-48-2
DL-Menthol 15356-70-4
6-Octen-1-ol, 3,7-dimethyl-, (R)-; 1117-61-9
Pichtosin 125-12-2
4-t-Butylcyclohexyl acetate 32210-23-4
2-methoxy-Naphthalene 93-04-9
Musk 50 1222-05-5

2-Ethyl-1-hexanol 104-76-7
DL-Menthol 15356-70-4
2,4,5-Trichlorotoluene 6639-30-1
2-Phenylphenol 90-43-7
Benzophenone 119-61-9
Phthalic acid 88-99-3
2,2-Dimethoxy-2-phenylacetophenone 24650-42-8

Toluene 108-88-3
2,4,5-Trichlorotoluene 6639-30-1

P16 ND

P11

P14

P15

P13
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3.2 Input data for the volume management subroutine 

 

For the deterministic model, the mean flow values for each month were calculated 

as it can be seen in table 3. The month with the lowest flow, representing a worst case 

scenario was September. It is also quite clear the continental mediterranean climate 

pattern in which there is a dry period corresponding to summer season and a wet season 

corresponding to the winter period. 

The flows of the tributary rivers (Input 1 and 2) (see figure 5) contribute in very small 

quantities to the main river. 

 

Table 3. Mean values of flow data of the different inputs in m3/s. 

 

Month Mean Range Mean Range Mean Range

January 16,64 1,794-67,585 0,07 0,010-0,278 1,07 0,062-5,467
February 10,95 1,200-34,039 0,08 0,012-0,282 0,84 0,062-2,500
March 8,99 0,814-45,440 0,07 0,011-0,275 0,70 0,054-3,684
April 7,46 0,397-30,675 0,06 0,013-0,249 0,54 0,089-2,184
May 6,27 0,255-38,696 0,05 0,010-0,102 0,36 0,008-0,756
June 3,98 0,104-29,163 0,03 0,007-0,084 0,23 0,004-0,741
July 2,77 0,089-19,425 0,03 0,001-0,065 0,13 0,001-0,394
August 2,06 0,201-5,262 0,03 0,001-0,061 0,15 0,002-0,602
September 2,13 0,046-8,619 0,02 0,003-0,065 0,14 0,002-0,432
October  3,23 0,204-8,881 0,03 0,001-0,067 0,22 0,004-0,760
November 6,74 0,891-28,110 0,03 0,010-0,080 0,40 0,008-1,460
December 10,01 0,598-72,998 0,04 0,010-0,117 0,74 0,046-2,670

Input 1 Input 2Flow 1

 
 

 

For the probabilistic RABETOX, the flow data obtained from the Cuenca 

Hidrográfica is transformed into distributions with Crystal Ball as can be seen in figure 

7. Crystall ball has the possibility of allowing the software to select among different 

distributions. When calculating the distributions with this feature, Input 1 and 2 and 

flow 1 fitted into a log-normal distribution. It is assumed that, in such a small basin 

(4.136,13 Km2), the characteristics of the increment or decrement in flow rates should 

act the same way. 
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Figure 7. Flow distributions calculated with crystal ball 

 

 

The distributions are introduced in the probabilistic RABETOX and will be the 

data that will lead to a variability in the results when running the probabilistic model, 

and therefore, to probabilistic distributions. It can be observed the high variability of the 

flow data along the year, characteristic of Mediterranean climate areas.   

 

This high variability in the precipitations leads to high variability in the 

concentrations of compounds disposed to the water. Since it is understood that the 

WWTP discharges the same amount of water over the whole year special care should be 

taken for monitoring campaigns and exposure assessment of compounds.  
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3.3 Toxicity data for the hazard management subroutine 

 

Both, the D. magna acute test and the X. laevis acute mortality test showed no 

toxic effect at the concentration tested.  

 

In the other hand, D. magna feeding test showed some observable effects. The 

results obtained are depicted in table 4. The EC50 (expressed as % dilution) with the 95 

% confidence limits were calculated for all samples.  

 

In figure 8 the concentration response curves for feeding responses of Daphnia 

magna to increasing concentrations of the different effluents are depicted. As indicated 

in table 4, effluents P11, P13, P14 and P15 showed effect on the daphnia feeding rates. 

In the case of P11, a clear effect was seen in feeding rates related to effluent 

concentration although the EC50 is greater than 100 %. Therefore, for P11, 100% was 

used as EC50 to insert into the model to be sure the worst case possible was covered.  

 

Results from P11 and P13 should not vary much since the compounds present in 

both effluents are very similar and some percentage of untreated water from WWTP 

Alcalá East is sent to WWTP Alcalá West for treatment. Nevertheless, the WWTP in 

Alcalá West (P13) is a modern installation compared to WWTP in Alcalá East. 

Additionally there are some differences in the physicochemical properties of the 

effluents that could lead to a difference in the toxic effects. pH and conductivity are 

slightly higher in P13 than in P11 and in the case of dissolved oxygen in P13 was 80% 

compared to 100% in the P11 effluent (table 1). Nevertheless, previous studies 

conducted by McWilliam (McWilliam 2002) on the effect of various environmental 

parameters, such as temperature, water hardness, pH, and suspended solids, found that 

only high flow rates in the presence of suspended solids had negative effects in feeding 

rates.  

 

P14 showed the greatest toxic effect of all effluents, with an EC50 of 31,9 % 

dilution. Also, P14 showed the most clear dose response curve and the steepest slope of 

the curve. Clearly it could be considered the most toxic effluent spilling into the 

Henares River. The WWTP of Miralcampo (P14) receives water from one of the largest 

industrial sites. 
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Effluent EC50 (95% CL) r2
F dF LOEC NOEC EC50 (95% CL) r2 EC50 (95% CL) r2

P11 > 100 % 0,75 13,2* 5,19 6% < 6% No effect - No effect -
P13 90,3 (70,2-110,3) 0,68 19,9* 4,17 6% < 6% No effect - No effect -
P14 31,9 (28,1-43,1) 0,91 73,3* 5,19 37% 25% No effect - No effect -
P15 87,9 (78,9-96,8) 0,71 18,1 4,16 75% 50% No effect - No effect -
P16 No effect - - - - - No effect - No effect -

Daphnia magna  acute test Xenopus laevis  acute testDaphnia magna  feeding test

 

Table 4. Toxicity results. The EC50 values are expressed as percentage of dilution  
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in the outskirts of Madrid. The waste from this industrial site is probably distributed to 

WWTP of Miralcampo and WWTP of Azuqueca. Hence, there is a considerable 

difference between both WWTPs, Azuqueca is a modern installation capable of treating 

large flows of waste water and has three lagoons after the plant for additional 

depuration. Miralcampo WWTP has only installed a decantation pool and some filtering 

without any degradation process. Due to the high developed WWTP of Azuqueca, no 

effect was observed in any of the test neither any compound was detected in the GC/MS 

chemical analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Concentration response for feeding responses of D. magna exposed to 

increasing concentration of effluent. Responses are related to those of controls and 

have been fitted to the allosteric decay non-linear function. 

 

The fact that no toxicity was found in the standard acute test and effects were 

only detected in the feeding assay can be explained by sensitivity differences between 

sublethal and lethal responses and between bio-availability routes of contaminants 

present in the tested effluents. The Daphnia feeding response is a sublethal endpoint, 

measuring the decrease in feeding rates of the Daphnia. The decrease of feeding rates is 

obviously expected to occur at lower concentrations than mortality. The endpoint is 

ecologically relevant as it could lead to long term effects such as decrease in growth and 
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reproduction rates. Many contaminants, including metals, polycyclic hydrocarbons, 

organochlorine and pyrethroid pesticides, sorb to particles and impair feeding in D. 

magna at lower concentration than those affecting survival (Barata 2000; McWilliam 

2000). Villarroel et al.(2003) measured propanil, which was able to impair feeding and 

survival of D. magna juveniles at 0,1 and 5 mg/L, respectively (Villarroel 2003). Data 

indicate that a lethality-to-food consumption ratio not larger than 3 could perfectly 

explain the observed sensitivity differences. As the acute toxicity of municipal effluents 

is expected to be low, the sublethal endpoints present clear benefits for monitoring 

purposes.  Furthermore, the presence of high amounts of organic carbon in effluent 

discharges may allow organic contaminants to sorb to this fraction and affect feeding 

responses (Barata et al. 2008). 

 

3.4 Deterministic RABETOX and seasonal variation 

 

The data obtained from the D. magna feeding test was introduced into the 

deterministic RABETOX model and then translated to georeferenced data in order to 

have a better view of the risk forecasting.  

 

As mentioned in previous sections, the final values obtained as Risk Units are 

fully dependant on the safety factors used, and will be classified depending on the test 

selected and the rationale safety factor applied. In this case, the D. magna feeding test 

was used. It covers a test on standard specie, using a sublethal endpoint in a short 

exposure period. According to this rationale, the risk rank can be transferred into the 

following categories for risk communication (table 5). 

 

Table 5. Classification of risk values obtained through RABETOX. The classes will give 

an idea about the overall state of a specific river segment. 

 
Risk Units Classification

< 1 Low risk
1 - 10 Potential long-term sublethal risk for sensitive species and endpoints

10 - 100 Potential risk for sensitive species
100 - 1000 Potential risk for standard and sensitive species

> 1000 Sublethal significant risk for standard species  
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The rationale for this categorization is presented below: 

 

- Risk values below 1. Like in any other risk assessment when the quotient 

PEC/PNEC is lower then 1, it has been classified as low risk. 

 

- Risk values from 1 to 10. A safety factor of at least 100 is covered within this 

category. This factor is expected to be sufficient for covering interspecies 

differences end EC50 to NOEC extrapolation. Thus, the likelihood for the 

occurrence of the measured endpoint even in sensitive species is low. However, 

sublethal effects associated to long term exposure cannot be disregarded. 

 

-  Risk values from 10 to 100. Safety factor greater than 10 is covered within this 

category. Covers EC50 to NOEC extrapolation but not the additional interspecies 

differences. 

 

- Risk values from 100 to 1000. Safety factor lower than 10 is covered within this 

category. Does not cover EC50 to NOEC extrapolation or interspecies 

differences. 

 

- Risk values > 1000. Clear effects on standard species are expected as the 

exposure is higher than the EC50. 

 

The group values were used for the deterministic and probabilistic RABETOX. 

For the deterministic model, the forecasting for each month of the year was represented 

as a color coded GIS map (figure 9). 

 

As it can be observed, summer season represent the worst scenario due to the 

diminution of the flow during this season. In these months, a potential risk for standard 

species is forecasted from P15 to the end of the Henares river. January represents, in 

this case, the most favourable month of the year showing potential risk for sensitive 

species from P15 to P11 and potential risk for standard species from P11 until the end 

of Henares River. The risk varies along the year from a best scenario (January) to a 

worst case, reached in September. After September a slight recovery can be observed.  
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Figure 9. Seasonal variation of risk along the Henares river 
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A significant seasonal variation is observed demonstrating the importance of 

evaluating worst cases scenarios (summer season) when performing environmental risk 

assessment in Mediterranean climate regions.  

 

Figure 10 shows the risk evolution along the Henares River for the worst month 

(September). The effluents are identified in the graph and, in all cases, an increase is 

seen when the effluent reaches the river and a constant decrease is seen until the next 

effluent takes place. Once the effluent reaches the stream, the reduction of risk is fully 

dependant on the half life of the effluent toxicity and new water inputs taking place. In 

the case studied, since no data is available on the degradation of the toxic compounds 

present in the effluents, a high half life value is applied in order to be conservative in the 

risk estimation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Evolution of toxicity units estimated with deterministic Rabetox in the 

Henares river in the worst month (September). The toxicity test used was D. magna 

feeding test. 

 

As it can be seen in figure 10, since no degradation takes place along the river, 

the next effluents are considered to act additively to those discharging upstream. In P13 

and P11 a dilution takes place when Inputs 1 (Arroyo de Camarmilla) and 2 (Torote 
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River) reach the Henares River. This type of graphs is also crucial in the understanding 

of the risk forecasting. It identifies specific sensitive segments of the river. 

 

3.5 Probabilistic RABETOX 

 

Probabilistic RABETOX allows the estimation of the probability of 

encountering a risk. The ranges specified are the same as for the deterministic 

RABETOX in order to compare both results.  

Seven forecast points where selected as explained in previous sections trying to 

represent the whole stream. The predictions are given as percentage of probability of 

finding a specific range of risk (table 6).  

 

As can be observed in table 6, none of the forecast has any probability to be in 

the “low risk” range. For forecast 1 through 4 the minimum risk value is between 0 and 

1 and the probability is so low that is interpreted as zero value. Once P13 enters the 

river flow, the forecast change significantly. By performing the probabilistic approach, 

is seen that there is a probability of finding potential significant risk for standard species 

which wasn’t identified in the deterministic RABETOX. For the case of Forecast 5, 6 

and 7 the probability of finding risk units over 1000 is around 30 percent, which can be 

considered a high probability. Clearly, there is a difference in the risk characterization 

of the river form Alcalá the Henares up the river and Alcalá de Henares down the river 

until the stream reaches the Jarama River showing a high impacted area where actions 

should be taken in order to assure a better river quality. 
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Class Mean value Low risk
Potential long-term risk 

meassuring different 
endpoints

Potential risk for sensitive 
species

Potential risk for standard 
species

Potential significant risk 
for standard species 

Risk Units < 1 1-10 10-100 100-1000 > 1000

Forecast 1 347,30 0 1,23 33,29 58,55 6,94
Forecast 2 345,89 0 1,23 34,68 57,22 6,88
Forecast 3 345,20 0 1,23 34,68 57,22 6,88
Forecast 4 362,15 0 1,23 33,29 58,09 7,40
Forecast 5 1211,74 0 0,22 7,05 58,79 33,94
Forecast 6 853,49 0 0,06 7,93 65,93 26,07
Forecast 7 849,48 0 0,06 7,93 66,19 25,82  

Table 6. Risk expressed as % of probability with 100.000 trials 
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Figure 11. Frequency charts for all forecast showing mean values of the estimations. 

 

 

Figure 11 shows the frequency charts for all 7 forecast points. The influence of 

the log-normal flow distributions clearly shapes the probability distributions of all 

forecasts. In the case studied it has been considered as assumptions the 95% confidence 

interval of the EC50 calculations and the flow distribution of the past 25 years having the 

second a higher influence in the Monte Carlo analysis. Nevertheless, further 

assumptions could have been made if more toxicity data was available. To compare the 

different probability distributions a reverse cumulative chart is constructed showing all 

forecasts (figure 12). 
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Figure 12. Reverse cumulative risk forecast using D. magna feeding test 

 

 

Figure 12, represents the probability (y axis) of finding values higher than the 

risk values in the x axis.  Reflects the differences between the forecasts, where Forecast 

5 represents the highest values of risk units, then forecast 6 and 7 and then with very 

similar responses, the forecasts 1, 2, 3 and 4. The high similarity of forecasts 1 to 4 is 

due to a lack of events taking place along that river section (can be seen in figure 9).  

 

3.5 Overall assessment 

 

The values obtained through both approximations (deterministic and 

probabilistic) reveal the presence in the Henares River of certain substances that might 

cause sublethal effects in the aquatic species present in the environment. The decrease 

in feeding response can lead to a decrease in reproduction activity and hence a 

diminution in the population growth, causing further effects on the trophic chain. Toxic 

exposure may reduce resource acquisition and thus reduce offspring production and/or 

increase age at first reproduction (Barata 2000). The high risk values obtained once the 

river has crossed Alcalá de Henares should be taken into account to perform further test 

and maybe set a monitoring program and perform further analytical screening test. 
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Clearly, the approach represents a worst case scenario as a first tier in ERA of 

effluents. Further studies could be achieved by evaluating persistency and 

bioaccumulation following the different techniques presented throughout previous 

chapters in this thesis and also mutagenic and endocrine disrupting assays.  
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4 Conclusions 
 

The output of deterministic RABETOX is a distribution of predicted risk in 

aquatic environment, throughout the river of interest. An additional parameter is a 

probabilistic approach to refine the risk information obtained allowing a wider range of 

information, in order to perform a better evaluation of the results. The toxicity data 

input and the physicochemical parameters that could be obtained through the 

performance of other techniques explained through this thesis, together with 

geographical information allows an environmental risk assessment of effluents for the 

aquatic scenario. 

 

The use of coded GIS maps as output of the model is directly applicable for river 

basin management purposes and it can be used as a tool for risk communication.  

 

The probabilistic approach permits a certain point estimation compared to the 

complete basin overview of the deterministic model.  Each one of the models can 

supply the stake holder with different information, hence could be very positive to use 

them together. 

 

The risk evaluation performed showed how the tools presented can estimate 

exposure concentrations and perform a first approach in risk evaluations of effluents. 

The goodness of the predictions is proportional to the quality and quantity of the input 

data for the model. 

 

The model could be also used to decide which ecotoxicity test should be used to 

control the effluents poured into the WWTP in order to be protective to the species 

present in the river throughout the volume management subroutine. 
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Conclusiones Generales 
 

De los resultados obtenidos en el presente trabajo de investigación se pueden 

extraer las siguientes conclusiones: 

 

1. El método propuesto para la selección de una fibra adecuada en la micro-

extracción en fase sólida para la detección del mayor número de compuestos orgánicos 

en una mezcla desconocida ha resultado satisfactorio; la fibra seleccionada mediante 

este procedimiento, compuesta por DVB/CAR/PDMS, ha sido utilizada en las 

siguientes etapas de esta tesis doctoral. 

 

2. La microextracción en fase sólida junto a la cromatografía de gases y 

espectrometría de masas en modo “scan” se ha mostrado como un buen método de 

rastreo de contaminantes orgánicos de muestras complejas como los efluentes. Sin 

embargo, para poder afirmar con seguridad la presencia de un determinado compuesto 

es necesaria la confirmación mediante métodos estandarizados ya que la identificación 

mediante la cromatografía de gases/espectrofotometría de masas se basa en la 

coincidencia del espectro de masas y en el tiempo de retención con relación a un 

estándar. Los resultados obtenidos muestran la presencia de un gran número de 

compuestos orgánicos en las muestras recogidas. A su vez se ha demostrado que la 

mayoría de los compuestos orgánicos detectados en las muestras pertenecen a 

compuestos presentes en productos de limpieza y de cuidado personal demostrando así 

la necesidad, por parte de la comunidad científica de prestar especial atención a este tipo 

de compuestos. 

 

3. El uso de la microextracción en fase sólida junto con la cromatografía de 

gases y espectrofotometría de masas con fines cuantitativos y con las condiciones y 

mezclas ensayadas ha resultado satisfactoria: se ha obtenido una buena separación de 

los compuestos ensayados, bajos límites de detección y cuantificación así como una 

buena repetibilidad. Sin embargo, los resultados obtenidos mediante los ensayos de 

recuperación demuestran que los métodos ensayados solo deben ser utilizados para el 

seguimiento de la evolución de contaminantes a lo largo del tiempo o para 

determinaciones semicuantitativas de los contaminantes. 

 

4. El uso de ensayos estandarizados de biodegradación de sustancias puras 

adaptados a mezclas de contaminantes junto con el seguimiento de otros parámetros 
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como la toxicidad y el análisis químico puede ser una herramienta muy útil en la 

evaluación de la persistencia de los compuestos desconocidos presentes en efluentes 

agro-industriales. Los resultados obtenidos en los ensayos realizados demuestran que el 

seguimiento de la toxicidad a lo largo del ensayo de degradación es un parámetro 

importante a medir en la evaluación de la persistencia de los contaminantes orgánicos 

presentes en los efluentes ya que es posible observar disminución en la concentración de 

carbono orgánico total como para clasificar un efluente como biodegradable pero sin 

embargo seguir causando toxicidad para organismos acuáticos. 

 

5. Se ha demostrado la capacidad de estimar los coeficientes de partición 

octanol-agua independientemente del tipo de molécula, de los compuestos orgánicos 

presentes en una mezcla acuosa, correlacionando Kow con tiempo de retención de 

cromatografía líquida de alta resolución en fase reversa.  

 

6. Se ha demostrado que la metodología desarrollada para la evaluación de la 

capacidad de bioacumulación de efluentes puede suponer una herramienta muy útil para 

refinar el riesgo de mezclas de contaminantes aunando en un mismo ensayo la 

predicción de la toxicidad para organismos acuáticos y la capacidad de bioacumulación 

de los compuestos presentes en las mezclas. 

 

7. El uso del modelo matemático RABETOX puede ser una herramienta útil para 

la evaluación global de efluentes en una determinada cuenca hidrográfica aunando los 

parámetros de toxicidad, persistencia y bioacumulación de los efluentes estimando un 

valor de unidad de riesgo para cada segmento del río. El modelo aplicado a la cuenca 

hidrográfica del río Henares demuestra que existe un riesgo potencial a lo largo de toda 

la cuenca. 

 

8. El uso de modelos probabilísticos en la predicción del riesgo ambiental de los 

efluentes proporciona una mayor cantidad de información que puede facilitar la toma de 

decisiones así como una mayor comprensión de la información.  

 

 

9. Los valores de toxicidad global de los efluentes junto con las características 

de bioacumulación y persistencia y el uso de sistemas de información geográfica 
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presentados en este trabajo de investigación supone una mejora en las evaluaciones de 

riesgo de efluentes asegurando así una mayor protección del medio ambiente acuático. 
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General Conclusions 
 

From the results obtained throughout this research project, several conclusions 

can be stated: 

 

1. The proposed methodology for the selection of an appropriate solid phase 

micro-extraction fiber for the detection of a wide variety of organic compounds in an 

unknown mixture has been satisfactory allowing the use of the selected stationary phase 

for its use in other sections of this work. The selected stationary phase throughout this 

method was DVB/CAR/PDMS. 

  

 2. The SPME together with the gas chromatography and mass spectrometry in 

“Scan” mode is a suitable technique for screening organic contaminants in complex 

mixtures.  Nevertheless for the accuracy of the presence of a specific compound the 

confirmation throughout standardized methods is needed. A great number of different 

compounds have been detected in many of the samples screened. Additionally, the 

results indicate the common presence of compounds that are normally used in the 

manufacturing of cleaning and personal care products demonstrating the necessity of 

further studies on these types of compounds.  

 

 3. The use of the SPME-GC/MS with quantitave purposes with the conditions 

used have demonstrated: good separation of the compounds tested, low detection and 

quantification limits and good repeatability. However, the results obtained from the 

recovery tests showed that the quantification methods used should not be used for strict 

quantification purposes; nevertheless they are suitable for monitoring the evolution of 

the compounds in other tests. 

 

4. The use of biodegradation tests for single substances adapted to effluents, 

together with the monitoring of other endpoints such as toxicity or concentration of the 

compounds, can be considered a very useful tool for the evaluation of the persistence of 

the compounds present in complex mixtures. The results from this test show the 

importance of measuring other parameters such as the evolution of the toxicity in the 

biodegradation studies when dealing with complex mixtures of compounds. In the case 

studied, if only relying on the organic carbon content parameter, one of the effluents 

could have been classified as ready biodegradable although it was still causing toxicity 

to Daphnia magna after day 20 of the test.  
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 5. The capacity of estimating octanol-water partition coefficients (Kow) of 

unknown compounds present in a mixture using the reverse phase HPLC methodology 

was demonstrated to be efficient independently of the type of molecule.  

 

6. The results show how the method presented can refine the security factors that 

could be included in the environmental risk assessment of effluents in the future using 

together, in one assay, the toxicity to aquatic organisms and the bioconcentration 

potential of the compounds present in the mixtures. 

 

7. The mathematical model used (RABETOX) for the whole effluent evaluation 

along a specific river basin combining toxicity, persistence and bioconcentration 

potential for the estimation of risk units for each segment of the river can be a very 

useful tool.  The values obtained through both approximations (deterministic and 

probabilistic) reveal the presence in the Henares River of certain substances that might 

cause sublethal effects in the aquatic species present in the environment. 

 

8. The use of probabilistic models for the prediction of environmental hazards of 

effluents provides an important amount of information facilitating the risk 

communication and decision making for stakeholders. 

 

9. The whole toxicity values together with the bioconcentration and persistence 

potential of effluents and the use of geographical information systems used throughout 

this work can suppose an improvement in the environmental risk assessment of 

effluents to guarantee a better protection of the environment. 
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