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Abstract

‘The organic toxicants present in the effluent of the main sewer of the city of Zagreb, Croatia were isolated and identified through the
use of effects-directed characterisation techniques. At the time of investigation, the wastewater effluent received no treatment and was
comprised of a mixture of effluent from domestic and industrial sources. The organic load of the wastewater was isolated by solid phase
extraction and toxicity profiles obtained using reverse-phase HPLC. All procedures were evaluated through the analysis of a series of
reference compounds of widely differing polarity. Toxicity profiles for EROD activity (CYPIA induction), vitellogenin induction (estro-
‘genic activity), cytotoxicity (membrane stability and metabolic inhibition) were obtained using a rainbow trout (Oncorhynchus mykiss)
primary hepatocyte bicassay. The suite of bioassays showed biological responses after exposure to the raw extracts for all the endpoints
tested. However, a combination of mixture toxicity and cytotoxicity in the complex raw extract had some masking effect on the sub-lethal
responses of vitellogenin and EROD induction. Bioassay testing of the fine fractions obtained by HPLC produced a range of endpoint-
specific toxicity profiles for each sample. A number of compounds were identified by the use of GC-MS and LC-MS/MS as responsible
for the observed effects. The steroid estrogens 17f-stradiol and estriol were identified by LC-MS/MS as estrogen receptor agonists in
two of the estrogenic fractions. In addition, GC-MS analysis identified different alkylphenols, benzophenone and methylparaben which
also contributed to the estrogenic activity of the sample. Polyeyclic aromatic hydrocarbons (PAHS), alkyl substituted PAHS, nitro-poly-
cyelic aromatic compounds (nitro-PACS), carbazoles and alkyl substituted carbazoles and other known CYP1A inducers were identified
by GC-MS analysis as responsible for some of the observed EROD activity. Some active compounds remain unidentified.
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1. Introduction identify the responsible compounds by chemical analysis.
These procedures have been demonstrated as a valuable
approach in the characterisation of hazardous substances

in the environment (see Burgess (2000), Brack (2003) and

Toxicity identification evaluation (TIE)/Effects-directed
analysis (EDA) procedures have become an established

and powerful tool for determining the causes of biological
effects in complex environmental samples. EDA involves
the stepwise separation and simplification of a sample in
order to isolate components with toxic activity. The manip-
ulations are directed by bioassays until it is possible to
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Nordberg-King et al. (2005) for review)

TIE procedures were originally developed by the United
States (US) Environmental Protection Agency (EPA) for
identifying the cause of toxicity in effluents (Mount and
Anderson-Carnahan, 1988). More recent applications
include the identification of estrogen and androgen recep-
tor agonists in sewage effluent and offshore produced water
discharges (Thomas et al., 2004) and the characterisation of





