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In analysis, normally the concentration of samples is deter-
mined, components are identified from their spectra, or the
structure of components is elucidated. However, in the
1990s the first approaches combining chemical analysis with
bio-testing were published [1]. This approach introduced the
concept of measuring the dose rather than the concentration to
the field of analysis, by extrapolating from the principles ap-
plied in dosimeters used for people in contact with X-rays and
from drug design in pharmacokinetics and/or pharmacody-
namics, where the dose is relevant. In 2003, ABC published
an extensive review on effect-directed analysis (EDA) as a
promising tool for identifying organic toxicants in complex
mixtures for the first time [2].

Effect-directed analysis, sometimes also called effect-based
analysis or effect-oriented analysis, was first used to apply this
combination of bio-testing and physicochemical fractionation
by using organic-solvent extracts for HPLC or mass-
spectrometry measurements. It was first used to determine
the amount of contamination by complex mixtures of toxi-
cants that were believed to be potentially hazardous to ecosys-
tems and human health. As a result, a special issue of ABC on
effect-oriented environmental analysis [3] and a large number
of papers have been published; these even include screening
mutagenic fractions using combinations of chromatography
and mass spectrometry [4]. The integrated approach was also
used in a field study at the river Elbe to measure the effect of
polyaromatic compounds to understand the detected muta-
genics effects [4]. An interesting aspect that arose from this

research was the need to understand the effects on human
health of growth-promoter residues in foods. Another ap-
proach is effect-based proteomic detection [5]. Non-target-
analysis measurements of metabolites and abiotic-
transformation products of original pollutants in water and
the consequences for human health led to another special issue
of ABC that dealt with analytical challenges in environmental
and geosciences [6].

The ongoing development of biosensors enabled a more
accurate and easier measurement of interactions between
analytes and recognition elements. Recently, an extensive re-
view was published that revealed the different possibilities of
measuring these interaction processes between molecules and
proteins without labels, and compared widely used standard
analytical methods, namely HPLC–MS, MNR calorimetry,
and X-ray diffraction, in relation to biosensors and cell lines,
animal models, and even in-silico approaches [7]. Biosensors
based on receptors even offered the interesting possibility of
using a new type of recognition element for effect-based anal-
ysis. This new approach uses receptor molecules present in
human beings that measure the dose and that are the main
interest of effect-oriented analysis. They react to a class of
compounds, meaning that known and unknown effective
analytes are measured in total on the basis of their effects on
the human being and can, as in the case of nuclear receptors,
be activated by these Bligands^, and they also have a crucial
function in cell signaling [8]. In environmental and food anal-
yses the endocrine-disrupting compounds, in particular, are
believed to have drastic and unknown effects on human
health. For this reason, estrogen receptor α (ERα) is the focus
ofmuch research because it reacts in different ways to agonists
and antagonists. These effects can be measured by using spe-
cific biosensors, as revealed in Ref. [9] (Fig. 1).
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ERα as a bioreporter is also applied on paper strips to
obtain response curves, for example for bisphenol A [10].
Sample preparation, fractionation strategies including
polarity-based fractionation, and ER-binding-affinity-based
fractionation are used. They enable chemical identification
of unknown compounds in the fractions and lead to results
expressed as biological toxic equivalents [11]. The fraction-
ation procedure and combination with an in-vitro bioassay and
chemical analysis are shown in Fig. 2.

The importance of measuring dose instead of concentration
is emphasized by the fact that the Bundesinstitut für
Risikobewertung in Berlin has set up an BEffect-Based Ana-
lytics and Toxicokinetics^ unit, which is in close contact with
the Department of Food Safety. Furthermore, for many years
the Helmholtz-Zentrum für Umweltforschung (UFZ) in Leip-
zig has had a department of BWirkungsorientierte Analytik^ in
the field of toxicology to take into account this growing inter-
est in modern analysis. In connection with the Excellence
Initiative of the DFG, the University of Tübingen created a
new professorship for effect-based analysis. Beyond these

Fig. 1 Binding curves of ERα–LBD. Different responses of the biosensor
to different ligand treatments with ERα–LBD. Each curve contains the
information of three consecutive measurements on the same transducer,
with the corresponding standard deviation. The samples contained
0.1 mg mL−1 ERα–LBD incubated with 10 μg mL−1 β-estradiol (green
curve), with 10μgmL−1 tamoxifen (red curve), or with 1%DMSO (black
curve) (from Ref. 9)

Fig. 2 Overall fractionation
strategy used for the isolation and
identification of PXR and ER
ligands in sediment extract. (FT
flow-through; washing fractions,
L1–L3; elution fractions, E1–E4)
(From Ref. 11)
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activities in environmental and food analysis, this new devel-
opment of measuring dose instead of concentration will go far
beyond these approaches; certainly in the field of fermenta-
tion. In fermentation, during the biotechnological production
of drugs, some of the metabolites have similar activity and
their effects are better measured by an Bactive center^ at the
recognition element than by standard concentration measure-
ments using HPLC or mass spectrometry. In addition, the
effect of agonists and antagonists on the signal chain will be
of interest for systems biology and, last but not least, for the
development of drugs with high effectivity and few side ef-
fects. In the past, ABC followed the development of effect-
based analysis, and will be happy to receive publications in the
future that deal with the aspects mentioned above.
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