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174 TECHNEAU: Safe Drinking Water from Source to Tap

2009), many entering the water cycle via wastewater (Reemstma ef af., 2006).
This occurrence of chemicals in sources of drinking water is, depending on the
treatment processes, sometimes reflected in (much lower) occurrence of these
chemicals in finished drinking water (Benotti et al,, 2009).

Only a very limited part of the chemicals which are found in drinking water
sources are currently regulated via (drinking) water quality regulations.
Additionally, current monitoring programs only measure a limited amount of
often well-known chemicals. Especially the presence of so-called “emerging
chemicals” such as pharmaceuticals, personal-care products, drugs-of-abuse,
endocrine disruptors and nanochemicals may lead to consumers concern (e.g.
Turgeon et al.,, 2004). Emerging chemicals can be defined as newly detected
chemicals, which arc not covered by existing water quality legislation, and for
which relatively little information is available on their environmental behaviour
and {eco)toxicological properties.

Despite rapidly evolving chemical analytical techniques (Richardson, 2008),
it is impossible to analyze and identify all different chemicals present in the
aqueous environment. [n addition, for many identified chemicals no statutory
health-based (drinking) water quality guideline values have been established and
no or scarce toxicological information is available to estimate human health risks
{e.g. van Genderen ef «l, 2000). Finally, our understanding of the combined
mixture effects in these complex mixtures of many different chemicals cccurring
in low concentrations is still limited (MeCarty and Borgert, 2006). The use of in
vitro effect-directed assays can be an additional tool to interpret health risks of
complex mixtures in drinking water and its sources. In vitro effect-directed
bioassays do not determine the presence of (a group of ) compounds directly, but
determine their collective effect in a biological system such as culiured cells,
Chemicals that cannot be revealed by analytical techniques but do attribute to
the toxicological effects are included in the effect assays, and thus, the assays
give a clue of the toxicity of the total mixture of chemicals present in the sample.

This paper discusses which effect assays are useful for assessing the quality
of drinking water and its sources, and gives some examples on their application,

SELECTION OF RELEVANT /N VITRO
EFFECT-DIRECTED ASSAYS

For quaiity assessment of the drinking water production chain, relevant effect-
directed assays are related to carcinogenicity and genotoxicity, to hormonal
disruption, or to developmental and teratogenic effects. These end-poinis are
relevant human health effects which can ocecur after chronic exposure to
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176 TECHNEAU: Safe Drinking Water from Source to Tap

Therefore, a battery consisting of a gene mutation test and a chromosomal
aberration test is recommended (Heringa, 2005; Pfuhler ef af., 2007).

Finally, developmental and teratogenic effects are relevant effects of drinking
water contaminants. Teratogenic effects are structural birth defects caused during
pregnancy by chemicals passing from the mother to the foetus. A well known
example of such an effect are the limb malformations caused by the sedative
Softenon in the 1960s. Developmental effects can occur during the whole lifestage
from conception to adult, and can range from subtle effects on cognitive function
{for example the loss of KQ by lead exposure) to gross effects such as growth
retardation. There are several in vivo assays to cover adverse developmental
{and teratogenic) cffects using Daphnia, fish or tadpoles as model systems
{e.g. Abe et al., 2000; Berry et al., 2007; Gutleb et al., 2007}. These are not used in
screening of drinking water quality at the moment, but seem promising and
relevant tools also as model systems for humans (Berry et al., 2007).

Other toxicological end-points that might be relevant to study in future work
are assays related to immunotoxicity and neurotoxicity.

COMPARING ROBUSTNESS AND SENSITIVITY
OF VARIOUS IN VITRO EFFECT ASSAYS

Effect assays for endocrine disruption

Recently, Leusch (2008) evaluated the performance of five in vitro eﬁ”ect dlrected
assays 1o assess estrogenic activity in the same water samples; the yeast estrogen

screen (YES), ER-CALUX, MELN, T47D-KBluc and E-screen. These assays:
were selected from an initial broader set of 24 bioassays. Both ER-CALUX and. "
E-screen were shown to be robust and able to sensitively detect estrogenic
activity in water, at concentrations of 0.1 to 320 ng/L. EEq (equivalents of the "\
most potent estrogenic chemical). The YES and MELN assay gave respective_lj/j e _
less sensitive and less quantitative results and results also depended on the i

matrices. Data were too limited to draw firm conclusions for the KBluc assay.

Similar comparative studies have not yet been performed for other effect:

assays refated to hormone disruption. However, based on 41 literature reference
the sensitivity, robustness, time to result and operational specifications wer

evaluated for 20 available effect assays for hormonal disruption in the context:

of the TECHNEAU project {Table 1; Mons, 2008). The assays are based o
mammalian or yeast cells, and are reporter gene assays or cell proi.iferati'o_
assays. As especially for recently developed assays available literature is sti

scarce, this evaluation should be viewed as indicative, For more detailed:

information we refer to Annex [ of Mons, 2008.
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178 TECHNEAU: Safe Drinking Water from Source to Tap

Effect assays for genotoxicity

Similarly, high-throughput effect assays for genotoxicity were evaluated in the
context of the TECHNEAU project (Mons, 2008). Here, 13 different bioassays
were evaluated based upon 49 individual literature studies {Table 2). Exjsting
assays are gene mutation assays, chromosomal aberration tests or DNA repair
assays. Often the enzyme mix S9 is added to simulate metabolic processes that
may lead to the formation of genotoxic metabolic products. As Table 2 shows,
information is far from complete.

Table 2. Indicative evaluation of different high-throughput. effect assays for
genotaxicity (Mons, 2008).

Sensitivity Robustness Time Operational
to specifications
- - result -
Sour- | Drink- | Operational | Selec- Ease- [ Maintenance
ces ing | robustness | fivily of-use | requirements
water

Gene mufation assays
Ames test 2 2 4 4 3 4 3
Vibrio harveyi test| 2

Chromosomal aberration fosts

Comet assay 3 3 4 3
Micronucleus 2-3
assay

Alkaline 2 2-3

elution assay

Polymerase 3-4
inhibition assay

DNA repair assays
UMU test 4 4 34 3
S08 Chromotest
Vitotox®

Mutatox® 3 3 4 3

Greenscreen®

Greenscreen HC
MCF-7-p53R2

wlw|lwl{sis| sl ow

1=very poor, 2=poor, 3 =average, 4 =good, 5= very good; when insufficient
information was available, the box was left empty.
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180 TECHNEAU: Safe Drinking Water from Source to Tap

Schriks ef al. (in preparation) identified and quantified the compounds respensible
for the observed effects in these samples, which were mostly immunosuppres-
sive pharmaceuticals used against diseases such as asthma and eczema. These
compounds were not included in any regular monitoring programme thus far.

Heringa et @l (in preparation) have applied the Ames II, Comet and
micronucleus assays to a sewage water treatment plant effluent, several surface
waters and several contaminated ground waters in the Netherlands. They found
genotoxic activity in the effluent, one surface water and one ground water in
the Ames I and/or Comet assays, but no responses were measured with the
micronucleus assay. The responsible chemicals have not been elucidated, but the
occurrence of detectable levels of genotoxic compounds in these water samples
was not known so far. It remains to be investigated whether the responsible
genotoxic compounds pass the treatment steps in drinking water preparation.

The aforementioned examples show that a combination of using sensitive
in vitro effect assays and subsequent accurate mass screening to identify and
quantify responsible chemicals is a powerful combination to improve the
asgessment of the drinking water quality.

INTERPRETATION OF EFFECT ASSAYS IN TERM OF
HUMAN HEALTH RISKS

Currently, the significance of test resulis in the effect-directed bioassays in ferms
of human health risks is still in debate, as in vifro cell cultures are clearly very
different from the whole of the human body. Current human-health based drinking
water quality limits are generally based on Acceptable Daily Intake values
(ADIs), the quantity of a compound {expressed per kg body weight per day) that
can be ingested without adverse effects. This ADI is mostly based upon in vive
mammalian toxicological data, taking into account the exposure to cne compound
only. In in vivo assays adsorption, distribution, metabolism and elimination
(ADME) of the compound will influence its foxicity. These factors will not
always be well mimicked in in vifro assays. In order to come to effect-based
quality {imits for complex mixtures, it is proposed to base these on the Acceptable
Daily Intake vaiue (ADI) of a highly potent reference compound, and to translate
this value into effect-based limits using worst case assumptions for ADME
(Van der Cost, 2008). This method has the disadvantage of probably leading fo
overprotective limils in most cases, but seems the only way {o effectively apply’
effect-directed assays in water quality assessment. Further work is necessary to
develop such water quality limits expressed in terms of acceptable effects in
in Vifro assays.
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