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This discussion is centralized around an incident that took place in the Belgian village Witry the 17th of September
2014. A tractor accident led to the discharge of an aqueous solution of the herbicide metazachlor into the creek
Moyémont that further merges into the river Stre. About 20 km downstream, these waters supply the lake of the
Upper-Sare in Luxembourg, the biggest artificial lake and the main drinking water reservoir in the country. The evolu-
tion of the concentration of metazachlor and its metabolite 479M08 was partially tracked down from the river Sdre

to the dam situated in the east. At this location, the SEBES drinking water treatment plant has its raw water intake
from the lake. After this incident, substantial pollution by the metazachlor breakdown product 479M08 of the lake
and of some other groundwater sources in the Grand Duchy was revealed due to a strong monitoring program that
was started by the national water authority (AGE). This was for example the case in the SEBES groundwater resource
Scheidhof close to Luxembourg City. There is also the reason to assume that contamination by 479M08 existed already
in the lake before the incident in Witry, certainly due to agricultural activity. In the second part of this discussion, these
perceptions are placed in their appropriate political context. Indeed, the quality of groundwater and drinking water
is strongly regulated in the European Union and in Luxembourg. Compound 479M08, for instance, is submitted to

a maximum parametric value of 0.1 ug/L in Luxembourg. Several short- and longtime political measures had to be
taken to guarantee the wholesomeness of the water from a legal point of view.
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Background

The a-chloroacetamide herbicide metazachlor (or
2-chloro-N-(pyrazol-1-ylmethyl)acet-2',6'-xylidide in
IUPAC nomenclature) is a cell division inhibitor that is
widely used in agriculture for the pre-emergence control
of broad-leaved weeds and annual grasses [1] (Fig. 1).
Metazachlor is mainly applied in winter and spring to
Brassicaceae like rape, Brussels sprouts, cauliflowers,
cabbage, and broccoli. At low concentrations in plants
and algae, the herbicide acts as an inhibitor of the synthe-
sis of very-long-chain fatty acids (VLCFAs), embodying
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and indicate if changes were made.

more than 18 carbon atoms [2, 3]. A plasma membrane
poorly supplied with these VLCFAs loses its rigidity and
permeability, resulting eventually in the leakage of cell
content and improper cell division [4]. Several other
modes of action were reported and next to these primary
responses, it is likely that higher concentrations of the
a-chloroacetamide lead to additional secondary physi-
ological reactions [5-9]. Although these herbicides have
been in practical use for over 40 years [10], resistance
problems of weeds against a-chloroacetamides are rare
events [11]. This explains, at least partially, why this plant
protecting agent is still so popular nowadays.

The 17th of September 2014, a road accident of a trac-
tor equipped with a boom sprayer led to the discharge of
a ready-to-use aqueous solution of metazachlor (between
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metazachlor
Fig. 1 Structure of metazachlor and two of its metabolites

479M04

479M08

7.5 and 12.5 kg) and quinmerac (in 6000 L) onto the
street in Witry (Belgium). In order to handle the chemi-
cal, the local fire workers rinsed the road with additional
water (15,000 L), leading to significant run-offs into the
creek Moyémont, further merging into the river Sire.
About 20 km downstream, the latter supplies directly the
artificial lake of the Upper-Stare in Luxembourg (Fig. 2).
Possessing a surface of 3.8 km? (0.15% of the surface of
country), an average depth of 16 m, and a total capacity
of 60 x 10° m?, the lake of the Upper-Stre is the larg-
est aquatic body in the country. In conjunction with
being the main drinking water reservoir of the Grand
Duchy, the lake is used for electricity production, flood

protection, and environmental aspects. Furthermore, it is
a preferred location for tourism and recreational activi-
ties. The local drinking water treatment plant SEBES (fr.
Syndicat des Eaux du Barrage d’Esch-sur Sare) that is
installed next to the dam is able to supply 89% of the Lux-
embourgish population with drinking water, i.e., 20 x 10°
m? drinking water per year [12]. The crude water can be
extracted from the lake just ahead the dam at different
depths, as a function of algal biomass distribution and
manganese concentration in the water column. The water
treatment plant is equipped with a multi-step purifica-
tion system counting (in order of appearance) a front-end
filter, an ozonation system, active coal treatment, A"
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Fig. 2 Situation of the lake of the Upper-Stre and the measure points. Unless differently stated, the indicated values are the highest detected
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flocculation ponds, sand- and calcium carbonate filters,
and a chlorinator. The drinking water peak-demand is
not covered by the lake but is guaranteed by groundwa-
ter sources located at strategic points in the distribution
network of the SEBES all across the country. Contrary
to the water stemming from the lake of the Upper-Sare,
these additional sources are usually used without (major)
treatment.

The aim of this current discussion is to report on a case
from the field. We hope that this information can lead in
similar situations to a better understanding, an improved
prediction and a more accurate risk assessment of the
pollution. This discussion also tends to bridge between
environmental problems and European or national leg-
islations. This particular case is an excellent illustration
of the tight interconnection between politics and science,
and highlights how fast this narrow equilibrium can be
disordered.

Discussion of the interaction of metazachlor with different
compartments

Distribution of metazachlor in the lake of the Upper-Siire

The evolution of metazachlor in the Upper-Sire ecosys-
tem was tracked by the SEBES, the AGE (fr. Adminis-
tration de la gestion de l'eau), and BWL (de. Bergisches
Wasser- und Umweltlabor) by HPLC MSMS (according
to the German standard method DIN 38407-35) and is
revealed in Fig. 2. The chloroacetamide is first detected
in Moulin de Bigonville on the 22nd of September 2014,
5 days after the discharge in Belgium. At this place, the
highest concentration of 33 ug/L was measured. In the
next 2 weeks, the herbicide was transported with esti-
mated average flow velocities of 1.5 km/day, steadily to
Barrage over Barrage Misére (first detection: 23.09.14,
1.1 pg/L; highest detection: 29.09.14, 11.5 pg/L), Rom-
mwiss (first detection = highest detection: 28.09.14,
0.30 pg/L), Hellekessel (first detection: 28.09.14,
0.23 pg/L; highest detection: 02.10.14, 1.79 ug/L), Bavi-
gne (first detection: 05.10.14, 0.15 pg/L; highest detec-
tion: 07.10.14, 0.27 ug/L), Zillenhétt (first and highest
detection: 13.10.14, 0.12 pg/L) to Barrage (first detec-
tion: 30.10.14, 0.07 pg/L; highest detection: 18.12.14,
0.16 pg/L). In the rear of Bavigne, no more significant
metazachlor concentrations could be identified (Fig. 2).
This is due to several reasons including, most likely, (a)
the high dilution factor and (b) dissipation and degrada-
tion mechanisms of metazachlor.

a. Due to the morphology of the lake, the dilution at
Moulin de Bigonville was still relatively poor. How-
ever, if we assume a complete and a homogeneous
dissolution of the 7.5-12.5 kg of metazachlor in the
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entire lake (60 x 10° m?), a concentration of 0.13—
0.21 pg/L results.

b. Further decrease in concentration derives from dis-
sipation mechanisms. Although metazachlor is stable
to aqueous hydrolysis and photolysis in environmen-
tally relevant conditions (sunlight, pH, and tempera-
ture) [13], Mohr et al. showed that metazachlor con-
centrations decrease in the water column following
a first-order curve with DT, (median dissipation)
values ranging from 37.4 to 47.9 days in lentic eco-
systems, and from 27 to 44.2 days in lotic ecosystems
[14]. In aerobic water—sediment studies, metazachlor
disappeared with first-order DT, values of 13.4 to
27.8 days for the whole system [13]. In these investi-
gations, metazachlor dissipated from the water phase
with DT, values of 48.8—384 days, and from the sed-
iment phase with DT values of 3.0-6.8 days.
Metazachlor is only adsorbing moderately to soil,
and the adsorption of the metabolites 479M04 and
479MO08 is even weaker [13]. Consequently, the
transportation of these substances from the water to
the soil seems to be low. Metazachlor was degraded
in the soil under field conditions with a mean DTy
of 6.8 days [13]. The two metabolites 479M04 and
479M08 were found in aerobic degradation studies
of [**C-phenyl]metazachlor in soil at concentrations
of 16 and 21% of applied radioactivity. These two
metabolites were measured after 91 days and further
dissipated with DTs, values of 56.4 and 71.1 days,
respectively. Two further, minor metabolites were
also detected (479M09 and 479M11).

The dissipation of metazachlor and its metabolites
from the aqueous phase to the air was assessed to be
low [13].

Next to metazachlor, the fate of the metazachlor
metabolite 479M08 was investigated in the lake of the
Upper-Stre. Concentrations of this breakdown prod-
uct, ranging from 0.2 to 0.4 pg/L were found close to
the dam, at every depth, mainly between the 3rd and the
7th of October 2014 (Fig. 3). Thereafter, the concentra-
tions of this substrate dropped again to 0.15 ug/L. Quite
surprisingly and completely unexpectedly, the concen-
trations then increased again to values between 0.3 and
0.45 pg/L during winter months in 2014 and early spring
in 2015. It is unclear whether these raised concentra-
tions were due to the accident in Witry, or resulted from
continuous run-offs from agricultural activity that is
particularly intensive for metazachlor during winter.
Indeed, about 60 ha of the southern watershed of the
lake are dedicated to the production of oilseed rape. A
total surface of 100 ha in the Luxembourgish watershed
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is estimated to be devoted to this crop. Because the sub-
stance is mainly applied during cold months, it is very
likely that the biodegradation is particularly slow, which
enhances its potential for accumulation. The important
mean slope around the lake, correlated with rainfall, fur-
ther favors accretion in the water. Metazachlor (and its
metabolites) are known to easily enter the aquatic envi-
ronment by run-offs and these compounds have already
been found in concentrations between 0.1 and 100 pg/L
in European groundwater and surface water [15-18]. It
is extremely likely that the contamination existed already
in the lake of the Upper-Sure before tracking these com-
pounds and independently of the incident in Witry. The
concentrations of 479M08 globally dropped during 2015.
This is, most likely, a consequence of the legal decisions
to prohibit the use of metazachlor that were taken (vide
infra). The metabolite 479M04 was also found along with
479MO08, but in much lower concentrations.

Risk for the drinking water consumers

Liver was shown to be the target organ in rats, mice,
and dogs [13]. For mammalian, metazachlor acute tox-
icity is low via oral, dermal, and inhalation routes [LDs,
>2000 mg/kg (median lethal dose) and LC;, >34.5 mg/L
(median lethal concentration)]. Metazachlor did not
show any genotoxic potential in a number of in vivo and
in vitro studies. Metazachlor did not show any potential
for acute, repeated dose, or delayed neurotoxicity, but
the compound was considered to be carcinogenic at high
dose levels (proposed classification carcinogenic category

3, R40 “Limited evidence of a carcinogenic effect”). An
ADI (acceptable daily intake) of 0.08 mg/kg bw/day was
derived from a NOAEL (no observed adverse effect level)
of 8.5 mg/kg bw/day in the chronic rat study. The applied
safety factor was 100. An ARfD (acute reference dose) of
0.5 mg/kg bw was derived from the NOAEL of 50 mg/kg
bw/day, applying also a safety factor of 100.

Ecotoxicology

Metazachlor is classified as H400 and H410 designat-
ing acute and chronic aquatic hazard. Algae and higher
aquatic plants, possessing high and constant amounts of
VLCFAs are the most prone organisms to damage. Mohr
et al, for example, showed that single exposure of several
aquatic macrophytes to metazachlor at nominal concen-
trations of >5 pg/L, had pronounced long-term effects
on the aquatic biota [14]. In this study, even after 140—
170 days, the macrophytes did not recover from punctual
metazachlor treatments. Applied metazachlor concen-
trations of 20 ug/L in pond- and stream mesocosms led
to a decrease in macrophyte wet weight of 25 and 77%,
respectively. In the same study [14], it was shown that
filamentous green algae dominated by Cladophora glom-
erata and Spirogyra spec. were also extremely sensitive
to metazachlor with EC, values of 3 and 9 pg/L (median
effective concentration) in stream- and pond indoor
mesocosms, respectively. These algae were replaced by
the filamentous yellow—green algae Vaucheria spec, but
only at metazachlor concentrations higher than the ones
observed in the lake of the Upper-Sare (>80 pg/L). It is



Karier et al. Environ Sci Eur (2017) 29:25

also known that the presence of metazachlor has reper-
cussions on physicochemical parameters like pH and
oxygen saturation via mechanisms implying biomass
degradation and photosynthesis [14]. Next to factors like
competition, there is reason to assume that these varia-
tions in physicochemical water parameters are also on
the origin of species shifts, due to the different require-
ments of the communities.

The Lake of the Upper-Sire is regularly victim of the
massive proliferation of harmful algal blooms being
composed, to a big extend, of cyanobacteria (Anabaena,
Microcystis, Woronichinia...). Already in 1974, routine
controls in the laboratory of the SEBES revealed a shift
towards a greenish water coloration combined to a strong
deoxygenation in late summer. These were the first signs
of eutrophication and in 1986, the water production had
to be stopped due to massive proliferation of planktonic
algae. During a study led by Wille, it was shown that the
lake of the Upper-Stre undergoes, in general, an annual
cycle composed of four different phases that are each
defined by the dominance of one main algal group (In
order of appearance): cryptophytes, diatoms, chloro-
phytes, and cyanobacteria [19].

Although the successions of different algal popula-
tions are strongly dependent on nutrients (phosphor,
nitrogen,...), mechanical constraints (flow velocity, con-
vection,...), and biological factors (allelopathy,...), it is
possible that there is, at least to some extent, an influ-
ence of metazachlor on population distributions in the
lake of the Upper-Siire due to changes in competition.
This hypothesis is further corroborated by a study led by
Mohr et al. who showed that chlorophytes were the most
prone organisms to be harmed by metazachlor [20]. On
the other hand, diatoms and cryptophytes seemed insen-
sitive. It is possible that the selective action of metazach-
lor on the chlorophytes, preceding the cyanobacteria in
time, provides an advantage to the proliferation of the
cyanobacteria in the upstream dam and the first part of
the lake of the Upper-Stre. A similar shift from a dino-
flagellate-dominated phytoplankton, to a community
overshadowed by the blue algae Anabaena flos-aquae
was monitored by Noack [21].

Although this sounds like a plausible rationale, care
has to be taken with this assumption because algal dis-
tribution depends on a plethora of different parameters.
Toxicological studies on aquatic organisms of metabo-
lites 479M04 and 479M08 show that they are, at least
three orders of magnitude, less toxic than the parent
metazachlor. In general, the risk of these compounds is
assessed to be of little importance [13]. Due to the two-
dimensional nature of the topic (environment and legis-
lation), we will now try to place the incident in Witry in
its legal context.
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Political aspects

European directives and Luxembourgish legislations

In the European directive, regulating the quality of water
intended for human consumption (EU Drinking Water
Directive), it is stated that pesticides are organic insec-
ticides, herbicides, fungicides, nematocides, acaricides,
algicides, rodenticides, slimicides, related products (inter
alia, growth regulators) and their relevant metabolites,
degradation and reaction products [22]. Limit values for
active substances in pesticides, including their relevant
metabolites, degradation and reaction products are fixed
at 0.1 pg/L for single substances, and 0.5 pug/L for the sum
of substances.

Due to the tight interconnection of drinking water and
groundwater, the latter is submitted to the same limit val-
ues (0.1 pg/L for single substances and 0.5 pg/L for the
sum of substances, Groundwater Directive 2006/118/
EC) [23]. Although these directives fix the limit values,
no criteria for the definition of relevant and non-relevant
metabolites were provided at that stage, leading to uncer-
tainty for regulators and notifiers. To avoid further mis-
interpretations, a definition of the relevance criteria was
finally delivered in 2000. According to the EU DG Sanco
Guidance, a metabolite is relevant if:

a. It has comparable biological target activity (>50%) to
the active substance, or

b. It has toxicological properties that are regarded as
severe or unacceptable (e.g., genotoxic, or classified
as toxic or very toxic) [24].

Metabolites are defined as non-relevant if:

a. they exhibit “clearly less biological activity” than the
parent substance (<50%) and

b. they are not genotoxic and

c. they do not belong to the classification toxic/very
toxic, R60, R61, R62, or R63 and

d. they are not metabolites of compounds, which them-
selves are classified as R45, and where evidence has
been provided that an R40 for a parent substance
does not lead to a risk of carcinogenicity for the
metabolite.

The definitions and assessments of relevance provided
by the DG Sanco guidance are not legally binding for the
EU member states.

The Luxembourgish transposition of the EU drinking
water and groundwater directive into national law con-
tains a direct translation of the EU text on pesticides and
their relevant and non-relevant metabolites. The highest
concentration of metazachlor allowed in the groundwa-
ter and drinking water is therefore 0.1 ug/L and the sum
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of the concentrations of all pesticides must not exceed
0.5 pg/L. Despite the low toxicity of the two major
metazachlor metabolites 479M04 and 479MO08, they
are both currently considered relevant. This denomina-
tion is based on the proposed designation of the parent
metazachlor as carcinogenic category 3 R40 (vide supra,
point d). Henceforward, they are submitted to the same
threshold of 0.1 pg/L. Because the treatment of the water
at the SEBES plant allows to eliminate, on average, 90%
of metazachlor and its metabolites (maximum concentra-
tions of 0.45 pg/L at the dam), the drinking water after
treatment was, by law, still suitable for distribution fol-
lowing the metazachlor incident in Witry.

Political consequences
However, for precautionary reasons, the SEBES plant
stopped providing drinking water from the 3rd till the
7th of October 2014 and switched to the 15 alternative
SEBES groundwater wells, providing 38,000 m?/day. This
decision was based on the assumption that potential high
peak doses of the pollutants could contaminate the plant.
The water outflow at the dam was also increased to have
a faster elimination of the metazachlor metabolites from
the lake.

During this operation, it was noted that one of the
main groundwater drilling wells: Scheidhof was also
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contaminated by the metazachlor metabolite 479M08 in
concentrations up to 2-3 times higher than the allowed
value of 0.1 pg/L (Fig. 4). A transition solution is now
provided by article 11(4) of the Luxembourgish legisla-
tion on the quality of waters destined for human con-
sumption [25]. This article claims that the supplier can
ask for a 30-day exemption to distribute the water with
non-respect of the parametric value (concentration of
479MO08). However, the supplier has to guarantee that
the non-respect of the threshold is of no consequence
for human health. Furthermore, it has to be assured that
the distributed drinking water meets the legally binding
requirements again after 30 days. Scheidhof is kept as a
back-up solution in case of water deficit. For some other
contaminated groundwater sources, a dispensation is
granted by article 11(3) in reciprocity of an extensive plan
of action to restore the water quality within maximum
3 years.

In April 2015, the use of metazachlor became imme-
diately and definitely banned in large surfaces of Lux-
embourg, including the protection zones 1, 2, the areas
that are to become protection zones in the future (vide
infra) and the entire supplying Luxembourgish watershed
[26] (Fig. 4). Outside these zones, the use was regulated
to 0.75 kg/ha, only 1 out of 4 years on the same surface.
Prohibition to apply metazachlor in 2015 on surfaces on

Nl Petang: Baschyf Re

Fig. 4 In blue: representation of the Protection zones 1 and 2 (PZ1 and PZ2) and in red: the areas where the use of metazachlor is prohibited
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which it has been applied between 2012 and 2015 was
also declared.

In order to face continuous pollution by means of run-
offs, a new protection zone concept is currently being
elaborated for the Upper-Sare lake. To date, the protec-
tion zones that were defined by the national law of the
27th of May 1961 are still in use [27] (Fig. 4). In the new
scenario, these two existing protection zones will be
extended by a third zone. The protection areas 2 and 3
not only take into account the surface of the watershed
(42,600 ha, amongst which 2/3 is situated on Belgian
ground), but also consider the slope of the terrain. These
protection zones will, in a first step, only be installed on
Luxembourgish territories. Although this new concept,
once concluded, should be a solution against continu-
ous pollution from agricultural activity, accidents like
in Witry are less likely to be prevented. The decline of
these incidents is more likely to be promoted by different
road-security regulations in critical areas. A cooperation
(LAKU) intended to join the interests of the farmers and
of the SEBES, was also founded in 2015 and mainly co-
financed by the Luxembourgish Water Fund.

Besides the protection zones encompassing the lake of
the Upper-Stre, around 80 other protection zones that
shall guarantee the longtime drinkability of the water
from the different groundwater sources including Schei-
dhof, are currently under investigation. To a few excep-
tions close, these protection zones are almost entirely
superimposable with the zones where the use of metaza-
chlor is prohibited (Fig. 4). Some of these sectors were
already defined in Luxembourgish legislations in January
2015 [28].

Conclusions

The incident in Witry led to local concentrations of
metazachlor and metazachlor metabolites in the lake of
the Upper-Sure that had the potential to harm, or at least,
to alter the aquatic biota. The extent of these interactions
is, however, due to limited amount of experimental data
and the complexity of the ecosystem, not known. The
risk for human water consumers was low due to the high
dilution and the aptitude of the SEBES plant to eliminate
between 70 and 98% of metazachlor and his metabolites
content. This led to concentrations of the regulated sub-
stances in the drinking water (after treatment) that were
below the legal European and Luxembourgish thresh-
old of 0.1 pg/L. More disturbing is the observation that
the groundwater reservoir Scheidhof was already con-
taminated by the relevant metabolite 479MO08. Based on
the moderate degradation of the parent metazachlor in
pure aquatic media, it is possible that the breakdown of
479MO08 in the groundwater wells is also extremely time
consuming. Furthermore, corroborated by the evolution
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of the concentration of 479MO08 after the Witry incident
(Fig. 3), there is a high chance that the lake was already
transporting similar high concentrations of 479MO08, due
to agricultural activity. Although the concentrations are
still far away from toxicological thresholds for humans,
it is important to point out and to remind the precau-
tionary principle extracted from the Water Framework
Directive that groundwater must be regarded as a natural
resource, which should be protected in its own right [29].
Limit values for active substances and their metabolites
should not be based exclusively on human toxicological
values but should aim at a maximum preservation of the
water. It is considered appropriate that an adequate level
of protection is established for groundwater.

Abbreviations

ADI: acceptable daily intake; ARfD: acute reference dose; bw: body weight;
DT, median dissipation time; ECs,: median effective concentration; LCy:
median lethal concentration; LD5,: median lethal dose; NOAEL: no observed
adverse effect level; SEBES: fr. Syndicat des Eaux du Barrage d'Esch-sur-Sure;
VLCFA: very-long-chain fatty acids.

Authors’ contributions
Analysis and interpretation of data: PK and IK. Critical revision: GK. All authors
read and approved the final manuscript.

Acknowledgements

Our deepest appreciation goes towards the AGE (Administration de la Gestion
de I'eau) for the valuable collaboration in the field of providing drinking water
in Luxembourg. Dr. Jean-Paul Lickes and Dr. Luc Zwank are acknowledged for

the critical assessment of this manuscript. Vincent Lemarchal is recognized for
technical support.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 22 March 2017 Accepted: 31 August 2017
Published online: 15 September 2017

References

1. FAO (1999) FAO (Food and Agriculture Organization) specifications and
evaluations for plant protection products. Metazachlor. http://www.fao.
org. Accessed 8 Nov 2016

2. Eckermann C, Matthes B, Nimtz M, Reiser V, Lederer B, Boger P, Schréder
J(2003) Covalent binding of chloroacetamide herbicides to the active


http://www.fao.org
http://www.fao.org

Karier et al. Environ Sci Eur (2017) 29:25

w

site cysteine of plant type Il polyketide synthases. Phytochemistry
64:1045-1054

Tomlin C (2004) Pesticide Manual. BCPC Publications, Farnham
Weisshaar H, Retzlaff G, Boger P (1988) Chloroacetamide inhibition of
fatty acid synthesis. Pestic Biochem Physiol 32:212-216

Fuerst EP (1987) Understanding the mode of action of chloroacetamides
and thiocarbamate herbicides. Weed Technol 1:270-277

Weisshaar H, Boger P (1991) Further effects of chloroacetamides and
evidence for inhibition of acetylation of DNA-associated protein. Pestic
Biochem Physiol 39:20-26

Weisshaar H, Boger P (1994) Histone acetylation is not affected by chloro-
acetamides in vitro. Z Naturforsch C 49:309-311

Couderchet M, Boger P (1993) Chloroacetamide-induced reduction of
fatty acid desaturation. Pestic Biochem Physiol 45:91-97

Couderchet M, Schmalfuss J, Boger P (1996) Incorporation of oleic acid
into sporopollenin and Its inhibition by the chloroacetamide herbicide
metazachlor. Pestic Biochem Physiol 55:189-199

Hamm PL (1974) Discovery, development and current status of the
chloroacetamide herbicides. Weed Sci 22:541-545

. Boger P (2003) Mode of action for chloroacetamides and functionally

related compounds. J Pestic Sci 28:324-329

Syndicat des Eaux du Barrage d'Esch-sur-Sare (2016) Présentation du
SEBES. http://www.sebes.lu/fr/presentation/. Accessed 10 Nov 2016
European Food Safety Authority (2008) Conclusion regarding the peer
review of the pesticide risk assessment of the active substance metaza-
chlor. EFSA Sci Rep 145:1-132

Mohr S, Feibicke M, Berghahn S, Schmiediche R, Schmidt R, Meinecke S,
Ottenstoer T, Schmiedling | (2007) Effects of the herbicide metazachlor
on macrophytes and ecosystem function in freshwater pond and stream
mesocosms. Aquat Toxicol 82:73-84

Sturm S, Kiefer J (2007) Erhebung zur aktuellen Gewésserbelastung mit
Pflanzenschutzmitteln. Energ Wasser Prax 4:31-33

Kreuger J (1998) Pesticides in stream water within an agricultural catch-
ment in southern Sweden. Sci Total Environ 216:227-251

Kreuger J, Peterson M, Lundgren E (1999) Agricultural inputs of pesticide
residues on stream and pond sediments in a small catchment in south-
ern Sweden. Bull Environ Contam Toxicol 62:55-62

Samara C, Lintelmann J, Kettrup A (1994) Liquid chromatographic deter-
mination of N-herbicides in surface-waters by using diode-array detec-
tion and multicomponent analysis. Fresenius Environ Bull 3:534-539

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 8 of 8

Wille E (1990) Etude de la dynamique des populations phytoplancto-
niques du lac de barrage d'Esch-sur-Sare. Bull Soc Nat Luxemb 90:3-16
Mobhr S, Feibicke M, Berghahn S, Schmiediche R, Schmidt R (2008)
Response of plankton communities in freshwater pond and stream
mesocosms to the herbicide metazachlor. Environ Pollut 152:530-542
Noack U, Geffke T, Balasubramanian R, Papenbrock J, Braune M, Scheer-
baum D (2003) Effects of the herbicide metazachlor on phytoplankton
and periphyton communities in outdoor mesocosms. Acta Hydrochim
Hydrobiol 31:482-490

European Parliament and Council (1998) Directive 98/83/EC of the Euro-
pean Parliament and of the Council of 03 November 1998 on the quality
of water intended for human consumption. OJ L 330:32-54

European Parliament and Council (2006) Directive 2006/118/EC of the
European Parliament and of the Council of 12 December 2006 on the
protection of groundwater against pollution and deterioration. OJ L
372:19-31

European Commission & Consumer Protection Directorate (2000) Guid-
ance document on the assessment of the relevance of metabolites in
groundwater of substances regulated under Council Directive 91/414/EC.
https://ec.europa.eu/food/sites/food/files/plant/docs/pesticides_ppp_
app-proc_guide_fate_metabolites-groundwtr.pdf

Le Gouvernement du Grand-Duché de Luxembourg (2002) Reglement
grand-ducal du 7 octobre 2002 relatif a la qualité des eaux destinées
ala consommation humaine. J Offi du Grand-Duché de Luxemb A
115:2816-2833

Le Gouvernement du Grand-Duché de Luxembourg (2015) Reglement
grand-ducal du 12 avril 2015 portant sur l'interdiction ou restriction de
I'utilisation de la substance active métazachlore. J Offi du Grand-Duché
de Luxemb A 76:1462

Le Gouvernement du Grand-Duché de Luxembourg (1962) Loi du 27 mai
1961 concernant les mesures de protection sanitaire du barrage d'Esch-
sur-Sare. J Offi du Grand-Duché de Luxemb A 21:429-430

Le Gouvernement du Grand-Duché de Luxembourg (2015) Environne-
ment-Zones de Protection. J Offi du Grand-Duché de Luxemb A 6:32-41
European Parliament and Council (2000) Directive 2000/60/EC of the
European Parliament and of the Council of 23 October 2000 establish-
ing a framework for community action in the field of water policy. OJ L
327:1-73

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.sebes.lu/fr/presentation/
https://ec.europa.eu/food/sites/food/files/plant/docs/pesticides_ppp_app-proc_guide_fate_metabolites-groundwtr.pdf
https://ec.europa.eu/food/sites/food/files/plant/docs/pesticides_ppp_app-proc_guide_fate_metabolites-groundwtr.pdf

	Metazachlor traces in the main drinking water reservoir in Luxembourg: a scientific and political discussion
	Abstract 
	Main text
	Background
	Discussion of the interaction of metazachlor with different compartments
	Distribution of metazachlor in the lake of the Upper-Sûre
	Risk for the drinking water consumers
	Ecotoxicology

	Political aspects
	European directives and Luxembourgish legislations
	Political consequences

	Conclusions

	Authors’ contributions
	References




