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Pesticides in surface waters: a
comparison with regulatory acceptable
concentrations (RACs) determined in the
authorization process and consideration
for regulation

Katja Knauer’

Abstract

Background: Chemical analysis of surface water conducted in European countries indicates that pesticides are often
detected in surface waters. This asks regulatory authorities to consider these monitoring data while re-evaluating pes-
ticide approval and setting appropriate risk mitigation measures. During the years 2005-2012, the cantons in Switzer-
land performed 345,000 pesticide measurements in surface waters. Overall, 203 approved pesticides were examined.
For 60 of these substances, regulatory acceptable concentrations (RACs) were published, which were determined
from ecotoxicological data in accordance with international test methods within the framework of the authorization
procedure.

Results: For 73 % of the 60 evaluated pesticides, the monitoring data demonstrated that no exceedance of the RAC
in surface waters was found. For the 16 remaining compounds, measured environmental concentrations (MECs) were
exceeding the RAC value at some sampling sites. However, the 95 percentile of the MECs of all substances analyzed
were below the respective RACs. Due to the classification system of surface waters in Switzerland, it became obvious
that exceedances of the RAC value occurred in small to medium surface waters. Based on these monitoring data, it
can be concluded that mainly herbicides and fungicides were exceeding the RAC; for insecticides only one exceed-
ance was determined. The findings demonstrate that in principle the pesticides are safely used. Most of the exceed-
ances were measured in a surface water surrounded by vineyards in the canton Geneva. Therefore, risk mitigation
measures were locally implemented to reduce the entry of pesticides.

Conclusions: Results suggest that a few pesticides in use might account for most of the concern for aquatic life.
These pesticides with exceedances of the ecotoxicological thresholds are checked for a possible regulatory action.
Implementing further risk mitigation measures might be advisable to reduce the exposure in aquatic systems. This
evaluation is an ongoing process. When further RAC values are available, currently Switzerland is re-evaluating author-
ized pesticides, monitoring data can be evaluated accordingly.
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Background Switzerland’s surface [1], in relation to monitoring data
Agriculture is practiced in Switzerland on an agricul- from 2005 to 2012. To guarantee a profitable harvest and
tural area of 10,51,063 ha which corresponds to 25 % of  quality of the agricultural products, fertilizers and plant
protection products are used.

It is a declared aim of the agricultural policy in Swit-
zerland to secure a powerful and sustainable agriculture
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while ensuring no unacceptable impact on the environ-
ment [2]. Agricultural areas are intensively used for pro-
duction, but they are also habitats for a variety of plants
and animals [3]. Around 80 % of the Swiss surface waters
are small streams and border often directly to agricul-
tural land. They are important habitats for aquatic life [4].

Pesticides are chemical and biological agents that are
designed to protect crops against harmful organisms,
to regulate the growth of plants or eliminate unwanted
plants. Biologically active agents can also have side
effects on non-target organisms in the environment in
addition to the protective effects obtained for crops.
Pesticides can enter edge of field water bodies via spray
drift, evaporation and deposition, and after rain events as
runoff and erosion or drainage. Surface waters may also
receive unwanted amounts of pesticides due to improper
cleaning of spray equipment or improper applications in
residential areas [5, 6].

During the authorization process, possible entries and
resulting concentrations in the edge of field water bodies
are predicted on the basis of available experimental fate
data and models (EU 1107/2009; e.g., German Exposit
model or the European FOCUS model). Switzerland is
currently using the German Exposit model to estimate
surface water concentrations. The European FOCUS
model was recently criticized by Knébel et al. [7] to fail
predicting insecticide concentrations in surface waters.
Whether a risk could arise from the use of a pesticide
is evaluated prospectively by comparing predicted envi-
ronmental concentrations (PEC) with threshold concen-
trations based on ecotoxicological data and assessment
factors to account for uncertainties. If unacceptable risk
is indicated, restrictions on the use are made [6, 8—10]
1107/2009/EC).

National monitoring programs are used to evaluate
the current environmental situation and are conducted
for surface, ground and drinking water, soil, and specific
indicator species in Europe. They are carried out at regu-
lar intervals and as a result an enormous amount of data
is available, which are often published in national envi-
ronmental reports (Swiss [11]; for Europe see activities
under Directive 2000/60/EC).

Monitoring data of pesticides in surface waters are
very useful for the review of the authorization, even
though the routine monitoring is often restricted to
larger water bodies and differs therefore from the edge
of field approach used in the authorization process. In
larger water bodies, concentrations of pesticides are
expected to be lower than in the edge of field water bod-
ies. Exceedances of ecotoxicological acceptable concen-
trations in surface waters indicate a possible need for
action to adjust the conditions of use of certain products
[12-15].
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Chemical analysis of surface waters conducted in Euro-
pean countries and the US indicates that pesticides are
often detected in surface waters and that aquatic organ-
isms might be at risk [16—20]. This asks for consideration
of these monitoring data while re-evaluating approved
pesticides by regulatory authorities and setting appro-
priate risk mitigation measures. In this project, we com-
pared measured environmental concentrations (MEC) in
Swiss surface waters to regulatory acceptable concentra-
tions (RACs) derived from the Swiss registration dossi-
ers to evaluate if approved pesticides are in general used
according to the safety instructions or if further regula-
tory action is needed.

Results and discussion

Risk assessment for Swiss surface waters

Measured concentrations of pesticides in Swiss surface
waters, including all samples taken also without detec-
tion, were evaluated to gain two concentrations, the
MEC,,,, (maximum concentration of all measured sam-
ples) and the MECy; o (95 % percentile of all measured
samples) for comparison to RAC values (see also [4]). For
60 of these substances, RAC values are published, which
were determined from ecotoxicological data which were
evaluated within the framework of the Swiss authoriza-
tion procedure (Table 1, Federal office for agriculture
[21]). This approach is more conservative than the one
used for the evaluation of a potential risk due to micro-
pollutants, which are discharged continuously to sur-
face waters, in Switzerland [22]. The authors used the
MECy; 4, (90 percentile) and MECy; ,, (50 percentile) of
the respective active ingredients to determine a possible
risk.

Comparing the MECy; o, to the RAC of the evaluated
pesticides, no exceedance was determined in any meas-
urement. This means that more than 95 % of the meas-
urements revealed concentrations below the RAC. The
risk quotients of the 60 pesticides (RQ = MEC,; o/RAC)
were lower than 0.415. The data indicate that concen-
trations in surface waters have been lower by a factor of
2-1000 than the RAC values.

Comparing the MEC_,, with the RAC, it can be con-
cluded that for 44 pesticides the RAC was not exceeded.
For the remaining 16 pesticides, however, the RAC has
been exceeded (MEC,,, > RAC) (Table 1). In Fig. 1, the
exact percentages of exceedances of the RAC for each
pesticide based on all measurements and measurements
taken in small to medium surface water bodies (FLOZ
1-3) are shown. Around 120,000 samples were taken
in smaller water bodies (FLOZ 1-3) representing edge
of the field water bodies and are judged to be suitable
for comparison to the RAC obtained under the Swiss
pesticide regulation [23]. In Europe, in addition to the
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Table 1 Regulatory acceptable concentrations of pesticides with exceedances of monitoring data in Switzerland. Exceed-
ances (n) of regulatory acceptable concentrations (RACs) of pesticides in surface waters (FLOZ) presented as percentage
of total measurements and measurements in FLOZ 1-3 surface water bodies and calculated risk quotients [MEC,, ., (maxi-
mum measured concentration) in comparison to RACs (regulatory acceptable concentrations)]

Substance RAC exceedance FLOZ
Pesticide H RAC (ug/L) n Exceedance  N-total Events Events (%) MEC (ug/L) RQ=
| N (%) (n-FLOZ 1-3)  Details: MECmax/RAC
F (FLOZ 1-3) (n>L0Q) Event (number
of exceedances
in 1 month)
Aclonifen H 0.5 1 0.62 161 1 0.62 23 46 3
(0.96) (104)
19
Chlortoluron H 24 1 0.02 4841 1 0.02 81.1 34 3
(0.04) (2518)
(408)
Isoproturon H 58 6 0.10 6247 2 0.03 20 2
Details:
(0.20) (2933) 1(5) 6.2-11.6 3
(1539) 1 84
Linuron H 0.7 11 023 4684 5 0.1 25
Details:
(0.48) (2314) 2(8) 09-29 2
(561) 1 54 2
1 1.6 3
1 09 1
S-Metolachlor H 7.0 2 0.02 8966 2 0.02 17
Details:
(0.06) (3813) 1 16.9 2
(3475) 1 9.8 3
Terbuthylazine H 12 23 027 8511 15 0.18 4.7
Details:
0.77) (2976) (1) 16 2
(1938) 1(1) 1.7 1
1(4) 1.5-1.7 2
103) 13-2.7 2
1) 14-16 2
1(1) 3.8 2
1(3) 14-28 2
1(1) 14 2
1(1) 23 1
(1) 14 1
(1) 2.1 5
1(1) 1.2 3
Tm 17 2
T 56 3
(M 15 1
Chlorpyrifos-methyl | 0.1 2 0.07 2967 2 0.07 1.7
Details:
(1.04) (193) 1 0.1 2
(13) 1 0.17 3
Azoxystrobin F 33 7 0.27 2628 2 0.08 44-11 35
Details:
(0.49) (1436) 1(5) 34-40 2
(562) 1) 2
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Table 1 continued
Substance RAC exceedance FLOZ
Pesticide H RAC(ug/L) n Exceedance  N-total Events Events (%) MEC(ug/L) RQ=
| N (%) (n-FLOZ 1-3)  Details: MECmax/RAC
F (FLOZ 1-3) (n>LOQ) Event (number
of exceedances
in 1 month)
Difenconazole F 0.76 3 0.31 963 2 0.21 1.1-1.2 1.5
Details:
(0.44) (689) 1) 1.0 2
(171) (1) 1
Epoxyconazole F 043 1 0.08 1329 1 0.08 1.0 2.2 1
0.11) (899)
©n
Fenpropimorph F 0.2 2 0.03 5861 2 0.03 14
Details:
(0.10) (2021) 1 0.20 3
(47) 1 0.27 2
Fludioxonil F 23 10 152 656 4 0.61 49
Details:
(2.90) (345) 1 10 2
(210) 309 3-55 2
Prochloraz F 0.55 14 17 822 14 1.7 13
Details:
(2.12) (661) 1 0.99 2
(1) 1 1.1 2
1 2.7 2
Il 0.6-7.2 1
Spiroxamin F 0.2 9 12 760 9 1.2 62
Details:
(1.36) 661) 1 0.6 1
(150) 1 12 1
1 0.25 2
3 0.25-0.6 1
1 0.35 2
1 0.2 2
1 0.55 2
Tebuconazole F 1.0 1 0.03 3753 1 0.03 1.7 1.7 1
(0.10) (983)
(714)
Trifloxystrobin F 0.7 4 042 963 2 0.21 46 2
Details:
(0.58) (689) 1) 26-3.2 1
(99) 1 08

Monitoring data were collected from 2005 to 2012 in Switzerland

H herbicide, / insecticide, F fungicide

n number of samples with exceedances of the RAC value

N (%) percentage of exceedances of total measurements of each pesticide

N (%) (FLOZ 1-3) percentage of exceedances of measurements of the pesticide in small and middle surface water bodies (FLOZ 1-3)

n-total total measurements of the pesticide

n-FLOZ 1-3 total measurements of the pesticide in small and middle surface water bodies (FLOZ 1 to 3)

n > LOQ = number of measurements > limit of quantification

events = summarizing exceedances of a pesticides measured in one month

events (%) = percentage of events of exceedances of total measurements of the pesticide
risk quotient (RQ) MECmax/RAC
FLOZ order of sections of streams by size (Flussordnungszahl)
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B Exceedances (%) / total number of measurements

Exceedances (%)/number of measurements in FLOZ 1, 2, 3

Fig. 1 Exceedances of the RAC value as percentage of all measure-

ments and measurements in FLOZ 1-3 per pesticide

pesticide regulation (1107/2009 [24]), the water frame-
work directive (2000/60/EG[25]) aims to protect surface
water and defines environmental quality standards (EQS)
for larger water bodies. Since both regulations aim to
protect different water bodies with different exposure
situations, ecotoxicological thresholds also are differently
calculated. The typical exposure situation in small water
bodies is short-term exposure, whereas in larger systems
constant exposure is expected. Wittmer et al. [26] com-
pared therefore measurements in larger surface water
bodies in Switzerland to EQS.

Exceedances in Swiss surface waters were mainly
determined for herbicides and fungicides; for only one
insecticide, chlorpyrifos-methyl, the RAC was exceeded
(Fig. 1). For the fungicide prochloraz, the highest num-
ber of exceedances was found to be up to 1.7 % of all and
2.1 % of measurements in FLOZ 1-3 (Fig. 1) although
the use rates in Switzerland in comparison to the other
pesticides with exceedances were low during the years
of monitoring. If the extent of exceedances is calculated
(RQ = MEC,,,, > RAC), in most cases the RQ was less
than 5 (Table 1) indicating a limited risk due to pesticides
in smaller water bodies.

Most of the exceedances were determined in a small
water body surrounded by vineyards in the canton
Geneva. Based on the monitoring results, the can-
ton Geneva implemented locally specific risk mitiga-
tion measures to reduce the entry of pesticides and to
enhance finally the protection of the surface water [27].
Exceedances might be caused by an enhanced potential
for runoff of some herbicides and fungicides (e.g., ter-
buthylazine, isoproturon, prochloraz, spiroxamin).

This evaluation of the Swiss monitoring data indicates
that the risk assessment is in general protective for most
situations in the field but might fail in regions with vul-
nerable conditions such as steep slopes and strong rain
events. Herbicides with a potential of runoff were also
determined in Swiss surface waters by Moschet et al. [28,
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29]. Also in the US, the most frequently detected pesti-
cides in a decadal comparisons were herbicides [20] ask-
ing for further risk management for herbicides.

A similar analysis for insecticide on a global scale was
performed by Stehle and Schulz [30]. In contrast to our
evaluation, the authors compared measurements above
the detection limit only to the RAC. They concluded that
surface waters globally are at high risk due to insecticides.

Exceedances of the RAC value occurred mainly in
small to medium surface waters in Switzerland (Fig. 2).
Similar observation was made by Stehle and Schulz [31]
identifying a higher risk for smaller than for larger sur-
face waters.

Exceedances of regulatory acceptable concentrations
in surface waters are undesirable. RAC values are derived
from the risk assessment as part of the authorization of
pesticides and aim to be protective for edge of the field
surface water bodies. Analysis of the Swiss monitor-
ing data shows that exceedances of the RAC value were
determined when MEC_, was used for comparison.
Affected were almost exclusively the small and medium
sections of running surface waters (FLOZ 1-3). Pesti-
cides with exceedances of RAC value are carefully ana-
lyzed to determine possible causes and to define effective
risk mitigation measures. Depending on the degree and
distribution of the exceedances throughout the coun-
try, further risk mitigation might be needed on a local,
regional, or national scale.

Conclusions

Monitoring data are becoming more and more important
and part of the re-evaluation procedure of pesticides.
However, risk managers have to be aware that the use of
monitoring data for this purpose has its limits. The sam-
pling of surface waters is usually done not directly after
the application of pesticides, when the highest entries by
drift are expected to occur or after rain events, when the

Exceedance (%)/Measurements in respective FLOZ
0.20

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02 I
R ||

FLOZ1 FLOZ 2 FLOZ 3 FLOZ 4 FLOZ5 FLOZ 6 FLOZ7 FLOZ 8 FLOZ9

Fig. 2 Number of exceedances as percentage of measurements
taken in the respective FLOZ in relation to size of the section of the
surface water from small (1-2) to medium (3-6) to large (7-9) surface
waters
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highest entries via runoff or drainage are generally occur-
ring [5, 6]. Despite the limitations in the interpretation
of monitoring data, a comparison of the measured con-
centrations in surface waters with the regulatory values
derived for plant protection products from the approval
process is very useful. Exceedances of these RAC values
are indications that the conditions of use of such prod-
ucts, which are defined in the authorization, must be
checked. It is therefore necessary to develop suitable
post-monitoring schemes and to continue this analysis
with other approved pesticides.

Methods

Monitoring data from Swiss surface waters

The cantonal water protection offices are responsible for
the monitoring of surface waters and carry out regular
measurement campaigns. Data from the years 2005 to
2012 were originally compiled by the Federal Office for
the Environment and a Switzerland-wide evaluation was
published [4]. In total, 345,000 samples were collected
mainly from the years 2005 to 2010 and few from the
years 2011 to 2012. 120,000 of these samples were col-
lected in small to medium surface water bodies (FLOZ1-
3). The sampling strategies were diverse ranging from
grap samples to well-designed flow-event triggered sam-
pling. The majority of the measurements were continu-
ously carried out at the International Rhine monitoring
station (for further details on sampling strategies see [4]).

Classification of surface waters by size

In Switzerland, surface waters are classified according
to their size and numbers from 1 to 9 and are allocated
to the different sections of the streams [Flussordnung-
szahl (FLOZ)]. For the first section of the stream start-
ing from the spring, the number one is assigned. Where
two sections of streams are becoming one bigger section,
the ordinal increases by one, if the two sections have the
same number, otherwise the higher number is continued
[32].

To each river, which was part of the monitoring cam-
paigns, a FLOZ number was assigned. Waters with a
FLOZ 1 to 2 are small waters, with a FLOZ 3 to 6 are
medium-sized waters, and with a FLOZ 7 to 9 are large
water bodies such as the river Rhine.

Pesticides and the RAC value

During this period of 2005-2012, 203 of the analyzed
pesticides were approved for use as PSM ([33], Swiss
database on plant protection products). As part of the
Swiss approval of pesticides, the regulatory acceptable
concentrations (RACs) have been determined for surface
water Federal office for agriculture [2, 21]; database on
RAC values).
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All acute, chronic, and higher tier aquatic studies of the
application dossier are considered for that evaluation.
Studies are generally carried out under GLP (Good Labo-
ratory Practice) and are in accordance with internation-
ally recognized test methods (OECD). The RAC is based
on the test result of the most sensitive species, which is
provided with a safety factor to take into account una-
voidable uncertainty in the transfer of results obtained
from laboratory studies with individual organisms or
semi-field experiments to natural water systems [8]. If
the RAC value is based on the results of a field studies,
e.g. mesocosm studies, transient effects on algae and
invertebrates might be accepted. This value corresponds
thus to the concentration which should guarantee that
no unacceptable effects on aquatic organisms will occur
after short- and long-term exposure in surface waters.
Since 2012, RAC values are published on the Homepage
of the Federal office for agriculture. So far RAC values for
100 substances are published. Currently, Switzerland is
re-evaluating authorized products and further RAC val-
ues will be published in the coming years. For 60 of these
pesticides, monitoring data were available and evaluated
in this comparison.

Evaluating environmental risk with monitoring data

For the entire dataset including also samples below the
limit of detection, the maximum concentration (MEC_,,)
and the 95 % percentile of all measurements for each pes-
ticide (MECys ) were determined.

To evaluate the risk for aquatic organisms due to pes-
ticide exposure, the MECs of surface waters were com-
pared to regulatory acceptable concentration (RAC)
which were derived from the registration data for plant
protection products (risk quotient RQ = MEC/RAC)
(Table 1). If the RAC values are not exceeded in sur-
face water, it can be assumed that no unacceptable
effect on aquatic species will occur. If the RAC value is
lower than the MEC, a risk for aquatic organisms can-
not be excluded. Since often measurements were taken
in weekly intervals, measurements obtained in a month
were grouped together as an event of exceedance to
enhance comparability of the data for each pesticide. A
comparison of the RAC values with MECs is a potential
verification of the correct application of plant protection
products or the need for further mitigation (Table 1).

Abbreviations
MEC: measured environmental concentration; PEC: predicted environmental
concentration; RAC: regulatory acceptable concentration; RQ: risk quotient.
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