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2 EXECUTIVE SUMMARY 

Case studies were required in EUFRAM to i) test procedures and 
recommendations developed within the project; and, ii) provide benchmark 
examples for dissemination to the scientific and regulatory community.   

A review of existing case studies was undertaken as an initial step (reported 
separately).  Subsequently, five case studies were identified for further 
development.  The main features of the case studies are identified in the table 
below.  This paper gives a brief introduction to the work package and then 
provides detailed information on the five case studies. 

These case studies were part of developing the EUFRAM framework and 
therefore in various respects do not reflect the final framework. Two 
case studies were later extensively revised to provide worked examples 
of the final framework, and these are reported in separate documents. 

Number 1 2 3 4 5 

Compound Carbaryl Atrazine Herburon Insecticide I OP 

Contact Dieter 
Schaefer 

Mick Hamer Colin Brown Andy Hart JosØ Tarazona 

Compartment Aquatic Aquatic Aquatic Terrestrial 1. Terrestrial 
2. Aquatic 
3. Aquatic 

Organism Invertebrates Macrophytes Macrophytes Skylark 

Wood Mouse 

1. Birds 
2. Invertebrates 
3. Invertebrates 

Route of 
exposure 

Spray drift Drainflow Spray drift Dietary 1. Dietary 
2. Drainflow, 
runoff, erosion 
3. Erosion 

Organisational 
level 

Species 
(individual) 

Species 
(individual) 

Species 
(individual); 
community 

Species 
(individual & 
population) 

Species 
(individual) 

Deterministic 
assessment 

Yes Yes Yes Yes (to be 
provided) 

No 

Probabilistic 
exposure 

Yes Yes Yes Yes Yes 

Probabilistic 
effects 

Yes Yes Yes Yes Yes 

Methods 
included 

SSD SSD, 1-D 
Monte Carlo, 
2-D Monte 
Carlo, P 
Bounds 

SSD, 1-D 
Monte Carlo, 
2-D Monte 
Carlo 

SSD, 1-D 
Monte Carlo, 
P Bounds 

SSD, 1-D 
Monte Carlo 

Software Standard 
software 

Standard, 
Crystal Ball, 
Risk Calc 

Standard, 
Crystal Ball 

Standard, 
Crystal Ball, 
Risk Calc 

Standard, 
Crystal Ball (?) 
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3 INTRODUCTION 

Case studies are required in EUFRAM to i) test procedures and 
recommendations developed within the project; and, ii) provide benchmark 
examples for dissemination to the scientific and regulatory community.  Work 
package 8 is designed to produce worked examples that are suitable for 
adoption as peer-reviewed benchmarks from regulatory practice and for use in 
training for end-users in government and industry. 

The aims of WP8 are: i) to survey existing probabilistic studies for their 
suitability for use in EUFRAM; ii) to select those studies to be used as 
benchmark examples in EUFRAM; iii) to look into the need for refinement of 
existing studies; iv) to provide reference material to be used to evaluate 
procedures developed/recommended by other work packages (in particular 
WP3 to WP7); and, v) to support and facilitate the example case studies.   

The work programme stipulates that at least two case studies will be 
developed within EUFRAM, one assessing risks of agricultural pesticides to 
aquatic organisms and one to terrestrial organisms. One or more case studies 
will be subdivided into two versions to reflect the diversity of situations with 
regard to the availability of data to support the risk assessment.  The first 
version will reflect instances where the risk assessment can be based on a 
reasonable amount of data (e.g. as in the case of the re-evaluation of existing 
compounds) whereas the second version will be based on a limited set of data 
to mimic situations often encountered when undertaking risk assessments for 
new compounds.   

4 REVIEW OF PREVIOUS WORK WHICH COULD SUPPORT 
EUFRAM CASE STUDIES 

An initial task within WP8 was to conduct a review of existing case studies 
that could form the basis of the EUFRAM case studies.  There has been a 
breadth of risk assessments based on probabilistic approaches in the last few 
years.  It was agreed that existing studies considered as a basis for the 
EUFRAM case studies should meet the following criteria: 

1. The data supporting the PRA should be available and no use limitations 
(e.g. confidentiality issues, undue limitations on publication) should be 
attached to them; 

2. The study should be relevant to the pesticide registration framework in the 
European Union; 

3. Probabilistic aspects should be considered or could be readily developed 
on both the exposure and effects sides; 

4. The case studies should reflect situations where large amounts of 
supporting data are available, but also those situations more typical of the 
context of pesticide registration where limited data are available - this 
could be done either in separate case studies or within a single case study 
(by removal of data); 
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5. The case studies should be comprehensive, but remain achievable within 
the context of the preparation of a regulatory dossier; 

6. Where possible, field monitoring data should be available at various levels 
to provide �validation� or groundtruthing of the probabilistic assessment; 

7. There should be possibilities to support any necessary work from sources 
external to EUFRAM. 

The results of the review are provided in a separate document (Review of 
Existing Studies.pdf).  The list of studies was compiled by i) asking members 
of the WP8 working group to provide information on the studies that they have 
been involved with or that they know of; ii) reviewing information presented in 
the EUPRA report; and iii) screening results from literature searches.  It 
should be noted that the list is more or less restricted to those studies that 
have been undertaken by WP8 members and those which may support 
EUFRAM case studies.  The intention was not to draw a comprehensive 
literature review of studies dealing with probabilistic risk assessments for 
pesticides within an environmental context. 

It is clear from the list that probabilistic approaches which have been 
undertaken in the past to assess the risk of a pesticide impacting on 
organisms are diverse and contrast with regard at least to the following 
aspects: 

- Consideration of the uncertainty in exposure, effects or both; 

- Use of different probability approaches; 

- Use of different methods for uncertainty analysis; 

- Use of different ways to express the data; 

- Effects: use of different endpoints; 

- Effects: risk to single or numerous types of organisms; 

- Effects: consideration of indirect effects; 

- Effects: use of data from microcosms/mesocosms/laboratory streams; 

- Exposure: use of a model to simulate pesticide exposure as opposed to 
the use of monitoring data; 

- Exposure: use of a scenario based approach where a small number of 
scenarios representative of the compound usage are defined; 

- Exposure: spatially based approach making use of GIS technologies; 

5 CASE STUDIES PRODUCED FOR EUFRAM 

From the list of existing case studies and discussions of ongoing research 
activities, it was decided to produce five case studies for EUFRAM.  Reports 
have now been written for the five case studies and these are included as 
self-standing documents within this main report for WP8.  The work 
programme stipulates that a minimum of two case studies will be developed 
(one terrestrial and one aquatic).  This minimum requirement has been 
exceeded with one terrestrial study, three aquatic studies and the final case 
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study considering both compartments.  Tables 1 and 2 provide an overview of 
the five case studies and give brief details of the different methods 
demonstrated in each.  Wherever possible, the intention was to produce 
examples on two levels (see Sections 5.1 and 5.2) to inform different parts of 
the EUFRAM process.  

 

Table 1:  Overview of case studies developed for EUFRAM 

No. and short 
title 

Contact1 Compartment Organism Route of 
exposure 

Organisational 
level 

1. Carbaryl Dieter 
Schaefer 

Aquatic Invertebrates Spray drift Species 
(individual) 

2. Atrazine Mick 
Hamer 

Aquatic Macrophytes Drainflow Species 
(individual) 

3. Herburon Colin 
Brown 

Aquatic Macrophytes Spray drift Species 
(individual);  
community 

4. Insecticide I Andy Hart Terrestrial Sky lark and 
wood mouse 

Dietary Species 
(individual and 
population) 

5. OP JosØ 
Tarazona 

1. Terrestrial 
2. Aquatic 
3. Aquatic 

1. Birds 
2. Invertebrates 
3. Invertebrates 

1. Dietary 
2. Runoff, 
erosion, drainflow 
3. Erosion 

Species 
(individual) 

1 dieter.schaefer@bayercropscience.com; mick.hamer@syngenta.com; 
c.brown@cranfield.ac.uk; a.hart@csl.gov.uk; tarazona@inia.es  

 

Table 2:  Methodological summary for case studies developed for 
EUFRAM 

No. and short 
title 

Deterministic 
assessment 

Probabilistic 
exposure 

Probabilistic 
effects 

Methods included Software 

1. Carbaryl Yes Yes Yes SSD Standard software 
2. Atrazine Yes Yes Yes SSD, 1-D Monte 

Carlo, 2-D Monte 
Carlo, P-Bounds 

Standard, Crystal 
Ball, Risk Calc 

3. Herburon Yes Yes Yes SSD, 1-D Monte 
Carlo, 2-D Monte 
Carlo 

Standard, Crystal 
Ball 

4. Insecticide I Yes (to be 
provided) 

Yes Yes 1-D Monte Carlo, 
P-Bounds 

Standard, Crystal 
Ball, Risk Calc 

5. OP No Yes Yes SSD, 1-D Monte 
Carlo 

Standard, Crystal 
Ball (?) 

 

5.1 Comparison between deterministic and probabilistic calculations at 
the first tier of the risk assessment 

Work Package 3 considered the role and outputs of probabilistic risk 
assessments.  A specific question is whether probabilistic assessments 
should be used only as a refinement step (following an adverse outcome at a 
lower tier) or should be applied across the whole risk assessment process.  
Comparisons between deterministic and probabilistic calculations at the first 
tier have been produced in four of the five case studies to inform debate on 
this issue.  Questions to be addressed included the feasibility of implementing 
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PRA at lower tiers, potential incompatibilities in approach or between tiers, 
and the robustness of calculations produced for deterministic risk 
assessments.   

In each example, the risk assessment model(s) applied at the first tier has 
been retained, though additional information (e.g. distributions on parameter 
values) may have been included in generating the probabilistic version of the 
risk assessment.   

Means to capture and incorporate expert knowledge may be particularly 
important at lower tiers where data availability may be more limiting.  This is 
not currently considered within the case studies and further work may be 
necessary to investigate and demonstrate relevant approaches identified in 
Work package 4 (methods of uncertainty analysis). 

5.2 Case studies demonstrating risk refinement 

Each of the five case studies presents a refinement of the risk assessment 
which is a worked example of the application of probabilistic methods to 
assessing the environmental impact of pesticides.  Each starts from 
specification of the type and use of pesticide, models the exposure routes and 
scenarios and the dose-response for relevant non-target aquatic organisms, 
and ends with estimates of impact suitable for use in regulatory decision-
making.   

The case studies reported in this document were part of developing the 
EUFRAM framework and therefore in various respects do not reflect the 
final framework. Two case studies were later extensively revised to 
provide worked examples of the final framework, and these are reported 
in separate documents. 

6 RELATED WORK 

Four groups have either prepared or are preparing case studies which may 
have relevance to WP8.  These are briefly reviewed below. 

6.1 US EPA 

The US Environmental Protection Agency presented revised versions of 
terrestrial and aquatic level II models to the March meeting of the FIFRA 
Scientific Advisory Panel (http://www.epa.gov/oppefed1/ecorisk/).  These are 
important contributions to the development of methods of probabilistic risk 
assessment which should be considered during discussions within EUFRAM.  
The most appropriate way to ensure that this happens should be explored at a 
future project meeting. 

The terrestrial model is a probabilistic, multimedia exposure and effects model 
operating at the field scale which predicts individual mortality to either generic 
model species or specific species.  The major parameters addressed in the 
model are: 

• Multimedia (vegetation, water, and air) estimates for oral, inhalation, 
and dermal routes of exposure; 
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• Food habits of defined generic or selected specific species that are 
proportioned for each food type consumed by that species; 

• Hourly ingestion/inhalation rates of food, water, and air as a function 
of body weight randomly assigned from specific species or defined 
generic species body weight distributions; 

• Hourly dermal residue transfer rates from contaminated vegetation as 
a function of body weight randomly assigned from species (generic or 
specific) body weight distribution and frequency in contaminated 
areas; 

• Frequency of feeding and drinking on the sprayed field, determined in 
hour time steps 

• Distribution of residues on/in vegetation, water (dew and puddles), 
and air as a function of application rates; 

• Degradation/dissipation rates of pesticide residues in each 
environmental media considered (i.e., food, vegetation, air, and 
drinking water); 

• Acute toxicity dose-response relationship based either on a specific 
species (when data are available) or inter-species extrapolations from 
distributions fit to available effects data. 

The aquatic model is a probabilistic exposure and effects model operating at 
the field scale which predicts the response of distributions of species to short- 
and long-term exposure.  The model combines PRZM and VVWM to simulate 
fate in soil, runoff/erosion and fate in water with a daily resolution.  Dose-
response curves are repeatedly sampled for species at the 5th, 50th and 95th 
percentiles of a species sensitivity distribution.  The information is combined 
with instantaneous and long-term (21- and 60-d) exposure to obtain a 
distribution of response curves for the three species selected from the SSD.  
The model aims to identify scenarios or specific effects requiring more refined 
assessment at level III and to permit preliminary evaluation of mitigation 
options. 

6.2 CEFIC-LRI 

The CEFIC Long-Range Research Initiative let a project to develop a case 
study for probabilistic risk assessment.  Work was mainly undertaken by 
Cadmus and considered the risk posed by chlorpyrifos to blue tits.  
Probabilistic components for both exposure and effects were included.  
Initially, the work group considered including this case study within the present 
report.  However, this was not done because there was no potential to modify 
the case study to account for any developments within EUFRAM.  The contact 
is Joanna Jaworska (jaworska.j@pg.com). 

6.3 WEBFRAM 

The UK DEFRA has funded a set of seven projects to model effects of 
pesticides on non-target organisms.  The cluster of projects is known as 
WEBFRAM and the contact is Helen Thompson (h.thompson@csl.gov.uk).  
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Case studies are contracted to be delivered over the next 12 to 36 months for 
aquatic organisms, terrestrial vertebrates (short and long-term effects), and 
above- and below-ground terrestrial invertebrates.  The projects will not only 
consider probabilistic approaches, but there will be significant benefit in close 
collaboration.  Two of the projects (aquatic and long-term effects on terrestrial 
vertebrates) have provided case studies which are included in this report. 

6.4 FOCUS Landscape and Mitigation 

The FOCUS work group on landscape and mitigation factors in ecological risk 
assessment for pesticides has recently produced a draft of their final report 
which includes three examples of refined risk assessment.  The contact is 
Colin Brown (c.brown@cranfield.ac.uk).  The emphasis was on showing how 
to incorporate landscape-level information into risk assessments, but in some 
instances this was within a probabilistic framework: 

• Funen example � this considered sophisticated catch ment-scale 
modelling for an area in Denmark and did not include any probabilistic 
components. 

• Brimstone example � this used model scenarios to as sess the range 
of likely exposure concentrations in UK ditches for a theoretical 
compound.  A model was run deterministically, but variation in 
exposure resulting from variation in weather was expressed 
probabilistically. 

• Valencia example � the distance from water to crop was measured for 
ca. 3700 water bodies in Spain.  The information was used to 
calculate a probabilistic distribution of aquatic exposure arising via 
spray drift. 
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2 PROBLEM FORMULATION  

Case Study 1 is an aquatic risk assessment for the carbamate insecticide 
Carbaryl. The substance is an acetylcholinesterase inhibitor, used to control a 
wide range of insect pests in different crops, including fruit trees. 

Carbaryl is known to be highly toxic to aquatic insect larvae and other aquatic 
invertebrates. Because of rapid dissipation in soil and water, there is (1) no 
relevant exposure of aquatic systems via run-off or drainflow, (2) there is only 
short-term exposure in the aquatic system, and (3) there is no carry-over of 
residues between multiple applications. All metabolites that are formed in 
aquatic systems are transient and have a much lower toxicity than the parent 
compound. The risk assessment can therefore be limited to a single 
application, with spray drift as the only relevant entry route.  

This Case Study focuses on the effects of short-term exposure to Carbaryl via 
spray drift on invertebrate species in small water bodies at the edge of 
orchards.  

2.1 Exposure  

The exposure is quantified by probabilistic distributions of initial exposure 
concentrations in a small water body (1 m wide, 0.3 m deep) for different 
distances from the edge of orchards. These distributions are derived from the 
Ganzelmeier spray drift data (Ganzelmeier, 1995), for a single application at 
the maximum intended use rate in orchards.  

2.2 Effects 

The effects of Carbaryl are quantified by standard acute (24 to 96 hour) LC50 
values for 34 aquatic invertebrate species (including standard test species 
Daphnia) from a wide range of taxonomic groups. The bulk of effect data is 
from open literature, but several high-quality GLP studies were conducted to 
verify the literature data. Higher-tier laboratory studies with 1 hour pulse 
exposure are available for three species. In addition, data from three 
microcosm studies and a field study were used to determine higher-tier �safe 
concentrations�. 

The effects assessment was based on species sensitivity distributions (SSD), 
determined for all tested species, as well as for specific taxonomic and eco-
physiological subgroups. The SSD�s were based on LC50 values from 
standard laboratory studies or pulsed exposure studies (for aquatic 
invertebrates living in high-current habitats). Log-normal distributions were 
assumed for all SSD�s. 

2.3 Assessment Endpoints 

In this Case Study, the risk of Carbaryl to aquatic invertebrates is expressed 
threefold: 
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• The exposure distributions are compared to a fixed concentration that 
is considered �safe� with regard to aquatic inverte brates. This 
addresses the question:  

In which percentage of standard worst case ditches does the 
exposure from a single Carbaryl spray drift event exceed the �safe� 
concentration for aquatic invertebrates? 

• The SSD�s are compared to a fixed exposure concentration (e.g. the 
90th centile as a realistic worst case). This addresses the question:  

Under realistic worst case exposure conditions, which percentage of 
aquatic invertebrate species in standard worst case ditches is affected 
from a single Carbaryl spray drift event? 

• The exposure distributions are compared to the SSD�s, and risk 
curves are derived. This addresses the question:  

In which percentage of standard worst case ditches is which 
percentage of invertebrate species affected from a single Carbaryl 
spray drift event?  

3 DATA BASE 

3.1 Exposure to Carbaryl 

Exposure via drift was quantified by the spray drift rates determined by 
Ganzelmeier (1995) for applications in orchards and different distances 
between the orchard and the water body. Log-normal distributions were fitted 
to the Ganzelmeier spray drift data for late applications in orchards (Table 1).  

The distributions of drift rates were transformed into distributions of initial 
surface water concentrations, based on one application of 1290 g/ha of 
Carbaryl in orchards and subsequent drift into a standard worst case ditch of 
30 cm depth. The characteristics of the exposure distributions are given in 
Table 1; diagrams of the distributions are shown in Figure 1.  

These initial concentrations apply to all water bodies of the same size, but the 
duration of the exposure strongly depends on the flow velocity. In high-current 
water bodies, there will only be pulse exposure (less than 1 hour), while in 
calm water bodies the duration of the exposure will be in the range days, 
driven by the rapid dissipation of Carbaryl. 
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Table 1: Characteristics of log-normal distributions fitted to the 
Ganzelmeier (1995) data for late applications in orchards, and 
corresponding mean initial surface water concentrations of 
Carbaryl (single application of 1290 g/ha in orchards). 

 log-normal distribution of spray drift rates mean initial surface 
water  

distance log-normal 
mean 

log-normal 
standard dev. 

r† of fit concentrations 

3 m 1.904 0.601 0.996 28.87 µg/L 

5 m 1.354 0.630 0.998 16.65 µg/L 

10 m 0.427 0.791 0.996 6.59 µg/L 

15 m -0.268 0.878 0.992 3.29 µg/L 

20 m -0.790 0.830 0.992 1.95 µg/L 
 
 

Figure 1: Distributions of initial surface water concentrations of 
Carbaryl (single application of 1290 g/ha in orchards) from 
entry via spray drift. 
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3.2 Effects of Carbaryl 

For this Case Study, only acute effects of Carbaryl (with potential recovery, if 
applicable) were considered. As explained above, there is no relevant chronic 
exposure to Carbaryl in aquatic systems. 
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Acute laboratory data � Standard studies  

The effects of Carbaryl were quantified by the standard acute (24 to 96 hour) 
LC50 values of 34 aquatic invertebrate species. The full data set is given in 
Table 2, and the SSD (distribution of LC50 values) is shown in Figure 2. The 
LC50 values ranged from 1.7 to 3700 µg/L. The LC 50 of the standard test 
species Daphnia magna was 17 µg/L. 

The SSD in Figure 2 shows several clusters of LC50 values. On the other 
hand, because of its specific mode of action, the sensitivities of different 
groups of aquatic invertebrates are expected to differ markedly for Carbaryl. 
So, for both statistical and biological reasons, it seems appropriate or even 
necessary to split the effect data in subgroups for a realistic aquatic risk 
assessment. 

The following hypotheses with regard to the effects of Carbaryl on aquatic 
invertebrates were tested in this Case Study, by calculating SSD�s also for 
appropriate subgroups of species: 

• The sensitivity of a species to Carbaryl is independent of species-
specific factors. For this hypothesis, the effects were described by the 
full SSD. 

• The sensitivity of a species to Carbaryl depends on its taxonomy. For 
this hypothesis, the effect data were split into two subsets, insects and 
crustaceans, and the corresponding SSD�s were calculated.  

• The sensitivity of a species to Carbaryl depends on the absorption 
rate of Carbaryl which is determined by the rate of water exchange at 
biological membranes. As a consequence, the sensitivity of a species 
depends on its eco-physiology, in particular on its habitat (flow 
velocity of water) and its feeding habits (higher sensitivity e.g. of filter 
feeders). For this hypothesis, the LC50 values were split in four 
subsets, distinguishing species from high-current habitats, species 
from medium-current habitats, species from calm water habitats, and 
plankton filter feeders (which may live in different habitats). 

The main advantages of this approach are that it has a ecological 
basis and allows for a habitat-specific risk assessment (considering 
the very different exposure pattern in high-current and calm water 
bodies).  

Any split of the effect data into subgroups is an interpretation that can 
influence the outcome of the risk assessment, and adds uncertainty that may 
be difficult to quantify. For example, the two approaches to split the Carbaryl 
effect data appear to be not fully independent, as can be seen from the 
following facts: 

• All tested plankton filter feeders are Cladocera, most of them 
Daphnids 

• All tested species from high-current habitats are Plecoptera 
(stoneflies), with the exception of one Ephemeroptera (mayflies) 

These dependencies may be caused by biased selection of test species 
(preference of species that can be easily kept in the laboratory, preference of 
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species from groups known to be highly sensitive etc.), or they may reflect the 
reality of ecosystems, such as a dominance of stoneflies in high-current 
habitats or a dominance of Daphnia species among plankton filter feeders.  

For the purpose of this Case Study, the different approaches to split the SSD 
were used for alternative risk assessments.  

Table 2: Acute toxicity of Carbaryl to aquatic invertebrates, sorted by 
LC50 value (in µg/L). Data from GLP studies are marked bold. 

Species Taxonomic group 
(C = crustacean) 

Eco-physiological 
group 

test 
conditions 

LC50 
(µg/L) 

Sphaerium corneum Gastropoda calm water 96 h, static 3700 

Peltodytes sp.  Coleoptera calm water  96 h, static 3300 

Planorbarius corneus Gastropoda calm water 96 h, static 3100 

Procambarus sp. Decapoda (C) calm water  96 h, static  1900 

Cloeon sp. Ephemeroptera calm water  72 h, static  390 

Asellus brevicaudus Isopoda (C) calm water  96 h, static  280 

Notonecta undulata Heteroptera calm water  96 h, static  200 

Chaoborus sp. Diptera calm water  72 h, static  200 

Xanthognemis zealandica Zygoptera calm water  48 h, static  157 

Ephemera danica Ephemeroptera calm water  96 h, static 153 

Chironomus riparius Diptera calm water  96 h, static  128 

Cypridopsis sp. Ostracoda (C) calm water  96 h, static  115 

Brachycentrus americanus Trichoptera medium current   96 h, static  41.2 

Gammarus fossarum Amphipoda (C) medium current  96 h, static 31 

Psychoglypha Trichoptera medium current 96 h, static  30.3 

Lepidostoma unicolor Trichoptera medium current  96 h, static  29 

Gammarus fasciatus Amphipoda (C) medium current  96 h, static  26 

Gammarus pulex Amphipoda (C) medium current  72 h, static  25 

Gammarus lacustris Amphipoda (C) medium current  96 h, static  22 

Amaletus sp. Ephemeroptera medium current  96 h, static  20.4 

Calineuria californica Plecoptera high current  96 h, static  17.3 

Daphnia magna Cladocera (C) plankton filter feeder 48 h, static 17.0 

Chydorus sphaericus Cladocera (C) plankton filter feeder 48 h, static 12.4 

Daphnia obtusa Cladocera (C) plankton filter feeder 48 h, static  11.5 

Cinygma sp. Ephemeroptera high current  96 h, static  11.1 

Daphnia similis Cladocera (C) plankton filter feeder 48 h, static  8.8 

Daphnia longispina Cladocera (C) plankton filter feeder 48 h, static 7.8 

Simocephalus sp. Cladocera (C) plankton filter feeder 48 h, static  7.6 

Daphnia pulex Cladocera (C) plankton filter feeder 48 h, static  6.4 

Isoperla grammatica Plecoptera high current 96 h, static 5.8 

Claasenia sp. Plecoptera high current 96 h, static  5.6 

Pteronarcys sp. Plecoptera high current 96 h, static  4.8 

Skwala sp. Plecoptera high current 96 h, static  3.6 

Pteronarcella sp. Plecoptera high current 96 h, static  1.7 
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Figure 2: Acute LC50 values of Carbaryl for 34 aquatic invertebrate 
species. The fitted log-normal SSD has a mean of 3.497 and a 
standard deviation of 2.063. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The taxonomic approach with a split between aquatic insects and crustaceans 
does not give a fully consistent picture (Table 3, Figure 3a). The narrow SSD 
for crustaceans, all of which are either found in medium-current habitats or are 
plankton filter feeders, rather supports the eco-physiological hypothesis.  

The definition of the four eco-physiological subgroups of species, is based on 
a reasonable assumption of the mode of action of Carbaryl. With this 
assumption, it is possible to assign all tested species4 to one of four SSD�s, 
each with a narrow range of sensitivities to Carbaryl and with clearly different 
mean sensitivities (Table 3, Figure 3b). This consistent result clearly supports 
the validity of the eco-physiological approach. 

 

                                            
4 except two gastropods, a decapod and a beetle (tested as adult) with LC50 > 1000 µg/L; their 

low sensitivity compared to small crustaceans and insect larvae is in line with the mode of 
action of Carbaryl 
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Table 3: Characteristics of SSD�s (log-normal distributions of LC50 
values) of Carbaryl for different subgroups of aquatic 
invertebrates (see also Figures 3a and 3b). In addition, the 5th 
centiles of the distributions are given. 

 number 
of  

characteristics of log-normal 
distribution of LC50 values 

50th centile of 
distribution 

5th centile of 
distribution 

 species mean SD r† of fit (µg/L) (µg/L) 

all species 34 3.50 2.06 0.982 33.0 1.1 

insect species 18 3.54 2.24 0.989 34.3 0.9 

crustacean species 14 2.93 1.04 0.977 18.7 3.4 

high-current habitats 7 1.73 0.91 0.976 5.6 1.3 

plankton filter feeders 7 2.25 0.44 0.981 9.5 4.6 

medium-current habitats 8 3.30 0.25 0.987 27.2 18.0 

calm water habitats * 12 6.03 1.88 0.932 416 18.9 

calm water habitats ** 8 5.20 0.48 0.980 181 82.1 

* all LC50 values ** without LC50 values > 1000 µg/L  

 

Figure 3a: SSD�s for Carbaryl and taxonomic subgroups of aquatic 
invertebrates. 
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Aquatic LC50 values for Carbaryl: 
Crustacean species

(without LC50 > 100 µg/L)
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Figure 3b: SSD�s for Carbaryl and eco-physiological subgroups of aquatic 
invertebrates. 
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Aquatic LC50 values for Carbaryl: 
Plankton filter feeder
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Aquatic LC50 values for Carbaryl: 
Medium-current habitats

0%

20%

40%

60%

80%

100%

0.1 1 10 100 1000 10000

Carbaryl concentration (µg / L)

P
er

ce
n

t 
o

f 
sp

ec
ie

s 
af

fe
ct

ed

Aquatic LC50 values for Carbaryl: 
Calm water habitats

(without LC50 > 1000 µg/L)
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Acute laboratory data � Special studies  

The following special aquatic toxicity studies with Carbaryl were conducted: 

• studies with pulsed exposure for one hour; these studies were meant 
to address the problem that the standard study design with 48 to 96 
hour exposure does not at all reflect the very short-term exposure 
pattern in high-current habitats 

• microcosm studies to investigate the recovery potential of plankton 
filter feeders, which is expected to be high, because of their high 
reproduction rate and the presence of resting eggs 

The pulsed exposure studies were conducted with three test species (one 
mayfly, two stoneflies) that are found in high-current habitats. Because of the 
rapid water flow, the exposure in these habitats will be highly transient 
(several minutes to an hour). Pulse exposure LC50 values are therefore much 
better suited to realistically describe the response of organisms from these 
habitats than standard LC50 values determined under extended exposure 
conditions.  

The LC50 values in the pulsed exposure studies were 15, 17 and 66 times 
higher than the corresponding standard LC50 values (Table 4). From these 
ratios, an average extrapolation factor can be derived and can be used to 
estimate pulsed exposure LC50 for those four species from high-current 
habitats, for which no pulsed exposure studies were conducted. However, that 
extrapolation adds uncertainty and variability to the aquatic risk assessment: 
The extrapolation factor is uncertain, as it is based on experimental data for 
only three species, and the extrapolation factor varies between species. 

For the purpose of the Case Study, that uncertainty and variability was 
addressed as follows:  

• A log-normal distribution was fitted to the three measured 
extrapolation factors (Figure 4). 

• The 50th and the lower 10th centile of the extrapolation factor were 
derived from that log-normal distribution, and were used to calculate 
the pulsed exposure LC50 of the four species for which no 
experimental data were available. 

• Then, log-normal distributions were fitted to the 50th and lower 10th 
centile of the pulsed exposure LC50 values of all seven species (Table 
4, Table 5, Figure 5). 

Figure 5 shows that the SSD of the standard acute LC50 values lies below the 
10th centile of the pulsed exposure LC50 values. Despite the relatively high 
uncertainty and variability of the extrapolation factor, it can be concluded that 
the toxicity from pulsed exposure is most likely much lower than the toxicity 
observed in standard acute studies. Characteristics of the SSD�s are given in 
Table 5. 
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Figure 4: Log-normal distribution fitted to the measured extrapolation 
factors from standard to pulsed exposure LC50 values, with 
the 50th and lower 10th centile. 

 

 

Table 4: LC50 values for pulsed exposure (aquatic invertebrates from 

high-current habitats). The 50th and lower 10th centile (in italics) 
of the extrapolation factor between standard and pulsed 
exposure were used, when no measured data were available. 

 

species standard  extrapolation factor pulsed exposure LC50 (µg/L) 

 LC50 (µg/L) 10th centile 50th centile 10th centile 50th centile 

Calineuria californica 17.3 * - 65.8 - 1139 * 

Cinygma sp.  11.1 * - 17.2 - 165 * 

Claasenia sp.  5.6 * 4.4 25.0 24.6 140 

Pteronarcys sp.  4.8 * 4.4 25.0 19.4 120 

Isoperla grammatica  5.8 ** - 14.9 - 100 ** 

Skwala sp.  3.6 * 4.4 25.0 15.7 90.0 

Pteronarcella sp.  1.7 * 4.4 25.0 7.5 42.5 

* measured values ** measured values from GLP study 
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Figure 5: SSD of pulsed exposure LC50 of Carbaryl (high-current habitat 
species). The 50th centile LC50 values are measured (filled 
symbols) or extrapolated (open symbols), the 10th centile line 
is based on the uncertainty of the extrapolation factor (see Fi-
gure 4). For comparison, the SSD of standard acute LC50 
values for high-current habitat species is given. 
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Table 5: Characteristics of SSD�s for aquatic invertebrates in 

high-current habitats: Standard acute and pulsed 
exposure data. In the case of the pulsed exposure 
LC50, the characteristics are given for the 50th and 10th 
centile SSD (see Figure 5). 

 

 centile characteristics of log-normal 
distribution of LC50 values 

50th centile of 
distribution 

5th centile of 
distribution 

  mean SD r† of fit (µg/L) (µg/L) 

standard acute LC50 50th  1.73 0.91 0.976 5.6 1.3 

10th 2.78 0.70 0.959 16.1 5.1 
pulsed exposure LC50 

50th  4.78 0.52 0.986 119 50.7 

 

Two microcosm studies of different complexity were available which allow to 
quantify the recovery potential in particular of planktonic filter feeders 
(Cladocera, Daphnids): 

• In a 4-day microcosm study, effects on Daphnia galeata at initial 
concentrations of up to 10 µg/L  of Carbaryl were categorised as 
�slight impacts�. This was based on the fact that s urviving individuals 
were found, which showed the potential for rapid recovery. 

standard acute LC50 

pulsed exposure LC50,  
10th centile extrapolation  

pulsed exposure LC50,   
50th centile extrapolation  
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• In a 6-week microcosm study, full recovery of a Daphnid population 
was shown after an initial concentration of 100 µg/ L, mainly because 
of the presence of resting eggs and the lower sensitivity of adult 
compared to juvenile daphnids. 

From these data, it was concluded that short-term effects on planktonic filter 
feeders are possible at initial concentrations of 10 µg/L of Carbaryl or more, 
but no long-term effects must be expected at that concentration, because of 
the high recovery potential.  

For the purpose of this Case Study, an initial concentration of 10 µg/L  of 
Carbaryl is considered �safe� with regard to plankt on filter feeders. 

 

Additional higher-tier data  

The effects of Carbaryl on aquatic invertebrates were also investigated in two 
field studies: 

• In an outdoor mesocosm study, no long-term (six weeks or longer) 
substantial reductions in zooplankton, macroinvertebrate or emerging 
insect populations were observed at initial concentrations of up to 200 
µg/L  of Carbaryl. 

• In a field study, a measured peak of 85.1 µg/L of C arbaryl in a small 
river caused slight effects (increased drift of Ephemeroptera), while a 
peak of 12.6 µg/L  did not cause any observable effects. 

These higher-tier data support the conclusion that a Carbaryl concentration of 
10 µg/L can be considered �safe� not only for plank ton filter feeders, but for 
the aquatic invertebrate community as a whole. 

4 DETERMINISTIC RISK ASSESSMENT 

For comparison with the probabilistic risk assessment, a standard 
deterministic risk assessment was conducted on the basis of TER and trigger 
values: 

ionconcentrat exposure case worstrealistic 
 species test (standard) sensitive most of LC

TER 50=  

The deterministic risk assessment was done in two Tiers: 

• at Tier 1, only standard exposure and effects data were used 

• at Tier 2, the full set of effects data was used and the different eco-
physiological species groups were taken into account  

Tier 1 

The exposure was quantified by the initial PECsw for Carbaryl, i.e., the 90th 
centile initial Carbaryl concentration from spray drift into a standard worst 
case ditch over 3 or 20 m distance. 
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In Table 6a, TER values are given on the basis of the standard LC50 value for 
the (most sensitive) standard aquatic test species, Daphnia magna. The TER 
is 0.3 at the default distance of 3 m, and 3 at a distance of 20 m (assuming 
mitigation by no-spray buffer). This indicates a potential risk to aquatic 
organisms that requires a refined assessment and/or further risk mitigation. 

 

Table 6a: Tier 1 deterministic aquatic risk assessment for Carbaryl 
(use in orchards at 1290 g/ha). To pass the Tier 1 
assessment, a TER > 100 is required. 

test species LC50 PECsw, 3 m 
distance 

TER, 3 m 
distance 

PECsw, 20 m 
distance 

TER, 20 m 
distance 

Daphnia magna 17 µg/L 62.4 µg/L 0.3 5.7 µg/L 3.0 

 

Table 6b: Tier 2 deterministic aquatic risk assessment for Carbaryl 
(use in orchards at 1290 g/ha). To pass the Tier 2 
assessment, a TER that depends on the quantity and quality 
of the effect data is required. 

test species LC50 PECsw, 3 m 
distance 

TER, 3 m 
distance 

PECsw, 20 m 
distance 

TER, 20 m 
distance 

(Daphnid microcosm) 10 µg/L * 0.2 1.8 

Amaletus sp. 20.4 µg/L 0.3 3.6 

Pteronarcella sp. 42.5 µg/L ** 0.7 7.5 

Cypridopsis sp. 115 µg/L 

62.4 µg/L 

1.8 

5.7 µg/L 

20.2 

* full population recovery    ** pulsed exposure 
 

Tier 2 

The exposure was again quantified by the initial PECsw for Carbaryl, i.e., the 
90th centile initial Carbaryl concentration from spray drift into a standard worst 
case ditch over 3 or 20 m distance. It was acknowledged, however, that the 
duration of the exposure depends on the flow velocity, and that short-term 
pulsed exposure is the realistic scenario in high-current habitats. 

In Table 6b, TER values are calculated for  

• plankton filter feeders, based on a �safe� concentr ation with recovery 
of 10 µg/L from the microcosm studies 

• high-current habitat species, based on the lowest (extrapolated) 
pulsed exposure LC50 in that group (Pteronarcella sp.) 

• medium-current habitat species, based on the lowest LC50 in that 
group (Amaletus sp.) 

• calm water habitat species, based on the lowest LC50 in that group 
(Cypridopsis sp.) 

The TER values at the default distance of 3 m range from 0.2 to 1.8, the TER 
values at a distance of 20 m (assuming mitigation by no-spray buffer) range 
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from 1.8 to 20.2. At Tier 2, the TER values to pass the risk assessment are 
lower than 100 but depend on the quantity and quality of the data. For the 
plankton filter feeders, the effect concentration is derived from a higher-tier 
study, and the required TER could be as low as 1. For the other species 
groups, the effect concentration is the lowest of seven or eight LC50 values, 
and the required TER could be 10 or less. 

Although the risk is reduced compared to the highly conservative Tier 1 
approach, the Tier 2 deterministic assessment still indicates a potential risk to 
aquatic invertebrates (mainly those from medium-current habitats) that 
requires a more refined assessment and/or further risk mitigation. 

5 PROBABILISTIC RISK ASSESSMENT 

The probabilistic risk assessment used three approaches, that are presented 
in the Problem Formulation (Chapter 2). They are intended as alternative 
ways to express the risk probabilistically, at different levels of complexity.  

5.1 Risk of Exceeding a �Safe� Concentration 

The exposure distributions were compared to a fixed effect concentration that 
is considered �safe�. This addressed the question:  

In which percentage of standard worst case ditches does the exposure from a 
single Carbaryl spray drift event exceed the �safe�  concentration for aquatic 
invertebrates? 

The following �safe� concentrations were defined on  the basis of the observed 
effects of Carbaryl on aquatic invertebrates: 

based on all effect data  

• 1.1 µg/L , which is the 5th centile LC50 for all aquatic invertebrates 
(Figure 2, Table 3); this value is lower than the lowest measured LC50 
of 1.7 µg/L 

based on effect data split according to taxonomic criteria 

• 0.9 µg/L , which is the 5th centile LC50 for aquatic insects (Table 3, 
Figure 3b); this value is lower than the lowest measured LC50 of any 
aquatic insect  

• 3.4 µg/L , which is the 5th centile LC50 for aquatic crustaceans (Table 
3, Figure 3b); this value is lower than the lowest measured LC50 of 
any aquatic crustacean 

based on effect data split according to eco-physiological criteria 

• 10 µg/L  for plankton filter feeders, based on the results of the 
microcosm studies 

• 18.0 µg/L  for aquatic invertebrates in medium-current habitats, which 
is the 5th centile LC50 for that species group (see Table 3); this value is 
also supported by the results of the field studies 
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• 50.7 µg/L for aquatic invertebrates from high-current habitats, which is 
the 5th centile LC50 for that species group obtained in pulsed exposure 
studies, utilising the 50th centile extrapolation factor (see Table 5; with 
the 10th centile extrapolation factor the �safe� concentrat ion is 5.1 
µg/L) 

• 82.1 µg/L  for aquatic invertebrates in calm water habitats, which is the 
5th centile LC50 for that species group (see Table 3) 

The risks of exceeding the �safe� concentrations ar e shown in Table 7, for 
different distances between the treated orchard and the water body.  

If an acceptable risk is defined as �initial Carbaryl concentration above the 
�safe� value in less than 10% of all cases�, then based on the results in Table 
7  

• there is no acceptable risk (within mitigation by up to 20 m no-spray 
buffer zones), if the assessment is based on the SSD for all species 
or on taxonomically defined subgroups  

• the risk is generally acceptable for 20 m no-spray buffer zones, if the 
assessment is based on the SSD for eco-physiologically defined 
subgroups (using pulse exposure LC50 for the high-current habitat 
species) 

The different outcome is a consequence of considering or not eco-
physiological information: the species living in high-current habitats are most 
sensitive to Carbaryl, but are exposed to Carbaryl for only very short periods. 
It is, however, possible to account for the uncertainty of the extrapolation from 
standard to pulsed exposure LC50 in the risk assessment: In Table 7, the risk 
for high-current habitat species is given on the basis of the 50th percentile 
SSD for pulsed exposure LC50, and also on the basis of the 10th percentile 
SSD. 

 

Table 7:  Risk of exceeding the �safe� concentratio n for aquatic 
invertebrates, expressed as percentage of cases with an 
initial concentration above the given LC50. The exposure 
scenario is drift from an application of 1290 g/ha of Carbaryl 
in orchards. 

taxonomic split of SSD 

 all species aquatic insects aquatic 
crustaceans 

�safe� con-
centration 1.1 µg/L 0.9 µg/L                   3.4 µg/L      

3 m > 99.9% > 99.9% > 99.9% 

5 m > 99.9% > 99.9% 99.4% 

10 m 98.8% 99.4% 79.9% 

15 m 89.4% 93.0% 48.5% 

20 m 75.5% 82.4% 25.2% 
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eco-physiological split of SSD 

 calm water 
habitat species 

medium-current 
habitat species high-current habitat species plankton filter 

feeder 

�safe� con-
centration 82.1 µg/L  18 µg/L  50.7 µg/L * 5.1 µg/L ** 10 µg/L   

3 m 4.1% 78.4% 18.0% 99.8% 96.1% 

5 m 0.6% 45.1% 3.9% 97.0% 79.1% 

10 m < 0.1% 10.2% 0.5% 62.6% 29.9% 

15 m < 0.1% 2.6% < 0.1% 30.9% 10.3% 

20 m < 0.1% 0.4% < 0.1% 12.4% 2.5% 

*  based on 50th centile SSD of pulsed exposure LC50 data  

**  based on 10th centile SSD of pulsed exposure LC50 data 

 

5.2 Risk of Effects at a �Realistic Worst Case� Exp osure Concentration 

The SSD�s were compared to a fixed exposure concentration that was 
considered a realistic worst case. This addressed the question:  

Under realistic worst case exposure conditions, which percentage of aquatic 
invertebrate species in standard worst case ditches is affected from a single 
Carbaryl spray drift event? 

The �realistic worst case� exposure concentration w as defined as the initial 
Carbaryl concentration from a 90th centile worst case drift event. The risk of 
effects on aquatic invertebrates (defined here as exceedance of the relevant 
LC50) from that exposure is shown in Table 8, for different distances between 
the treated orchard and the water body. 

If an acceptable risk is defined as �exceedance of the LC50 of less than 10% 
of the aquatic invertebrate species�, this risk assessment approach has a 
similar outcome as the approach on the basis of �safe�  concentrations (Section 
5.1).  

The risk for plankton filter feeders is higher in this approach than in the first 
one. That can be explained as follows: The realistic worst case exposure 
concentration is compared to a SSD of acute toxicity data for plankton filter 
feeders. In contrast, the �safe� concentration for these species in the first 
approach was based on microcosm studies and thus accounts for the 
recovery potential and other factors. 
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Table 8:  Risk of effects, expressed as percentage of all aquatic 
invertebrate species with an LC50 below the initial Carbaryl 
concentration from a realistic worst case (90th centile) spray 
drift event following a single application of 1290 g/ha of 
Carbaryl in orchards. 

taxonomic split of SSD 

 realistic worst 
case exposure all species aquatic insects aquatic 

crustaceans 

3 m 62.4 µg/L 62.1% 60.4% 87.6% 

5 m 37.3 µg/L 52.3% 51.4% 74.7% 

10 m 18.2 µg/L 38.5% 38.7% 48.8% 

15 m 10.1 µg/L 28.3% 29.2% 27.7% 

20 m 5.7 µg/L 19.5% 21.0% 12.5% 

 

eco-physiological split of SSD 

high-current habitat species  
realistic worst 
case exposure

calm          
water habitat 

species 

medium- 
current habitat 

species 
50th centile  

SSD * 
10th centile  

SSD ** 

plankton filter 
feeder 

3 m 62.4 µg/L 1.4% > 99.9% 10.6% 97.4% > 99.9% 

5 m 37.3 µg/L < 0.1% 89.8% 1.3% 88.6% 99.9% 

10 m 18.2 µg/L < 0.1% 5.3% < 0.1% 57.0% 93.1% 

15 m 10.1 µg/L < 0.1% < 0.1% < 0.1% 25.6% 55.7% 

20 m 5.7 µg/L < 0.1% < 0.1% < 0.1% 6.8% 11.6% 
*  based on 50th centile SSD of pulsed exposure LC50 data  

**  based on 10th centile SSD of pulsed exposure LC50 data 

 

5.2.1 Risk Expressed by Risk Curves  

The SSD�s of the LC50 values were compared to the distributions of exposure 
concentrations, and risk curves were derived. This addresses the question:  

In which percentage of standard worst case ditches is which percentage of 
invertebrate species affected from a single Carbaryl spray drift event?  

A direct comparison of the distributions of exposure concentrations and the 
SSD�s of the LC50 values is shown in Figure 6. The risk curves resulting from 
the comparison are shown in Figures 7 to 10 for the different eco-physiological 
groups. The risk curves were derived by plotting the probability of exceeding a 
certain exposure concentration versus the percentage of species affected at 
that concentration. The results are also given in Table 9, for selected centiles 
of the distributions.  

This risk assessment approach is not well suited for Carbaryl and plankton 
filter feeders (see Figure 7), as it uses acute LC50 values. The results of the 
higher-tier microcosm studies, that showed a high recovery potential of these 
species, are not taken into account here. 
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Figure 6:  Comparison of exposure (dotted lines) and effects (full 
lines) distributions for Carbaryl and aquatic invertebrates: 
Taxonomic (top) and eco-physiological (bottom) sub-
groups. 
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Figure 7:  Risk curves for Carbaryl and plankton filter feeder. 
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Figure 8:  Risk curves for Carbaryl and aquatic invertebrates in 
medium-current habitats. 
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Figure 9:  Risk curves for Carbaryl and aquatic invertebrates in calm 
water habitats. 
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Figure 10:  Risk curves for Carbaryl and aquatic invertebrates in high-

current habitats. Red lines: based on the lower 10th centile 
SSD of pulsed exposure LC50, blue lines: based on the 50th 
centile SSD of pulsed exposure LC50 (see Figure 5). 
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Table 9:  Percent of aquatic invertebrate (sub-group) species that are 
affected by an exposure situation with an exceedance 
probability of 1%, 5% or 10%; effect is defined here as an 
exceedance of the LC50. 

 taxonomic split of SSD 

exceedance 
probability for 

exposure 

all species aquatic insects aquatic 
crustaceans 

 5 m distance 
1% 64.7% 62.9% 90.3% 
5% 56.7% 55.5% 81.2% 

10% 52.3% 51.4% 74.7% 
 10 m distance 

1% 54.4% 53.3% 77.8% 
5% 44.0% 43.7% 59.8% 

10% 38.5% 38.7% 48.8% 
 15 m distance 

1% 44.9% 44.6% 61.5% 
5% 33.7% 34.3% 38.8% 

10% 28.3% 29.2% 27.7% 
 20 m distance 

1% 33.1% 33.7% 37.5% 
5% 23.8% 25.1% 19.4% 

10% 19.5% 21.0% 12.5% 

 

 eco-physiological split of SSD 

exceedance  calm water  medium-current high current habitat species plankton filter    

probability for 

 exposure 
habitat species habitat species 50th %ile SSD * 10th %ile SSD ** feeder 

 5 m distance 
1% 2.8% > 99.9% 16.6% 98.4% > 99.9% 
5% 0.3% 98.6% 3.7% 93.7% > 99.9% 

10% 0.1% 89.8% 1.3% 88.6% 99.9% 
 10 m distance 

1% 0.1% 95.5% 2.1% 91.3% > 99.9% 
5% < 0.1% 32.1% 0.1% 72.1% 98.4% 

10% < 0.1% 5.3% < 0.1% 57.0% 93.1% 
 15 m distance 

1% < 0.1% 39.0% 0.1% 74.3% 98.8% 
5% < 0.1% 0.4% < 0.1% 42.0% 80.9% 

10% < 0.1% < 0.1% < 0.1% 25.6% 55.7% 
 20 m distance 

1% < 0.1% 0.2% < 0.1% 40.0% 78.6% 
5% < 0.1% < 0.1% < 0.1% 14.5% 30.7% 

10% < 0.1% < 0.1% < 0.1% 6.8% 11.6% 

*  based on 50th centile SSD of pulsed exposure LC50 data  
**  based on 10th centile SSD of pulsed exposure LC50 data 

Example (marked bold): 5.3% of 
the aquatic invertebrate species 
in medium-current habitats have 
an LC50 equal to or below an 
initial concentration that - after a 
single Carbaryl spray drift event - 
will occur in 10% of all standard 
worst case ditches (with 
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6 CONCLUSIONS 

An aquatic risk assessment for Carbaryl was conducted with probabilistic 
methods, based on a large set of standard effect data (34 species). Additional 
information was available on the effects from pulsed exposure and on the 
potential recovery of certain species.  

A purely statistical probabilistic risk assessment (PRA) on the basis of all 
available LC50 indicated significant risks, even with a 20 m no-spray buffer 
zone. The picture did not change when splitting the data set into LC50 for 
insects and for crustaceans. The PRA results were similar to the results of the 
Tier 1 deterministic risk assessment. 

For a more realistic risk assessment, biological and ecological background 
information was included: the mode of action of Carbaryl, the resulting 
differences in sensitivity between sub-groups of species with different eco-
physiological characteristics, the different exposure pattern in the typical 
habitats of these species, and the potential for recovery of populations. In 
particular, this included the use of short-term pulse exposure LC50 values in 
the case of species from high-current habitats and the use of �safe� 
concentrations (derived from higher-tier microcosm studies) that allow full 
population recovery in the case of plankton filter feeders. 

That �ecologised� PRA on the basis of relevant effe ct data four eco-
physiological groups of aquatic invertebrates showed a much lower risk. The 
PRA results were similar to the results of a Tier 2 deterministic risk 
assessment. They were also in better agreement with the outcome of two 
outdoor / field studies, that did not show significant effects on aquatic 
invertebrates at concentrations higher than the standard LC50 of at least one 
quarter of all tested species. 

From this Case Study and associated discussions, some general aspects 
emerged that deserve further consideration: 

What is the relationship between a PRA and a deterministic risk assessment 
with higher-tier effect data?  
In this Case Study, no simple way was found to incorporate the �safe� 
concentration for plankton filter feeders, derived from microcosm studies, into 
the full-scale PRA (Chapter 5.3). That higher-tier �safe� concentration was 
only suited for a comparison to exposure distributions (Chapter 5.1), and 
could of course be used in the (Tier 2) deterministic risk assessment. 

What is the best way to include biological and ecological background 
information in a PRA? 
In this Case Study, the split of the effect data into subgroups on the basis of a 
priori defined eco-physiological criteria gave a consistent overall picture, and 
allowed for a habitat-specific risk assessment. The use of such an approach 
will of course depend on the available information with regard to effects and 
mode of action. Applying the PRA in a purely mathematical way, however, 
would have missed this key aspect of the effects of Carbaryl in the 
environment. 
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Should the quality of effect data be taken into account?  
In this Case Study, most effect data were taken from open literature, but also 
several GLP studies were available. There were no obvious discrepancies in 
the effects data set. It could still be considered to give more weight to GLP-
validated data within a PRA.   
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2 INTRODUCTION 

The aim of case study 2 is to evaluate the effect of sample size on the results 
of a probabilistic risk assessment and the suitability of different methods for 
conducting these analyses.  In order to achieve this it was necessary to 
choose a pesticide for which a large amount of data were available.  The 
triazine herbicide atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-triazine) 
is one of the most widely used pesticides in corn-growing regions of the world. 
Atrazine is principally used for control of certain annual broadleaf and grass 
weeds in corn, sorghum, sugarcane, and other crops.  Probabilistic 
approaches have been taken to assessing the potential risk of atrazine in the 
United States.  Following the tiered probabilistic assessment process 
described by the Ecological Committee on FIFRA Risk Assessment Methods 
(ECOFRAM 1999), atrazine was chosen to test some of the ECOFRAM 
recommendations, and to develop the assessment as a case study for the 
ECOFRAM process (Giddings et al. 2004).  It seemed logical to use the 
aviablable data collated on atrazine to develop a risk assessment based on 
the principles of Directive 91/414/EEC.  

The problem formulation phase of the study is to identify the objectives of the 
risk assessment and describe how the analysis will be done.  This case study 
is more an evaluation of different methods of analysing the data and as such, 
a risk assessment the problem formulation is not entirely appropriate.  
However, the assessment endpoint chose is the effects on aquatic plants, 
algae and macrophytes, with a measurement endpoint of 50% inhibition of 
growth in laboratory studies.  The effects data is compared to exposure data 
generated initially as a single deterministic value using FOCUS step 2.   A 
distribution of exposure values for use in probabilistic assessments was 
obtained from previously conducted MACRO drainflow modelling with atrazine 
(see Section 6). 

3 DATA SET 

An unusually large data set is available for the effects (EC50�s) of Atrazine on 
aquatic plants. As this is not typical we have compared two sub data sets to 
the full data set at each stage in the risk assessment. 
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We chose a three species data set to represent the data available for a typical 
new compound, assuming the �Guidance Document on Aquatic Ecotoxicology 
in the context of the Directive 91/414/EEC� was followed.  Atrazine, a 
herbicide, would have available data on the effects on a freshwater green alga 
(Selenastrum capricornutum), an additional algal species (Navicula 
pelliculosa) and a macrophyte (Lemna gibba).  The data are shown in table 1. 
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Table 1:  Small data set (three species) 

 

Species Toxicity Test Reference 

Selenastrum capricornutum 43 �g/l 72h EC50 Rufli 1989, G30027/0076 

Lemna gibba 180 �g/l 7d EC50 
Hoberg 1991, 
G30027/1370 

Navicula pelliculosa 60 �g/l 120h EC50 EPA 1-liner 

 

We then chose a ten species data set that would typically be available to 
represent a better-studied pesticide. The species we chose were: 

• Ceratophyllum demersum 

• Navicula pelliculosa 
• Skeletonema costatum 
• Scendesmus subspicatus 
• Selenastrum capricornutum 
• Lemna gibba 
• Chorella vulgaris 
• Myriophyllum heterophyllum 
• Elodea Canadensis 
• Anabaena flos-aquae 

We also chose ten more ten species data sets at random from the full data set 
for comparison with the initial ten species set. 

The full thirty seven species data set was taken from (Giddings 2002) and is 
shown in Appendix 1. 

4 DETERMINISTIC ASSESSMENT 

Following directive EU/91/414/EEC, a tier 1, deterministic risk assessment 
was conducted.  In line with current EU practice, a toxicity exposure ratio was 
calculated using an exposure value for surface water calculated using FOCUS 
step 2 modelling and lowest effect value from the 3 species available from the 
base-set data for a herbicide. 

The chemical input parameters to the modelling are shown below, the 
scenario parameters were default: 

Active substance:   atrazine 

Application rate (g/ha) of a.i.:   1500.00 

Crop Interzeption:  no interception (0 %) 

Application/crop type: cereals, spring 

Number of applications per season:        1 

Region and season of application:  North Europe, Mar. - 
May 

Water solubility (mg/L):     33.00 
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KOC (L/kg):     99.50 

DT50 water(d):    100.00 

DT50 sediment (d):    100.00 

DT50 soil (d):     49.00 

 

This results in a PECsw of 96 µg/L  

 
Effects data from 3 species : 
 

Selenastrum capricornutum 72 hr EC50 = 43 �g/l 

Lemna gibba 7d EC50 = 180 �g/l  

Navicula pelliculosa 120h EC50 = 60 �g/l  

 

Based on the lowest effect value : 

TER = 43 =  0.45 

96   

The resulting TER of 0.45 is below the 91/414/EEC trigger of 10, indicating 
further refinement of the risk assessment would be required.  

5 SOME COMMENTS ON FITTING DISTRIBUTIONS AND 
MEASURES OF UNCERTAINTY FOR DISTRIBUTIONS 

In this case study we have fitted the log normal distribution to both exposure 
and effects data using Crystal Ball (2000) software.  For the exposure data the 
lognormal was the best fitting with a p- value of 0.041 from a chi-square test.  
For the effects data comprising 37 values the log normal distribution was the 
second best fitting distribution with a p-value of 0.5690 from a chi-square test.  
Chi-square goodness of fit tests could not be computed for the smaller effects 
data sets, but both Kolmogorov-Smirnov and Anderson-Darling tests 
suggested that log normal was satisfactory  (Kolmogorov-Smirnov values of 
0.3000 and 0.1099 for 3 and 10 data values respectively; Anderson-Darling 
values of 0.2886 and 0.1392 for 3 and 10 data values respectively).  It 
therefore seems safe to assume that effects data follows a log normal 
distribution. 

Many of the methods we use in probabilistic risk assessment require us to use 
measures of uncertainty for distributions.  The cause of the uncertainty about 
distributions is the fact that parameters we use for distributions (mean and 
variance in the case of a log normal distribution) are estimates and not the 
real or actual values.  We have used two approaches for quantifying 
uncertainties in the distribution of effects: one approach involved computing 
percentiles for the distribution of both the sample mean and the sample 
variance; the other approach involved computing confidence intervals for both 
the population mean and population variance.  Appendix 2 describes both 



Additional case studies 

EUFRAM Deliverable D8-2-3  40 

approaches in more detail and provides formulae for the two approaches and, 
in addition, explains why the percentiles approach is very inaccurate for small 
data sets.  For uncertainty in the distribution of exposure we have only used 
one approach, based on percentiles, because much more data was available 
than for effects.      

The following describes the method of computing limits of uncertainty based 
on percentiles and is demonstrated with an example in Appendix 3. The 
method using confidence limits is very similar.  2.5th and 97.5th percentiles 
from the distribution of the mean and standard deviation respectively were 
used to plot the 5th and 95th percentiles around the fitted cumulative frequency 
distribution.  The 97.5th percentile from the distribution of mean and standard 
deviation were used so that when combined they produced a 95th percentile 
(0.975*0.975 = 0.950625).  The lower 5th percentile of the fitted distribution 
uses the 2.5th percentile of the mean with the 97.5th of the standard deviation 
(when cumulative frequency is less than 0.5) and 2.5th percentile of the 
standard deviation (when cumulative frequency is greater than 0.5). The 
upper 95th percentile of the fitted distribution uses the 97.5th percentile of the 
mean with 97.5th percentile of the standard deviation (when cumulative 
frequency is greater than 0.5) and 2.5th percentile of the standard deviation 
(when cumulative frequency is less than 0.5). 

6 EXPOSURE DISTRIBUTION 

6.1 Methodology 

Modelling was undertaken to predict variability in concentrations of atrazine in 
a field-side ditch arising from transport in sub-surface drainflow.  The 
preferential flow model MACRO version 4.3 (Jarvis, 1994) was used to 
simulate transport in drainflow and output was fed into a simple mixing model 
to calculate concentrations in the ditch on a daily basis. MACRO divides the 
soil pore system into the soil matrix where flow is relatively slow and driven by 
convection and dispersion (micropore domain) and a region with preferential 
flow pathways which deliver water and solutes rapidly to depth (macropore 
domain). The main application of MACRO is to simulate flow through 
structured soils where rapid movement of water and solutes through cracks, 
fissures or biopores is important. MACRO has been evaluated against a 
number of datasets on leaching of pesticides or non-interactive solutes 
(Bergström, 1996; Brown et al., 1998; Larsson and Jarvis, 1999). Although 
discrepancies from measured data are occasionally observed, results indicate 
that MACRO is able to describe the main patterns of solute transport resulting 
from preferential flow.  

The simulated scenario comprised a 1-ha clay loam field (topsoil 32% sand, 
42% silt, 26% clay, 2.3% organic carbon) cropped with maize and treated with 
atrazine (1.5 kg ha-1) in the spring of 30 successive seasons. Drainflow fed 
into a ditch 100 m in length, 1 m in width and 0.3 m in depth.  Temporal 
variability in transport in drainflow was considered by using a 30-year run of 
weather data (annual rainfall 403-830 mm, average 602 mm; mean annual 
minimum and maximum air temperature 5.4 and 13.2oC, respectively).  
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Variability in predicted drainflow volumes and concentrations in the ditch 
arising from parameter uncertainty was estimated using Monte Carlo 
simulations based on Latin Hypercube sampling from distributions of model 
input parameters.  

Results from a model sensitivity analysis for MACRO (Dubus and Brown, 
2002) guided the selection of variables for probabilistic modelling. The authors 
investigated the sensitivity of input parameters for MACRO for transport of two 
pesticides through a sandy loam and a clay loam soil. Results for the clay 
loam soil were used here and showed pesticide leaching to be most sensitive 
to parameters describing the sorption and degradation of the pesticide and to 
hydraulic parameters comprising TPORV (total porosity), ZN (macropore 
tortuosity), XMPOR (boundary water content), KSM (boundary hydraulic 
conductivity) and ASCALE (aggregate half-width).  

Probability density functions representing the variability of pesticide and soil 
properties were assigned on the basis of experimental information (pesticide 
properties) or expert judgement (soil parameters). Details are provided in 
Table 2. A total of 500 sets of input parameters was randomly generated from 
the distributions and used as the basis for simulations. Parameters were 
considered to be independent of each other for the sampling.  A total of 95 
input files out of 500 were rejected by MACRO due to randomly sampled 
values for the boundary water content (XMPOR) being larger than those for 
the total porosity (TPORV). 

 

Table 2:  Summary of distribution statistics for the seven primary 
parameters varied within the Monte Carlo modelling 
(statistics were derived from the random samples) 

 

Parameter Description Distribution Mean Variance 

ASCALE Effective diffusion pathlength, mm Log-normal 10.0 9.39 

DEG Degradation rates, d-1 Log-normal 2.12 x 10-2 1.07 x 10-4 

KSM Boundary hydraulic conductivity, mm h-1 Normal 1.32 x 10-1 7.83 x 10-4 

TPORV Saturated soil water content, % volume Normal 51.9 5.28 

XMPOR Boundary soil water content, % volume Normal 44.1 3.65 

ZKD Sorption coefficient, cm3 g-1 Log-normal 3.68 4.31 

ZN Pore size distribution factor 
(macropores), - 

Normal 3.49 1.01 x 10-1 

 

Predicted atrazine concentrations in the receiving ditch were calculated 
assuming that the residence time of water in the ditch was 1 day. Thus the 
daily input of drainflow and pesticide always entered the same volume of 
uncontaminated water. 
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6.2 Results 

Annual drainflow ranged between 126 and 405 mm, whereas annual average 
drainflow for the 406 simulations ranged between 250 and 302 mm.  The 
maximum concentration of atrazine in the ditch in each year simulated ranged 
between 0 and 87 �g L-1, whereas the average of the 30 maxima in each 
simulation ranged between 0.1 and 42 �g L-1. The maximum daily 
concentration of atrazine in the ditch was extracted for each of 30 years in 
each of the 406 successful simulations. A normal distribution was fitted to the 
log annual maximum ditch concentrations (mean = 0.23, Standard deviation = 
0.69) using Crystal Ball (2000) and is shown in Figure 1. 

For each of the 406 runs, we calculated the mean and standard deviation of 
the 30 annual maxima. These pairs of parameters represent between year 
variability. In order to compute measures of uncertainty for the distribution in 
Figure 1 (log Atrazine concentrations) and Figure 2 (Atrazine concentration) 
we did the following: a normal distribution was fitted to the 406 means, 
resulting in a mean of 0.23 and a standard deviation of 0.59. A lognormal 
distribution was fitted to the 406 standard deviations resulting in a mean of 
0.33 and a standard deviation of 0.17. These two distributions (one for the 406 
means and one for the 406 standard deviations) were used to plot 5th, 50th, 
and 95th percentiles for the distribution in Figures 1 and 2. Table 3 shows the 
5th, 50th and 95th percentiles of the exposure distribution and its 5th and 95th 
percentile limits 

 

Figure 1:  Cumulative frequency distribution of logged exposure with 
5th and 95th percentiles (exposure concentrations are annual 
maxima from 406 simulations each 30 years in duration). 
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Figure 2:  Cumulative frequency distribution of exposure with 5th and 
95th percentiles (exposure concentrations are annual maxima 
from 406 simulations each 30 years in duration). 
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Table 3:  5th, 50th and 95th percentiles of the exposure distribution and 
its 5th and 95th percentile limits 

 

Percentile  

Distribution 
5th 50th 95th 

Lower 5th percentile 0.01 0.12 0.19 

Median 0.13 1.85 25.29  

Upper 95th Centile 15.45 23.44 416.95 

 

7 EFFECTS DISTRIBUTIONS 

Normal distributions were fitted to the log concentration for each of the data 
sets described in section 3.  The fitting was carried out in MS Excel (2000) 
simply by computing the arithmetic mean and standard deviation using 
standard functions within the program.  
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7.1 Small Data Set (three species) 

Figures 3 (log atrazine concentration) and 4 (atrazine concentration) show 
90% confidence limits and 5th and 95th percentiles around the fitted distribution 
using the method described in Section 5 and formulae shown in Appendix 2. 
Table 4 gives the 5th, 50th and 95th percentiles for the fitted distribution and for 
the 5th and 95th percentile lines and lower and upper confidence limits. 

 

Figure 3:  Effects distribution fitted to three species with 5th and 95th 
percentiles and 90% confidence limits. 
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Figure 4:  Effects distribution fitted to three species with 5th and 95th 
percentiles and 90% confidence limits. 
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Table 4:  5th, 50th and 95th percentiles of the three species toxicity 
distribution, its 5th and 95th percentile limits and 90% 
confidence limits. 

 

Percentile  

Distribution 
5th 50th 95th 

Lower confidence 
limit 0.005 12.04 22.87 

Lower 5th percentile 3.11 33.17 40.31 

Fitted 22.58 77.44 265.56 

Upper 95th percentile 148.78 180.78 1928.56 

Upper confidence 
limit 262.24 498.09 1208330.08 

 

7.2 Small Data Set (3 Species) Using Luttik and Aldenberg (1996) 
Method 

We used historical data for toxicity of herbicides to aquatic plants to aid fitting 
a distribution to the three species data set using Luttik and Aldenberg�s (1996) 
method. We obtained toxicity values for herbicides on aquatic plants from the 
EPA 1 liner database. We found data for four or more species of aquatic 
plants for eight herbicides. We used these to calculate a pooled within 
compound, between species variance.  

Figures 5 (log Atrazine concentration) and 6 (Atrazine concentration) show the 
cumulative frequency distribution fitted to the 3 species data set using the 
standard deviation calculated from historical data of toxicity of herbicides to 
aquatic plants. Table 5 gives the 5th, 50th and 95th percentiles for the fitted 
distribution, 5th and 95th percentile lines and lower and upper confidence 
limits. 
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Figure 5:  Effects distribution fitted to three species with 5th and 95th 
percentiles and 90% confidence limits using Luttik and 
Aldenberg (1996) 
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Figure 6: Effects distribution fitted to three species with 5th and 95th 
percentiles and 90% confidence limits using Luttik and 
Aldenberg (1996). 
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Table 5:  5th, 50th and 95th percentiles of the three species toxicity 
distribution using pooled standard deviation, its 5th and 95th 
percentile limits and 90% confidence limits. 

 

Percentile 

 

 

Distribution 

5th 50th 95th 

Lower confidence 
limit 0.90 12.04 67.62 

Lower 5th percentile 2.72 33.17 175.60 

Fitted 9.71 77.44 617.87 

Upper 95th 
Percentile 34.15 180.78 2200.76 

Upper confidence 
limit 88.68 498.09 6626.62 

 

7.3 Medium Sized Data Set (Ten Species) 

Figures 7 (log atrazine concentration) and 8 (atrazine concentration) show 
uncertainty limits around the fitted distribution for the selected ten species 
chosen as typical. Table 6 gives the 5th, 50th and 95th percentiles for the fitted 
distribution, 5th and 95th percentile lines and lower and upper confidence 
limits. 
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Figure 7:  Effects distribution fitted to ten species with 5th and 95th 
percentiles and 90% confidence limits. 
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Figure 8:  Effects distribution fitted to ten species with 5th and 95th 
percentiles and 90% confidence limits. 
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Table 6:  5th, 50th and 95th percentiles of the ten species toxicity 
distribution, its 5th and 95th percentile limits and 90% 
confidence limits. 

 

Percentile  

Distribution 
5th 50th 95th 

Lower confidence 
limit 4.87 51.23 124.33 

Lower 5th percentile 8.48 55.21 111.85 

Fitted 24.72 89.73 325.66 

Upper 95th percentile 71.99 145.85 950.00 

Upper confidence 
limit 64.76 157.18 1653.83 

 

 

Figure 9 shows ten other distributions fitted from ten species randomly 
chosen, demonstrating that the choice of species can have a considerable 
impact. 

 

Figure 9:  Fitted effects distributions for ten randomly selected sets of 
ten species (the fitted distribution from Figure 7 shown in 
bold).  
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7.4 Large Data Set (37 Species) 

We repeated this process for the large dataset (all 37 species of aquatic 
plants). Figures 10 (log atrazine concentration) and 11 (atrazine 
concentration) show the data, the fitted distribution, percentiles and 
confidence limits. Table 7 gives the 5th, 50th and 95th percentiles for the fitted 
distribution, 5th and 95th percentile lines and lower and upper confidence 
limits. 

 

Figure 10:  Effects distribution fitted to full dataset (37 species) with 5th 
and 95th percentiles and 90% confidence limits. 
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Figure 11: Effects distribution fitted to full dataset (37 species) with 5th 
and 95th percentiles and 90% confidence limits. 
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Table 7:  5th, 50th and 95th percentiles of the 37 species toxicity 
distribution, its 5th and 95th percentile limits and 5th and 95th 
confidence limits. 

 

Percentile  

Distribution 
5th 50th 95th 

Lower confidence 
limit 12.00 81.92 201.24 

Lower 5th percentile 7.27 82.92 258.94 

Fitted 25.25 110.79 486.20 

Upper 95th percentile 47.40 148.02 1688.06 

Upper confidence 
limit 60.99 149.83 1022.95 

 

7.5 Effect of Size of Data Set 

The progression for the three species data set to the ten species and finally 
the 37 species data set shows a reduction in uncertainty about the true 
species sensitivity distribution. The 5th and 95th percentile lines are much 
narrower for the full data set than for either the ten species or three species 
data sets.  

In probabilistic risk assessment we use small concentrations that protect large 
numbers of species.  Table 8 therefore summarises, for each data set, lower 
5th percentiles from the fitted curve, the lower 5th percentile of the fitted curve, 
and the lower confidence interval for the fitted curve.  �Pooled� data are from 
the Luttik & Aldenburg approach. 

 

Table 8:  Fifth percentile of the fitted curve, lower 5th percentile bound 
and lower confidence limit for 3, 10 and 37 species data sets 

 

 Lower 5th percentile 

 

Data set 

 

From lower 
confidence limit on 
fitted distribution 

From lower 5th 
percentile of fitted 

distribution 

From fitted 
distribution 

 

Small (3) 0.005 3.11 22.58 

Pooled (3) 0.90 2.72 9.71 

Medium (10) 4.87 8.48 24.72 

Large (37) 12.00 7.27 25.25 
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8 RISK CURVE 

Risk Curves are a method of combining the exposure and effects distributions 
(see WP4). A curve close to the axes shows low risk, with a curve towards the 
top right of the graph showing high risk. We calculated curves for all three 
effects datasets (using both the sample standard deviation and the pooled 
standard deviation for the 3 species data set) combined with the exposure 
distribution. These are shown in figures 12 to 15 (red line, labelled mean). The 
graphs also show curves calculated with the 95th percentile exposure curve 
with both the 5th percentile and 5% confidence limit effects curves 
(representing the worst case). 

 

Figure 12:  Risk curve with the small dataset (using sample standard 
deviation) 
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Figure 13:  Risk curve with the small dataset (using pooled standard 
deviation) 
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Figure 14:  Risk curve with the medium dataset 
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Figure 15:  Risk curve with the full dataset 
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9 1D MONTE CARLO 

For each of the three data sets (small using pooled standard deviation, 
medium, large) we carried out a one dimensional Monte-Carlo simulation in 
order to compute a distribution of toxicity exposure ratios by combining the 
distribution of effect with the distribution of exposure.  Table 9 shows the 
parameters for the distributions used (one exposure distribution and three 
effects distributions, covering the 3 sizes of dataset). We used the pooled 
standard deviation for the small data set. The results are summarised in table 
10.  
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Table 9:  Parameters used to define the distributions of log toxicity 
and log exposure 

 

  Parameter 

 

 

 

Distribution type Mean Standard 
Deviation 

Exposure Normal 0.23 0.69 

Effects (3 species) Normal 1.89 0.33 

Effects (10 species) Normal 1.95 0.34 

Effects (37 species) Normal 2.04 0.39 

 

 

Table 10:  One-dimensional Monte Carlo: percentage of runs in which a 
TER of 1 or 10 was exceeded. 

 

Data Set TER > 1 

 

TER > 10 

Small (3 species) 98.52% 80.76% 

Medium (10 species) 98.79% 82.17% 

Large (37 species) 98.84% 84.54% 

 

 

Figure 16 to 18 show the distributions of TERs produced. 
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Figure16:  1-D Monte Carlo: small data set (3 species). 

  

 
 

 

Figure 17:  1-D Monte Carlo: medium data set (10 species). 

  

 
 

 

 



Additional case studies 

EUFRAM Deliverable D8-2-3  56 

Figure 18:  1-D Monte Carlo: large data set (3 species). 

  

 
 

10 2D MONTE CARLO 

The two dimensional Monte Carlo simulation differs from the one dimensional 
version by attempting to include uncertainty as well as variability. For the 
exposure we considered the variability to be the variation within runs and the 
uncertainty was the variation between runs. We calculated the uncertainty for 
the effects using the formulae given in Appendix 2 (equations A2.1 and A2.2) 
to estimate the mean and vaiance. 

100 outer loops were carried out selecting from the distributions representing 
uncertainty with 1000 inner loops representing variability. The graphs shown 
in figures 19 � 21 show summaries of the results fo r each of the toxicity data 
sets.  

• Crystal Ball produces output from a 2D simulation that lists statistics 
such as mean, median and standard deviation plus the 5th to 95 
percentiles of the distribution each outer loop. These values are TER�s 
calculated from the exposure and effects distributions. 

• The mean TER across the outer loops for each percentile was 
calculated. 

• We fitted a distribution across the outer loop TER results (lognormal) 
for the 5th to 95th percentiles. 

• We then plotted the mean, 5th and 95th percentiles calculated. 

• We adjusted the graph scale to only show TER <500 as this is the area 
of interest. 
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Figure 19:  2-D Monte Carlo simulation: distribution of TER from small 
data set. 
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Figure 20:  2-D Monte Carlo simulation: distribution of TER from medium 
data set. 
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Figure 21:  2-D Monte Carlo simulation: distribution of TER from full 
data set. 
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11 P-BOUNDS 

We used Risk Calc to calculate P-Bounds on the TER using the 3 toxicity data 
sets and the exposure distribution defined in sections 6 and 7. We considered 
three methods to produce the P-Bounds, defining the mean and standard 
deviation as the distributions described in sections 6 and 7 or defining them as 
intervals either using the 5th/95th (or 2.5th/97.5th) percentiles or the 5th and 95th 
(or 2.5th/97.5th) confidence limits. Here we have used the distributions of 
means and standard deviations. 

11.1 Exposure Distribution 

We defined the exposure distribution as a normal distribution (of the log 
exposure values) with a mean that is normally distributed (mean = 0.23, 
standard deviation 0.59) and a standard deviation that is a lognormal 
distribution (mean = 0.33, standard deviation  = 0.17). Figure 22 shows the 
bounds on the exposure distribution. 
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Figure 22:  P-bounds on the exposure distribution 
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11.2 Effects Distribution 

We calculated the bounds on distribution of the effects data in the same way 
as in section 7.2, giving a mean with a normal distribution (mean = 1.89, 
standard deviation = 0.19) and a variance with a chi squared distribution (2 
degrees of freedom) multiplied by the variance and divided by (n-1). The 
bounds for the small (three species) effects data are shown in Figure 23. 

 

Figure 23:  P-bounds for small (three species) toxicity data set 
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Figure 24 shows the p-bounds produced when the pooled standard deviation 
(Luttik and Aldenberg 1996) is used. The Chi square distribution has 46 
degrees of freedom as in section 7.3. 
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Figure 24:  P-bounds for three species toxicity data set using pooled 
standard deviation 
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Figure 25 shows the p-bounds produced when the ten species data set is 
used. 

 

Figure 25:  P-bounds for ten species toxicity data set 
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Figure 26 shows the p-bounds produced when the 37 species data set is 
used. 
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Figure 26:  P-bounds for 37 species toxicity data set 
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11.3 P-bounds for TER 

We combined the P-bounds for the exposure distribution with each of the 
effects distributions to produce bounds for the TER, shown in Figures 27 � 30. 
The bounds are two wide to show on a single graph as any scale chosen has 
one or both bounds too close to the axis to see so each figure contains a pair 
of graphs with different scales on the x axis.  

  

Figure 27:  Results from P-Bounds with the 3 species data set  
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Figure 28:  Results from P-Bounds with the 3 species data set using the 
pooled standard deviation 
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Figure 29:  Results from P-Bounds with the 10 species data set 

0

20

40

60

80

100

0 2 4 6 8 10

TER

C
en

til
e

 

0

20

40

60

80

100

0 2000 4000 6000 8000 10000

TER

C
en

til
e

 
 

Figure 30:  Results from P-Bounds with the 37 species data set 

0

20

40

60

80

100

0 2 4 6 8 10

TER

C
en

til
e

 

0

20

40

60

80

100

0 2000 4000 6000 8000 10000

TER

C
en

til
e

 



Additional case studies 

EUFRAM Deliverable D8-2-3  63 

12 PROBABILITY BOUNDS (P-BOUNDS) COMBINED WITH 2D 
MONTE CARLO 

P-bounds should enclose the results from both the one and two dimensional 
Monte Carlo simulations. The P-Bounds calculated in section 11 are very wide 
and clearly enclose the results from the 2D simulation. Since we also 
calculated the P-Bounds using the 5th and 95th confidence limits (producing 
smaller P-bounds) these are shown in this section. Figures 31 to 33 show the 
mean, 5th and 95th percentiles of the 2D Monte Carlo simulations and the P-
Bounds calculated.  

 

Figure 31:  TER from 2D Monte Carlo and P-Bounds using the small 
effects dataset 
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Figure 32:  TER from 2D Monte Carlo and P-Bounds using the medium 
effects dataset 
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Figure 33:  TER from 2D Monte Carlo and P-Bounds using the large 
effects dataset 
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13 CONCLUSIONS 

This case study has focused on comparing different methods of probabilistic 
risk assessment combining effects and exposure.  Atrazine was chosen as a 
large amount of effects data were available and also exposure modelling had 
been previously conducted giving a distribution of exposure data.  As there 
was a large amount of effects data available one of the aims of this case study 
was to explore the effect of the size of the data set. 



Additional case studies 

EUFRAM Deliverable D8-2-3  65 

The species sensitivity distributions fitted to the three sizes of effects data are 
very similar, with HC5s ranging from 22.58 to 25.25 �g/l, although using the 
pooled standard deviation the HC5 was 9.71 �g/l. The main difference 
between the data sets is the level of uncertainty surrounding these 
distributions. In the 3 species data set the lower confidence limit on the HC5 
was only 0.005 �g/l compared with 12.00 �g/l for the full data set. 

When exposure and effects were combined the level of uncertainty was very 
great, making any management decisions based on this risk assessment very 
difficult. As this was largely a result of a large amount of uncertainty in the 
exposure altering the size of the effects data set did not have much effect.  

This case study has highlighted some of the advantages and disadvantages 
of expressing uncertainty in a probabilistic risk assessment. The obvious 
disadvantage is the results from the 2D Monte Carlo and p-bounds are so 
wide that they would be of no use to decision makers. However, this should 
be a reason to decrease uncertainty, not to hide it, as not expressing 
uncertainty does not make it go away.  

P-bounds produced the least useful output of all the methods used. By giving 
just a boundary on the true result, with no indication where in the region the 
result is likely to lie, the output is of little use to decision makers unless there 
is a very low level of uncertainty.  
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APPENDIX 1 TO CASE STUDY 2:  ATRAZINE TOXICITY TO 
AQUATIC PLANTS (GIDDINGS 2002) 

This appendix shows the acute toxicity of Atrazine to aquatic plants (Giddings 
2002) (geometric means where more than one test were available) and which 
species were chosen for the small (three species) and medium (ten species) 
data sets. 

 

Species 
Toxicity 
(�g/l) 

Log Toxicity 
3 Species? 10 Species? 

Chorella fusca 15 1.18   

Minutocellus polymorphus 20 1.30   

Ceratophyllum demersum 22 1.34  * 

Najas sp 24 1.38   

Scenedesmus obliquus 38 1.58   

Isochrysis galbana 47 1.67   

Chlamydomonas reinhardi 59 1.77   

Navicula pelliculosa 60 1.78 * * 

Chlamydomonas sp 60 1.78   

Ankistrodesmus braunii 61 1.79   

Skeletonema costatum 69 1.84  * 

Scenedesmus subspicatus 76 1.88  * 

Selenastrum capricornutum 84 1.92 * * 

Lemna gibba 88 1.94 * * 

Chlorella vulgaris 88 1.94  * 

Microcystis sp. 90 1.95   

Anabaena inaequalis 100 2.00   

Chlorococcum sp. 100 2.00   

Platymonas 102 2.01   

Hydrilla vertillata 110 2.04   

Synechococcus leopoliensis 130 2.11   

Myriophyllum heterophyllum 132 2.12  * 

Chorella sp. 143 2.16   

Elodea Canadensis 159 2.20  * 

Scenedesmus quadricauda 169 2.23   

Anabaena cylindrical 178 2.25   

Phaeodactylum tricornutum 200 2.30   
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Chlorella pyrenoidosa 280 2.45   

Lemna minor 288 2.46   

Dunaliella tertiolecta 272 2.43   

Microcystis aeruginosa 285 2.45   

Porphyridium cruentum 308 2.49   

Thallassia ntestudinum 320 2.51   

Chlamydomas nostigana 330 2.52   

Anabaena flos-aquae 342 2.53  * 

Cyclotella sp. 430 2.63   

Cryptomonas pyrinoidifer 500 2.70   

14.1.1.1.1.1 Mean  2.04 1.89 1.95

Standard Deviation  0.39 0.33 0.34

 

NOTE For the three and ten species data sets we used toxicity values from 
single tests for Selenastrum capricornutum and Lemna gibba (shown in 
section 3 table 1) which differ from the geometric means shown above and 
used for the 37 species data set. 




