
Refining Aquatic Risk Assessment With GUTS Modelling:

THE RIGHT TOOL FOR THE JOB?

Environmental Risk Assessment (ERA) aims at identifying possible significant negative impacts of Plant Protection Products on the environment. The
ERA procedures for the aquatic environment in Europe follow a tiered approach:

- Lower tier methods give
conservative risk estimates that
require less time and economic
investment

- Higher tier procedures are
proposed as a refinement option
when a potentially high risk of a
PPP for an intended use is indicated
in a lower tier

TIER-2 Tests with additional species 
and/or refined exposure

TIER-3 Population/community level 
experiments and models

TIER-4 Field studies and landscape 
level modelling

Specific protection goal

TIER-1 Core data set for acute effects

Complexity of data
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• Structurally simple (three/four equations that link external concentrations to survival effects over time).
• Easily accessible and user-friendly modelling tools.
• It uses realistic time-variable exposure profiles as predicted in the exposure assessment (allow for

scanning large numbers of scenarios).
• Can be potentially calibrated using data from standard toxicity testing of survival and literature data.
• Initial additional testing required, but overall reduction of experimental testing.

GUTS has seen limited uses in regulatory 
environmental risk assessments.

Why this mismatch between GUTS 
theoretical advantages and practical 

uses?
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General Unified Threshold models of Survival - GUTS

For an application in regulatory ERA, GUTS consists of three steps:

1) Model calibration: parameter estimation (from constant-exposure toxicity test with at least 5 time points, data should show a wide range of effects on
survival).

2) Model validation: test the quality of model predictions (from a two pulses toxicity experiment with 7 time points and 3 concentration levels – low,
medium and high).

3) Calculation of endpoints for risk assessment: generation of predictions of survival based on FOCUS profiles.

▪ TIER-2A: Geometric mean/weight-of-evidence (WoE)

▪ TIER-2B: Species sensitivity distribution (SSD)

▪ TIER-2C: Refined exposure studies and/or 
toxicokinetic/toxicodynamic (TKTD) models 

Tier-2C1: standard test species
Tier-2C2: additional relevant species

Among TKTD models, GUTS modelling framework is
considered ready to be used in the acute risk assessment
scheme for aquatic organisms by EFSA.

Advantages of using GUTS:

CONCLUSION

Case study

Considerations and Decision for TKTD modelling

In general, data for risk assessment should be as extensive as possible, i.e. it will
always be compound specific but should cover organism groups, different GAPs
and exposure scenarios.

→ In standard testing (Tier-1) this is achieved by high assessment factors.

→ In Tier-2C refined exposure testing this is achieved by using sensitive and/or
vulnerable species and a representative exposure scenario.

→ Tier-2C TKTD modelling succeeds in being independent of changes in
exposure modelling or the GAP.

This gives TKTD modelling a clear advantage over other options as GAP changes
in future can be accounted for.

Challenges:
- Type of endpoints: lethal or sub-lethal; GUTS only applicable for lethal

endpoints.
- Available experimental Tier-1 data: strict guidelines on which data can be

used as calibration data set (e.g. frequency of analytical sampling).
Validation data is usually not available.

- High experimental effort and costs if existing data cannot be used.

• GUTS model framework can be a economically viable option in case of pesticide renewal if the standard toxicity data are appropriate to use
for calibration of the model and/or major GAP changes are planned.

• For a dossier submission of a new PPPs active substance, acute toxicity studies suitable to be used in GUTS can be planned from the early
stages in order to make GUTS a profitable higher tier solution and to benefit from its many advantages.

Reference: EFSA PPR, et al. "Scientific Opinion on the state of the art of
Toxicokinetic/Toxicodynamic (TKTD) effect models for regulatory risk assessment of pesticides
for aquatic organisms." EFSA Journal 16.8 (2018): e05377.
Jager T. and Ashauer R. (2018). Modelling survival under chemical stress. A comprehensive
guide to the GUTS framework. Version 2.0. Toxicodynamics Ltd., York, UK.

Options:
- Data screening to identify most suitable approach for experimental

studies to cover risk to aquatic invertebrates.
- Any laboratory based experimental design would need to incorporate

method development due to non-standard organisms
→ Tier-2C: Refined exposure studies: Compound, species and GAP

specific
→ Tier-2C: TKTD modelling: Compound and species specific, can be

applied to different GAPs
→ Tier-3: Mesocosm studies: Compound and GAP specific, but

multispecies study

Regulatory scenario:

- Existing data indicating chronic risk for aquatic invertebrates.
- Risks to aquatic invertebrates were driven by mortality of non-standard

species (cost implications).
- Tier-1 studies, SSD and FOCUS modelling (up to step 4) result in a higher

Predicted Environmental Concentration than the RAC (PEC/RAC >1).
- Desk based approaches using refined exposure modelling were exhausted

and more traditional experimental methods (e.g. SSD) also failed to solve
remaining chronic risks.

Background


