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Differential risk assessment for an acetylcholine 

esterase inhibitor (carbaryl )

Initial situation for carbaryl
Launched in 1956 as the first carbamate insecticide 

Well studied mechanism of action, very high acute toxicity 

Extensive data available on ecological effects :
• unusually large number of tested freshwater invertebrates (>30)
• several micro- and mesocosm studies 
• outdoor observations 

Features of toxicity studies:
• mainly non-GLP 
• test duration range 24 to 96 hours 
• with and without residue analysis 
• related to nominal or measured concentrations 

The EC/LC50 range between 1.7 and > 3000 µg/L
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Toxicity data taken from the literature 
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Objectives of the investigation 
• To derive a reliable “Ecologically Acceptable 

Concentration” (EAC) for freshwater invertebrates with 
lowest possible residual uncertainty 

• To evaluate the validity of the decisive risk assessment 
data from the literature using well documented (GLP)
studies 

• To study how exposure of the test organisms is influenced 
by the presence of sediment 

• To identify the most sensitive groups of organisms 

• To derive the risk potential for the most sensitive group(s) 
in relation to the duration of exposure 
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Toxicity data taken from the literature
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GLP studies conducted with/without sediment

1

10

100

1000

10000

 E
C

/L
C

50
 (

µ
g

/L
)

Plecoptera

Ephemero-
ptera

Cladocera

Amphipoda

Insecta Crustacea Mollusca

Gastropoda
Bivalvia



4

Data grouped by habitat/ecology
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Intermediate conclusions
• The properties of the substance allow highly comparable 

test results to be obtained, regardless of 
- GLP, study design
- concentration checking
- presence of sediment

• The sensitivity of the test organisms is determined by 
ecophysiological characteristics

• Hypothesis: The rate of absorption is determined by the 
rate of water exchange at the respiratory membranes

• The three most sensitive groups are 
1. insect larvae from high-current habitats
2. cladocerans as planktonic high-volume filter feeders
3. insect larvae and crustaceans from considerable 

current habitats
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Risk Group 1: High-current habitats

• Stonefly larvae
• Mayfly larvae (Heptageniidae)

• Characteristics:
- high energy requirements for maintenance
- high oxygen requirement
- dependent on high water exchange at the gills
- found only in fast waters

• 96-hour LC50: 1.7 - 17 µg/L (IME: 5.8 µg/L) 

assumed worst case exposure period to PEC following 
spray drift : 1 h

Risk reduction Group 1: Pulse exposure

Standard test
• Concentrations 

after 96 h: 60 – 80%
of nominal values 

• LC50: 5.8 µg/L (initial)
• NOEC: 3.4 µg/L

Isoperla grammatica, 96 h test at 12 °C, static, aerated

Pulse exposure
• Transfer to uncontaminated 

water after 1 h

• LC50: > 100 µg/L (initial)
• EC50 (“knock down”): 29 µg/L
• NOEC: 20 µg/L
• first occurrence of 

“knock down” at 100 µg/L
after 30 min
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Risk Group 2: Plankton, high-volume filter feeders
• Phyllopoda: Cladocera

• 48-h EC50 for outdoor organisms : 
6.4 – 12.4 µg/L (IME: 7.8 and 11.5 µg/L)

• Characteristics:
- feeding dependent on high-volume filtering
- rapid water exchange at gills; high dose/time
- high reproduction rate: after reduction to 20 % 

recovery after 3 weeks (Brock et al. 2000)
- production of resting eggs (population recovery after 

6-8 weeks )

Aim: Recovery   Impact should be not more than initial
after 3w Impact should be significantly below EC100

Risk reduction Group 2: Population recovery

48-h test with carbaryl

• EC50: 7.8 µg/L
• NOEC: 5.5 µg/L
• EC80: 10 µg/L

Initial Complete 
reduction to recovery after 

35% 12 d
1% 35 d
0% 42 d 

Daphnia longispina

Microcosm study with an
acetylcholinesterase inhibitor
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Risk group 3: considerable current habitats
• Amphipoda (Gammarus)
• Trichoptera 
• Ephemeroptera (Ameletidae)

• 96-h LC50 : 11 - 41 µg/L (IME: 31 µg/L)
• Characteristics

- Found also in lentic habitats
- population recovery principally via recolonisation

(Retreat habitats? Regulatory complications)

=>  NOEC-based calculation of SSD

Risk Group 3: Distribution of species sensitivity 
• Precautionary principle: NOEC-based 

• Problem: NOECs not available for all data

• Solution: estimation of NOEC on basis of LC50s
using the factor between the NOEC and the LC50
for Gammarus fossarum (GLP) of 1.5

• Reason: universal mechanism of action with very 
steep concentration/effect ratio:
in all IME studies, the factors were 
found to be between 1.4 and 1.7
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Risk group 3: Distribution of species sensitivity

p = 5%
NOEC ≤ 12.7 µg/L
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EAC summary, additional safety margins
Risk Group 1, High-current habitats
NOEC after 1 h exposure: 20 µg/L
Still shorter exposure (20 min: 100 µg/L)

Risk Group 2, planktonic high-volume filter feeders
Complete population recovery after 3 w: 10 µg/L
Resting eggs (recovery after 6 w : 100 µg/L)

Risk Group 3, considerable current habitats
NOEC-based HC5: 13 µg/L 
Recolonisation, shorter exposure (1 d?)

Overall EAC (conservative) 10 µg/L
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Final conclusion and general outlook
Most sensitive LC50/10 0.17 µg/L

Overall EAC (conservative) 10 µg/L

Comprehensive information will yield 
a more reliable risk assessment.

Which would we prefer?

Risk reduction Group 1: Confirmation

Pulse experiments Outdoor studies
(mortality) (“knock-down”)

Petersen et al. (2001)   Beyers et al. (1995)

Macroinvertebrate communities
of flowing water

Peak concentrations measured in the 
first 2 h after application :

12.6 µg/L: no drift
85.1 µg/L: drift of Heptageniidae

(no stoneflies present) 

Cynigma sp.
(Heptageniidae)

Standard test
• LC50: 11.1 µg/L 

Pulse exposure (1h)
• LC50: 165 µg/L 
• NOEC: 102 µg/L
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Risk reduction Group 2: Confirmation

Micro-/mesocosm studies, most sensitive endpoints
• Havens (1994, 4 days) 

10 µg/L: Impact slight, potential for rapid 
population recovery 
(Brock et al. 2000)

• Hanazato and Yasuno (1990)
100 µg/L: Complete population 

recovery after 6 weeks
• Helms (1993)

200 µg/L: Complete population 
recovery after 6 weeks

• Half-life in standing waters (pH 9): 30 min


