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Table II.1 Tabular summary of pesticide-specific approaches at the molecular level 

   Acetylcholinesterase Gene expression DNA microarrays 

General Category Biochemical biomarker Molecular/DNA biomarker Molecular/DNA biomarker 

 Type Existing method well developed in many organisms. Existing method, which can be readily applied to 
any gene. 

Existing method, which is being developed currently 
for use in testing freshwater pesticides and other 
environmental stressors. 

 Aim To use the target site of specific pesticides to 
measure the presence of that pesticide in the field. 

To measure expression of any gene. Simultaneous measurement of thousands of genes 
to detect differences in expression between a 
treatment and control or between two treatments. 

 Concept Qualitative, enzyme inhibition. Quantitative/qualitative, can detect amounts and 
also which genes are responding. 

Quantitative/qualitative, shows which genes are 
responding and by how much. 

 Endpoint 1  Freshwater macroinvertebrate but is also used in 
fish and marine organisms. 

Freshwater macroinvertebrate and fish. Freshwater macroinvertebrates and fish. 

 Endpoint 2  Suborganismal, enzyme inhibition. Suborganismal, gene expression which may or may 
not lead to changes in proteins. 

Suborganismal, gene expression which may or may 
not lead to changes in proteins. 

 Methodology  Biochemical method, comparison between animals 
in polluted site vs. control site. 

Molecular biological method using quantitative PCR 
and stats. 

Molecular biological method using DNA microchips 
to measure hybridisation of expressed genes to 
known sequences. 

 Underlying data  N/A N/A N/A 

 (Required) Input 
data  

N/A N/A N/A 

 Specificity to 
different modes of 
actions  

Specific to inhibition of AChE. Specificity can be extremely high, or in some cases 
low, depending on the gene. 

Specificity can be extremely high, or in some cases 
low, depending on the gene. Pattern of expression 
can be a fingerprint of a particular pollutant. 

 Software existing There is software to convert microtiterplate assays 
in mean scores. 

Yes Yes 

     

Successful field 
evaluation   

Geographical 
region 

Various Various Various 

 Tested water body 
type 

Lagoon, rivers, estuaries, marine. Lagoon, rivers, estuaries. Lagoon, rivers, estuaries 

 Number of test 
sites 

Unknown Unknown Unknown 

 Sources of 
pesticide pollution 

Unknown Unknown Unknown 

 Type of pesticide 
pollution 

Organophosphates, carbamates. Any Any 
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Table II.1 Tabular summary of pesticide-specific approaches at the molecular level 

   Acetylcholinesterase Gene expression DNA microarrays 

 Reliability  High reliability, some instances where responses 
found with other types of pollutant, but generally 
very specific and is linked to higher effects. 

Reliability has potential to be high, but not enough 
data currently. 

Reliability has potential to be high, but not enough 
data currently. 

 Robustness  Good responses in field studies. Is robust if trained scientists undertake the work. Is robust if trained scientists undertake the work. 

 References    

General 
comment 

       

     

Requirements Diagnostic tool to 
identify pesticide 
contamination 

Yes, inhibition will indicate pesticide contamination 
and there have been a number of studies that show 
this links to effects. 

Yes, can identify pesticide if prior work has been 
done, but need to do the work to make links to 
effects. 

Yes, can identify pesticide if prior work has been 
done, but need to do the work to make links to 
effects. 

 Distinguish 
pesticides from 
other stressors  

Yes If the gene has been previously identified as 
responding specifically to a particular type of stress, 
then yes. 

If the gene has been previously identified as 
responding specifically to a particular type of stress, 
then yes. 

 Sensitive to subtle 
changes  

Yes Yes, very. Yes, very. 

 Indicate trends over 
time  

No, there are no long-term effects. Difficult, but could indicate changes in expression 
patterns. 

Difficult, but could indicate changes in expression 
patterns. 

 Indicate the relative 
order of magnitude 
of pesticide 
contamination  

Yes, dose-dependent. Yes, depending on the gene, could be dose-
dependent. 

Yes, depending on the gene, could be dose-
dependent. 

 Indicate the time 
period of 
contamination 

Possibly, it will tell you it happened recently since 
animals that don’t die recover their activity. 

Unsure, need more data. Unsure, need more data. 

 Compare levels of 
pesticide 
contamination 
between different 
regions in the UK 

Yes, as long as you know the baseline activity. Yes Yes 

 Be an early warning 
system 

Yes, could get effects before levels are high 
enough to kill the organism. 

Yes Yes 

 Objective (robust) Yes Yes Yes 

 Transparent Yes, if are doing a comparison between control and 
polluted sites, easy to see difference using stats. 

Should be easy to understand that gene expression 
has changed. 

Interpretation is currently complex but in the future 
we should have easy pattern recognition. 
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Table II.1 Tabular summary of pesticide-specific approaches at the molecular level 

   Acetylcholinesterase Gene expression DNA microarrays 

 Giving a good 
summary 

Yes Yes Yes 

 Results are easy to 
interpret 

Yes Yes Yes 

 Quick  Not in the field but assays can be done very quickly 
in the lab (few hours). 

No, has to be done in the lab. No, has to be done in the lab. 

 Cheap  Relatively speaking it is cheap, but additional 
sampling, equipment and consumables needed. 

No, development expensive, although final assay 
may be relatively cheap. 

No, development expensive, although final assay 
may be relatively cheap. 

     

Currently used No No No 

Ready to use for 
diagnosis 

Yes, has already been tested in the field with a 
number of organisms. 

No No 

Missing information Sufficient tests in the field with freshwater 
macroinvertebrates and known contaminants. 

Early stages of development, needs validation with 
different pesticides. 

Early stages of development, needs validation with 
different pesticides. 

Could be easily 
added to current 
techniques or 
current monitoring. 

No No No 

Assessment in 
the context of 
current 
Environment 
Agency 
procedures 

Could only be 
adopted with major 
revision of current 
practice 

Yes Yes Yes 
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Table II.2 Tabular summary of pesticide-specific approaches at community level 

    Species at risk 
(SPEAR) concept 
Liess and Von der Ohe 
(2005) 

SPEAR-based  
indicator 

Relative sensitivity 
concept  
Von der Ohe and Liess 
(2004), Wogram and 
Liess (2001) 

Pesticide Index 
Humpheryes 
(pers. communication) 

LIMPACT 
Neumann et al. (2003) 

PERPEST  
Van den Brink et al. 
(2002) 

General  Category Community level, trait-
based 

Community level, trait-
based 

Community level, 
taxonomy-based 

Community level, 
taxonomy-based 

Community level, 
taxonomy-based 

Community level, 
taxonomy-based 

 Type Classification/Indicator 
system 

Indicator Classification system  Empirical approach  Indicator system 
(diagnostic model) 

Prognostic model 

 Aim Identifying species 
(taxa) at risk from 
pesticides according to 
traits. 

Prognosis/Diagnosis Identifying taxa that are 
sensitive to organic 
pollutants including 
pesticides. 

Designed to identify 
sites exposed to 
pesticides. 

Classifying sites as 
unimpacted, medium 
impacted or highly 
impacted from 
pesticides in an 
investigated year. 

Predicting probability of 
effects. 

 Concept Qualitative: species 
(taxon) at risk, yes or no.

Quantitative Qualitative: taxon is 
more sensitive than 
other (ordinal) 

Qualitative Quantitative: Not 
detected, low (sum of 
TU per year and site < -
4), medium (sum TU per 
year and site < -2) and 
high (sum TU per year 
and site >= -2) 

Qualitative 

 Endpoint 1  Freshwater 
macroinvertebrates 

Freshwater 
macroinvertebrates 

Freshwater 
macroinvertebrates 

Freshwater 
macroinvertebrates 

Freshwater 
macroinvertebrates 

Macroinvertebrates, fish 
and community 
metabolism in 
freshwater systems 

 Endpoint 2  Genus, species, family Community composition Genus, species, family Community composition Species level to family 
level 

Macroinvertebrates, fish, 
community metabolism 

 Methodology  Mechanistic, trait 
information is 
transformed into binary 
values (taxon is at risk 
due to trait, yes or no), 
binary values are 
combined by Boolean 
AND, taxon is at risk if 
each of the considered 
traits indicates risk. 

Relationship between 
measured TU and 
observed percentage 
SPEAR abundance 
(Liess and Von der Ohe, 
2005). 

Tolerance of test 
species to a substance 
in relation to tolerance of 
daphnia magna to same 
yields relative sensitivity 
of test species; the 
arithmetic mean of the 
relative sensitivity gives 
the relative tolerance of 
the next higher 
taxonomic level. 

Scoring approach: 
scores taxon said to be 
sensitive to pesticides 
and calculates overall 
scores per site from the 
taxa that are expected 
(based on RIVPACS) 
but missing. 

Heuristic rule-based 
expert system, empirical 
rules considering 
abundance dynamics of 
39 indicator taxa during 
spring, summer and 
autumn. 

Case-based expert 
system, (dis)similarity of 
known cases, based on 
effects of 22 herbicides 
and 24 insecticides (49 
herbicide experiments 
and 55 insecticide 
experiments); 421 cases 
in total 
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Table II.2 Tabular summary of pesticide-specific approaches at community level 

    Species at risk 
(SPEAR) concept 
Liess and Von der Ohe 
(2005) 

SPEAR-based  
indicator 

Relative sensitivity 
concept  
Von der Ohe and Liess 
(2004), Wogram and 
Liess (2001) 

Pesticide Index 
Humpheryes 
(pers. communication) 

LIMPACT 
Neumann et al. (2003) 

PERPEST  
Van den Brink et al. 
(2002) 

 Underlying data  Standard acute toxicity 
tests, life-history 
information from 
literature. 

Measured 
concentrations of 
insecticides and 
fungicides, observed 
community composition. 

Standard acute toxicity 
tests. 

RIVPACS predictions, 
empirically derived list of 
species that may be 
sensitive to pesticides. 

Database of streams 
with different pesticide 
exposure. 

Mesocosm studies 

 (Required) Input 
data  

Information on the 
following traits: 
physiological sensitivity 
to organic pollutants 
including pesticides, 
generation time, 
migration ability, time of 
emergence. 

Biological samples 
before and after 
exposure. 

N/A Family invertebrate data Abundance data from 
four samplings (spring, 
summer1, summer2, 
autumn) and nine water 
quality parameters. 

Concentration 

 Specificity to 
different modes of 
actions  

Unknown Unknown N/A Not specific Unknown Limited to insecticide 
and herbicide moa, but 
no specificity. 

 Software existing No No N/A Yes Yes Yes 

Successful field 
evaluation 

 Firm link between 
measured pesticide 
levels and SPEAR, 
tested in different 
geographical regions 
across Europe. 

Adequate prognosis of 
observed effects of 
short-term parathion-
ethyl exposure. 

N/A Limited evaluation. No independent dataset, 
testing with training set. 

No 

 Geographical region Germany, North-
German lowlands, 
Brittany, France and 
Helsinki region, Finland. 

Germany, North-
German lowlands. 

N/A Southern England Germany, North-
German lowlands. 

N/A 

 Tested water body 
type 

Streams Stream N/A Rivers and streams Small lowland streams N/A 

 Number of test sites 49 (Germany: 20; 
France: 16; Finland: 13). 

1 N/A Unclear 104 N/A 

 Sources of pesticide 
pollution 

Agriculture (field crops). Agriculture (field crops). N/A Sheep dipping; cereal 
crops; fruit crops. 

Agriculture (field crops). N/A 
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Table II.2 Tabular summary of pesticide-specific approaches at community level 

    Species at risk 
(SPEAR) concept 
Liess and Von der Ohe 
(2005) 

SPEAR-based  
indicator 

Relative sensitivity 
concept  
Von der Ohe and Liess 
(2004), Wogram and 
Liess (2001) 

Pesticide Index 
Humpheryes 
(pers. communication) 

LIMPACT 
Neumann et al. (2003) 

PERPEST  
Van den Brink et al. 
(2002) 

 Type of pesticide 
pollution 

Organophosphates, 
organochlorines, 
strobilurines, triazoles, 
organic phosphorous 
acid at concentrations 
>= 1:1,000 LC50 
daphnia magna, several 
others at lower 
concentrations. 

Organophosphate 
(parathion-ethyl) 

N/A Drift, drainflow, surface 
runoff, accidental 
spillage. 

Organophosphates, 
carbamates, 
organochlorines, 
strobilurines, triazoles, 
>= 1:1,000 LC50 
daphnia magna, several 
others at lower 
concentrations 

N/A 

 Reliability  Firm link between 
decrease of SPEAR 
abundance in relation to 
overall abundance 
(%SPEAR abundance) 
and measured pesticide 
levels (temporal 
coincidence, no 
significant influence of 
other environmental 
parameters), in each of 
the studied regions 
significant decrease in 
%SPEAR abundance at 
concentrations >= 1:100 
daphnia magna  

N/A N/A Unclear No independent dataset, 
testing with training set. 

N/A 

 Robustness  Robust to geographical 
variation. 

N/A N/A Unclear No independent dataset, 
testing with training set. 

N/A 

 References Liess and Von der Ohe, 
2005; Schäfer et al, 
2007. 

Schriever and Liess, 
2006. 

N/A  Neumann et al., 2003. N/A 

General 
comment 

  A long-term field study 
from Germany linked 
governmental inventory 
monitoring data on 
stream invertebrate 

Predictions matched 
observed loss of SPEAR 
after short-term 
exposure to parathion-
ethyl . 

 It has not yet been 
possible to see data 
showing that taxon 
sensitivity is clearly due 
to pesticides rather than 

Positive and negative 
indicator taxa. 

N/A 
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Table II.2 Tabular summary of pesticide-specific approaches at community level 

    Species at risk 
(SPEAR) concept 
Liess and Von der Ohe 
(2005) 

SPEAR-based  
indicator 

Relative sensitivity 
concept  
Von der Ohe and Liess 
(2004), Wogram and 
Liess (2001) 

Pesticide Index 
Humpheryes 
(pers. communication) 

LIMPACT 
Neumann et al. (2003) 

PERPEST  
Van den Brink et al. 
(2002) 

communities to 
modelled pesticide 
runoff; long-term 
decrease in %SPEAR 
abundance at sites of 
medium to very high 
runoff inputs; long-term 
decrease in other 
community measures 
such as diversity or EPT 
numbers only at high to 
very high levels of 
modelled runoff inputs 
(Schriever et al., 2007a) 

other diffuse pollution 
stresses. Identification of 
sensitive families is 
based on correlation 
(families absent in areas 
lacking organic stresses 
and potentially exposed 
to pesticides) rather than 
observing cause-effect 
of pesticides. 

               

Requirements Diagnostic tool to 
identify pesticide 
contamination 

Established linear 
relationship between TU 
and %SPEAR 
abundance can be used 
to diagnose pesticide 
contamination based on 
%SPEAR abundance at 
test sites. 

Prognostic use of the 
relationship between TU 
and %SPEAR 
abundance, but 
diagnostic use is also 
possible. 

N/A Designed as diagnostic 
tool. 

Yes No 

 Distinguish 
pesticides from 
other stressors  

Yes, tested for streams 
with agricultural 
catchment. 

N/A N/A No evidence currently 
available. 

Yes N/A 

 Sensitive to subtle 
changes  

Yes, field study using 
modelled runoff levels 
showed that long-term 
decrease in %SPEAR 
abundance at lower 
runoff levels than long-
term decrease in other 
community measures 
such as diversity or EPT 

N/A N/A Unlikely Yes, since rules are 
based upon such subtle 
changes. 

N/A 
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Table II.2 Tabular summary of pesticide-specific approaches at community level 

    Species at risk 
(SPEAR) concept 
Liess and Von der Ohe 
(2005) 

SPEAR-based  
indicator 

Relative sensitivity 
concept  
Von der Ohe and Liess 
(2004), Wogram and 
Liess (2001) 

Pesticide Index 
Humpheryes 
(pers. communication) 

LIMPACT 
Neumann et al. (2003) 

PERPEST  
Van den Brink et al. 
(2002) 

 Indicate trends over 
time  

N/A Yes N/A No evidence currently 
available. 

N/A N/A 

 Indicate the relative 
order of magnitude 
of pesticide 
contamination  

Yes (making use of 
established relationship 
between TU and 
%SPEAR abundance). 

Yes N/A No evidence currently 
available. 

Yes N/A 

 Indicate the time 
period of 
contamination 

Yes (field studies 
showed significant 
decrease from pre to 
main application period 
of agrochemicals in the 
study regions). 

N/A N/A No evidence currently 
available. 

No N/A 

 Compare levels of 
pesticide 
contamination 
between different 
regions in the UK 

Possible (field studies 
demonstrated 
robustness). 

N/A N/A N/A No N/A 

 Be an early warning 
system 

Possible (sensitive to 
subtle changes, see 
below). 

N/A N/A Unlikely No N/A 

 Objective (robust) Yes N/A N/A Lacks clear evidence of 
cause-effect 
relationship. 

Yes  N/A 

 Transparent Few rules, easily 
understandable for non-
specialists. 

Exposure-response 
relationship, easily 
understandable for non-
specialists. 

N/A Yes Concept: Yes, following 
the decision-making 
process is reasonably 
complex. 

N/A 

 Giving a good 
summary 

Yes (single value that 
summarises community 
composition). 

Yes N/A Yes, scoring yields 
single value. 

Yes, one contamination 
class is assigned. 

N/A 

 Results are easy to 
interpret 

Yes (%SPEAR 
abundance related to 
orders of magnitude of 
pesticide contamination) 

Yes N/A Yes (but lacks clear 
evidence of cause-effect 
relationship). 

Classifying sites as 
unimpacted, medium 
impacted or highly 
impacted by pesticides. 

N/A 
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Table II.2 Tabular summary of pesticide-specific approaches at community level 

    Species at risk 
(SPEAR) concept 
Liess and Von der Ohe 
(2005) 

SPEAR-based  
indicator 

Relative sensitivity 
concept  
Von der Ohe and Liess 
(2004), Wogram and 
Liess (2001) 

Pesticide Index 
Humpheryes 
(pers. communication) 

LIMPACT 
Neumann et al. (2003) 

PERPEST  
Van den Brink et al. 
(2002) 

 Quick  Yes (data from quick 
inventory monitoring can 
indicate contamination if 
pesticide-sensitive 
species are absent, but 
for confirmation sorting 
in the lab and standard 
software is necessary). 

N/A N/A Yes (data from quick 
inventory monitoring can 
indicate contamination if 
pesticide-sensitive 
species are absent, but 
for confirmation sorting 
in the lab and specific 
software is necessary). 

No N/A 

 Cheap  Yes (can run on GQA 
data, additional 
sampling during main 
period of agrochemical 
application may be 
necessary). 

N/A N/A Yes Additional sampling 
necessary. 

N/A 

        

Currently used No No N/A No No  N/A 

Ready to use for 
diagnosis 

Yes Yes, trait-based and 
therefore easier to 
transfer to different 
regions than taxonomy-
based approaches. 

N/A No (approach needs 
refinement). 

No (approach needs 
additional data for re-
calibration). 

N/A 

Assessment in 
the context of 
current 
Environment 
Agency 
procedures 

Missing information Endemic species in 
England and Wales 
(gaps can be filled by 
literature review and 
expert questioning). 

UK species and 
information about traits 
for UK endemic species. 

N/A Empirical data relating 
loss of taxa to pesticide 
exposure in different 
regions of the UK. 

Chemical monitoring 
data for calibration 
in depth taxonomical 
identification (genus or 
species). 

N/A 

 Could be easily 
added to current 
techniques  

No changes in practice, 
just additional way of 
looking at species. 

Yes, though in depth 
taxonomic identification 
required (genus/species)

N/A Yes No (additional 
biomonitoring required) . 

N/A 

 Could only be 
adopted with major 
revision of practices 

N/A N/A N/A N/A Yes N/A 
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Table II.3 Tabular summary of approaches at molecular level that are non-specific to pesticides 

    Heat shock proteins (HSP) Glutathione S-transferase 
(GST) 

Cytochrome P450 
monooxygenases (CYP450)  

Catalase (CAT)  Steroid metabolism 

General Category Biochemical biomarker Biochemical biomarker Biochemical biomarker Biochemical biomarker Biochemical biomarker 

 Type Existing method, 
measurement of heat shock 
protein induction. 

Existing method, but only 
developed as a biomarker in a 
handful of freshwater 
invertebrates. 

Existing method but with a 
number of different 
methodologies, quite difficult 
to measure in invertebrates. 

Existing method that has been 
developed in a few organisms.

Existing method to measure 
the metabolism of 
testosterone. 

 Aim To indicate cellular stress. To look for quantitative 
changes in GST activity to 
indicate increased conjugation 
of toxins. 

To measure increased 
expression of detoxification 
enzyme to indicate exposure 
to various toxins. 

To detect oxidative stress. Detect endocrine disruption. 

 Concept Quantitative Quantitative, amount of 
activity. 

Quantitative, amount of 
activity. 

Quantitative/qualitative. Quantitative/qualitative. 

 Endpoint 1  Freshwater 
macroinvertebrate/fish. 

Freshwater macroinvertebrate 
but is also used in fish and 
marine organisms. 

Freshwater macroinvertebrate 
but is also used in fish and 
marine organisms. 

Freshwater 
macroinvertebrate/fish. 

Freshwater 
macroinvertebrate/fish. 

 Endpoint 2  Suborganismal, induction of 
protein. 

Suborganismal, enzyme 
induction. 

Suborganismal, enzyme 
induction. 

Suborganismal, enzyme 
inhibition or induction. 

Suborganismal, metabolism of 
testosterone. 

 Methodology  Biochemical method, 
comparison between animals 
in polluted site vs. control site. 

Biochemical method, 
comparison between animals 
in polluted site vs. control site. 

Biochemical method, 
comparison between animals 
in polluted site vs. control site. 

Biochemical method, 
comparison between animals 
in polluted site vs. control site. 

Biochemical method, 
comparison between animals 
in polluted site vs. control site. 

 Underlying data  N/A N/A N/A N/A N/A 

 (Required) Input data  N/A N/A N/A N/A N/A 

 Specificity to different 
modes of actions  

Responds also to heat and 
seasonal changes, metals. 

OK for pesticides, but doesn’t 
differentiate between classes, 
also responds to temperature 
stress. 

Shows general stress and is 
quite good for detecting 
PAHs. 

Specific for oxidative stress, 
some pesticides can cause 
this. 

Very little data on effect of 
pesticides. 

 Software existing No Software converts microtitre 
plate assays in mean scores 

Software converts microtitre 
plate assays in mean scores. 

Software converts microtitre 
plate assays in mean scores 

No 

Successful field 
evaluation  

Geographical region Various Various Various Various Various 

 Tested water body 
type 

Lagoon, rivers, estuaries. Lagoon, rivers, estuaries. Lagoon, rivers, estuaries. Lagoon, rivers, estuaries Lagoon, rivers, estuaries 

 Number of test sites Unknown Unknown Unknown Unknown Unknown 
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Table II.3 Tabular summary of approaches at molecular level that are non-specific to pesticides 

    Heat shock proteins (HSP) Glutathione S-transferase 
(GST) 

Cytochrome P450 
monooxygenases (CYP450)  

Catalase (CAT)  Steroid metabolism 

 Sources of pesticide 
pollution 

Unknown Unknown Unknown Unknown Unknown 

 Type of pesticide 
pollution 

Organophosphates, 
herbicides, not specific. 

Has worked with 
organophosphates, OC, 
herbicides. 

Organochlorines, 
organophosphates, herbicide, 
pyrethroids. 

Pyrethroids. Fungicide, organophosphates. 

 Reliability  Poor Can demonstrate stress but is 
confounded by responses 
linked to seasonal changes 
and temperature. 

Good if monitoring PAHs, but 
low response in 
macroinvertebrates. 

Not enough info. Not enough info. 

 Robustness  Low A number of instances where 
sensitivity is low. 

Low sensitivity. Not enough info. Not enough info. 

 References      

General 
comments 

            

Requirements Diagnostic tool to 
identify pesticide 
contamination 

Shows that sufficient stress to 
cause denaturation of 
proteins, but not specific to 
pesticides. 

If responding to pesticides, it 
does show that the organism 
is exposed, but insufficient 
data to link with effects. 

If responding to pesticides, it 
does show that the organism 
is exposed, but insufficient 
data to link with effects. 

Oxidative stress can be very 
harmful, so if this is caused by 
a pesticide, it will reveal 
effects. 

If pesticide is responsible, 
then it shows it is severely 
disrupting reproduction, but 
insufficient data so far in 
freshwater invertebrates. 

 Distinguish 
pesticides from other 
stressors  

No No No No Not enough info. 

 Sensitive to subtle 
changes  

Possibly Sometimes Not in macroinvertebrates. Not enough info. Not enough info. 

 Indicate trends over 
time  

No No No No Not enough info. 

 Indicate the relative 
order of magnitude of 
pesticide 
contamination  

Possibly if get a response, it 
could be dose-dependent. 

If you do get a response, it 
could be dose-dependent. 

If you do get a response, it 
could be dose-dependent. 

If you do get a response, it 
could be dose-dependent. 

Not enough info. 

 Indicate the time 
period of 
contamination 

Induction responses can be 
fast. 

Unclear, but induction 
responses can be fast. 

Unclear, but induction 
responses can be fast. 

Unknown Not enough info. 

 Compare levels of 
contamination 

Yes Possibly Possibly Possibly Yes 
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Table II.3 Tabular summary of approaches at molecular level that are non-specific to pesticides 

    Heat shock proteins (HSP) Glutathione S-transferase 
(GST) 

Cytochrome P450 
monooxygenases (CYP450)  

Catalase (CAT)  Steroid metabolism 

between different 
regions in the UK 

 Be an early warning 
system 

Shows animals are stressed. Of stress, yes. Of oxidative stress, yes. Of stress, yes. Shows presence of endocrine 
disruption. 

 Objective (robust) Yes Yes Yes Yes Yes 

 Transparent Yes, if doing a comparison 
between control and polluted 
sites, easy to see difference. 

Yes, if doing a comparison 
between control and polluted 
sites, easy to see difference. 

Yes, if doing a comparison 
between control and polluted 
sites, easy to see difference. 

Yes, if doing a comparison 
between control and polluted 
sites, easy to see difference. 

No 

 Giving a good 
summary 

Yes Yes Yes Yes No 

 Results are easy to 
interpret 

Yes Yes Yes Yes No 

 Quick  No Not in the field but assays can 
be done very quickly in the lab 
(few hours). 

Methods we have used are 
very time-consuming. 

Unknown No, either measured using 
CYP450 techniques or using 
TLC methods. 

 Cheap  No Relatively speaking it is 
cheap, but additional 
sampling, equipment and 
consumables needed. 

Depends on the method used. Depends on the method used. No 

       

Currently used No No No No No 

Ready to use for 
diagnosis 

No No No No No 

Assessment in 
the context of 
current 
Environment 
Agency 
procedures 

Missing information Yes Yes Yes Yes Yes 

 Could be easily 
added to current 
techniques or current 
monitoring. 

No No No No No 

 Could only be 
adopted with major 
revision of practices 

Yes Yes Yes Yes Yes 
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Table II.4 Tabular summary of approaches at the community level that are non-specific to pesticides 

    PSYM  
Biggs et al. (2000) 

RIVPACS 
Wright et al. (1998) 

RPDS 
Walley and O’Connor (2002) 

RPBBN 
Walley and O’Connor (2002) 

General  Category Community level/taxonomy-based Community level/taxonomy-based Community level/taxonomy-based Community level/taxonomy-based 

 Type Empirical system Empirical system Expert system based on clustering Expert system based on probabilistic 
reasoning 

 Aim Designed to assess ecological 
integrity of small lakes, ponds and 
canals. 

Designed to assess ecological 
integrity of rivers and streams. 

Designed to diagnose biological 
impairment in rivers and streams 
through pattern recognition. 

Designed to diagnose impacts of 
water quality stresses using a 
Bayesian Belief Network. 

 Concept Quantitative, based on 
presence/absence data 

Quantitative, based on 
presence/absence data 

Qualitative Qualitative 

 Endpoint 1  Macroinvertebrates, wetland plants Macroinvertebrates Macroinvertebrates Macroinvertebrates 

 Endpoint 2  Family Family Family Family 

 Methodology  Statistical Statistical To simulate and systematise pattern 
recognition process used by experts 
in interpreting complex data sets: 
clustering using MI-max algorithm. 

Allows prediction of 'what if' scenarios 
when physical and/or chemical 
conditions are modified. 

 Underlying data  Database of minimally impaired sites 
(pesticide free). 

Database of minimally impaired sites 
(some sites may be occasionally 
exposed to pesticides). 

Environment Agency GQA 
invertebrate and water chemistry 
data. 

Environment Agency GQA 
invertebrate and water chemistry 
data. 

 (Required) Input data  Family invertebrate and plant data; 13 
field and map-based environmental 
variables. 

Family invertebrate data; 12 field and 
map-based environmental variables. 

Family level invertebrate data, 1995 
UK General Quality Assessment 
programme. 

Invertebrate data, 1995 UK General 
Quality Assessment programme.  

 Specificity to different 
modes of actions  

Not specific Not specific N/A N/A 

 Software existing Yes Yes Yes Yes 

 Successful field 
evaluation  

Evaluation in progress. Very extensively evaluated. Limited evaluation in England and 
Wales. 

Limited evaluation in England and 
Wales. 

 Geographical region United Kingdom. United Kingdom. England and Wales. England and Wales. 

 Tested water body 
type 

Ponds and lakes. Rivers and streams. Rivers and streams. Rivers and streams. 

 Number of test sites None specifically for pesticides. None specifically for pesticides. None specifically for pesticides. None specifically for pesticides. 

 Sources of pesticide 
pollution 

N/A N/A N/A N/A 

 Type of pesticide 
pollution 

N/A N/A N/A N/A 
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Table II.4 Tabular summary of approaches at the community level that are non-specific to pesticides 

    PSYM  
Biggs et al. (2000) 

RIVPACS 
Wright et al. (1998) 

RPDS 
Walley and O’Connor (2002) 

RPBBN 
Walley and O’Connor (2002) 

 Reliability  N/A N/A N/A N/A 

 Robustness  N/A N/A N/A N/A 

 References     

General 
comments 

  Could be used to provide an 
expected list of taxa sensitive to 
pesticides. Requires that such taxa 
are identified in the UK. 

Could be used to provide an 
expected list of taxa sensitive to 
pesticides. Requires that such taxa 
are identified in the UK. 

Could be used to match patterns of 
invertebrate assemblages to pesticide 
stress if empirical pesticide data were 
available. 

Could be used to predict effects if 
empirical relationships between 
invertebrate occurrence and pesticide 
concentrations were available. 

           

Requirements Diagnostic tool to 
identify pesticide 
contamination 

Not a diagnostic system. Not a diagnostic system. Does not currently have the capability 
to diagnose pesticide pollution. 

Does not currently have the capability 
to diagnose pesticide pollution. 

 Distinguish pesticides 
from other stressors  

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if empirical pesticide data 
were available. 

Potentially if empirical pesticide data 
were available. 

 Sensitive to subtle 
changes  

Unknown Unknown Unknown Unknown 

 Indicate trends over 
time  

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if empirical pesticide data 
were available. 

Potentially if empirical pesticide data 
were available. 

 Indicate the relative 
order of magnitude of 
pesticide 
contamination  

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if empirical relationships 
between pesticide exposure and 
invertebrate assemblages data were 
identified. 

Potentially if empirical relationships 
between pesticide exposure and 
invertebrate assemblages data were 
identified. 

 Indicate the time 
period of 
contamination 

Unlikely Unlikely Unlikely Unlikely 

 Compare levels of 
pesticide 
contamination 
between different 
regions in the UK 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially possible if sufficient 
empirical data were available. 

Potentially possible if sufficient 
empirical data were available. 

 Be an early warning 
system 

Unlikely Unlikely Unlikely Unlikely 

 Objective (robust) Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide sensitive taxa 
could be identified. 

Potentially Potentially 

 Transparent Yes Yes Concept: Yes, underlying 
mathematical operations are 

Concept: Yes, underlying 
mathematical operations are 
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Table II.4 Tabular summary of approaches at the community level that are non-specific to pesticides 

    PSYM  
Biggs et al. (2000) 

RIVPACS 
Wright et al. (1998) 

RPDS 
Walley and O’Connor (2002) 

RPBBN 
Walley and O’Connor (2002) 

reasonably complex. reasonably complex. 

 Giving a good 
summary 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially Potentially 

 Results are easy to 
interpret 

Potentially if pesticide-sensitive taxa 
could be identified. 

Potentially if pesticide-sensitive taxa 
could be identified. 

Reasonably Reasonably 

 Quick  No (requires sorting of sample to 
obtain data). 

No (requires sorting of sample to 
obtain data). 

No No 

 Cheap  Yes Yes Yes Yes 

          

Currently used Yes (but not for pesticide risk 
assessment). 

Yes (but not for pesticide risk 
assessment). 

Yes (but not for pesticide risk 
assessment). 

Yes (but not for pesticide risk 
assessment). 

Ready to use for 
diagnosis 

No No No No 

Missing information Pesticide-sensitive taxa have not 
been identified in the UK. 

Pesticide-sensitive taxa have not 
been identified in the UK. 

Pesticide-sensitive taxa have not 
been identified in the UK; RPDS does 
not have empirical pesticide data. 

Pesticide-sensitive taxa have not 
definitively been identified in the UK; 
RPBBN does not have empirical 
pesticide data. 

Assessment in 
the context of 
current 
Environment 
Agency 
procedures 

Could be easily 
added to current 
techniques or current 
monitoring. 

N/A N/A N/A N/A 

 Could only be 
adopted with major 
revision of current 
practice 

N/A N/A N/A N/A 
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III. Costed plan of AChE assay 

Method 
The AChE assay procedure was based on the generic assay reported by Ellman et al. 
(1961) adapted for use in microtiter plates (Fisher et al., 2000). Pooled frozen 
organisms, originated from the mass exposure experiment, were homogenized in 1.5 
ml Eppendorf tubes with ice-cold 0.02 M sodium hydrogen phosphate buffer (PB), pH 
8.0, containing one per cent Triton-X-100 (Sigma, Poole, UK). The homogenization 
was manual, with a microcentrifuge tube pestle (50 cycles, 10 seconds). Ice-cold PB 
(without Triton-X-100), in a 10:1 ratio, was added to the initial homogenate. The final 
homogenates were mixed and centrifuged at 14,000 g and 2 to 4°C for four minutes. 
Supernatants were transferred to a clean precooled tube, mixed with a whirlimixer 
(Fisher Scientific, Loughborough, UK), and assayed immediately. Additions to the 
microtiter plate were made in the following order: 100 μl of 8 mM 5,5′-dithio-bis(2-
nitrobenzoate) (D-8130, Sigma) in PB supplemented with sodium hydrogen carbonate 
at 0.75 mg/ml; 50 μl of assay blank (PB containing 0.1 per cent Triton-X-100), 
supernatant, or quality-control enzyme (eel cholinesterase, C-3389 Sigma); and 50 μl 
of 16 mM acetylthiocholine iodide in PB (A-5751 Sigma). The microtiter plate was 
inserted into the integral incubator of a Dynex MRXII plate reader and incubated at 
30°C for five minutes. This was followed by measuring the change in optical density per 
minute at 405 mm and 30°C over 10 minutes with intermittent shaking. Enzyme activity 
was expressed in moles/L/min/g protein. Protein concentration in homogenate 
supernatants was determined by using a modification of the bicinchoninic acid protein 
assay (Pierce, Rockford, IL, USA). The protein standard curve was prepared with a 
series of bovine serum albumin (BSA) standards diluted in blank buffer.  

Costs 

Initial investment of equipment 

• Ultracentrifuge for Eppendorf tubes, with cooling.  approx. £2,000 

• Microtitre plate reader (Dynex MRXII, Dynex Technology).  approx. £4,000 

• Multi-channel pipettes (50-250 μl).  £400 each x 2 

• Waterbath at 30oC (only if using frozen larvae). 

• Ice bucket and water ice. 

• 50 ml glass beaker with deionised water for washing homogenisation 
pestle. 

• Whirlimixer 
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AChE assay cost  

Plasticware 

• Small weighing boats for use as reagent troughs for filling multi-channel 
pipettes –10p each (need three per plate)  £0.30 

• Gilson p1000, p200 and tips – 1p each  £0.10 

• Multi-channel pipette tips – 50p each  £1.50 

• 1.5 ml Eppendorf tubes – 11p each  £1.10 

• Teflon Eppendorf pestle for homogenisation in Eppendorf  5p each 
(reusable)  £0.20 

• Clean, flat bottom 96 well microtitre plates, 70p each. Recently used plates 
may be recycled by rinsing thoroughly in warm tap water followed by 
deionised water. Do not use detergents.  £0.70 

• Total  = £3.90/plate 
(most of these costs were from Sigma – significant discounts on 
plasticware are available if bought in bulk). 

Chemical reagents 

• 100 μl x 8 mM 5,5′-dithio-bis(2-nitrobenzoate) (D-8130, Sigma) = 10ml 
approx/plate  (60p)  

• 50 μl x 16 mM acetylthiocholine iodide (A-5751 Sigma) = 5 ml per plate  
  =  10p/plate 

• Triton X-100 £25.80 100 ml pennies 

• Eel cholinesterase 500 units = £18.20 (0.5 units/ml) 2 ml/assay (QC) = one 
unit =  4p 

• Phosphate buffer pennies 

• Total  approximately £1.00/plate to compare two sites 

AChE assays should be accompanied by a protein reading. The protein assay kits are 
from BCA Pierce and cost £3.20 per plate in reagents (plus £2.00 in plasticware) = 
£5.50 total. 

Summary 

AChE assay cost =  £4.90 

Protein assay cost =  £5.50 

Total cost (not including equipment and staff) =  £10.40/plate to compare two sites. 
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