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▪ Aquatic risk assessment: the link between toxicology and  public 

health.

▪ "What is there that is not a poison? All things are poison...". If all 

substances are potentially toxic, and if toxicity depends on dose, 

there must always be a "toxicity threshold"; in other words, a 

limiting dose below which a substance is no longer a "poison".

▪ Risk assessment has concentrated primarily on human health 

effects. To assess the risks arising from human exposure to a given 

substance, they attempt to establish the lower limits of toxicity.

▪ Risk assessment is the process of enumerating risks, determining 

their classifications, assigning probability and impact scores, and 

associating controls with each risk.



▪ Ecological risk assessment and human health risk assessment ask 

the same questions:-

Is there a problem? (problem formulation)

What is the nature of the problem? (characterization of 

exposure and characterization of ecological effects)

How can we summarize and explain the problem? (risk 

characterization)

What can we do about it? (risk management)

“Effective health and safety management is not ‘common sense’ but is based

on a common understanding of risks and how to control them brought about through 

good management.”
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Use of living organisms as 

indicators of the quality of 

surrounding environment.

Biological  community respond and  integrate   

wide  variety  of   the  environmental   factors, 

whether natural or anthropongenic  in  origin.



➢ The use of biomonitoring is growing because it can

detect cumulative physical, chemical, and biological

impacts of degrading activities.

➢ Chemical measurements are like taking snapshots of the 

ecosystem, whereas biological measurements  are like 

making a videotape.

Why Biological  Assessment?



➢ Aquatic macroinvertebrates are commonly used in

biomonitoring because they are important in moving

energy through food webs, wide spread, provide a

spectrum of responses to disturbances, and can act as

continuous monitors of water quality.



Types of Biomonitoring Studies

Organism level

– Biochemical

– Physiological

– Morphological

– Behavioral 

– Life History

– Bioaccumulation

Community Level

– Taxa richness

– Diversity Indices

– Similarity Indices

– Biotic Indices

Ecosystem Level

– Structure of food webs

– Productivity

– Decomposition

– Chemical cycling

Biomonitoring methods provide a range 

of techniques to assess the impacts of 

aquatic pollution. 



Biological Assessment

Three-step process: 

1.  Sample aquatic organisms. 

2.  Summarize data using biological indices. 

3.  Compare to reference streams.



What is a Biotic Index?

 A Biotic Index is intended to be a measure (scale) of 

relative ecosystem health based on the organisms 

present.  Essentially it is a way of getting one number to 

reflect ecosystem quality which you can compare 

against a given scale.

 It may involve:

– Taxa presence/absence

– Taxa abundance

– Specifically the presence/Absence of pollution 

intolerant taxa



How can you Calculate a Biotic Index?

1. Collect X-organism

2. Separate your organisms taxonomically

3. Record the information required for your index. This may 

involve counting individuals within each sample of each 

specific taxonomic grouping.

4. Plug it into the equations of the biotic index you intend to 

use



1. Collecting BUGS! 2. Pick your samples (and 

preserve  samples  in 

90% ethanol)

3. Separate Taxonomically

4. Count abundance and Plug  appropriate

information into your Index Equations



Some Macroinvertebrate Indexes and Uses

 Beck’s Biotic Index
– Sort individuals taxonomically and by pollution tolerance 

• Class I = Pollution Intolerant

• Class 2 = Moderately tolerant

• Class 3 = Pollution tolerant (not considered)

 Shannon Weiner Diversity Index
– Measure of Diversity

– This allows us to show: 

(observed diversity)/(maximum possible diversity)

 Hilsenhoff Biotic Index
– Assigns each species a tolerance value which is multiplied by the 

abundance (number or individuals of that class found)

– Ranges from 1-10 with 1 being extremely clean and 10 being heavily 
polluted

– Higher tolerance values will be for more pollution tolerant individuals
• So what might we expect of a stream with many pollution tolerants and very 

few pollution intolerants?

















Macroinvertebrate Biology

Habitat

Movement

Feeding

Breathing

Life History

Stress Tolerance



Habitat
The place where an organism lives

Running waters – lotic – seeps, 

springs, brooks, branches, creeks, 

streams, rivers

Mineral 

bedrock, 

boulders, cobbles, 

pebble, gravel, 

sand, silt, clay

Standing waters – lentic –

bogs, marshes, swamps, ponds, 

lakes

erosional (riffles, wave action) or 

depositional areas (point bars, pools)

Organic

live plants, detritus



Movement

Clingers – maintain a relatively fixed position on firm substrates in current .

Climbers – dwell on live aquatic plants or plant debris.

Crawlers – have elongate bodies with thin legs, slowly move using legs.

Sprawlers – live on the bottom consisting of fine sediments. 

Burrowers – dig down and reside in the soft, fine sediment.

Swimmers – adapted for moving through water.

Skaters – adapted to remain on the surface of water.

Locomotion, habits, or mode of existence



Feeding
Macroinvertebrates are described by how they eat, 

rather than what they eat

Functional Feeding Groups – categories of 

macroinvertebrates based on body structures and 

behavioral mechanisms that they use to acquire their food 








































































