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Caveats of using bioindicators?

While the effect of water qudity on abioindicator is often taken as a measure of the overdl
condition of the ecosystem, this assumption is not dways correct. Not al organism respond in the same
way to different forms of pollution. Theimpacts on dgae, invertebrates, vertebrates and aquatic plants
are likely to be quite different. Organisms may be sengtive to pollutants at different concentration
ranges, and some organisms may be entirdy unaffected by certain types of pollutants. For example,
photosynthetic organisms will be much more sengtive to herbicides running into water ways from
agriculturd lands, whereas vertebrates are likely to suffer the consequences of an organic pollutant that
bioaccumulatesin the ecosystem.  Even within a group of organisms (among agee, for example) some
gpecies are more sengtive than other speciesto certain pollutants. For this reason, effectson a
particular biologica indicator cannot be directly extrapolated to other groups of organisms, and using
multiple bioindicators is often required for a thorough ecologicd assessment.

Nevertheess, observing an effect on a particular organism can be of ecologicd significance,
snce pollutants rardly affect only asingle species. Furthermore, because of the complex interactions
(competition, predator/prey, symbios's) anong organisms, impacts on any species or group of
organismsis likely to reverberate throughout the ecosystem. If nothing else, an observed effect for a
particular bioindicator indicates that further investigation is warranted.

What is activated carbon and why isit used for water purification?

Activated carbon is produced by heating an inexpensve organic biomass materia to
approximately 600°C in the absence of oxygen. Raw materials often used include wood, coa, and
nutshells. Theresultisamaterid that is essentidly pure carbon. The carbon is*activated’ by
subsequent exposure to high temperature steam which generates numerous microscopic poresin the
carbon particles. The pores create surfaces upon which organic materials can bind. For some forms of
activated carbon, the surface area may be 600 - 1600 square meters per gram, the equivaent of 2-5
footbdl fieldd!!

Activated carbon is the universal absorbent known for organic substances, which bind to the
carbon atoms exposed on the pore surfaces. The carbon itsdlf is chemicdly inert, which makesit idesl
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for usein both indudtria and resdentia water purification sysems. With continua use the binding sites
of the activated carbon will become saturated, and the bound organic molecules can only be stripped
off the activated carbon at high temperature. For this reason, most home water purification systems use
disposable activated carbon cartridges.

Sample literature annotations

These are examples of literature annotations upon which you can mode the annotations you prepare for
the annotated bibliography assgnment.

Annotation example 1: Primary article

Séenz, M.E., Di Marzio W.D., Alberdi, J. L., dd Carmen Tortorelli, M. (1977) Effects of technica
grade and commercia formulation of glyphosate on dgd population growth. Bull. Environ Contamin.
Toxicol. 59: 638-644.

This paper describes the effects of two forms of glyphosate on agd growth. Glyphosateisa
broad spectrum herbicide and the active agent of Ron-do and other commercid formulations.
Glyphosate may run off into aguatic ecosystems from lands sprayed with the herbicide. Since algee and
plants are both photosynthetic, there is reason to be concerned about the effect of this runoff on aquatic
ecosystems.

The effects of glyphosate was tested on two species of green adgae, Scenedesmus acutus and
S quadricauda. The dgae were grown in Detmer’ s nutrient medium under “cool-white” fluorescent
lighting on ashaker. Different concentrations of the technica grade glyphosate (95.5% pure) or the
Ron-do formulation (48% glyphosate) were added to the algal cultures, which were incubated for up to
96 hours. Growth was determined by measuring the amount of chlorophyll in the cultures and
evauated through the t-test. Percent inhibition of growth, NOEC (no observable effect concentration)
and LOEC (lowest observable effect concentration) values were determined.

The researchers concluded that there was a difference in sengitivity between the dga speciesin
response to pure glyphosate but not to the Ron-do formulation. They aso suggest that glyphosate
runoff into agquatic ecosystems may cause harmful effects on these dgal species. Theseresultsare
pertinent to my study since glyphosate may run off into rivers around Marietta, and because they
indicate that different species of agae may show different sengtivity to the same chemical.

[Note to sudents: As an annotation of a primary literature source, this annotation includes a brief
synopsis of the purpose, methodology, results and conclusions of the study, aong with a statement of
the relevance to the classinvestigation. |
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Annotation example 2: Secondary article

Crosby, D. G. (1998) Environmenta Toxicology and Chemidgry. Oxford University Press, New Y ork.

This book broadly coversthefidd of toxicology, the study of toxins and their effects on
organisms and ecosystems.  Of particular relevance to my investigation are the chapters on
Environmenta Toxicology (Chapter 1), Toxic Inorganic Chemicals (Chapter 11) and Indusgtrid
Pollutants (Chapter 13). Chapter 1 provides an overview of basic concepts and terminology relating to
the field of toxicology. It describes some of the effect of poisons on humans, domestic and wild
animds, plants and microroganisms, and ecosystems. | will be drawing information from Chapters 11
and 13 about the mgor classes of inorganic and organic pollutants. Some of the important inorganic
chemicas include nonmettaic dements such as phosphorus and sulfur and mettaic eements such as
arsenic and selenium. Heavy metds are dso important inorganic pollutants and include mercury and
lead. Radioactive dements are dso classfied as inorganic pollutants.

Some of the important industria chemicalsinclude petrochemicals, such as ethylene glycol and
chlorinated hydrocarbons (such as chloroform and TCE). “Specid Topic 1" on ecotoxicology,
presents an informétive discussion of the disperson and fate of toxins within ecosystems, which are
much more difficult to study than individua organisms. These topics are very pertinent to our
investigation because of the number of chemica indudriesin the vicinity of Marietta

[Note to Sudents: This particular book is a secondary literature source since it includes citations within
the text, unlike many other books. Notice that this annotation does not attempt to delve too specifically
into the specific topics covered within the source, but does indicate which chapters and sections are
most pertinent to the classinvestigation.]
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I nter pretation of Results

The presence and type of pollutant(s) in the water sample can be deduced from the different
growth rates observed for the control (distilled water) and activated treated and untreated water
samples. Some patterns that might be observed are illustrated in the figures presented below. While
these figures present only trendlines to Smplify the presentation, your results would aso include the data
points. These examples represent some idedlized patterns, and your results may not clearly match any
of these. Indeed, complex interactions between different types of pollutants (e.g., between organic and
eutrophying pollutants) might yield some unusud patterns. Neverthdess, you should understand why
these patterns might occur and seek to explain your results by gpplying the same principles.

A. Evidence of no detectable pollution.

Uncontaminated water should have no effect on the growth of Raphidocelis, in which case you
would expect to see no significant difference in the growth rates between the control and river water
samples, asillugtrated in Figure 1. While it is reasonable to assume that local river waters contain a
variety of organic contaminants, their presence may not be detectable in this bioassay. On one hand the
concentration of the pollutants may be lower than that necessary to inhibit growth of Raphidocelis.
Alternatively, Raphidocelis might be insendtive to the particular type of pollutant(s) that may be
present. How might you design an experiment to test for these dternative explanations?

Figure 1. Evidence of no detectable pollutant.
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B. Evidence of an organic pollutant.

If an organic pollutant is present in the water of atype and concentration that inhibits growth of
Raphidocdlis, its remova should dso reduce inhibition of dgd growth by the water sample. 1dedlized
cdl growth patternsin this scenario are shown in Figure 2. The extent to which the trestment reduces
inhibition depends upon anumber of factors. If the pollutant does not bind strongly to activated carbon
or is present & very high levels, then it may not be effectively removed and inhibition may <till occur.
How might you design an experiment to test for these dternative explanations?

Figure 2. Evidence of an organic pollutant.
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C. Evidence of an inorganic pollutant.

If trestment with activated carbon does not reduce inhibition of alga growth by the water
sample (asilludrated in Figure 3), then possbly the pollutant isinorganic. Whileit is possible that the
pollutant is organic and does not bind to activated carbon, such pollutants are relaively uncommon.
How can inorganic pollutants be removed from water?

Figure 3. Evidence of an inorganic pollutant.
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D. Evidence of both organic and inorganic pollutants.

Conceivably, both organic and inorganic pollutants could be present. In such aSituation, we
might expect that treatment of the water with activated carbon would remove only some of the
pollutants, and therefor only partidly reduce the inhibition of Raphidocelis growth, as shown in Figure
4. There are other possible explanations for this type of result, making it risky to conclude absolutely
that both types of pollutants were present. For example, if two organic pollutants with different affinities
for activated carbon were present, only one may be effectively removed by the water treatment.

Figure 4. Evidence of both organic and inorganic pollutants.
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E. Evidence of an eutophying pollutant.

Another possible result may indicate the presence of an eutrophying pollutant. Eutrophying
pollutants frequently originate as runoff of agriculturd fertilizers, which are typicaly inorganic forms of
nitrogen. Therefore, as expected these types of pollutants do not bind to activated carbon. However,
eutrophying pollutants are inorganic nutrients for agae, and their presence can be detected by an
enhancement (rather than inhibition) of the growth of Raphidocelis, asshownin Figure 5. Noticein this
case the caculated vaue will be negative (e.g., -0.39) which reflects a stimulatory effect of the water on
the growth of thedgae. Report this as an absolute vaue, and express as "% enhancement” (e.g., 39%)

Figure5. Evidence of an eutrophying pollutant.
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