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Understandings: 

1. Explain xenobiotics. 

- Xeno means alien, thus xenobiotics refers to chemicals (usually non-polar) that are found in 

an organism that are not normally present there or expected to be found there. In other 

words, a finding of xenobiotic in an organism is usually a negative signal that something is 

not right.  

Examples are: antibiotics, MSG, pollutants, plastic, hormones (yes fish may consume 

estrogen dumped in lake), heavy poisonous metals, insecticides, or any other man-made 

atrocities. Usually, benzenes are in xenobiotic chemicals because very difficult for enzymes 

to bind because it is so stable.  

Extra notes 

- Amelioration is an act of making things better. In this case, it is a way to reduce the 

problems involving xenobiotics. We will learn three ways: using biodegradable substances, 

through host-guest chemistry and through bioremediation.  

2. Explain host–guest chemistry. 

- The whole idea of host-guest chemistry is to “arrest” the xenobiotics by synthesizing a 

molecule that can bind to it to form what we call a supermolecule. Guest=xenobiotic and 

host=synthesized molecule.  

The bonding involved is everything except covalent bonds. Thus it includes ionic bonds, 

hydrogen bonds, Van der Waal’s and hydrophobic bonds. Why non-covalently? Basically, we 

don’t want to produce any new molecules. All we need to do is immobilize it so it cannot 

enter any other organisms.  

3. Explain biodegradable/compostable substances. 

- The whole idea is to simply not make xenobiotics from the first place. Currently it is in 

terms of plastics.  

Biodegradable substances are substances that can be naturally broken down by organisms. 

Non-biodegradable substances are opposites. Plastics and DDT are non-biodegradable thus 

are potentially on earth forever unless it is artificially broken down by us or some kind of 

super mutant rat pops up and eats everything. So far, we have two main options.  

Type Explanation 

Plant-based plastic that is degradable 
through hydrolysis.  

It is mainly made of starch. Its products are 
carbon dioxide and water.  

Petroleum-based plastic that is degradable 
by bacteria. 

It is made of wastes from oil industries 
(perfect!). Because bacteria can break down, 
it is said to be compostable. So it is just like 
any other soil or food waste. 
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4. Explain bioremediation. 

- The whole idea is to use naturally occurring organisms to break down the pollutants.  

For instance, quite many bacteria and fungi have developed to oxidize hydrocarbons as a 

part of their respiration, thus these are useful when cleaning up oil spills. Target 

bacteria/fungi may be grown in lab and then release them onto the affected area.  

It may not only be oil but also other spills but other industrial wastes. The problem is of 

course, we disturb the ecosystem by dumping organisms.   

5. Explain the use of enzymes for bioremediation. 

- To enhance the process of bioremediation, suitable enzymes can be synthesized or 

extracted and released as well. Enzymes are perfect to reduce energy to clean! 

In addition, detergents have been quite a problem too. But there is this idea of using 

biological detergents, which are normal detergents with enzymes! Nice!  

6. Explain biomagnification. 

- Biomagnification is the increase in concentration of xenobiotics (can be other substances) 

in a food chain. This happens of course for non-digestible xenobiotics since it passes from 

producers/primary consumers all the way up to tertiary/quaternary consumers.   

Because it cannot be digested, the amount accumulates higher up the chain we go. An 

example is the insecticide DDT used in WW2.  
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7. Explain green chemistry and its aims. 

- Green/sustainable chemistry is a form of regulation to stop environmental degradation.  

It strives to minimize the production and release to the environment of hazardous 

substances. It has helped in terms of food and drinks, bioplastics, cosmetics, clothing, and 

more.    

Applications and skills: 

1. Discuss the increasing problem of xenobiotics such as antibiotics in sewage treatment 

plants.  

- If xenobiotics can be broken down and detoxified in an organism, sure no problem. But if it 

cannot, which is not too uncommon, there is a bioaccumulation of xenobiotics. 

Bioaccumulation is increase in concentration of xenobiotics (can be other substances) in an 

organism. For instance an increase in mercury in the body just leads to death.  

How does it get there in the first place? All things we flush get to sewage system. In our 

urine there are many different xenobiotics including the hormone estrogen. Hospitals may 

flush antibiotics, painkillers or other pharmaceutically active compounds. School labs may 

flush toxic products. The problem is that sewage plants cannot break down xenobiotics 100% 

before dumping into lakes.  

In particularly estrogen, we feminize male fish and reduce their ability to fertilize.  

2. Describe of the role of starch in biodegradable plastics.  

- Explained above. Starch makes plastic biodegradable through hydrolysis.  

3. Explain the application of host–guest chemistry to the removal of a specific pollutant in 

the environment.  

- Examples are removal of radioactive Ce-137 and aromatic amines which are known to be 

carcinogenic (substance that tend to cause cancer).  

4. Describe an example of biomagnification, including the chemical source of the substance. 

Examples could include heavy metals or pesticides.  

- Use the example of DDT used during WW2 and how it affects upper consumers, such as 

ospreys. The toxin weakens the egg shells, thus susceptible to death.  
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5. Discuss the challenges and criteria in assessing the “greenness” of a substance used in 

biochemical research, including the atom economy.  

- There are many ways to assess the “greenness”. Although the book doesn’t mention that 

much, I will just try to mention some I found on the internet.  

Method Description Problem 

Effective mass yield Percentage of mass of 
wanted products over mass 
of non-benign (unwanted) 
products. 

“Non-benign” product is 
rather subjective. In addition 
it fails to assess toxicity of 
each product.  

Atom economy A more objective approach 
to effective mass yield. It is 
percentage of product over 
all reactants.  

Inorganic compounds 
ignored because they are not 
in final product (for some 
reason). Solvents used are 
ignored. Solvents may be 
dangerous and still dumped! 

Environmental E factor Total waste over product. 
The lower the better.  

Ignores the actual amounts. 
Oil industries have much 
lower E than 
pharmaceuticals but they 
produce much more in 
absolute terms.   

EcoScale (the most recent 
method) 

Takes into account of cost, 
safety, technical set-up, 
energy and purification 
aspects. A very complicated 
definition.  

We will have to see. 

 

 


