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Organics
• Contain carbon (C)

– All organic compounds contain carbon, and nearly all 
contain hydrogen and have at least one carbon-
hydrogen bond

• The simplest organic compounds are called 
Hydrocarbons
– Carbon bonded to carbon, and carbon bonded to 

hydrogen
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• Straight-chain    ie. ethanol
CH3CH2OH

• Aromatic hydrocarbon  ie.  Benzene
– Based on carbon ring structure
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• Functional groups: ie. Phenol
• Lipophilicity and small molecular size facilitates

rapid absorption through biological membranes

• Polycyclic aromatic hydrocarbon: benzo[a]pyrene
• Tend to have lower volatility and lower acute toxicity than

single-ring but may exhibit a higher degree of chronic toxicity

OH
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Behavior and transport
• Organic compounds may be released into the environment as solvents and by-

products of a variety of manufacturing processes (ie. Fuel production)
– Benzene

• Agrochemicals and other pest control products are deliberately released 
into the environment

• Size and shape of organic compound and features such as the degree of 
chlorination affect the fate and behavior

• Smaller organic molecules with low water solubility and high vapor 
pressure can be transported in the atmosphere

– Presence of organochlorines in Artic and in Antarctic from removed from 
any potential sources

• Hydrophobicity
– Associated with particulate matter (ie. Decomposing plants, animal debris)
– Recall BIOMAGNIFICATION 6

Pesticides
• A pest : any organism, plant, animal or 

microorgansim, that is destructive or troublesome, 
or living where it is unwanted.

• Pesticide: any chemical intended to prevent or 
destroy any pest.

• Classification
– Target organism
– Chemical structure
– Mechanism of action
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Pesticides
• Worldwide an estimated 5 billion tonnes applied annually
• Herbicides (70%), insecticides (20%) and fungicides (10%)
• Pesticides can increase crop yields and save lives

– Modern levels of agricultural production would be impossible 
without the use of pesticides

– Millions of lives are saved by using pesticides
• Negative aspects of pesticide use 

– Persistence
– Chronic toxicity to non target species ie. Birds
– In the US $1 billion in cops are ruined each year due to 

overapplication or inappropriate use of pesticides
– Under current US law there are no restrictions to the foreign sale of 

toxic compounds
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Chlorinated organics

• DDT (Dichlorodiphenyl-trichloroethane) 

• First synthesized in 1874
• Marketed as an insecticide in 1942
• Widely used by the US army for malaria and typhus prevention
• Use expanded in later years by the World Health Organization to 

combat a variety of insect-borne diseases
• Acts as a sodium channel blocker- interfers with ion transport systems 

in the neuronal cell membrane interferring with neurotransmission
• It was extremely economical 

CCl Cl
H

CCl3
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DDT
• Initially thought that DDT was safe (doesn’t cause acute toxicity)
• 1960- Eggshell thinning in predator birds (eagles)

– Potentially by inhibiting carbonic anhydrase
• Half-life in soil is 30 years
• Only slowly degraded by microorganisms, heat or UV light
• Not metabolised nor excreted by the body so it bioaccumulates up the 

food chain
• Banned in US and Canada in 1970s

– Genetic resistance in several target organisms
• DDT still remains the insecticide of choice in many tropical regions
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•Abnormal sexual development in other vertebrates including birds, retiles, and fish
•1949- crop dusters handling DDT had reduced sperm counts
•Decrease in alligator population in Lake Apopka, Florida- DDT spill
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Mirex and Chlordecone (Kepone)
• Heavily chlorinated compounds
• Marketed for the eradication of fire ants in the 

southern US
• Release of 53,000 kg of Kepone in the James 

River (Virginia) during the 1970s led to 
neurological symptoms in workers at the Kepone
manufacturing plant

• Plant was abruptly closed in 1975
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Organophosphate pesticides

• Parathion

• Mechanism of action relies upon the inhibition of the synaptic 
enzyme acetylcholinesterase (nerve gas derivatives-sarin)

– Acetylcholine - neurotransmitter-binds reversibly
- Extremely toxic to non target organisms such as birds and mammals 

• Degraded fairly rapidly by soil bacteria 

NO2
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Carbamate pesticides

• Derivatives of carbamic acid

• Act as acetylcholinesterase inhibitors
– Lower dermal toxicity
– Widely used in US and Canada
– More readily degraded
– Toxicity associated with accidental poisonings
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Phenoxyacid Herbicides
• Agent orange

– Moderately water soluble
– By product is TCDD (tetrachlorodibenzodioxin)

OCH2C-OH
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Cl
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OCH2C-OH
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Cl

Cl O
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2,4-D 
Dichlorophenoxyacetic acid

2,4,5-T 
Trichlorophenoxyacetic acid
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Cl Cl
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O

O

15

Dioxins

• Broad spectrum of symptoms:
•Weight loss, reproductive failure
• chloroacne
• induction of enzymes
• carcinogenesis, teratogenesis

• Group of toxic halogenated aryl hydrocarbons 
formed as by products of manufacturing and incineration processes

• Agent Orange application
• Pulp and Paper mill effluent

• Viktor Yusuchenko
16

Bipyridilium Herbicides

• Paraquat and diquat

– Redox cycling
– Generation of free radicals

• Accidental exposure/particularly with lungs

1/2NADPH + H+

P-450
REDUCTASE

1/2NADP+ O2

O2
.

PARAQUAT

PARAQUAT
FREE RADICAL

17

Polychlorinated biphenyls (PCBs)

• Low water solubility and high lipid solubility
• Commonly used insulating chemicals in electricity 

industry
– Many electric transformers filled with PCBs are still active

• Imunosuppressive, reproductive effects, gastric disorders, 
skin lesions, chloroacne, cancer

Cl

Cl

Cl

Cl

Cl
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Polychlorinated biphenyls (PCBs)

• 1960s mink ranchers in US and Canada noticed reproductive 
complications and excessive newborn mortality among their stock

• Increase in mortality was correlated with the percentage of coho
salmon in the mother’s diet

• PCBs implicated
– High PCB residues in Lake Michigan coho salmon
– Sensitivity of mink to PCBs - lab setting
– Bioaccumulation of PCB residues in mink tissue

• Subsequent investigations demonstrated substantial contamination of 
food chains associated with the Great Lakes- high degree of biomagnification

• Other well documented sites of PCB pollution
• Use restricted in US in 1974-production halted in 1977


