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Pesticides are chemicals that are used to kill pests:

Insecticides target harmful or destructive insects
Herbicides target weeds
Fungicides target fungi
Rodenticides target rodents
Acaricides target acarose (mites)

Chemical structures differ within categories as well
as between categories.  Thus toxicity to humans can
vary widely within each group.



Pesticide Use:  An Old Practice

1000 BC Chinese used sulfur as a fumigant
1800s Europeans used sulfur as a fungicide to

control powdery mildew on fruit
2001 Sulfur still used in California today

16th century Japanese mixed poor quality whale oil
with vinegar to spray on rice paddies to 
prevent development of insect larvae by
weakening the cuticle

17th century Water extracts of tobacco leaves were
sprayed on plants to kill insects

Nux vomica, the seed of Strychnos nuxmomica
(strychnine) used to kill rodents



Pesticide Use:  An Old Practice

19th century
Insecticides isolated from plants included rotenone 
from the root of Derris eliptica and pyrethrum 
extracted from flowers of chrysanthemums

Arsenic trioxide used as a weed killer, esp. dandelions

Copper arsenite (Paris Green) used for control of 
Colorado beetle

Bordeaux mixture (copper sulfate, lime and water) 
used to combat vine downy mildew



20th century Sulfuric acid (10%) used to destroy dicotyledonous
weeds without harming monocotyledonous cereal
grains and other cultivated plants with waxy coat
on leaves

1920s Public concern because some treated fruits and
vegetables were found to contain pesticide residues

Post WWII Pesticide development and use increased 
dramatically in agriculture and public health.

Widespread use of pesticides for insect control to
prevent transmission of diseases such as typhus,
river blindness and malaria

Need to make risk/benefit decisions

Pesticide Use:  An Old Practice



Toxicity of Pesticides

Must remember that pesticides are inherently toxic. 

Many different pesticides in use with very different
modes of action and levels of toxicity



WHO (1990) estimated 3 million cases of acute, severe
poisonings annually, with 220,000 deaths.   

In U.S. - 80,000 cases/year.  Primarily agricultural workers



Basic Classes of Pesticides

Insecticides
Organochlorines
Organophosphates
Carbamate Esters
Pyrethroids
Botanical Insecticides

Herbicides
Chlorophenoxy compounds
Bipyridyl derivatives

Rodenticides
Zinc Phosphide
Fluoroacetic acid and derivatives
-Napthyl Thiourea (ANTU)

Anticoagulants

Fungicides
Hexachlorobenzene
Organomercurials
Pentachlorophenol
Phthalimides
Dithiocarbamates

Fumigants
Phosphine
Ethylene dibromide
Dibromochloropropane



Ballantyne et al (ed.) General and Applied Toxicology, 1999



Insecticides

Insecticides act by poisoning the nervous system of target 
organisms - including man if dose is sufficiently high!





Organochlorine Insecticides



Acute:
• DDT produces tremors and incoordination at low doses and
  convulsions at higher doses through effects on Na channels

• HCH and cyclodienes produce convulsions as first sign
  of intoxication, and fever, through a central nervous system
  effect - possibly through disturbances in GABA-mediated 
  inhibitory transmission.

Chronic:
• Apathy, headache, emotional lability, depression, confusion
  and irritability

Carcinogenicity:
• OCs have been weakly linked with non-Hodgkin’s 
  lymphoma

Organochlorine Toxicity



Organochlorine:  DDT

DDT (1,1,1-trichloro-2,2-bis (p-chlorophenyl)ethane

• First synthesized in 1874

• Used to kill moths and carpet beetles in 1939

• Used on humans to control typhus epidemic by killing
lice in Italy in winter of 1943-1944

• Used extensively from 1940s to 1960s in:
agriculture and forestry
building and structural protection from termites
disease prevention in humans



Organochlorine:  DDT

Mammalian Toxicity:
• DDT is a Class II pesticide:  Oral LD50 is 250 mg/kg
• As little as 10 mg/kg will produce signs of poisoning
  in man
• DDT causes repetitive discharge 
  of axonal action potentials
  in response to a single stimulus





ACUTE ORAL TOXICITY



Cyclodienes and BHC (Lindane)

•  More toxic to mammals than
   DDT

• Are absorbed through skin to a
   much greater extent than DDT

• Produce convulsions by acting as
  non-competitive antagonist of 
  GABA receptors in CNS



Kepone (Chlordecone)

Occupational exposure occurred from mishandling
in plant in Hopewell, VA in 1975

76 of 148 workers developed a neurological syndrome
called “Kepone shakes”

Latency of onset - 30 days

Persistent for months after cessation of exposure

Pathology:  Damage to Swann cells which caused abnormal
        myelination

Major target organs:   CNS, liver, adrenals, testes



Environmental Problems with 
Organochlorine Pesticides

Chemical Properties:   low volatility
   chemical stability
   lipid solubility
   slow biotransformation and degradation

Good qualities for pesticides = Bad environmentally

      Persistent, Bioconcentrate, Biomagnify



Ecological Effects:  Interference with reproductive success of
organisms high on the food chain, especially fish eating
birds (osprey, pelicans, falcons and eagles)

Ortho and para isomers of DDT have estrogenic effects:
compete with estradiol for binding to estrogen receptors
in uterine cytosol

Estrogenic and enzyme inducing properties of DDT 
cause changes in steroid metabolism.  Alters ability of
birds to mobilize Ca to produce strong egg shells

Environmental Problems with 
Organochlorine Pesticides



Environmental Problems with 
Organochlorine Pesticides

Organochlorine pesticides now banned in North America
and Europe, but still used in developing countries because:

• inexpensive to manufacture
• highly effective
• relatively safe to humans

Risk/benefit weighted in favor of control of insects for 
better food production and disease control



Acetylcholinesterase Inhibitors:
Organophosphates and Carbamates

Ecological toxicity

Human toxicity

Degrade relatively rapidly in the environment, but
Class I toxicity rating in humans.

Many fatal poisonings in 1950s as parathion replaced
DDT due to improper training of pesticide applicators

















Reversible versus Non-reversible Effects

k3

k3

k3

Rate at which pesticide molecule
leaves the enzyme active site is
proportional to it toxicity.
    k3  = sec for acetylcholine
         = 30 min for carbamates
         = 17 hr for organophosphate    

“Aging” of the enzyme/pesticide complex is also possible with
organophosphates.   With time a covalent bond is formed, 
making the inhibition of the enzyme activity permanent



Treatment of Acetylcholinesterse Insecticide Poisoning

Treatment with atropine counteracts muscarinic effects

Pralidoxime given in the case of organophosphates to 
prevent aging of the enzyme/pesticide complex





Pyrethroid Insecticides

Synthetic pyrethroids available in the 1980s rapidly accounted
for 30% of the worldwide market due to lower toxicity

Replaced natural pyrethroid preparations which often caused
allergic reactions such as contact dermatitis or asthma

Pyrethroids fall into two categories based on their acute toxicity:
Type I    Peripheral and CNS effects
Type II  Primarily CNS effects 







Human toxicity:

• Cutaneous paresthesia observed in workers spraying -cyano
   type pyrethroid.  Stinging or burning sensation on skin, 
   progressing to tingling and numbness lasting 12-18 hr

• Occupational exposure has result in dizziness in addition
   burning skin.  At higher doses, can develop convulsions and 
   loss of consciousness.  Seizures can last up to 2 to 3 weeks.  

Pyrethroid Insecticides



Metabolism of Pyrethroid Insecticides:

• Low toxicity in large part due to rapid metabolism

• Hydrolytic enzymes (non-specific carboxyl esterases)
  deactivate pyrethroid compounds

• Toxicity to insects is often increased by addition of
  piperonyl  butoxide, a monooxygenase inhibitor.
  This enhances potency 10 to 300 fold.



Botanical Insecticides

Nicotine Bold as Black Leaf 40
Extremely toxic:  Oral LD50 is 50-60 mg/kg
Is readily absorbed through skin

` Mimics the action of acetylcholine

Retinoids Isolated from derris root
Toxicity varies greatly in different species
Very toxic to fish - Used to paralyze fish

for capture and consumption
Blocks nerve conduction by inhibiting

electron transport in mitochondria
Low acute toxicity in humans, but causes 

allergic reactions



Herbicides

• Generally low toxicity to mammals. 

• Mechanisms of action toward plants primarily involve
  phyto-processes.

• Can be dermal irritants since often strong acids, amines, 
  esters and phenols.  

• Can cause contact dermatitis in sub-populations of 
  sensitive people.  



Chlorophenoxy Compounds:    Mimic the action
of auxins, plant hormones that stimulate growth

Herbicides



Herbicides

Bipyridyl Derivatives

Paraquat is a very
potent, specific pulmonary
toxicant

Diquat is much less toxic



Paraquat is preferentially accumulated by Type I and
Type II alveolar cells by a diamine/polyamine transport
system.  Diquat is not.

In alveolar cells, paraquat under goes NADPH-
dependent one-electron reduction to form a free radical

Exposure causes intra-alveolar hemorrhage, congestion
and pulmonary fibrosis

Differential toxicity based on uptake: 



Fungicides

Acute toxicity generally very low in mammals:
 LD50 range from 800-10,000 mg/kg

However, most (>90%) fungicides test positive in mutagenicity
assays, raising concerns about carcinogenicity



Most cases of human poisonings have resulted from consumption
of feed grain.

Hexachlorobenzene:  Caused “black sore” syndrome in Turkey
Dermal blistering and epidemolysis, infection with
pigmented scars and photosensitivity.

Rats show evidence of immunosuppression and dose-
dependent increase in hepatic and thyroid tumors.  Also
perinatal exposure caused enlarged kidneys, hepatomegaly
and possible immune system effects

Fungicides



Fungicides

Organomercurials:    Used to treat seed grain

Peripheral and central nervous system effects seen in
two cases:

Iraq -   people consumed seed grain

New Mexico - people consumed meat from
     hogs fed treated grain



Fungicides

Phthalimides:
Low acute toxicity, but similar in structure to 
thalidomide

Captan is a weak initiator of benign squamous cell 
papillomas

Dithiocarbamates:
Low acute toxicity, but teratogenic and causes tumors
in animals.  

Suggestion that exposure can cause Parkinson-type 
syndrome.  Possible breakdown to carbon disulfide
which is a known neurotoxicant



Fumigants

Phosphine:
Aluminum phosphide (AP) releases phosphine (PH3)
when in contact with moisture.  Accidental exposure
causes pulmonary irritation, nausea, headache, 
jaundice and fatigue.

Ethylene Dibromide/Dibromochloropropane (DBCP):
Causes pulmonary edema and inflammation at > 200 ppm
Repeated exposures causes hepatic and renal damage
Chronic exposure causes malignant gastric squamous cell
carcinomas in mice and sterility in humans at 5 ppm

Fumigants are highly reactive, non-specific toxicants, so
potential for human toxicity is high


