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Goals: 
 

1. Understand the basic principles of toxicology. 
2. Learn the definition of toxic substances. 
3. Identify the factors affecting absorption of toxic substances. 
4. Identify the most common hazard exposure routes. 
5. Identify the most common types of local effects. 

 
Additional reading material: 
 
Case Studies in Environmental Medicine- Reproductive and Developmental Hazards. 
 
 
Toxicology is the study of poisons. More specifically, it is the investigation of the 
adverse effects of chemicals and physical substances on living organisms. The term is 
reportedly derived from a Greek word, which meant a toxon or bow, inferring to poison-
dipped-arrows. 
  
A great number of the poisons in our environment are substances naturally occurring in 
plant or animal life. These chemicals in their natural or altered state can be or become 
toxic to humans. The Ebers Papyrus’ scrolls (1552 B.C.) are one of the earliest medical 
recordings of western civilization listing nearly a thousand medical remedies and citing 
the possible toxic effects of heavy metals. Hipoccrates (460 B.C.) identified mercury, 
lead, antimony, and arsenic as toxic, while Aristotle (350-250 B.C.) described numerous 
plant, animal and mineral poisons. Throughout history a number of toxic substances have 
been identified and developed and the art of poisoning has been perfected. Understanding 
the basic toxicological principles is essential for the practicing physician. If a physician 
suspects that an illness or clinical findings suggest an occupational or environmental 
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exposure, an understanding of the absorption, mechanism of action, potency, and 
elimination of the substance in question will prove invaluable in arriving at the correct 
diagnosis. Knowing that a substance is toxic does not mean that it will automatically do 
harm. Toxicity refers to the amount of a substance that will inherently produce adverse 
effects. According to the National Institute of Occupational Safety and Health (NIOSH) 
Registry of Toxic Effects of Chemical Substances, the definition of a toxic substance 
reads in part: 
 
 
“A toxic substance is one that demonstrates the potential to induce cancer, tumors, or 
neoplastic effects in man or experimental animals; to induce a permanent transmissible 
change in the characteristic of an offspring from those of its human or experimental 
animal parents; to cause the production of physical defects in the developing human or 
experimental animal embryo; to produce death in animals exposed via the respiratory 
tract, skin, eye, mouth or other routes in experimental or domestic animals; to produce 
irritation or sensitization of the skin, eyes or respiratory passages; to diminish mental 
alertness, reduce motivation or alter behavior in humans; to adversely affect the health of 
a normal or disabled person of any age or of either sex by producing reversible or 
irreversible bodily injury or by endangering life or causing death from exposure via the 
respiratory tract, skin, eye, mouth or any other route in any quantity, concentration, or 
dose reported for any length of time”. 
 
 
 
 
Toxicology is studied in many different and distinct medical specialties, among which 
are: Molecular, Reproductive, Genetic and Forensic as well as Environmental and 
Industrial toxicology. Industrial toxicology is the study of the adverse effects that 
substances used or manufactured in the industrial environment have in the health and 
safety of humans. Toxic substances are common in our environment. They exist as solids, 
gases or liquids depending on pressure or temperature variations. Brief exposures to 
common household toxic substances typically do not cause injury or incapacitation, 
however, substances encountered in the industrial environment may be potentially 
harmful. Industrial toxicology studies the susceptibility of workers exposed to industrial 
strength substances, from the raw material and its derivatives to the finished product. 
Industrial toxicologists, by default, investigate the nature and effect of substances used or 
produced in industry. Retrospective studies are conducted with the purpose of identifying 
substances to which workers have been exposed. They are essential in the recognition of 
hazardous substances.  
 
Many substances are inherently harmful while others do not cause harm or adversely 
impact the working environment except for the conditions of their use. Generally, 
hazardous substances do not present a hazard if properly managed and secured. A hazard 
constitutes the establishment of contact between the substance and the individual, 
especially if it presents a threat to health and safety. The Comprehensive Environmental 
Response Compensation and Liability Act (CERCLA) defines a hazardous substance as 
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any chemical regulated by the Clean Air and Water Act, the Toxic Substances Control 
Act, or the Resource Conservation and Recovery Act. Hazardous materials are defined by 
the U. S. Department of Transportation as “a substance or material, including a hazardous 
substance, which has been determined by the Secretary of Transportation to be capable of 
posing an unreasonable risk to health, safety and property when transported in 
commerce”. Hazardous wastes are solid wastes, which are “any discarded material´(i.e. 
garbage, sludge, refuse or other discarded material). A more comprehensive review of 
hazardous substances can be found in the General Industry Standards for Toxic and 
Hazardous Substances Title 29 CFR, Part 1910, Subpart Z. 
 
Mechanisms of Action: 
 
Toxins evoke a series of chemical processes after the initial event through specific action 
sites or through action at receptor sites throughout the body. The resultant effect is 
usually related to the concentration of the toxin. However, one must understand that the 
final biological result may not correlate to the specific property of the toxin and that 
different toxins can produce similar reactions. One example would be strychnine that acts 
on the central nervous system but resultant effects are skeletal muscle contractions. 
Toxins can also affect the enzymatic system producing both reversible and irreversible 
reactions. Enzymes are catalysts that perform essential biochemical cellular functions. 
Enzymes are complex protein molecules with specific sites of action. Interference with 
these sites affects the function of the enzyme and interferes with the intended biological 
action. Nerve agents developed for chemical warfare are examples of these types of 
actions. Organophosphates form an irreversible bond at the site of action of acetyl 
cholinesterase, the principal enzyme in the breakdown of the neurotransmitter 
Acetylcholine. Other types of enzyme inhibitors include heavy metals such as lead, 
arsenic and mercury. Some toxins induce disease or injury, including lethal effects, by the 
development of by-products. For example, methanol is enzymatically degraded to 
formaldehyde, which has a predilection for the optic nerve thus inducing blindness. 
Carbon monoxide poisoning results from the tighter and greater affinity that carbon 
monoxide has for the binding site on the hemoglobin molecule. Other agents lead to 
illness by enhancing natural processes and affecting the body’s ability for regeneration. 
Agents such as p-aminosalicilic acid, nitrites, quinine and primaquine among others, 
produce methemoglobin as a result of hemoglobin oxidation. In conditions such as Beta 
thalassemia, with a diminished capacity for hemoglobin regeneration, and neonates that 
have a limited ability to regenerate hemoglobin, a build-up of methemoglobin diminishes 
the effective transport of oxygen.  
 
Some toxins accumulate in the cells and depress cellular activity causing a narcotic or 
anesthetic effect. General anesthetics such as ether and halothane, as well as glues, 
organic solvents, gasoline and other halogenated compounds tend to produce an 
anesthetic reaction. In the clinical setting these substances have a fairly wide safety 
range, however, this is not the case with workplace organic solvents, which carry a 
substantial risk of death.  Naturally occurring substances like atropine, norepinephrine, 
nicotine and curare affect cellular function by their actions on neurotransmission. These 
agents affect the neurotransmitters acetylcholine or norepinephrine by mimicking or 
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inhibitory actions at the receptor sites. Cholinergic receptors that use acetylcholine for 
their action have either muscarinic or nicotinic receptors; adrenergic transmission is 
mediated by either epinephrine or norepinephrine action. Atropine and nicotine are 
cholinergic receptor inhibitors and act at the neuromuscular junction to induce relaxation 
of the skeletal muscle. Other examples of this action include the effects of Botulinus 
toxin, shellfish poisoning, tetrodotoxin and puffer fish poisoning. Yet others have 
different forms of action. Some will affect the DNA duplication process and inhibit cell 
division while others prevent RNA transcription. More commonly known products exert 
their effects by altering protein synthesis and affecting amino acid chain reconstruction: 
i.e., tetracycline and chloramphenicol interfere with ribosomal action; streptomycin and 
gentamycin interfere with mRNA translation.  
 
Immunologic Reactions:  
 
Repeated exposure to toxins or other substances alert the body’s immune system to 
develop a defensive response. This sensitization process can be initiated passively, as 
through the use of vaccinations, or actively through direct contact with an agent or 
substance in the environment. The passive immunologic response is commonly a 
controlled process. An active response, on the other hand, can lead to a hypersensitivity 
response manifested by a simple allergic reaction or advance to an anaphylactic response. 
Most initial contacts may manifest with disturbing or annoying symptoms such as a skin 
rash. Repeated exposures or an increase in the intensity of the substance can lead 
suddenly to an anaphylactic response.  
 
Direct contact with chemical irritants can lead to a chemical tissue reaction. Typically 
they affect the skin, eyes, mucous membranes and upper respiratory tissues. In the 
military setting or in bioterrorist activities the use of mustard gases or blistering agents 
can lead to a severe blistering dermatitis; phosgene and chlorine can lead to pulmonary 
edema; and nitrous oxide fumes can irritate the mucous membranes. Another irritant 
many of us have also experience is the lacrimal irritation produced by tear gases, such as 
acrolein and bromacetone. 
 
Defense Mechanisms: 
 
Barrier membranes protect our bodies, in order for us to maintain a constant homeostatic 
environment. However, these seemingly impenetrable barriers are imbedded with 
proteins with the specific function of allowing the transport of nutrients into our bodies as 
well as the elimination of wastes. Exposure to a substance does not necessarily mean 
absorption. In order for a substance to be absorbed it must first make physical contact and 
cross the membrane barrier. Depending on the hydro (water) or lipo (lipid) properties of 
the substance, toxic agents can penetrate these barriers and produce unwanted effects. 
Substances can cross these barriers by several methods: diffusion across a concentration 
gradient; facilitated diffusion through the use of carrier proteins; active transport; and 
phagocytocis. The action of these substances can also be dependent on the route of 
absorption or penetration. The four most important routes of entry are discussed below: 
skin; ocular; pulmonary; and gastrointestinal. 
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INTEGUMENT 

 
The skin is the second most common risk source for absorption of toxic chemicals. It 
consists of an external keratinized epithelial layer and a deeper dermal layer designed to 
resist the penetration of foreign substances as well as insulating the body from excessive 
water loss. The skin is a large waterproof organ inhibiting the absorption of hydrophilic 
substances. However, a break in this layer though cuts, abrasions, burns or punctures can 
increase the risk of absorption and allow the systemic penetration of toxic substances. 
Toxins can also be introduced through insect or animal bites and high-pressure systems. 
The use of products such as moisturizers, creams and lotions as well as perspiration, 
sweat and oily materials can increase the risk of absorption. Products such as benzene, 
carbon tetrachloride, insecticides and nerve gases are examples of products that can be 
absorbed through the skin and lead to serious injury or death.  
 

OCULAR 
 

The eye is a major sensory organ responsible for creating and providing visual images to 
the retina and delivering these images through the optic nerve to the ocular center. The 
eye resides in a bony socket covered with moist epithelial tissue which secretes a 
lubricant to facilitate its movement but which also promote absorption. The eyes are not 
only susceptible to traumatic injury caused by flying objects, but they can also be 
adversely affected by a host of other environmental physical agents. For example, arch 
welding, flash burns, radiation and even lasers, now commonly applied in the industrial 
setting, can induce ocular and retinal damage. In the environmental setting a potential yet 
inadvertent injurious agent is ultraviolet light, which can lead to an acute exposure 
(corneal burn) or long-term damage from chronic exposure (cataracts). The proper use of 
personal protective devices is paramount in the industrial setting. 
 

PULMONARY 
 
The respiratory system carries the greatest risk of exposure by industrial hazardous 
substances. Absorption is very high once inhalation has occurred. Gases, fumes, vapors, 
aerosolized liquids and dust particles are rapidly absorbed and/or deposited on lung 
tissue. The absorption and resultant action of toxic substances depends on the level of 
penetration reached by these agents within the pulmonary tree and the defensive 
mechanisms found at that level. The upper portion of the respiratory system, including 
the nose and upper pharynx, is susceptible to absorption, while filtering many coarse 
particles from the air. This is the case with the snorting of cocaine. Irritants in this area 
produce sneezing, which clears many of the larger particles (>5 microns). The mid 
portion of the respiratory tree, including the trachea and bronchial tubes, are lined with 
cilia. These hair-like structures along with mucous membrane secretions trap smaller 
irritant particles (2-5 microns) and induce a cough that moves them upward to where they 
are swallowed or expectorated. The lower portion of the respiratory tree, the alveoli, is 
exposed to some of the smallest irritants (<2 microns). Particles deposited in this region 
are phagosotized in an attempt at removal. Occasionally the end result is the development 
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of scar tissue and fibrosis leading to progressive loss of pulmonary function. This is 
typical of the reaction to by-products of the burning of coal. 
Chemical agents that irritate the respiratory system may induce a significant 
inflammatory response leading to constriction of the airways and decreased respiratory 
volume, commonly manifested as reactive airway disease (asthma). If the reaction is 
severe pulmonary edema can ensue. Among many well-known agents, chlorine, 
phosgene, bromine, ammonia gases and hydrogen chloride can induce these types of 
reaction.  
 

GASTROINTESTINAL 
 
The GI system is the least likely route of exposure in an industrial setting. However, 
inadvertent ingestion of toxins can result though contaminated food or drink and from 
contact of contaminated hands and fingers with the oral mucosa (lips, tongue, mouth). 
Once ingested substances are rapidly absorbed, though the degree of absorption may be 
dependent on the amount of food ingested, types of food products and the pH of the 
digestive tract. Absorption is also affected by the rate of transit - the slower the 
movement the greater the absorption. The physical health of the worker, age, nutritional 
status, concomitant disease processes and medications can also affect the level of 
absorption. Likewise the use of motility agents, regurgitants and purgatives can enhance 
elimination and decrease absorption.  
 
 
Metabolism: 

 
Once absorbed substances undergo chemical transformation as a result of enzymatic 
action. Although natural products are metabolized anywhere in the body, foreign 
substances are metabolized mainly in the liver but can also be metabolized in the lung, 
brain, kidney, skin and intestines. These enzymatic reactions can occur through four 
different mechanisms: oxidation, reduction, hydrolysis and synthetic conjugation. 
The cytochrome P450 mechanism is the most important group of oxidative enzymes. 
Through the use of monooxygenases, oxygen atoms are introduced into the substance, 
thus, altering its chemical composition. Conjugation reactions join two substances 
together with the resultant substrate having different characteristics making it more easily 
extractable.  
 
Excretion: 

 
The kidneys are the primary elimination sites of toxic substances, although the liver, 
lungs, sweat, tears, and biliary system can also eliminate toxins from the body. It should 
be noted that the rate of renal excretion is dependent on the pH of the urine. Chemicals 
are excreted by the kidney through passive glomerular filtration and passive or active 
tubular secretion. 
 
The liver is another important excretory organ. The liver filters blood from the GI tract 
before it reaches the systemic circulation. As a result, the liver can remove toxins before 
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they are distributed throughout the body. Many agents cleared by the liver enter the 
biliary system and are available for excretion. Products such as lead, arsenic and 
manganese are among the compounds excreted into the bile. 
 
The lungs eliminate products usually in the gaseous phase. Alveolar diffusion may be 
another mechanism for the lungs to eliminate blood toxins. 
 
Toxins can also be eliminated through breast milk, sweat, saliva, skin, hair and nails. 
Elimination of toxins through these sites can often provide clues to the nature of the toxin 
and degree of absorption. 
 

 
Reproductive Hazards: 

 
Chemical exposures can be associated with infertility. Proximity to toxic sites, drinking 
contaminated water or contact with contaminated clothing brought into the home from 
the worksite are among the most common sources of exposures. A case study from the 
ATSDR monograph series (“Reproductive and Developmental Hazards”) is presented 
here. This case study and the discussion of the case clearly illustrate the reproductive 
dangers of chemical toxins in our environment. 
NOTE: You may obtain additional CME credits directly from ATSDR by taking and 
submitting the answers to the case study’s posttest. You will find the post-test following 
the suggested reading list.  
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