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18.1 Principles of Toxicology 

Many thousands of chemicals are produced each 
year in industrialized nations. 

 

 Only a small percentage pose a risk to humans.  

 

 Vast gaps exist in our knowledge of the effects of 
toxic substances. 

 

 This is largely because of the sheer number of 
chemicals that need to be tested and the expense of 
thorough testing. 

 



 Humans are exposed to potentially toxic substances 
in virtually every aspect of our lives. 

 

 Exposure does not necessarily mean that we will be 
adversely affected. 

 

 

The Biological Effects of Toxicants 

Figure 18.01: Dose-response graph for two chemicals with differing toxocities.  



The Biological Effects of Toxicants 

Toxic substances may produce immediate 

effects, ranging from slight to severe, or 

delayed effects, with a similar range of 

severity. 

 

Toxic substances can exert their effects 

locally, often at the site of exposure, or 

systemically (in an organ system or even 

throughout much of the body). 



Figure 18.01: Dose-response graph for two chemicals with differing toxocities.  



Toxic substances may bind to enzymes and 

other important molecules, including the 

genetic material, DNA.  

 

Binding to these chemicals alters cellular 

function, sometimes in profound ways. 

 

How Toxicants Work 



The toxicity of a chemical (how toxic it is) is 
determined by a variety of factors: 

 

 the route of entry 

 dose 

 length of exposure 

 age of the individual 

 sex 

 genetic makeup 

 

Factors That Affect the Toxicity of 

Chemicals 



The effect a chemical has on the body is 

determined by: 
 

 its reactivity 

 the amount one is exposed to (known as the dose)  

 and the duration of exposure (how long one is 

exposed to a particular substance) 

Factors That Affect the Toxicity of 

Chemicals 



Chemicals enter the 
body via three major 
routes:  
 Inhalation 

 Ingestion 

 Dermal absorption 

Factors That Affect the Toxicity of 

Chemicals 

Figure 18.02: Three routes of exposure. This 
illustration shows the three major ways that 
toxic chemicals can enter the human body.  



Inhalation is the fastest route and dermal 

(skin) absorption the slowest. 

 

The age and health status of an individual are 

also instrumental in determining the effect of 

a chemical. 

 

 

 

Factors That Affect the Toxicity of 

Chemicals 



Figure 18.03: Children are more susceptible to poisoning.  
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We are typically exposed to many different toxic 

chemicals at different doses and for different 

lengths of time. 

 Toxic substances may accumulate in certain tissues 

and organs, causing local effects.  

Some may also increase in concentration in the 

food chain, being the highest in top-level 

consumers.  

Because of these phenomena, ambient 

concentrations of a toxicant may be an insufficient 

means of predicting its toxic effects. 
 

Factors That Affect the Toxicity of 

Chemicals 



Figure 18.04: 
Bioaccumulation. 
Radioactive iodine 

released from accidents at 
nuclear power plants is 
taken up by cows and 

passed to humans in cow’s 
milk. In humans, 

it accumulates in the 
thyroid gland in the neck. 

Power plant:  © Photodisc; Cows:  © WizData, 
Inc./ShutterStock, Inc.; Man drinking milk: © 
Photodisc    



Figure 18.05: Biological magnification.  



18.2 Mutations, Cancer, and Birth 

Defects 

Mutations 

 Chemical and physical agents can alter the 
hereditary material in a number of ways.  

 Such changes, called mutations, can occur in 
body cells or in reproductive cells.  

 Those occurring in body cells may kill the cells or 
lead to uncontrolled growth, a cancer.  

 Nonlethal changes in reproductive cells can be 
passed on to one’s offspring. 

 



Figure 18.06: The incidence of Down syndrome and several other abnormalities caused by 
abnormal chromosome numbers is related to the mother’s age.  



Figure 18.07: The incidence of three diseases in newborns: myositis ossificans, affecting 
bone; hemophilia, affecting blood; achondroplasia, affecting cartilage.  



 Cancer is the uncontrolled proliferation of cells of the 

body.  

 

 Tumor cells typically develop in rapidly dividing cells 

such as those of the skin and often spread to other 

parts of the body.  

 

 Hundreds of different types of cancer exist and many 

behave differently, a fact that has complicated efforts 

to find a cure for the disease. 

Cancer 



Cancers can be caused by 
chemical, physical, and 
biological agents.  

 

Chemicals that cause cancer, 
called carcinogens, generally 
require repeated exposures 
over many years.  
 

 

Cancer 

Figure 18.09: Incidence of cancer in 
asbestos workers in the United 

States and Canada.  



Most carcinogens react with the growth control 

genes of cells, causing mutations that lead to 

cancer.  

 

 Evidence suggests that some other chemical 

carcinogens cause cancer through mechanisms that 

don’t directly involve the DNA. 

 

 

Cancer 



Cancer 

Most chemical carcinogens are not directly 

mutagenic. 

 

They must be chemically altered by enzymes 

in the body to be able to react with DNA.  

 

This process is called biotransformation. 

 



Birth defects include structural and functional 

defects in newborns, which may be caused 

by chemical, physical, and biological agents 

called teratogens. 

Birth Defects 



 Birth defects may occur when an embryo is exposed 

to a teratogen during the critical period of organ 

development, organogenesis.  

 

 Chemicals vary in their effects.  

 

 Some affect specific organ systems.  

 

 Others affect a number of systems. 

 

Birth Defects 



Figure 18.08: Embryonic development and teratogenesis. Shematic representation of human 
development, showing when some organ systems develop.  



18.3 Reproductive Toxicity 

Reproduction is a complex process, involving 
many steps.  

 

Chemical and physical agents may interrupt 
any of these complex processes, interfering 
with reproduction. 



18.4 Environmental Hormones 

Certain pollutants in the environment enter 
the bodies of organisms and can alter the 
normal release of hormones, upsetting 
reproduction and other vital functions. 

Some common chemicals implicated as 
environmental hormones are: 
 Herbicides 

 Dioxins 

 Nonylphenols 

 Phthlates 

 



18.5 Case Studies: A Closer Look 

Asbestos: How Great a Danger? 

 Asbestos is a naturally occurring silicate mineral 
fiber with many practical uses.  
 

 Unfortunately, it produces three disorders:  

 pulmonary fibrosis (buildup of scar tissue)  

 lung cancer 

 mesothelioma 
 

 It is especially dangerous to asbestos workers and 
to individuals who also smoke. 

 



Extremely low-frequency (ELF) magnetic 

fields are produced when electricity flows 

through wires. 

Some studies suggest that these fields may 

increase the incidence of cancer in children 

living nearby.  

To date, however, results of studies on the 

effects of ELF magnetic fields have yielded 

inconclusive results. 

 

Electromagnetic Radiation: A Hazard 

to Our Health? 



18.6 Controlling Toxic Substances: 

Toward a Sustainable Solution 

Many laws have been passed in the United States 

and other countries to reduce the release of toxic 

chemicals into the environment. 

 

Most of these relied on end-of-pipe controls.  

 

More recent efforts are aimed at preventing pollution: 

eliminating hazardous waste production in the first 

place. 

 



The Toxic Substances Control Act seeks to: 
 

 prevent the introduction of chemicals that will be 
harmful to people and the environment  

 eliminate those already in use that pose an 
unacceptable risk 

Toxic Substances Control Act 



Many efforts are under way to harness market forces, 
rather than impose regulations on companies, to 
encourage the use of nontoxic or less toxic products.  

 

 These mechanisms promote: 
 

 innovation 

 freedom of choice 

 cost-saving solutions that many businesses view as an 
acceptable way to reduce pollution 

Market Incentives to Control Toxic 

Chemicals 



 Pollutants from factories exit via one of several 
avenues, such as wastewater or air pollution.  

 

 For years, each medium has been regulated 
separately.  

 

 Efforts are now under way to regulate and monitor 
several media simultaneously to keep companies 
from dumping potentially toxic substances in the 
least-regulated medium. 

The Multimedia Approach to Pollution 

Control: An Integrated Approach 



18.7 Risk and Risk Assessment 

Understanding and quantifying the risks 

posed in modern society is essential to 

creating socially, economically, and 

environmentally acceptable policies. 

 



Risk arises from natural events as well as 

human activities.  

Human activities profoundly influence natural 

hazards. 

 

Risks and Hazards: Overlapping 

Boundaries 



 Risk assessment is a technique that helps us  

1. identify risks  

2. determine the probability or likelihood of their 

occurrence 

3. assess the potential severity of the effects 

 the potential economic, health, social, and environmental 

costs 

Three Steps in Risk Assessment 



Assessing the risk of a toxic substance is 

difficult because: 

 so little is known about the thousands of 

chemicals  

 much of the work is done on laboratory animals, 

so may not apply to humans 

Three Steps in Risk Assessment 



The acceptability of 

different forms of 

risk is determined 

by many factors,  

especially  

perceptions. 

 

Risk Acceptability 

Figure 18.10: Determining the acceptability of a risk.  



 Several techniques are used to determine if the 

risk(s) posed by a technology or activity are 

acceptable.  

 

 The most common is cost-benefit analysis, which 

weighs the costs against the benefits.  

 

 Sustainable development strategies minimize social, 

economic, and environmental costs and maximize 

the benefits. 

 

How Do We Decide If a Risk Is 

Acceptable? 



Figure 18.12: The acceptability of a risk increases as the perceived benefit rises.  



 Risk assessment is designed to facilitate decision 
making by ensuring that the risk we perceive to be 
posed by any factor is equal to the actual risk. 

 

 Our values, what we perceive as right or wrong, 
come from many sources and often affect our 
decisions. 

 

 People’s values tend to be somewhat narrow with 
respect to time and space.  

 

 A long-range view that encompasses the entire 
planet is essential for sustainability. 
 

How Do We Decide If a Risk Is 

Acceptable? 



Toxic Chemicals in Products 

 Sodium lauryl sulfate:suzuki 

   

  SLS 

 

 http://articles.mercola.com/sites/articles/archive/2010/07/13/sodium-lauryl-sulfate.aspx  

 Surfactant paper:   

 Ethoxylates:https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&sqi=2&ved=0CIsBEBYwBg&url=http%3A%2F%2Fhrcak.srce.hr%2Ffile%2F

75548&ei=T7iMUsHYLIr4kQfYnYC4Cg&usg=AFQjCNFq8ZypsOyy5qIOkPi4wofwRxxgRg&sig2=jHK6-rzAecivwmmbP5M2yg 

 http://www.toxipedia.org/display/toxipedia/Nonylphenol+and+Nonylphenol+Ethoxylates 

   

   

   

 Phthalates 

 http://www.nrdc.org/living/chemicalindex/phthalates.asp?gclid=CLfM7YC787oCFcRi7AodOWsA3Q 

 https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=7&sqi=2 

 &ved=0CIsBEBYwBg&url=http%3A%2F%2Fhrcak.srce.hr%2Ffile%2F75548&ei=T7iMUsHYLIr4kQfYnYC4Cg&usg=AFQjCNFq8ZypsOyy5qIOkPi4wofwRxxgRg

&sig2=jHK6-rzAecivwmmbP5M2yg 

   

 Pesticides: 

  ://www.fda.gov/cosmetics/productandingredientsafety/selectedcosmeticingredients/ucm128250.htm 

 / (atrazine)  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2842049 
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