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How do chemicals get into the body?

Inhalation



Lung Histology

http://www.deltagen.com/target/histologyatlas/atlas_files/respiratory/lung_40x.htm

http://www.deltagen.com/target/histologyatlas/atlas_files/respiratory/lung_40x.htm


How do chemicals get into the body?

Skin absorption



Nicotine



How do chemicals get into the body?

Ingestion



EPA Standard Default Exposure Factors

Exposure path Daily 

intake

Ingestion of water 2 Liters

Ingestion of dust (child) 200 mg

Ingestion of dust (adult) 100 mg

Inhalation (total) 20 m3

Modified from Penningroth (2010). Toxic Chemical Risk. Pg 139



Chemicals get into the body even if 

they were never intended to do so.

Schecter, et al. (2005) J Occup Environ Med 47:199
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What do they do once they are there?
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What do they do once they are there?

 Distribution 
 The blood carries the chemical throughout the body.

 Storage

 Some chemicals have an affinity for an organ and stay 

there. Ex. Lead is stored in bone.

 Metabolism
 The body’s chemical processes alter the chemical.

 Toxicity
 The chemical acts on the body.



Purpose of Toxicant Metabolism

1.  Detoxify

2.  Make the toxicant easier to eliminate



http://en.wikipedia.org/wiki/File:Acetaminophen_metabolism.jpg

Some metabolites are more toxic, not less



Toxicity: How chemicals cause health problems

Toxicity begins at the molecular level

Examples:

 Binding to protein

 Binding to DNA

 Disrupting cell membranes



Toxicity: How chemicals cause health problems

 Molecular interaction

 Cellular dysfunction

 Organ dysfunction

 Symptoms



The dose determines how much toxicity
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Toxicant Elimination

Urine > Feces  > Lungs 

Minor routes (e.g., sweat, milk, hair, and nails)



Timing of Elimination

Geisser, P & Burckhardt, S (2011) Pharmaceutics 3, 12-33

After a single dose



Half life

 How long it takes for the body to get rid of half 

the chemical



Example half lives

Epinephrine – 2 minutes

Morphine   - 2 hours

Mercury     - 2 months

PCBs          - 5 to 10 years



Repeated Exposures

From  Casarett & Doull (2008). Toxicology. pg 316
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Example:  Carbon Monoxide

 Sources
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Example:  Carbon Monoxide

 What does it do once it is there?

Distribution 

 Storage 

 CO binds to proteins

Metabolism 

 the body converts some CO to CO2

Toxicity 

 CO binds to hemoglobin which blocks O2



Example: Carbon monoxide

 The dose determines toxicity

Concentration

of  CO

Symptoms

35 ppm Headache after 6 – 8 hours

400 ppm Headache after 1 - 2 hours

800 ppm Dizziness, nausea, convulsions in 45 minutes

3,200 ppm Death within 30 minutes

Goldstein M (2008). Journal of Emergency Nursing 34 (6): 538–542



Example: Carbon monoxide

 How does it leave?
 If the person is removed from the CO source,

 CO is displaced by oxygen

 Then CO is exhaled



Example: Carbon monoxide

 How does it leave?

Half-life of 

CarboxyHb

Breathing ambient air 3 hours

Breathing 100% oxygen 20 minutes



Children are especially vulnerable

 Exposure – may be higher

 Absorption – may be higher

 Metabolism – may be immature

 Elimination – may be immature



Children are especially vulnerable

 A child’s organs are still growing

 Cells are multiplying and organizing

 Growth and development are carefully orchestrated through 

biochemical signals and are therefore easily disrupted



There are more than 80,000 chemicals in 

commercial use in the U.S.



In the U.S., toxicity testing prior to  

commercial production is required for

 Food additives

 Pharmaceuticals 
(Drugs)

 Pesticides



There are more than 80,000 chemicals in 

commercial use in the U.S.

Approximately 7% of them have been fully 

assessed for their toxicity.



Synopsis

 How do chemicals get into the body?

 What do they do once they are there?

 How do they leave?

 Children are especially vulnerable

 The toxicology of most chemicals is poorly 
understood.


