Hazards and Toxicity

“What is it that is not poison?  All things are poison and nothing is without poison.  It is the dose only that makes a thing not a poison.”

Paracelsus, 1493-1541
The Process of Risk Analysis

· The process of risk analysis has four steps 

· hazard identification

· dose-response evaluation

· exposure assessment

· risk characterization

Hazard Identification

· The initial step in risk analysis, hazard identification, involves identifying chemicals that present a risk to human health 

· performing a qualitative assessment of a chemical’s potential for negative health impacts

Traditional vs. Modern Hazards

· Traditional

· Disease vectors

· Infectious agents

· Inadequate housing

· Poor quality drinking water and sanitation

· Indoor air pollution from cooking and heating

· Dietary deficiencies

· Hazards of child birth

· Wildlife and domestic animals

· Injury hazards in agriculture

· Modern

· Tobacco smoking

· Transport hazards

· Water Pollution from sewage and industry

· Air Pollution from industry and motor vehicles

· Overuse or misuse of chemicals

· Industrial machinery

· Unbalanced diet

· Excessive noise

Noise

· Sound itself is not a pollutant

· When it interferes with tasks

· it distracts, annoys or disturbs

· When it causes losses in hearing or alters physiology in negative way

· Then it becomes unwanted sound, or noise

The Physics of Sounds

· Sound is a form of energy that is produced by the vibration of objects

· which compress and expand air, water or solids to produce waves

· Frequency and Amplitude as aspects of Sound

The Physics of Sound

· Soft sounds

· have a low amplitude

· Loudness

· characterized by large amplitudes

· This amplitude intensity or loudness is measured in decibels (dB)

Physiology of Sound and Health Effects

· Sounds enters the ear vibrating the tympanic membrane

· The tympanic membrane is connected to a series of three very small bones in the middle ear known as the malleus, incus, and stapes which transmit the vibration to the oval window of small-shaped structure called the cochlea

Physiology of Sound and Health Effects

· Excessive sound pressure (loud noises) can destroy the delicate hairs in the spiral organ

· Hearing loss is known as permanent or temporary threshold shift (PTS or TTS)

· The regulation of sound requires that it be measured according to a standard

· Department of Labor - OSHA set a permissible exposure limit of 90dBA for an eight hour day, 40 hour work week

Sound levels of familiar sounds

An increase of 3 dB is a doubling of sound pressure

Radiation

· Atoms

· consist of a small dense center called a nucleus surrounded by a cloud of negatively charged electrons

· When a radioisotope decomposes

· it releases energy as electromagnetic radiation (g or x- rays), and energy of motion from particles (a or b)

Radiation

· An atom which is missing one or more electrons is referred to as an ion

· Energetic radiation capable of doing this is called ionizing radiation 

· Every individual comes into contact with ionizing radiation from three general types of sources:

· naturally occurring

· cosmic rays, minerals 

· naturally occurring but enhanced by human actions (radon)

· human generated (fallout)

Health Impacts of Ionizing Radiation

· Dose

· High vs. low

· Dose rate

· Time span for a certain exposure may be more important than total dose

· Health Impacts of Ionizing Radiation

· Radiation Induced Mutations

· Birth Defects

· Radiation-Induced Cancer

Ultraviolet Radiation

· Wavelengths of the electromagnetic spectrum ranging between 40-400 nanometers in length are categorized as ultraviolet (UV) light

· Injury to the hereditary material of cells is the reason for the lethal or mutational effects which excess UV exposure can provoke in living organisms

· Three major types of skin cancer account for over 700,000 new cases of the disease diagnosed in the U.S. each year

· Basal cell carcinoma  

· Squamous cell carcinoma

· Malignant Melanoma

Ultraviolet Radiation

· Some Beneficial Effects

· Needed to produce Vitamin D

· Germicidal properties

· Treat bacterial skin diseases

US DOT Hazards

· Information

· Labels for Containers

· Placards for Vehicles

· Shipping papers for each shipment

· Standards for Shipping Containers

· Inspections

· Penalties for non-compliance 

US DOT Hazards Material Symbols

NFPA Risk Information
· National Fire Protection Association labeling system

· Containers, storage rooms

· For emergency responders

· Local (permits) & insurance (premiums) enforcement

NFPA General Rating summary

Classes of Xenobiotics

Toxicity and Toxins

· Adverse effects are manifested through an interaction of:

· the host such as humans (or organisms)

· the environment

· the agent

· in a relationship referred to as the “toxic triangle” or Epidemiologic Triad

Epidemiologic Triad

· Organisms

· Chemicals

· exogenous

· endogenous

· Nutrients

· Physical forces

· Psychological factors

· Genetic

· Immunity

· Immunologic response

· Host behavior

· diet

Toxicity and Toxins

· In the United States, there are currently > 70,000 synthetic chemicals in commercial use

· for most of them, their toxicity is NOT widely known or understood

· ~ 1,000 - 2,000 new chemicals are added each year = opportunity for untested materials to enter the environment and expose humans, wildlife, and plants 

Regulatory Definitions

· Superfund (CERCLA): 

· Hazardous Substance

· Toxic Substances Control Act (TSCA):

· Toxic Substance

· RCRA: 

· Hazardous Waste

· Additional definitions

· Clean Water Act (CWA)

· Clean Air Act (CAA)

Toxicity and Toxins

· A poison or toxic substance does not constitute a hazard unless contact is made with the organism in a form and quantity that can cause harm

· Exposure

· Dose

· “The dose makes the poison”

Toxic Substances

· Toxic substances can cause:

· reversible or irreversible injury 

· tumors, neoplastic effects, or cancer 

· reproductive errors including mutations and teratogenic effects 

· irritation or sensitization 

· a reduction in motivation, mental alertness, or capability

Toxic Substances

· Toxic substances can:

· alter behavior

· cause death of the organism

· by acute poisoning

· one time exposure of short duration resulting in systemic damage

· by chronic poisoning

· long term, low level exposure resulting in systemic damage

· much more complex
Acute Toxicity

· Acute Poisoning - usually defined by a Lethal Dose level such as LD50 

· Units mg of substance per kg of body weight

· The lower the LD the more toxic the substance

· A Dose that was lethal to 50% of the population, for example 50 mg/kg

· 50 mg/kg = 3/4 tsp for an average adult

· 50 mg/kg = 1/8 tsp for a 2 yr. old child

· LD0 = no deaths

· LD100 = entire population died

· The lower the LD value the greater the toxicity

Dose - Response


LD50 

Acute Toxicity

· Acute Poisoning

· Sodium fluoride

· LD50 ~ 35 mg/kg, acute oral toxicity

· yet, taken at chronic doses of 1 - 2 mg/day to prevent cavities 

· Sodium Chloride (table salt)

· LD50 ~ 3 g/kg; but children ~ 2 tsp.

· Adult need ~ 200 mg/day; > at high temps.

· Average American diet 8,000 - 10,000 mg.day

· Acute Toxicity

· A caution about numbers

· Parathion

· LD50 ~ 10 mg/kg

· Vitamin D

· LD50 ~ 10 mg/kg or ~ 400,000 IU/kg

· However, w/o it death would result

Acute Toxicity - Some additional examples

· Caffeine

·  ~ 100 cups of strong coffee

· Oxalic Acid

·  ~ 10-20 pounds spinach, rhubarb

· Ethanol

·  ~ 1/5th of Vodka, Gin, Scotch

· Aspirin 

· ~ 500mg/kg ~ 70 @ 500 mg

· APAP 

· ~ 150mg/kg ~ 20 @ 500 mg 

Classification System for Acute Toxicity

Hazards by Routes of Exposure

Routes of absorption, distribution and excretion

Est. global deaths (x000) from infectious and parasitic disease (1993)

· Acute lower respiratory infections
4110

· Diarrhea under age 5


3010

· Tuberculosis



2709

· Malaria




2000

· Measles




1160

· Hepatitis B




933

· AIDS




700

· Whooping Cough



360

· Bacterial meningitis


210

· Schistosomiasis



200

· Leishmaniasis



197

· Congenital syphilis


190

· Tetanus




149

Source: WHO 1995

Global burden of disease from water, sanitation and hygiene

· 3.4 million people, mostly children, die annually from water-related diseases.

· 2.4 billion people lack access to basic sanitation include the poorest in the world.

· 1.1 billion people lack access to even improved water sources.

· Access to safe water supply and sanitation is fundamental for better health, poverty alleviation and development.

· these figures are as of 28 August 2002

· http://www.who.int/water_sanitation_health/General/factsandfigures.htm

Diarrhea

· 2.1 million people die every year from diarrheal diseases (including cholera) associated with inadequate water supply,
sanitation and hygiene. 

· The majority are children in developing countries.

· Water, hygiene and sanitation interventions reduce diarrhea incidence by 26% and mortality by 65%.

Malaria

· 1 million people - mainly children under 5 - die of malaria each year. 

· 300 million people suffer from malaria every year, 90% of the disease burden is in Africa and South of the Sahara.

· Intensified irrigation, dams and other water related projects contribute importantly to this disease burden.

· Better management of water resources reduces transmission of malaria and other vector borne diseases.

Schistosomiasis

· 200 million people are infected with schistosomiasis.

· 20 million suffer severe consequences.

· The disease is still found in 74 countries of the world.

· Basic sanitation reduces the disease by up to 77%.

Arsenic

· 35 - 77 million from a total of 125 million in Bangladesh are at risk of drinking contaminated water.

· At least 100 000 cases of debilitating skin lesions caused by arsenic are believed to have occurred in Bangladesh.

· Arsenic contamination of ground water is a global problem. It has been found in many countries, including Argentina, Bangladesh, Chile, China, India, Mexico, Thailand and the United States.

Trachoma

· 6 million people are visually impaired by Trachoma.

· 146 million are threatened by blindness.

· 500 million people are at risk from Trachoma (chlamydia trachomatis)

· Trachoma can be prevented by improving sanitary conditions and hygiene practices.

Japanese encephalitis

· 20% of persons with Japanese encephalitis with clinical symptoms die.

· 35% have permanent brain damage.

· Improved management for irrigation of water resources reduces transmission of disease, in South, South East, and East Asia.

Fluorosis

· It is estimated that nearly 28 million people suffer from chronic fluorosis primarily due to exposure to fluoride in drinking-water, in
China alone.

· Removal of excessive fluoride from drinking-water reduces crippling fluorosis.

Types of Genotoxicity

· Genotoxic events play a role in:

· Carcinogenesis, tumor formation

· Developmental toxicity (heritable genetic diseases, malformations)

· Other Somatic diseases, such as arteriosclerosis and cataracts

· Three types of genotoxic effects which result in genetic material changes

· Gene mutation is the result of single or multiple base pair substitution, deletion, insertions 

· Chromosomal alterations (including loss or gains) leading to structural breaks, deletions, translocations

· Gene rearrangements (gene amplification, loss of activity)

Pathogens are also toxic agents that can cause cancer

· HP - Gastric; Mucosal-associated lymphoid tissue

· Schistosoma haematobium - Bladder cancer

· HTLV-I - Adult T-cell leukemia/lymphoma

· HHV-8 - Kaposi’s sarcoma

· EBV - Lymphoproliferative disorders;  Nasopharyngeal; Burkitt’s lymphoma

· HPV - Anogenital carcinoma; cervical cancer

· HP = Helicobacter pylori V.; HTLV = Human T-cell Leukemia/lymphoma V.; HHV = Hepatitis B V.; EBV = Epstein-Barr V.; HPV = Human papilloma V.

IARC Carcinogenic Categories

· There is sufficient evidence for carcinogenicity in humans

2A. An agent is probably carcinogenic to humans

2B. An agent is possibly carcinogenic to humans

· There is inadequate evidence for carcinogenicity to humans

· Not carcinogenic

IARC Carcinogenicity categories

· Group 1: The agent (mixture) is carcinogenic to humans. The exposure circumstance entails exposures that are carcinogenic to humans.

· Group 2A: The agent (mixture) is probably carcinogenic to humans. The exposure circumstance entails exposures that are probably carcinogenic to humans.
Group 2B: The agent (mixture) is possibly carcinogenic to humans. The exposure circumstance entails exposures that are possibly carcinogenic to humans.

· Group 3: The agent (mixture, or exposure circumstance) is not classifiable as to carcinogenicity in humans.

· Group 4: The agent (mixture, exposure circumstance) is probably not carcinogenic to humans.

Agents and groups of agents

· Aflatoxins, naturally occurring [1402-68-2] 4-Aminobiphenyl [92-67-1] 

· Arsenic [7440-38-2] and compounds 

· Asbestos [1332-21-4] 

· Azathioprine [446-86-6] 

· Benzene [71-43-2] 

· Benzidine [92-87-5] 

· Beryllium [7440-41-7] and compounds 

· (N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine) [494-03-1] 

· Bis(chloromethyl)ether [542-88-1] and chloromethyl methyl ether [107-30-2] (technical-grade)

· 1,4-Butanediol dimethanesulfonate (Busulphan; Myleran) [55-98-1] (

· Cadmium [7440-43-9] and compounds 

· Chlorambucil [305-03-3] 

· 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (Methyl-CCNU; Semustine) [13909-09-6] 

· Chromium[VI] compounds

· Ciclosporin [79217-60-0]

· Cyclophosphamide [50-18-0] [6055-19-2]

· Diethylstilboestrol [56-53-1] 

· Epstein-Barr virus 

· Erionite [66733-21-9] 

· Ethylene oxide [75-21-8] 

· Etoposide [33419-42-0] in combination with cisplatin and bleomycin 

· [Gamma Radiation: see X- and Gamma ()-Radiation] 

· Helicobacter pylori (infection with) 

· Hepatitis B virus (chronic infection with) 

· Hepatitis C virus (chronic infection with) 

· Human immunodeficiency virus type 1 (infection with) 

· Human papillomavirus type 16 

· Human papillomavirus type 18 

· Human T-cell lymphotropic virus type I 

· Melphalan [148-82-3] 

· 8-Methoxypsoralen (Methoxsalen) [298-81-7] plus ultraviolet A radiation 

· MOPP and other combined chemotherapy including alkylating agents
Agents and groups of agents

· Mustard gas (Sulfur mustard) [505-60-2] 

· 2-Naphthylamine [91-59-8] 

· Neutrons 

· Nickel compounds 

· Oestrogen therapy, postmenopausal 

· Oestrogens, nonsteroidal 

· Oestrogens, steroidal

· Opisthorchis viverrini (infection with) 

· Oral contraceptives, combined 

· Oral contraceptives, sequential 

· Phosphorus-32, as phosphate 

· Plutonium-239 and its decay products 

· Radioiodines, short-lived isotopes, including iodine-131, from atomic reactor accidents and nuclear weapons detonation (exposure during childhood) 

· Radionuclides, a-particle-emitting, b-particle-emitting, internally deposited 

· Radium-224, Radium-226, Radium-228 and their decay products 

· Radon-222 [10043-92-2] 

· Schistosoma haematobium (infection with) 

· Silica [14808-60-7], crystalline (inhaled in the form of quartz or cristobalite from occupational sources) 

· Solar radiation 

· Talc containing asbestiform fibres 

· Tamoxifen [10540-29-1] 

· 2,3,7,8-Tetrachlorodibenzo-para-dioxin [1746-01-6]

· Thiotepa [52-24-4]

· Thorium-232 and its decay products, administered intravenously as a colloidal dispersion of thorium-232 dioxide 

· Treosulfan [299-75-2] 

· Vinyl chloride [75-01-4] 

· X- and Gamma (g)-Radiation

IARC Group 1

Mixtures

· Alcoholic beverages 

· Analgesic mixtures containing phenacetin

· Betel quid with tobacco 

· Coal-tar pitches [65996-93-2] 

· Coal-tars [8007-45-2] 

· Mineral oils, untreated and mildly treated 

· Salted fish (Chinese-style) 

· Shale-oils [68308-34-9] 

· Soots 

· Tobacco products, smokeless 

· Tobacco smoke 

· Wood dust 


Exposure circumstances 

· Aluminium production 

· Auramine, manufacture of 

· Boot/shoe manufacture and repair 

· Coal gasification

· Coke production 

· Furniture and cabinet making 

· Haematite mining (underground) with exposure to radon 

· Iron and steel founding 

· Isopropanol manufacture (strong-acid process) 

· Magenta, manufacture of 

· Painter (occupational exposure) 

· Rubber industry 

· Strong-inorganic-acid mists containing sulfuric acid (occupational exposure to)

Carcinogenicity Stages

· Initiation

· Changes in DNA creating an “initiated” cell

· Dose related, greater dose greater number of cells with potential for unrestricted proliferation or cells with multiple mutations

· In rapidly dividing cells there is less time for DNA repair

· Promotion

· A substance that does not cause tumor development but transforms the initiated cell into activated abnormal

· Local cell proliferation usually leading to benign tumor

· Dose and duration are key factors

· Some promoters may be tumorigenic 

· Progression

· Tumor cells become malignant with unrestricted proliferation

· Metastases occur causing secondary tumors 

Toxicology

· Animal studies are often used to delineate both the lower and upper limits of a chemical’s potency

· Typical measures based on dose response relationships for an endpoint

· NOEL, NOAEL, LOAEL

· LD50   ED50   Maximum Tolerated Dose (MTD)

Three “Laws” of Toxicology

· Dose makes the Poison

· everything can create toxic effects

· Chemicals have specific effects

· structure relationships, subtle changes can mediate toxicity

· Human is an animal

· animals can be used as “human” surrogates, choice is important

Dose-Response Assessment

· The next step, dose-response evaluation, provides a quantitative view of the risk 

· also involves a review of scientific studies and data  

· The magnitude of response is correlated with the dose 

· Toxicologists use different doses to elicit different animal responses

· Animals receiving doses above the threshold amount will begin to show adverse effects and some animals will die.

Dose can be influenced by many factors
Dose Response

NOAEL

No Observable Adverse Effect Level
Dose Response

LOAEL

Lowest Observable Adverse Effect Level
Dose Response

Reference Dose, RfD

· Allowable daily dose over a lifetime

· = (NOAEL) / (UF)

· Uncertainty Factors

· 10x, Animals to Man

· 10x, Susceptibility

· 10x, Only Acute Studies

· 1-10x, Others

· In absence of NOAEL

· = (LOAEL) / (10)

· + UF as above

· Found in EPA’s IRIS database

Dose - Response

· Metabolites
Dose - Response

· Dose related Toxicity
Dose - Response

· Modes of Action

Dose Response

LD50 

ToxicityA > ToxicityB
Dose Response

ED50 = Effective Dose

EDA > EDB

Dioxin

· Dioxin is a by-product from heating mixtures of chlorine and organic compounds in industrial processes

Dioxin & Some Contamination Sites

· Dioxin slowly breaks down in the environment when it is exposed to the ultraviolet rays of the sun, otherwise, it is a stable compound

· Vietnam

· Seveso, Italy

· Times Beach, Missouri

· Newark, New Jersey

Dioxin, Anti-estrogenic Effects

· Dioxin indirectly breaks down the body’s normal estrogen

· decreases the number of estrogen receptors available for naturally occurring estrogen

· Dioxin does not attach to the estrogen receptor

· it attaches to a receptor called the Ah-receptor, whose function is unknown

Dioxin

· EPA Draft of Dioxin Reassessment Document in 1994

· Dioxin poses increased risk for

· cancers

· adverse reproductive and developmental effects

· neurological damage from in utero exposure

· endocrine disruption

Polychlorinated biphenyls (PCBs)

· Chemically inert, nonflammable fluids with a high dielectric constant

· 1929 to 1977, in the U.S. used in transformers, capacitors, hydraulic and heat transfer fluids, and solvents in adhesives and sealants

PCBs

· More than 94% of fish collected in the U.S. show PCB residues at an average concentration of 0.53ppm

· Japan, 1968 - Yusho (rice oil) Disease

· 1300 Japanese developed symptoms, which included chloracne, eye discharge, and swelling in the joints

PCBs

· Taiwan, 1979 - Yu-cheng Disease

· Children at birth were observed to have abnormalities in teeth, nails and pigmentation, low birth weights

· Lower IQs were observed in the children as they aged

Lead and (major exposure sources)

· In North America lead has been used

· in pesticides as lead arsenate (soil)

· in paint (home and soil)

· as solder in pipes (home - water)

· as a solder in food containers (food)

· as an anti-knock compound in gasoline (air, soil, water)

· Ingestion and inhalation, while organic lead may also be absorbed through the skin

In the 1970s, federal legislative and regulatory programs were started to reduce lead hazards, including the limitation of lead in paint and gasoline
Lead

· Lead affects the formation of blood

· by slowing the normal maturation of red blood cells in the bone marrow, decreasing the number of red blood cells and possibly causing anemia 

· lead inhibits the synthesis of hemoglobin

· Lead may:

· Impair fertility in both men and women

· Lower sperm counts

· Cause spontaneous abortions and stillbirths

Lead & Children

· Young children are at a greater risk for elevated lead levels due to: 

· their increased oral activity 

· increased ability to absorb lead 

· higher retention of absorbed lead 

· the incompletely developed nervous system

Over the past 10 years, there has been more and more evidence that lead may have serious health effects at lower exposure levels which were previously not thought to be harmful
A study in the Boston Suburbs documented the negative effects of lead on classroom behaviors
Organic Solvents

· A group of organic liquids which have the capacity to vaporize in the presence of air

· Components of many products


· including paints, varnishes, paint removers, adhesives, glues, degreasing and cleaning agents, pharmaceuticals, plastics and pesticides

Organic Solvents

· Solvents can enter the body by

· ingestion from contaminated drinking water supplies

· via skin absorption

· inhalation of vapors through direct use or indirectly such as in the shower
· Some evidence that organic solvents can cause spontaneous abortions, birth defects, and childhood cancers

Asbestos

· A collective term for a group of six fibrous silicate materials:

· Asmolite

· Chrysotile

· Tremolite

· Actinolite

· Anthophyllite 

· Crocidolite

Asbestos has been used in various products, including building materials, brake linings, textiles and insulation, as well as floor tiles, cement and potholders
Asbestos

· Asbestos enters the environment:

· Airborne settling

· Leaching from asbestos-cement pipes

· Dumping of effluent from mining operations

· Exposure is primarily achieved

· through the inhalation of micron sized that are suspended in the air, often getting trapped deep in the lungs

Asbestos

· The EPA estimated that 15 million students and 1.4 million teachers and other employees are in buildings that contain asbestos

· Asbestos School Hazard Abatement Act (ASHAA) in 1984 to provide financial assistance to schools having significant asbestos problems

· The issue of friability

Asbestos

· Crocidolite is more likely to produce disease than other forms of asbestos

· Asbestosis

· Lung Cancer

· Mesothelioma

Mercury

· Three Forms

· Elemental mercury 

· found in dental amalgam, thermometers, batteries 

· hazardous when inhaled

· Inorganic mercury compounds

· Organic mercury

· usually methyl mercury (most toxic)

Inorganic Mercury

· Vaporizes at room temperature

· Exposure due to inhalation or absorption

· Damage to kidneys and liver, tremors, interferes with coordination

· Mad Hatters Disease

Organic Mercury

· Numbness of tongue, lips, fingers, difficulty swallowing, defects

· Minamata Bay, Japan 1953-1961

· Chisso Co. dumped inorganic Hg into bay

· bacteria converted to organic Hg

· concentrated in food chain ~ fish 105 x water

· cats started to display CNS effects

· then people, > 1,000 have died

· Developmental Toxin

Exposure and Entry Routes

· Exposure

· Without exposure a toxic substance cannot produce its harmful effects on the body

· Entry 

· mechanisms of absorption 

· The passage of substances across the membranes through some body surfaces into body fluids and tissues by any of a variety of processes

· diffusion

· facilitated diffusion

· active transport

· other special processes such as endocytosis

Exposure

· Diffusion

· A passive process

· Occurs when molecules move from an area of high concentration to one of low concentration

· e.g., osmosis

· affected by factors such as pH, molecular characteristics

Exposure

· Facilitated Diffusion

· Some molecules such as amino acids and sugars require specialized carrier proteins so they can be transported across a membrane

· No high energy phosphate bonds such as Adenosine Triphosphate (ATP) are required in this process

Exposure

· Active Transport

· In this process, ATP is required in conjunction with special carrier proteins to move molecules through a membrane against a concentration gradient

· from low concentration to high concentration

· ~ 40% of ATP is consumed for this purpose

· critical to nerve impulse conduction

Exposure

· Endocytosis

· Particles and large molecules that might otherwise be restricted from crossing a plasma membrane can be brought in or removed by this process

· Phagocytosis - phagocytes engulf solids

· Pinocytosis - surface of cell membrane surrounds a liquid

· Receptor - mediated endocytosis for Ligands

Routes of Entry

· Toxic substances can enter the body:

· inhalation - the respiratory system through breathing (lungs, mucous membranes)

· dermal - through the skin 

· ingestion - gastrointestinal tract

· ocular - eyes by absorption

Surface Area

· Respiratory tract ~ 70-100 sq. meters

· Digestive tract ~ 10 sq. meters

· Skin ~ 2 sq. meters

· Therefore

· Next to intravenous administration inhalation is the fastest route to the bloodstream

The Respiratory System

Composed of the nose, pharynx, larynx, trachea, bronchi, and lungs
(5 - 15 cubic meters/day)

· 20 m3/day, EPA-RAGs 1995
The Respiratory System

· External Respiration

· The act of breathing or ventilation brings air into and out of the lungs

· Internal Respiration

· The exchange of gases between blood and individual cells

Broncho-constriction 

Narrows the lumen and restricts the flow of air, other gases, and particles from reaching more delicate tissues deeper in the lung 

Particle Size

· > 5 microns are typically removed in the nasopharyngeal or bronchial area

· by impingement and 

· by mucociliary streaming

· < 1 micron reach the alveoli and

· engulfed by macrophages

· moved up the respiratory tree

· lodge in the interstitial tissue of the lung

· enter the lymphatic spaces and glands

· carried to bloodstream

The Skin

· The skin is one of the body’s largest organs consisting of many interconnected tissues

· covering an area of 2 sq. meters in the average adult

The Skin

· The skin helps to:

· regulate body temp. via sweat glands 

· provide a physical barrier to

· dehydration, microbial invasion, and some chemical insults

· excrete salts, water, and organics 

· serve as a sensory organ for

· touch, temperature, pressure, and pain

· provide important components of immunity

The Skin

· The skin has two layers 

· Epidermis 

· Dermis

· Materials may pass through the skin by:

· Absorption via hair follicles, sweat glands

· Breaks in the skin

· Injections

· Insect bites

· High pressure steam or liquid

· Lipophilics can be absorbed by passive diffusion

Gastrointestinal tract
· Is a major route of absorption for many toxic agents including

· arsenic, mercury, lead, and cadmium which appear in food and water

· Drink ~ 2 liters/day

· includes 

· Mouth

· Pharynx

· Esophagus

· Stomach

· Small and large intestine

· Anus

The Gastrointestinal Tract

· Nutrients as well as toxic agents can penetrate through the epithelial cells of the villus, enter the blood and lymph vessels, and be carried to various parts of the body

Transport in the GI tract

· Facilitated and Active Transport are used to transport nutrients

· Toxics that have similar characteristics use the same mechanisms

· Pb, Hg, Cd, Fl

· Health, parasites, viruses, bacteria, ulcers, cancer, nutritional status, age, physical activity can affect absorption

Other Routes of Entry

· Intravenously
- into the vein

· Intramuscularly
- into a muscle

· Intradermally
- into the skin

· Subcutaneously
- under the skin

· Intraperitoneally
- into the peritoneal cavity

Metabolism and excretion of toxics

Mechanisms of Action

· The harmful effects of environmental toxins are dominated by three principal mechanisms which include: 

· the toxin’s influence on enzymes 

· direct chemical combination of the toxin with a cell constituent 

· secondary action as a result of the toxins presence in the system

Effects of Toxic Agents on Enzymes

· Enzymes act on substrates to add or remove molecules of water, oxygen or hydrogen, or amino- or other functional groups 

· Holoenzyme = Apoenzyme + Cofactor

Effects of Toxic Agents on Enzymes

· Many substances have the ability to: 

· interfere with or block the active sites of the enzyme 

· inactivate or remove the co-factor 

· compete with the co-factor for a site on the enzyme 

· altering enzyme structure directly

· changing the specific three-dimensional nature of the active site

How Toxic Agents Can Interfere with Enzymes

The Direct Action of Pollutants on Cell Components

· Strong acids, bases, and phenols can directly etch tissue

· Nitrous and sulfuric acids, and ozone can oxidize cellular material

· Carbon monoxide can react directly with hemoglobin and prevent the attachment of oxygen

Pollutants that Cause 
Secondary Actions

· Otherwise harmless substances may cause the formation of chemicals in the body that are harmful or potentially lethal

· Fluoroacetate (rodenticide 1080) may be converted in the body to fluorocitric acid which is often lethal in small quantities

· Allergens may produce discomforting or even fatal reactions by causing the immune system to release intermediary products such as histamines

Immunity and Allergies

· Immunity is based on the premise that certain immune cells in the body can recognize microbes, tissues and other substances that are “non-self” or foreign, and so destroy, encapsulate, or remove them

Immunity and Allergies

· Two separate but cooperating components of the immune system are known as:

· Humoral (antibody-mediated) immunity 

· Cellular (cell-mediated) immunity

· The responses of cellular and humoral immunity are quite different 

Components of the immune system are formed in the embryonic stages from lymphocytic stem cells that appear in bone marrow
Immunity and Allergy

· The Initial Immune Response

· The immune system responds to agents, cells, or substances that are foreign or non-self, are collectively called antigens

· Hapten – smaller molecules linked to a larger carrier molecule

· Macrophage – large “eating” cells

· Human Leukocyte Associated antigens (HLA) to B and T cells – needed for antibody response

The Antibody Molecule

· The five major classes of antibodies known as Immunoglobulins

· IgG, IgA, IgM, IgD, IgE

· the variable regions of the antibody are created in a specific three-dimensional form

· pre-configured in the B cell clone to only one antigenic group 

Antibody Activities

· The binding of an antibody with its specific antigen can activate the complement system. 

· The complement system enhances phagocytosis, inflammation, and cell lysis    

Hypersensitivity or Allergy

· An exaggerated immune response to the presence of an antigen

· There are four major types of hypersensitivity reactions:

· Cytotoxic involves complement activation, 

· Cell-mediated involve T cells responding to antigens,

· Immune complex 

· Anaphylactic degranulation and histamine release

Factors Governing Toxicity

· Properties of the Chemical

· Concentration

· Effect Dose

· Bioaccumulation

· Biotransformation

· Interactions

· Synergistic

· Antagonistic

Factors Governing Toxicity

· Age

· very young or old

· Strain

· e.g. skin color & UV

· Gender

· Weight

· Exercise and Physical Stress

· Health Status

· immune deficiencies

Some Examples of Toxic Agents - Endocrine Disrupters

· ED & Reproductive Health

· Hormone Function

· Hormones are critical in the regulation of many life processes, including 

· sexual development

· metabolic functions

· development of the brain

· human growth

· stress response

Hormone Function

· Androgens

· Regulate the development and maintenance of male sexual characteristics

· Estrogens 

· Stimulate the development of female sexual characteristics

Adverse Effects of Endocrine Disruption

· Reduced sperm counts 

· Precocious puberty 

· Increase in non-Hodgkin lymphoma 

· Marked increase in males having undescended testicles

· Testicular cancer
What are Endocrine Disruptors?

· Examples of Endocrine Disruptors

· DES

· A variety of naturally occurring plant compounds, phytoestrogens

· Pesticides such as DDT

· Plasticizers such as phthalates and alkylphenols

· PCBs, Dioxin

At least 4 different mechanisms exist by which endocrine disruptors can exert adverse effects
Reducing Exposure

· Endocrine Disruptors find their way into the food supply through:

· ingestion of contaminated grains and grasses by livestock which then store the lipophilic chemicals in fatty tissues 

· contamination of fruits and vegetables by spraying with pesticides 

· leaching from plastic wrappers can liners, and polystyrene containers

Exposure may be reduced by

· Reducing use of dairy & meat high in fat

· where organochlorines tend to accumulate

· Avoiding pesticides

· by purchasing foods low in pesticide residues

· switching to herbal or scent-based repellents

· Keeping children from vinyl toys or teething rings

· Using detergents & shampoos w/o alkylphenols such as nonoxynol and octoxynol

Haddon’s ten countermeasure strategies for injury reduction

· Prevent the creation of the hazard

· Reduce the amount of hazard

· Prevent the release of an existing hazard

· Modify the rate or spatial distribution of release

· Separate in time or space the hazard

· Separate the hazard with a barrier

· Modify the basic qualities of the hazard

· Make that which is to be protected more resistant to damage from the hazard

· Counter damage already done by the hazard

· Stabilize, repair, and provide rehabilitative and cosmetic surgery

