Chapter 2: Toxicology

Objectives:

Identify the major routes of intake for human exposure.

Describe biological transformation and bioactivation.

Identify how toxins are excreted.

Describe why younger animals may be more susceptible to certain toxins than adults.

Identify factors that can alter the effects of toxic chemicals.

Describe biological magnification and biological concentration.

Describe the three categories of toxicological studies

Define the LD50.

Define the NOAEL, and maximum tolerated dose.

Describe the five more prominent endpoints for tox evaluations according to the National Research Council.

Describe the 2 types of extrapolation required to use animal bioassay data to predict human responses.

Describe how exposure limits are established.

Describe how the NRC established no-response levels for various toxic agents using safety factors.

I. Pathways of Exposure and Excretion

-inhalation

-ingestion

-absorption

Biological transformation -chemical may be translocated from one organ or tissue to another, and it may be converted into a new compound or metabolite.

Bioactivation -metabolic reactions in the cytoplasm can alter a toxic substance through various chemical reactions, making the new product or metabolite more toxic than the parent compound.

Excretion

Urine -principal means of excretion of chemicals from the body

Liver -reabsorption from the bile into the blood and excretion through the bowels

Lungs, sweat glands -less significant

GI tract is not a major route of excretion

Reversible effects -( appear to cease after exposure ends ) in general, shon exposure at low concentrations

Irreversible effects -in general, after long-term exposures and high concentrations 

Toxic agents may cause immediate or delayed effects

Young animals have less effective mechanisms for biotransforrning and detoxifying certain chemicals, may be more susceptible to certain toxic agents.

Liver disease will decrease ability to detoxify

Physical factors can alter the effects of toxic chemicals; ambient temperature, humidity , social factors ~

Biological concentration -Contaminant may be at a higher concentration within an organism than in

the general environment, plankton, fish

Biological magnification -increasing concentration moving up the food chain (web)

2. Conventional tests for toxicity

acute toxicity -single administration of a chemical or several administrations over a 24-hour period

death as an endpoint

short term -repeated administration, usually on a daily basis, for about 10% of the life span of the test animal

long term -repeated administration over the entire life span of the test animal

Outcomes

Maximum Tolerated Dose -highest dose just below the level at which toxic effects other than cancer can occur

NOAEL -No observed adverse effect level

LD5o -Dose at which 50% of the population studied dies 4

3. Endpoints for Toxicological Evaluations

Carcinogenesis -initiation,promotion, and progression

Reproductive Toxicity -sexual functioning of parents through maturation in the offspring, exposure of mother prior to conception, as well as during gestation

Developmental Toxicity (teratogenesis) -congenital defects, thalidomide sedative used in Germany

Neurotoxicity -cognitive, sensory , and motor impairments to immune system deficits.

Differences in observed response in animals vs. Humans

Irnrnunotoxicity -suppression of immune function leads to reduced host resistance (AIDS)

Multiple Chemical Sensitivity -hypothesis that exposure to trace concentrations of multiple chemicals may impair the immune system

4. Extrapolation of Animal data

Extrapolation of small animal to human and high dose vs environmental dose

Use of safety factors

Extrapolation of lower end of dose response curve, linear vs non-linear

Human data vs. weight of evidence in animal studies

5. Establishment of Exposure Limits

Use of human data and use of surrogate chemicals or surrogate species when indicated

Routes, rates, duration of exposure

Threshold or no effects level

Safety factors based on confidence in quality of the data, relative toxicity, differences in susceptibility and kinetics between test and target species

Factor 10 -valid chronic exposure data available for humans, protects sensitive individuals

Factor 100 -no data on humans, additional factor of 10 accounts for interspecies extrapolation

Factor 1000 -chronic toxicity was limited or incomplete

6. Applying Toxicological Data to the Environment

Population effects -death vs retarded development, immune response deficiencies leading to increase susceptibility to disease and shortening of life

Multiple species -who decides degree of protection for other species, ill of responsible chemicals

Indirect effects -acid rain, global warming, sewage enrichment of surface water

7. General Outlook

Molecular level toxic response vs near lethal dosing

Earthworms to complement rodent based assays

Risk assessments -conservative estimates avoid under-estimating risk, over-estimating risks has economic repercussions

SARA -Superfund Amendments and Reauthorization Act 1986 required A TSDR, Agency for Toxic Substances Disease Registry to produce tox profiles for substances commonly found at NPL, National Priority List, sites

IRIS -Integrated Risk Information System

NIOSH Pocket Guide to Chemical Hazards

Tox evaluations of carcinogenicity available for less than 20% of the chemicals in use today

Epidemiologic assessments available for less than 1% of the chemicals

Animal studies for teratogenesis for less than 10% of the chemicals

Estimated that more than 99% of the current intake of toxic substances by human populations is of natural origin (Moeller, 1997, p.32)
