1. Definitions of Toxicology, Poisons, Toxicants and Xenobiotics
· Ecosystem Health: involves comprehensive evaluations of the environment, including the interactions among abiotic and biotic elements from a range of stressors, and considers strategies to protect its resources for the long term. Especially focused on the long range health and utility of both natural and human-altered ecosystems. Considers people a part of the ecosystem and integrates input from many stakeholders and various experts to endeavor to bring about ecological health. This term implies sustained provision of ecological services (clean air, clean water, climate control, food production); and it is achieved in significant part through maintenance of high levels of biodiversity. 

· Toxicology: Knowledge (or science) of poisons, including their chemical properties, identification, biological effects, and the treatment of conditions they cause. 

· Poison: Any solid, liquid, or gas that, when introduced into or applied to the body, can interfere with the life processes of cells of the organism - by its own inherent chemical properties - without acting mechanically and regardless of temperature. 

· Poison = Toxicant: The term poison is now used less often. Reason: Historical application of the term (malicious) vs. a compound used as a feed additive, agricultural, or other chemical - manufactured to fulfill a perceived human need. 

· Xenobiotic: Any substance, harmful or not, that is foreign to the body. 

2. Specialties within Toxicology
· Clinical and/or diagnostic veterinary toxicology involves specialized training and experience with the various chemical substances including natural and synthetic agents (elements and compounds) that commonly cause disease conditions or residues in animals under veterinary care. Work relates to diagnosis and management; and research to alleviate problems for the future. 

· Basic toxicology involves research into the fundamental mechanisms involved in toxicant action. 

· Safety testing of drugs or other chemicals (agriculture, industrial, household, etc.). 

· Industrial toxicology relates to worker safety. 

· Food toxicology relates to natural contaminants, food and feed additives, toxic effects and chemoprotective effects of compounds in foods and feeds. 

· Environmental toxicology (research, risk assessment/management and/or regulatory practice). Historically this primarily involved concern for humans due to environmental exposures (may include the home, yard, air, water, golf course, farm, etc.). Also, this area of toxicology has most often considered anthropogenic (manmade) compounds. 

· Ecotoxicology generally considers effects on organisms other than man (research and risk assessment/management). Challenge is to pick the "key species", and/or "species of interest". Usually involves animals, but should involve microbes, plants, and animals. Types and degrees of environmental exposures, environmental transport and fate, and altered species interactions as a result of toxicant exposure make this area of toxicology particularly challenging.

3. Categories of Toxicants often Encountered in Veterinary Practice
Veterinary practitioners and clinical veterinary toxicologists are most often concerned with the following toxicant groups: 

· Pesticides (Includes insecticides, rodenticides, herbicides, avicides, etc according to the “pest” category to be controlled) 

· Drugs (veterinary and human) 

· Household chemicals 

· Workplace chemicals 

· Toxins 

· Bacterial 

· Fungal 

· Plant 

· Animal

· Feed additives 

· Poisonous gases

4. Sources of Natural Toxicants and those Produced Outside of Living Organisms
1. Naturally Occurring Toxicants 

a. Naturally occurring elements and compounds in the atmosphere, soil, and water. e.g., carbon dioxide, nitrate, fluoride, copper, lead, selenium. 

b. Toxins 

· Toxin and biotoxin are synonyms. The term implies only a toxic compound which has been manufactured by a living organism. 

· Bacterial toxins (endotoxins, exotoxins). 

· Mycotoxins (in veterinary medicine, usually implies toxins from mycelial fungi); but in human medicine, the term mycotoxin is more often taken to mean a toxin from a mushroom. 

· Plant toxins also known as phytotoxins. 

· Algal toxins such as from blue-green algae as well as marine organisms such as dinoflagellates are collectively calledphycotoxins. Blue-green algae are also termed cyanobacteria which are photosynthetic bacteria. Some of the phycotoxins of the marine dinoflagellates are known to bioaccumulate in food chains. 

· Animal toxins also known as zootoxins.

c. Note: Some poisonous gases are produced by bacteria (e.g., ammonia, hydrogen sulfide).

 

2. Produced outside of living organisms 

a. Produced through chemical manufacturing. 

b. Produced on purpose: (e.g., synthetic drugs such as acetaminophen, or pesticides such as the now banned herbicide 2,4,5-T). 

c. By-products not produced on purpose: (e.g., contaminants of products or waste effluents released into air, water, soil, etc.). An example would be polychlorinated dibenzodioxins, which were never produced on purpose, but are nevertheless important pollutants (including being an inadvertent contaminant in 2,4,5-T). 

d. Produced as a result of minimally controlled reactions. (e.g., carbon monoxide from incomplete combustion). 

5. Hazardous Wastes
Hazardous wastes often include both"used chemicals" (such as used solvents, metals, commercial products such as paints, and often polychlorinated biphenyls [PCBs]). They also often contain contaminant by-products (particularly troubling examples include chlorinated dibenzodioxins). Complex mixtures of a range of compounds are often encountered in hazardous wastes. Biodegradation, photodegradation, hydrolytic, fire-associated, and other products of chemical reactions among chemicals on site may also be included in the mix. Across a hazardous waste site, multiple permutations may be encountered. Chemical analyses are one way of assessing the presence of some of the compounds present. Such assays are best combined with bioassays to characterize the effects and to avoid grossly underestimating the hazards present.
Note: Because we typically provide domestic animals with a protected environment, clinical toxicoses related to hazardous wastes are rare in domestic animal practice.

6. Toxins and Toxicity: Definitions, Relative Potency and Toxicosis
Toxic: An adjective implying that a chemical has the properties of a poison = toxicant (see above).
Toxicity: A noun that refers to the amount of poison that, under a specific set of conditions, will cause a detrimental effect. It indicates the relative potency of the toxic compound.
Example: The toxicity of aldicarb is > the toxicity of carbaryl.
Usually agents are compared on a mg/kg basis; but toxicity can alternatively be compared on a molecule/kg basis.

Illustration:

	Toxicant
	M.W.
	LD50 in mg/mouse
	LD50 in molecules/mouse

	Botulinus toxin
	9 x 106
	0.01
	6.75 x 1012

	Tetrodotoxin
	319
	0.0087
	1.63 x 1016

	DDT
	352
	6
	1.03 x 1019


Note: Toxicity is not the condition produced by the toxicant!!!
Toxicosis is the condition (disease state) produced by the toxicant.

7. Factors Influencing Toxicity
Route of Exposure
Form of toxicant - Examples:
1. In the past (and currently in certain other countries), leaded gasoline resulted in contamination of used motor oil with finely divided lead particles which were apparently much more highly bioavailable than equivalent amounts of lead objects. This waste oil often acutely poisoned cattle. 

2. Barium sulfate is a poorly soluble salt and therefore has low absorption (low bioavailability) and is thus quite low in toxicity. This can be compared to barium chloride which is more soluble, more readily absorbed, and very toxic. 

3. Particle size can influence toxicity. Compared to larger particles, small particles may more readily reach the lungs when inhaled or be absorbed in the gut when ingested; large particles in suspension may cling to hair and accumulate on the skin. 

4. Lipid soluble compounds that are non-polar and non-ionized are more readily absorbed and moved across biological membranes than are polar, water soluble and ionized particles.

Animal factors 
· Breed or strain (e.g., ivermectin more readily penetrates the blood brain barrier (BBB) of collies). 

· Age (e.g., carbon monoxide - neonates are especially sensitive due in part to increase CO binding by neonatal hemoglobin). 

· Gender (e.g., chlorpyrifos - bulls are especially sensitive due to testosterone influence on biotransformation to a toxic metabolite). 

· Stage of development (e.g., teratogens, such as Veratrum californicum in lambs exposed in utero). 

· Physiologic state (e.g., white snakeroot in lactating vs. non-lactating cows - excreted via milk protecting the lactating dam but putting the nursing animal at great risk). 

· Health at time of exposure (e.g., Bufo toad poisoning is more hazardous to old animals with preexistent heart disease). 

· Individual variation. Any population of the same species has a normally distributed variation in response to individual toxicants. 

Environmental factors
· Air circulation (e.g., silo gases accumulate in confined spaces and settle to low spots). 

· Season, temperature (e.g., fluoroacetate). 

· Light factors (e.g., biological rhythms influence susceptibility, also photosensitization from poisonous plants or drugs develops only after sufficient exposure to UV light). Some toxicants readily photodegrade following exposure to bright sunlight.

Water factors
· Quantity (freezing, overcrowding, system or human failures). 

· Quality (palatability, constituents including medications, salts, bacteria, algae, etc.).

Dietary factors
· Nutrients, their balance, (e.g., too little carbohydrate increases susceptibility of ruminants to urea toxicosis). 

· Contaminants (e.g., natural toxins such as aflatoxin, feed additives such as monensin, and manmade toxicants such as pesticides may contaminate feed or food products). 

· Quantity (e.g., too little feed increases tendency to ingest toxic amounts of poisonous plants, and also increases susceptibility to some mycotoxins. However, inadequate nutrition actually protects against toxic effects of some other toxicants that are bioactivated by enzymes in the liver, such as carbon tetrachloride). 

· Palatability (e.g., toxicant may enhance or decrease palatability; or, alternatively, other foods present may mask toxicant).

Housing factors
· Size (influences crowding, ability to get away from a toxicant, stress, etc.). 

· Construction materials (e.g., lead, PCBs, formaldehyde, etc.). 

· Heating and ventilation equipment (malfunctions may set the stage for toxicoses from poisonous gases such as carbon monoxide or natural gas which contains methane). 

· Bedding materials (e.g., Juglans nigra, black walnut shavings → laminitis in horses). 

Miscellaneous
· People (Caretakers, children, visitors, other animals). 

· Other factors 

8. Toxicity Testing
Acute Toxicity Testing
· These tests assess the potential of a toxicant to cause adverse effects after a single dose or multiple doses during a 24-hour or shorter period.

Subchronic Toxicity Testing
· These assess the potential to cause effects after 30 to 90 days of repeated or continuous exposure. 

Chronic Toxicity Testing
· These assess the potential to cause effects after prolonged exposure: 

· 1.5 years in mice. 

· 2 years in rats. 

· 3 or more years in dogs. 

· Included are tests for carcinogenicity. 

Reproductive Toxicity Testing
· Evaluate the effects of the toxicant on: 

· Ovulation, conception, implantation. 

· Embryo and fetal development, length of gestation. 

· Parturition. 

· Lactation. 

· Early postnatal growth. 

· Usually 2 or 3 successive generation (rat) studies are done. 

· Males and females are exposed from 60 days before breeding until the end of gestation and lactation. 

· The offspring are dosed from weaning through their complete reproductive cycle, including lactation. 

· Embryotoxic Vs. Fetotoxic Agents: If an agent produces a stillbirth or in utero death, the correct term is embryotoxic if it occurs in the embryonic period, and fetotoxic if it occurs during the fetal period. 

Teratogenicity Testing
· Teratogen: An agent which, when administered during gestation, produced nonlethal structural or functional changes in the embryo or fetus. 

· Teratogenicity testing is usually separated from chronic reproductive toxicity tests. 

· Goal is to administer the toxicant during the period of differentiation of fetal organs and tissues: e.g., mice exposed during days 6 to 15 of gestation; rats during days 6 to 18. 

Mutagenicity Testing
· Mutagenesis: Induction of changes in DNA. This may include observable structural changes in the chromosomes, such as breaks, etc. 

· But, changes in DNA are more often evident only at the biochemical level with no obvious structural alterations in the chromosomes. Most such changes are harmless change due to DNA repair, which is a common event. 

· Note: Mutations are of concern because they can result in misreading the genetic code. 

· Genetic changes may be harmless (new peptide sequence works as well as the original version) or even beneficial (trial and error process --> evolution of the more successful). 

· However, evolution has already lead to considerable refinement; and mutagenesis is therefore generally undesirable. The primary concerns are that it may result in carcinogenesis or hereditary defects. 

· Four Types of Mutagenicity Tests (commonly used for testing of chemicals). 

· Dominant lethal test: Males are treated with the test compound and females are examined for an increase in pre- and post-implantation losses. 

· Cytological test: Animals exposed to test compound - examine mutation susceptible cells (i.e., rapidly dividing cells of bone marrow, germ cells, etc.) for chromosomal aberrations. 

· Ames Test: Expose a mutant Salmonella bacterium that requires histidine for growth. If "back mutation" occurs, the organism grows in histidine-free media.Test compounds are often metabolically activated to a reactive form through exposure to liver cells, liver extracts, or hepatic enzymes. 

· Host-mediated assay: Animal is given both the test agent and the mutant Salmonella ip. Host may metabolically activate the compound which then causes the "back-mutation" in the Salmonella so that it propagates in histidine-free media.

· "Special Studies" 

· Hemolysis tests 

· Irritation tests: Well-founded controversy over tests done with known irritants which are nevertheless applied at high concentrations. Tests in vitro are coming on line to lessen the need to test commercial products for irritancy. Generally these can result in elimination of toxic components so that they do not need to be tested in animals. Final products are either formulated from ingredients already thoroughly evaluated in animal studies or are tested with animal irritations tests before manufacture and sale in quantity. 

· Draize eye irritation test 

· Draize skin irritation tests 

· Other irritation tests 

9. Regulatory Toxicology
US EPA Registration of Pesticides
· EPA registration approval under the Federal Insecticide, Fungicide and Rodenticide Act means that the pesticidal product can be marketed and sold consistent with the label instructions and warnings. 

· Registration confers an EPA registration number, e.g., 829 - 719, which must appear on all labels. 

· Registration indicates that data supporting safe use has been submitted, reviewed, and approved by EPA. 

· Registration indicates that the EPA has approved the wording on the pesticide label, as well as a confidential statement of the overall formula. 

· Registration requires submission of toxicology and ecotoxicology data active on the ingredient (AI) and the formulated product. 

· Data requirements 

· Vary depending on the proposed uses. 

· Exposure assessment data include: 

· Environmental fate: Fate study requirements depend on the specific products produced and their toxicity (Data requirements may be lax). 

· Potential residue concentrations in food. 

· Applicator, worker exposure

· Requires efficacy data: evidence that the product controls the target pests. 

· Efficacy information is presently waived for plant protection products in U.S. 

· View that market forces manage efficacy. 

· Efficacy data are critical component in other countries. 

· US EPA is focused on toxicity, but in other countries approvals are often granted by the Ministry of Agriculture. 

Scope of FIFRA Registrations
· Plant protection products include: 

· Insecticides, herbicides, fungicides, and soil sterilants (biocides). 

· Plant growth regulators, gametocides, etc. 

· Not fertilizers.

· Animal treatments include products to kill flies, fleas, lice, ticks, mange mites, and other arthropod pests. 

· Disinfectants and sterilants for use in or on: 

· Pools, water towers, and toilets. 

· Household surfaces. 

· Hospitals and animal hospitals 

· Food manufacturing, restaurants, public facilities, and hotels. 

Biological Pesticides Include:
· Natural microbes. 

· Genetically-engineered microbes that attack the pest. 

· Insects that eat pest insects. 

· Biochemicals: 

· Pheromones. 

· Repellents.

· Genetically-engineered plants. 

· Includes herbicide-resistant plants such as soybeans.

· Regulated by a different EPA division than that involved with conventional pesticides. 

· Requirements for approval (safety) are similar where possible. The approval process still relies on a hazard vs. exposure logic. 

· Methodology of assessment is different (microbes, proteins, DNA).

Labels of Registered Pesticides are a Legal Document and they Include:
· Precautionary statements - as warranted by the toxicity of the product and must list. 

· Signal word(s): e.g., Danger, Warning, Caution 

· First aid measures specific to the route of exposure: swallowed, inhaled, eyes, or skin. 

· Appropriate personal protective equipment: e.g., for applicators.

· Specific warnings: e.g., toxic to fish - do not contaminate water, etc. 

· Ingredients statement: 

· Active ingredients, e.g.: 

· Pesticide(s) 

· Synergist(s) 

· Repellent(s) 

· Hormone mimic(s)

· Inert ingredients 

· Vehicle 

· Wetting agents

· Allowed application methods 

· Directions for use 

· Lists plants, animals, or types of places to be treated and time factors for application(s). 

· Includes preharvest intervals for fruits, vegetables, and grain crops, as well as forages.

Confidential Statement of Formula
· On file at EPA 

· Identifies ingredients 

· Chemical names and the CAS No. as well as the EPA Reg. No. of specific components 

· Percentages of all active ingredients 

· Certified limits of concentrations of active ingredients and related compounds simultaneously synthesized, but not excluded during purification of the technical grade (final) product.

· Alternative formulations are sometimes listed. 

· All are supported by analytical data on batches. 

Types of Registrations
· Full approval. 

· Conditional/time-limited approval. 

· Some data/assessment still needed.

· Emergency exemption 

· Temporarily allows a use to fight a special pest.

· Special local need. 

· Permanently allows use to address a small scale need.

· Experimental use permit (EUP). 

· No approval is required for small-scale tests intended only to determine a pesticide's efficacy, e.g.: 

· Less than 10 acres treated 

· Food does not go into commerce (crop is destroyed)

· For larger scale experimental uses, an EUP is required. 

· EPA reviews a subset of the data normally required for a full approval in order to consider whether to issue an EUP. 

· Includes metabolism and fate in animals and the environment and animal toxicity as well as the acute ecotoxicity of the product. 

· Often these data are submitted for an EUP 1 - 2 years before an application is submitted for full registration. 

· A 12 to 18-month review time is typical for an EUP. 

· An EUP may involve a request for temporary tolerance levels of the pesticide in food.

Financial Investment to get a Newly Synthesized Pesticidal Compound to Market Based on an Industrial Survey '89 - '94
· Development costs average 32 to 70 million dollars. 

· Time: Often it takes 8 years from discovery of a new compound to first sales; yet patents last only 12 years from the time of submission to the U.S. patent office. 

· Approval by EPA typically takes 2.5 - 3.5 of the 8 years. 

· EPA fees average $140,000. 

· Cost for pesticide approval is still much less than for approval of a drug (by FDA), because there is no EPA requirement for clinical trials. 

· Drug substance approval by FDA may cost: 200 million dollars or more.

Registration is Evergreen (it is often an ongoing process)
· Initial approval for an active ingredient typically involves one formulation for use on one crop but: 

· Usually uses are expanded to other crops. 

· Usually additional formulations are developed. 

· May include combinations with other active ingredients (to increase the spectrum of pest species targeted). 

· May include formulations suited to different types of application equipment) sprays, granular products, seed-coating products, etc.).

· EPA may add to the data requirements depending upon reports of problems in the field and/or new regulations. 

· Re-registration has been an ongoing process since 1988. 

· Re-registration includes a periodic review of files.

· EPA may require additional field or laboratory data to supply missing information for any existing or newly registered pesticide.

Logic by which the EPA Decides on a Safety Issue:


	For example, asks whether there is a 100-fold safety factor. In other words, is the exposure at least 100-fold less than the NOAEL? Note, this level frequently is considered to be the allowable daily intake (ADI) except in the case of carcinogens.


EPA Uses a Computer Model for these Types of Dietary Risk Assessments Which:
· Contains food consumption data by age group and geographic location. 

· Assumes the concentration present is at the tolerance level for all crops for which the product is approved. 

· As a rule, this would be higher than actual concentrations present since a tolerance concentration is the maximum allowed. 

· The model can be refined with actual residue and market share data when they are available.

· Exposure is considered to be the sum of contributions of the pesticide from all sources. 

· This is compared to the "Reference Dose" (RfD) (may be set at 1/10 the maximum tolerated dose allows for exposure by all routes) as well as to the Allowable Daily Intake (ADI). The RfD is not expected to cause an adverse effect despite a lifetime of exposure. 

Tolerances
· Specify allowable pesticide residue concentrations in foods and feeds. 

· Tolerances are based on residue data, toxicity data, and the ADI. Each tolerance is specific as to the crop, product formulation, and timing (of use).

Delaney Clause
· Prohibits any detectable amount of carcinogenic additives (includes pesticides) in processed foods. 

· The Delaney Clause pertains only to carcinogens. Recently approved legislation changed the law so that the EPA will use a risk/benefit analysis similar to that typically applied in other health risk decisions. 

· However, unlike the typical 100-fold safety factor, the EPA will generally allow a "negligible" (e.g., 1 in 1 million lifetime) excess cancer risk.

Farm Worker Safety
· Compares exposure levels expected with recommended use(s) to NOAEL doses in laboratory animals. 

· Usually use the 28-day or 90-day NOAEL from rodent studies.

· Computer models/databases are used initially. 

· Consider typical exposures to active ingredient. 

· Commonly use a 100-fold safety factor.

· Other data may be required from studies of: 

· Field deposition. 

· Skin penetration. 

· Biomonitoring for exposure and/or effect, for example: 

· Urinary excretion of the pesticide or a metabolite (a measure of exposure). 

· Cholinesterase inhibition (e.g., for organophosphorus or carbamate insecticides) (a measure of effect).

· Personal protective equipment to be worn by workers at specific times. 

· Clothing. 

· Gloves. 

· Masks.

· Restricted entry interval. 

· Time after application before workers can enter the treated field.

EPA Environmental Toxicology Testing Protocols
	Species to be evaluated may include

	Birds
	Fish
	Invertebrates
	Plants

	Mallard
	Bluegill
	Eastern oyster
	Green algae

	Bobwhite
	Rainbow trout
	Daphnia magna
	Blue-green algae

	Includes avian reproduction tests
	Sheepshead minnow
	Penaeid shrimp
	Diatom

	 - 
	Includes early life stage tests
	Grass shrimp
	Duckweed

	 - 
	Includes bioconcentration in fish
	Honeybee
	 - 


Note: The tested species may be used to estimate the susceptibility of all other species and even to consider whether interspecies effects are likely. Interspecies effects may include: impairment of predator avoidance and thus an increased impact of predation; decreased effectiveness of a predator; immunosuppression; etc.

10. Definitions and Terms used in Toxicity Testing, Regulatory Toxicology and in Comparing Toxicants
Values for the terms listed below (i.e., mg of toxicant/kg of BW) pertain to the species and strain of animal, as well as the route of administration tested. They are often used for extrapolation in considering the potential hazard to other species such as man.

TD = toxic dose

TDL = toxic dose low: lowest dose that produces an adverse effect and, by definition, 2 x the TDL = a nonlethal dose.

HNTD = the highest nontoxic dose: the largest dose that does not exert a detrimental effect.

NOAEL = similar to HNTD. NOAEL: the "no-adverse-effect" (no detected adverse effect) level from a specific study, except that the NOAEL is more often used to refer to repeated, e.g., lifetime, exposures.

RfD = Reference dose: the highest dose expected to have no effect on the species of interest (often human beings) despite a lifetime of exposure. The RfD may be set at 1/10 of the HNTD or 1/10 of the NOAEL.

TDH = toxic dose high: a dose that will produce an effect and 2 x this dose is a lethal dose.

LD = lethal dose.

LDLO = lethal dose low: lowest dose that produced deaths in animals during the period of observation (sometimes expressed as LDmin).
Often percentages are attached to the LD to indicate the fraction of the animals that would be expected to die from a given dose.

LD50 = median lethal dose. This is a calculated dose that is projected as being likely to cause death in half of the exposed animals of the species/strain/age/sex exposed. Thus often times, many animals would still be expected to die at doses less than the LD50.

LC = lethal concentration. It pertains to lethal concentration of a toxicant in feed, water, soil or other "matrix" to which the animals are exposed. As in the case of LD, various percentages are attached to indicate the fraction of the animals expected to die.

TC = toxic concentration. Toxic concentrations relate to the first recognition of a toxic effect. The specific (threshold) toxic effect(s) should be identified when a toxic concentration is given.

MTD = maximum tolerated dose. It is sometimes used to indicate maximum tolerated dose (highest dose not causing death). Other times it is used to indicate minimum toxic dose (lowest dose causing any abnormality). Thus, it is best to ask what is meant by MTD.

ED or EC = imply effective dose or effective concentration. These terms are typically applied to drugs or feed additives. Percentages are used to indicate the fraction of individuals of the test species/strain/age/sex expected to respond.

Other Terms used in Comparing Toxicants
Chronicity factor = the ratio of the acute LD50 to the chronic or 90 day LD50.
May be influenced by the tendency to accumulate vs. being rapidly eliminated or detoxified.
May be influenced by cumulative damage that occurs from repeated toxic insults to a target tissue. 

e.g.: Warfarin - on a repeated basis is more toxic to dogs than on a single dose basis.
Chronicity Factor (Warfarin) = (Acute LD50) / (90 day LD50) = 1.5 mg/kg / 0.08 mg/kg = 18.75
Therefore, the C.F. for warfarin is approximately 19.

Many toxicants do not accumulate or have much of a cumulative effect. 

e.g.: C.F. for caffeine = 1.3.

Toxicants with a C.F. > 2.0 are considered relatively cumulative

Some toxicants induce a degree of tolerance in the animal when it initially receives low doses.

e.g.: Potassium cyanide: The acute LD50 is 10 mg/kg, but pre-exposed animals tolerate 250 mg/kg. Therefore, the C.F. for KCN = 0.04.

11. Hazards, Risks, Risk Assessment, Risk Management
Hazard
The likelihood of poisoning under the conditions of usage and the probability of exposure. 

· Thus, hazard is not the same as toxicity! 

· Toxicity is the ability of a given dose to have a particular effect, but hazard also considers the likelihood of a person or animal ever being exposed to that dose. 

· Hazard depends on: volume available, concentration, location, use restrictions, label warnings, users allowed access, and many other factors.

Risk
An estimate of the likelihood of adverse effects assuming that a chemical exposure of a population has occurred. 

· Risk is expressed in terms of the estimated frequency of a problem in the exposed population (i.e., one in a million).... 

· ....or in terms of relative risk, that is, the probability of a disease in an exposed vs. an unexposed population (i.e., twice the rate of the unexposed population).

Risk Assessment is comprised of stages including
  Hazard identification - which asks whether a particular chemical can cause an adverse health effect. 

  Dose-response evaluation - which considers the relationships between dose and the incidence of the adverse health effected in the population. Considers thresholds, shape of dose-response curves, etc. 

  Exposure assessment - involves estimation of level and uniformity of exposure of the population. 

  Risk characterization - the last stage involves a prediction of the frequency and severity of effects in the exposed population. 

· When 95% confidence limits are given in the risk characterization, you have an idea of the reliability of the prediction. 

· Note: Risk assessment involves currently evolving methods. There are a large number of assumptions typically involved and there can be considerable differences in the calculated risk depending upon these assumptions and the risk model employed. An astute risk assessor states the assumptions used and attempts to indicate their level of confidence in the risk calculation.

Risk Management 

· Regulatory agencies often isolate risk assessment from risk management. The latter pertains to the measures taken to reduce risk. In toxicology, this is commonly focused on reducing exposure of the population of concern. 

· Environmental cleanups at waste sites may rely upon bioremediation, vitrification, mechanical removal and incineration, capping, soil incineration, water pumping and activated carbon binding or "air stripping." 

· In veterinary practice risk management may involve changing the feed and water or removing animals from the site until the source of exposure is known and eliminated.

Editorial - re Human Frailty: Murphy's law is the rule.
· Because of Murphy's Law, whenever possible, it is best to try to develop "human-proof" products. Otherwise we are forced to live with the consequences of human frailty, which often means unnecessary poisoning!

12. Dose-Response Relationships: Types, Terms, Calculations, LD50s, and Therapeutic Index
Dose-Response: "The most fundamental and pervasive concept in toxicology". 

· All substances are poisons; there is none which is not a poison. The right dose differentiates a poison from a remedy. - Paracelsus 

· It is only the degree of exposure necessary to cause an adverse effect that separates the "toxic" from the "nontoxic" and the "essential" from the "lethal." 

· "There are no harmless substances. There are only harmless ways of using substances." - Emil Mrak. 

Definitions
Dose-response: Relationship between the level of exposure and the magnitude of the response. 

· Much of veterinary toxicology.... deals with levels of exposure that are within ranges reflected in previously generated dose-response data. 

· Risk assessment (for human safety) commonly deals with extrapolation below the experimental range. 

· Risk assessment (for animals in ecosystems) commonly deals with exposures in the experimental range, but extrapolation is necessary to a range of untested and phylogenetically diverse species. 

Types of Responses - Graded as Contrasted to Quantal Responses
Graded data = varied in intensity, e.g., enzyme activity, heart rate, graphical example: egg shell thickness in eagles.
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Graded dose-response data can be analyzed by regression analysis, to identify linear or curvilinear relationships.

Graded dose-response data (a second example).
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Quantal data = + or - e.g., lethality.
Quantal data (examples)
% dead vs. alive (lethal dose = LD).
% showing an increase in heart rate to 100 (a toxic dose = TD)
% showing control of seizures (effective dose = ED).

One can plot quantal responses of a group of animals vs:
Dose.
Concentration in air.
Concentration in feed.
Frequency of administration.

Dose-response curve for a quantal response (example) 
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The steeper the dose-response curve, the more uniform the response among the test animals (i.e. more of them respond within a narrow dose range).
The flatter the dose-response curves, the greater the variation in response to the doses given. With flatter dose-response curves, it is much more difficult to predict the effects of a given toxicant dose on a given animal.

Different shaped curves for different responses may also occur (example). 
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Therapeutic Index (TI) applies to pharmaceutical agents and is the ratio of the median lethal dose (LD50) to that producing a desired median therapeutic response ED50.

e.g. LD50
       ED50

Depending on which values are used to calculate the therapeutic index the TI value will differ widely, therefore, be sure to know the basis for each therapeutic index.

Standard Safety Margin. Another useful calculation is the Standard Safety Margin, which compares the lowest lethal dose (LD1) to the highest effective dose (ED99), giving a much more conservative evaluation of safety of a product.

SSM = LD1/ED99

Species differences in dose response
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LD50: Primary advantage is that it is generally the most reliable number (regarding the probability of a lethal effect that you can get). 

· "Better than nothing" when estimating outcome of an exposure. 

· Used for extrapolation. 

· Disadvantages: Tells you nothing about shape or slope of dose response curve. Thus, you still know nothing about LD1 or the lowest toxic dose. 

· LD50 bears no relationship to long term toxic effects 

Derivation of an LD50
(same principles apply to other types of quantal data, e.g., ED50, ED99, TD1)
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If 50% died at a single dose, it could be termed the LD50. However, it can be a problem to hit exactly 50% dead; and trial and error is inefficient - too many animals used, too many experience the toxicosis.

Doses with 0% or 100% dead are no help in ID of the LD50.
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Reason, they do not tell you anything about the dose-response curve. At 0% or 100%, you could be anywhere on the curve below the LD1 or above the LD100, respectively. So avoid these doses.

To improve accuracy in extrapolation to arrive at an LD50, it helps to straighten the curve by conversion to a log dose.
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Using semi-log/probit paper, the method of Miller & Tainter is relatively simple.
The log of the dose is plotted vs the percent surviving to derive the sought probit (probability unit) value from the left side of the graph paper.

The Miller and Tainter Method also gives the standard error (SE) of the LD50 through the use of probits (probability units).

The difference between the dose at probit 4 and that at probit 6 is equivalent to +1 standard deviation = 2S.

and SE = 2S
               2N'

where 2N' = the number of animals tested between probits 6.5 and 3.5.
Thus one can derive an LD50 (or ED50) + its SE.
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The Weil Method is more complex, but it gives the 95% confidence interval (CI) of the LD50. Advantage: By examining this CI, one gets an idea of the reliability of the reported LD50 value. The assumption is that, if a series of experiments were performed, the actual LD50 would be within this range of calculated values (the so-called confidence interval) 95% of the time.
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Because CIs tend to be smallest in the midrange where you have a larger number of both responders and non-responders, LD50s are among the most reliable predictors of lethal toxicity. Similarly, it is difficult to predict reliably the minimum lethal dose (LD1) with very much "confidence." It has been stated that to be "certain" of an LD1 "with confidence" of being correct (or an LD99) would take approximately 25,000 rats.

Note: In a clinical setting, a veterinarian would not want the exposure of the patient to approach the LD50 before being concerned about the likelihood of death (to say nothing of potential organ damage). Typically, it is necessary to extrapolate from laboratory rodents to domestic animals. Even within the same species, considerable variability would be expected.

The same considerations are true for ED50s, TD50s, TD1s, etc. Unfortunately, however, acute toxicity data other than the LD 50, and chronic toxicity data are often time consuming or difficult to obtain...or they simply do not exist. Thus, you may find yourself working with an LD50 number and hoping that it gives you a rough idea of the lethal hazard in another species with which you are working.
Importance of Knowing the Shape of the Dose-Response Curve
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Compare LD50 alone, assume same toxicity...
Compare LD80s, chlordane looks less toxic...
Compare LD10s, strychnine looks much less toxic.

Unfortunately, you rarely know the shape of the dose response curve in laboratory animals, let alone domestic species.
13. Risk Assessment Revisited
In toxicity testing to ensure human safety, it is usually necessary to extrapolate below the experimental range.
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	One-hit model (conservative)
	Problem: which model is most accurate...…
the one-hit or the threshold model?


When the background incidence of a given problem is high in the test species, subtle increases in risk can be hard to detect.
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Problem: What is an acceptable risk?
· Depends on benefit and alternatives. 

· Risk/benefit ratio 

· cars 

· planes 

· chemicals 

· One expects risk, but not because of intentional or ignorant actions , e.g., dumping of "waste oil" (PCBs) on roads. 

· People tend to accept risks more readily when they are well informed about them, e.g., the risk associated with the uses of automobiles vs. a risk associated with a food additive thought to be "safe". 

Reducing Chemical-Associated Risk
Alternative technologies - sometimes appropriate
· Changing synthetic methods to produce compounds of greater purity with lesser degrees of contamination. 

· Replacing a commercial chemical product with a formulation that poses a reduced risk to the public or the environment. The alternative may be more or less expensive than the older technology. 

· Proper disposal rather than improper disposal. Sometimes burning at a high temperature can be used to convert a toxic organic compound to its constituent minerals (i.e. CO2 and water, and perhaps some salts). 

· Another alternative may involve recycling a toxic waste chemical to be used as a precursor chemical in another manufacturing process rather than disposing of it into a stream. This may result in a higher or lower cost for the final products.

Ethics of the situation
Sometimes, a company may not adopt the newer technology even when a product is much safer and the increase in cost is minimal, and thereby they may be able to have a less expensive product that competes effectively in the marketplace or that provides higher profits to the company and the shareholders.

14. Toxicokinetics
Definition: Relationships between tissue concentrations of a toxicant and time.

Differences from pharmacokinetics:
In clinical toxicology cases one deals with: 

· Potential poisoning (not yet absorbed). 

· Actual toxicoses (altered physiology/may alter kinetics over time). 

· Residue contamination of foods such as meat, milk, or eggs. 

Whether the problem relates to poisoning or residues, toxicokinetic data may be used either:
· to predict "normal" rates of metabolic change (activation or detoxification) and/or elimination, or 

· to choose methods to help decrease the toxicant concentration at the receptor (e.g., to limit absorption, or increase detoxification or excretion). 

As compared to typical uses of therapeutic drugs, in toxicoses, kinetics are more likely to be altered by:
· Saturation of enzymes involved in metabolism (detoxification or toxification) or of enzymes employed in carrier systems necessary for elimination 

· Organ system dysfunction or failure 

e.g. toxicant-induced liver or kidney damage that alters metabolism and/or elimination of the toxicant
e.g. circulatory problems resulting in hypotension secondary to shock

e.g. acidosis due to exertion and seizures

Review of some important kinetic concepts.
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Zero Order (sometimes termed as "Michaelis-Menten kinetics").
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*Saturated process, therefore proceeding at maximum amount that the body can handle per unit time (i.e., n mg/unit of time).
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Reason Zero Order
Ab(t) = starting Ab - x t Ab
Where Ab = amount in body.
Ab(t) = amount in body at time t.
x = amount elim. per unit of time (x has no exponent, and therefore is zero order).
t = time (after dosing).

First Order Kinetics 
The usual situation for most drug and other toxicant exposures.
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Rate of process may be limited by blood flow through liver or kidney; e.g., if all or a fixed fraction of the compound is cleared on each pass.

Early on: Rapid fall in amount in body. Later on, rate of elimination slows as blood concentration gradually declines.
Reason first order = first order exponent:
Ab(t) = Starting (e-kt) Ab
Where
e = 2.72 = base of natural logs.
k = rate constant (= fraction elim. per unit of time).

Note: Kinetics may change from zero order (process saturated) to first order (no longer saturated).
More complex models may explain the disappearance of some xenobiotics, e.g., two or three compartment models.
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In residue cases, one may be most interested in the terminal (elimination) phase, but ignoring the earlier phases may lead to an overestimation of the time necessary to clean up the animals.
Kinetics are influenced by the basic chemistry of the xenobiotic:
Bioavailability of xenobiotics varies from 0% to 100%. The rate of absorption, metabolism and/or elimination depends on chemical size and structure, fat solubility, and ability to interact with degradative enzymes, carrier systems, and alternative binding sites. 

· e.g., Ca++ uptake system in the gut also takes up Pb++. 

· e.g., Organic acids often are excreted by an active process in renal tubules 
(e.g., 2,4-D). 

· Highly fat-soluble compounds that resist biotransformation increase in fat over time. With chronic low level exposure, biomagnification occurs (biomagnification is the redistribution to the fat in this case) (e.g., heptachlor epoxide). 

Biotransformation
Although there are some exceptions, with biotransformation, the toxicant usually becomes more polar, and therefore less lipophilic and more water soluble.
→ Protein binding tends to be less
→ Storage in fat tends to be less
→ Resorption across biological membranes (renal tubules) tends to be less
→ Renal elimination tends to be accelerated

15. Biotransformation processes
Phase I:
- Oxidation
- Reduction
- Hydrolysis

Phase II (conjugation) compounds may be hooked to:
- Glucuronate (glucuronidation). Increases water solubility
- Amino acids (glycine, etc.) Increases water solubility
- Glutathione (abbreviated GSH = a tripeptide of glycine, glutamic acid and cysteine). After GSH conjugation, glycine and glutamic acid are cleaved off and an acetyl group is added to form an acetyl-cysteine derivative of the xenobiotic and this form is typically excreted by the body. Another name for such an acetyl-cysteine derivative is a mercapturic acid. GSH is a low capacity system that is essential for preventing excessive oxidation of intracellular molecules. Conjugates (both GSH conjugates and mercapturic acids are typically much more water soluble than the parent xenobiotic.
- Sulfate (sulfation). Makes more water soluble
- Acetate (acetylation). Usually makes more water soluble
- Methyl groups (methylation) (can make more volatile sometimes increasing excretion via the lungs, but also can make more lipid soluble).

