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Toxicology

 The science of poisons

* The study of adverse effects of
chemicals on living systems
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chemicals

d'é Bag of

(You)
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Toxicology studies how

external chemicals interact
with your body’s chemicals
to cause damage or iliness
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Science Breakthrough of the Year:
Human Genetic Variation

-
= A= ~~ 2001: Human genome project — DNA sequence
,_SLIEI ice ~ (=3 billion bases; ~30,000 genes) for a few

individuals

2007: faster, cheaper technologies for sequencing
DNA and assessing variation in genomes;

much more is known about how different we are
from one another.

23andMe.com — understand your DNA for ~$1000

0SU
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What makes us unique. Changes in the number and order of genes add
variety to the human genome

Base pairs [ S

Adenine Thymine

—

Guanine Cylosine

Sugar phosphate
backbone

Gene — region of the DNA strand
that codes for proteins that result in
gene expression.

Composite: K. Krause/Science (Human: 3D4 medical.com;
Chromosome: C. Bickel/Science)

Chromosome — bundle of genes that
ﬂsu replicates as a unit
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Nucleotide
(base pair)
differences

SNPs — single letter (base pair) differences

In humans two single nucleotide polymorphisms
(SNPs) occur in about 2,200 nucleotides (~15 million
differences between individuals, ~3 million charted).

TR TTAATGTTIT ST T o T CTCS T AT T TG TG T T AL TS AATTTATTTATITATTATTAATATTATTATTTTTTS
GGG AGTTTE AT TETTG TG C CAAC S TOOAGTOCA BTG RS GTRATE TEAGCTCA L TR ACAL TRCACTTTECTGE
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ETGATECCCAGTAL TTAGEATE TG LG TAAC AACTETGECTCTGE TTTOLCAGE GEETHCTETTCATHGE
TEAGAARAATGE AT TE ARG T TAARTTAT TAAAGATTT TARATATASCALARAAS TAAGEARACATANS CAACKAARA
AR AGAR T ATGTATTETAATCCATTATT TATTATAC AL TT AL GASATTTH GAALC TTTAGATTAC AL TROTTTTAGAS
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AT T O T GT G TE TG TG TGAGAATTCT AGAG TTATATTTGTACA TAGE AT GOARAAA TEAGAGGE TAGTITATE
AR TAGTTEATTTITAARAG TE TARCACATOE TABS TATAGETGAAG TETEC TEE TECCAAT G TATTGCAGA TITGTGE
CCAGATEC AT A GGG TATATTT GO CATT TACRAACGTTTATGTETTALGE A GHARATATGAAGAGCARALTAGT
GOATHETGAAGRAGAGALE GETEATAC AAATATARATGAALD AATARTTGGRAALLATTEAGARACTASTCATTTTETAA
ATTACTCATETATIT T CTAGAATT TAAGTCTTTTAATTT TTOAT ARATE GO AAT G TEASACALGATAL GTATTAGTGAT
GOTATGAGTAATTAATAT TATATAATATTEATTITCATAGT GHARGAAATARAATARAS GITGTIGAT GATIGTTG
ATTATITTITET A AG GO TIG T CAG oA A AT TG TTITT I T CATTE TE T CTT T CAC TARGAA AL TTC AL TATT
AATTTAGHCAC AT ACAATARTTACTOCATTE TAMSN TOOT AAAAAGETAATTT ARG Gl £ TTAL AL TRAAALGTTTA
AGATAGTCACAD TRAACTATATTAALAALTES CAC AGHGTEETTGRAACTAGE COTTATATTAAN CTAALAATTEG
CAATAAGACDACAGRCTTT, GOTTTAARD TOTGAALGE TOAAACTAGALTOALTAALLTS CTAT AALTTTAS
ATEARALGALAGAALTALE TTAARGTTAATAT ACAAGALTATGGTGGECT HEATCTAGTRAACATATAGT
AAKCATANAREAGAKTATET AT TG AT T T TGO TAACC TEALAK CACTATATTTGARACTATTT
TTAAAATGCAGTRATAL TAGAALTATTTTAGAATCATATEHTA

www.hapmap.org

Does not account for missing, deleted, repetitive DNA sequences

Used to determine common genetic variants that occur in humans

Link genetic variants to risk (disease, chemical exposure)
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ne goal of toxicogenomics is to use gene expression as a highly
sensitive and informative marker for toxicity. Using microarrays,
researchers can quickly and accurately screen for large numbers of

M I C rO ar ray D e m ySt I fi e d gene expression responses to toxic substances, determine if toxic effects occur

at low-dose exposures, highlight vulnerable tissue or cell types, begin to
extrapolate effects from one species to another, and eventually identify genes
associated with the development of environmentally caused diseases.

Microarray chips contain up to
20,000 complementary DNAs
(cDNAS) or oligonucleotides
that are spotted onto a small
glass substrate.

Laser scanners detect the red
and/or green fluorescent
signals of the spotted gene
fragments.

Connecting the dots. Since 1997, scientists in the NIEI-_IS Microarray Group have processed more The resultlng pa‘t‘terns Of Color

than 12,000 microarray “chips® in the search for better knowledge of how environmental factors

S form a gene expression profile
that points out a possible toxic

ﬂsu condition.
VOLUME 112 | NUMBER 4 | March 2004 « Environmental Health Perspectives
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HOME | ScoreView | Chromosome View | PathwayView | Advanced Search | BLAST | Download | Publications |

Quick Search By Entrez Gene ID (example:9252) - | Ouick Search!
EARG >> Addiction Related Genes And Sensitive Points On Chromoesome (Homo Sapiens)
Chromosome overview of addiction related genes and sansitive points for Homo Sapies. To cite this work, please refer to: Li CY, Mao X, Wei L {2008) Cenes and

(common) pathway: underlying drug addiction. PLo%S Comput Biol 4(1): . dei:10,1371/journal.pebi. 0040002
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Understanding you as a bag
of chemicals

Systems Biology and the “omics

Genomics
Epigenomics
Transcriptomics
Proteomics
Metabolomics
Metabonomics

Pharmacogenomics
Toxicogenomics

Bioinformatics



Systems Biology Glossary

« Systems biology: understanding of the function of a
biological system—tissue, organ, or organism-as a whole.

Genomics — study of gene expression, protein and metabolite profiles
Epigenomics — DNA methylation (cells turn genes on/off)
Transcriptomics — mRNA profile (functional genomics; microarrays)
Proteomics — cell proteins (proteome)

Metabolomics — cellular metabolites (products of gene expression)
Metabonomics — organismal metabolites; metabolic profiling

Pharmacogenomics — drug effects at the gene expression level
Toxicogenomics — toxicity at the gene expression level

Bioinformatics — genomic data acquisition, analysis, interpretation
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Sensitive populations: Bimodal Frequency Distribution
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Expressions of Toxicity

 Modify existing body functions
 Change speed of cellular reactions
* Reversible injury

* Irreversible injury

e Death

Future — gene expression and genotoxicity
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All substances are poisons;
there is none that is not a
poison.

The right DOSE
differentiates a poison from
aremedy

(the dose makes the poison)

Areolus Phillipus
Theophrastus
Bombastus von Hohenheim

Paracelsus (1493-1541)

0SU
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SREGORY

“Honey, let’s lay off the Botox for a while, shall we?”

Usu New Yorker magazine 6-11-01
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Botulinum A Toxin:
Food Poison or Wrinkle Remover?

e Botulinum A toxin is:

produced by the bacterium Clostridium botulinum

 the most potent known biologic neurotoxin

« a neuromuscular agent; inhibits acetylcholine release
e a drug administered by intramuscular injection

e marketed as BOTOX®
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Botulinum A Toxin:

Food poison or wrinkle remover?

It depends on the dose
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Chemicals of Concern

~84,000 chemical substances reqgulated In
the USA.

~1000-1500 new chemicals manufactured
each year.

How many pesticide active ingredients?
~1000
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EPA Pesticide
Risk Assessment

Raag: i
o e
e i
i‘a" i,
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Toxicity Testing

 Animal models will predict adverse effects
IN humans.

 High dose, short term, exposure of
animals will predict adverse effects of low
dose, long term, exposure in humans.
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TABLE 4-1 Battery of Tests Required by EPA for New Pesticide Chemicals
Tests Food  Nonfood Uses
Uses

Acute tests

Acute oral toxicity—rat R R
Acute dermal toxicity R R
Acute mbhalation toxicity—rat R R
Primary eye irritation—rabbit R R
Primary dermal writation R R
Dermal sensitization R R
Delayed neurotoxicity—hen R R
Subchronic testing

00-day feeding studies—rodent and nonrodent R C
21-day dermal toxicity C C
90-day dermal toxicity C C
90-day inhalation—rat C C
90-day neurotoxicity—hen or mammal C C
Chronic tests

Chronic feeding of two species—rodent and nonrodent R C
Oncogenicity study of two species—rat and mouse R C
preferred

Teratogenicity in two species R C
Reproduction—two-generation R C
Mutageniceity tests

Gene mutation R 24
Structural chromosomal aberration R R
Other genotoxic effects R R

Special tests

General metabolism R C

Dermal penetration C C o, i
Domestic animal safety C C NAS Toxicity Testing for
Note: R = required data; C = conditionally required data on the basis of special Assessment of

pesticide characteristics, potential use and exposure patterns, or results of ;

routinely required studies. Environmental Agents:
Source: Adapted from 40 CFR 158.340. Interim Report (2006)

Oregon State
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Chemical Risk
Assessment :

Human Health risks

Threshold

There I1s some dose, below which there will be
no effect.

Non-threshold (cancer)

Potency estimated from the probability of
developing cancer over a lifetime of exposure.

OSU
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Toxicological effects are believed to occur either:

Non-Linearly (Threshold) Linearly (Non-Threshold)
o 8 & 81
8 5 (low-dose extrapolation)
T 6 g 6 B
E 2
o) o
&5 2 B 2
H:J 0 NOAEL (the "threshold") H:J 0

0 2 4 6 8 0 2 4 6 8

DOSE DOSE

NOAEL: No Observable Adverse Effect Level

0SU
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National Academy of Sciences
four-step risk assessment paradigm

 What are the toxicological effects
Hazard .
identification (endpoints)? For example,
cholinesterase inhibition.

Dose- At what dose level do the effects

Response occur? For example, what's the
Assessment NOAEL?

Exposure « How much chemical is a person being
Assessment exposed to?

« Combine the hazard, dose-response,
and exposure information to describe
the overall magnitude of the risk

Risk

Usu Characterization
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Pesticide Risk Assessment

« NOAEL: EPA scientists examine the
results of tests exposing laboratory
animals to various doses of a pesticide.

 The highest dose which caused no
observable harm or side effects is the
No-Observable Adverse Effect Level or
NOAEL.
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No Observable Adverse Effect Level (NOAEL)

RESPONSE (malaise)
N

0] A A& +— NOAEL (the "threshold”)

0 2 4 6 8
DOSE

0SU
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How Is Dose-Response Assessed?
* How depends on:
— Duration of exposure (acute, chronic)
— Type of toxic effect (cancer; non-cancer)
— Route of exposure (inhalation, dermal, oral)

— Type of risk assessment (dietary; residential;
occupational)

uuuuuuuuuu



NOAELSs from 90-day rat, 24-month rat, 90-day dog, and 12-month dog studies compared with the lowest NOAEL excluding the
12-month dog study (SABRE data)

90-Day rat  90-Day dog 1-Year 2-Year rat Lowest Lowest NOAEL
Active Chemical NOAEL NOAEL dog NOAEL NOAEL NOAEL excluding
ingredient class (mg/kg/day) (mg/kg/day) (mg/kg/day) (mg/kg/day) all studies  chronic dog
24-D Phenoxyacid 15 1 1 5 1 1
Acetochlor  Acetanilide 80 10 2 10 2 10
Atrazine Triazine 1 6 5 35 1 1
Butylate Carbamate 32 45 5 100 5 32
Carbaryl Carbamate 125 | 3.1 10 1 1
(LOAEL)

Cyprodinil Anilinopyrimidine 3 46 — 27 2.7 2.7
Diazinon Organophosphorothioate 0.3 0.02 0.004 20 0.004 0.006

(LOAEL) (LOAEL) (LOAEL/3)
Glufosinate  Phosphinic analogue of 32 2 5 2 2 2

ammonium  glutamic acid (LOAEL)

Hexaconazole Triazole 3 5 2 4.7 2 3
Mevinphos  Organophosphate 0.25 0.0625 0.025 0.025 0.025 0.025

(LOAEL) (LOAEL)
Prallethrin Pyrethroid 24 3 5 16.3 3
Tebuconazole Triazole 9 73 2.9 5 2.9 5
Triallate thiocarbamate 3 2 1.275 NA 0.5 0.5

(0.5 =LOAEL) (LOAEL) (LOAEL)

Vinclozoline  Dicarboximide 4 3 24 1 1 1
Dicamba Dichlorobenzoate 250 6 52 =125 6 6
Dimethoate  Organophosphate 2 <0.25 <0.18 0.05 0.05 0.05
Chlorfenapyr Pyrrole 24 4 4 No study 4 4
MCPA Dithiocarbamate 7 3 1.75 4.38 1.75 3
Metolachlor — Acetanilide 23 10 9.7 15 9.7 10
Benomyl Benzimidazole 25 13 12.5 =125 12.5 13
Propachlor ~ Acetanilide 75 38 6.25 24 24 24
2.4-DB Phenoxyacid 16 8 <2.39 3 2.39 3

[
h
=

400 250 274

Fosetyl-AL  Organophosphate 365 274
ﬂsu Critical Reviews in Toxicology, 36:37—68, 2006

Oregon State
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No-observable Adverse Effect Levels

(NOAELS)
90 day rat | 90 day dog | 1-year dog | 2-year rat Lowest
NOAEL NOAEL NOAEL NOAEL NOAEL
(mg/kg/day) | (mg/kg/day) | (mg/kg/day) | (mg/kg/day) | (mg/kg/day)
2,4D 15 1 1 5 1
Acetochlor 80 10 2 10 2
Atrazine 1 6 5 3.5 1
Carbaryl 125 1 3.1 10 1
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Threshold-based Risk Assessment

Threshold: there i1s some dose, below which there
will be no effect.

« RFD: The Reference Dose is the amount of a
pesticide residue a person could consume daily
for 70 years with no harmful non-cancer effects.

 RFD (EPA) = Allowable daily intake (EU?)

LAnd other developed countries

uuuuuuuuuu



Pesticide Risk Assessment

« The RFD Is determined by dividing the NOAEL
by a uncertainty factor (UF), usually between 100
and 1000

» 10X — uncertainty in extrapolating from animal
studies to humans (interspecies).

» 10X —to account for variation in human
susceptibility (intraspecies).

e 2-10X — to account for sensitive sub-populations
(infants and children)?.

e 2-10X — optional factor for inconsistent data

1 FQPA requires EPA to make determination if additional factor necessary.
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Reference Dose (Non-cancer risk)

o Start with the NOAEL (mg/kg BW/day)

e Calculate a reference dose (RfD):

rip = NOAEL
UF

UF:. 10X for Interspecies
10X for Intraspecies

Other (as needed)
Uncertainty Factors

0SU
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Reference Dose relative to NOAEL

8
W 6
g,
0 | & A — A NOAEL (the "threshold")
0.03 03 o 2 4 s 8
DOSE
NOAEL <)

RED = RfD = = 0.03 mg/kg/da

UF 10 x10 SR

0SU
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Reference Dose (Non-cancer risk)

Pesticide Reference dose’
Naled 0.002
chlorpyrifos 0.003
malathion 0.02
resmethrin 0.03
permethrin 0.05
glyphosate 0.10

1 mg/kg/day
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Pesticide Risk Assessment

« RFD: The Reference Dose Is the
amount of a pesticide residue a
person could consume daily for 70
years with no harmful non-cancer
effects.

Risk
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Pesticide Label Cup

Risk Label
cup Cup

The lower the risk associated with each use, the
greater the number of potential registered uses

Minor uses: last in/first out?
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Pesticide Risk Assessment:
Cancer

o Cancer risk: The amount of a pesticide
residue a person could consume daily for
70 years that would result in no more than
1-in-a-million (10-°) increased chance of
developing cancer as a direct result of
consumption of (exposure to) that chemical.

uuuuuuuuuu



Your Odds of Dying From...

Smallpox. Zero
Catastrophlc astermd strlke. 1in 1 960,000 000

. Anthrax. 1 in 55,052,999
: Pneumomc plague: 1in 54,059, 705
Venomous snakes, lizards, spiders: 1in 54,049,600 _
Falling after collision or shoving: 1 in 45,041,333 il
S Cleansers and paints: 1in27, 024,800 e

ﬂ;f;’_if'mmf:ds Domestic hijacking: 1 in 16,817,784

1. el Salmonella: 1 in 10,587,115
S0 " Execution by US civil authorities: 1 in 3,622,270
Lightning strike: 1in 3,106,880
Flesh- eatmg bacterla' 1in 1,252,488

gfj;;*;;‘;‘::g_ ________ Airplane crash: 1 in 659,779

Scardpoker: ~ Railway accident: 1in 524,753
by Poison gases or vapors: 1in 494,960
0dds v ' Electrical current: 1in 493,153
245 your - Falling object: 1 in 373,787 :
next meal is . pad _medical care: 1 in '83,720 “0dds you'll get |

4l Lol o anew identity
- Odds you'll have

triplets without using =25
fertlllty dmgs _ . Motor vehicle accsdent 1 in 6 585

Flu and pneumonia: 1 in 4,107
: : ~ Diabetes: 1in 4,009
. " _ Unintentional injuries: 1 in 2,941
O d d S Of cancer >y Chronic respiratory disease (e.g. asthmal: 112,228
- Odds you'll ;
injure yourself Stroke 1in 1,658
Cancer:1in 499

durlng lifetime @& @00 s e

i i from McDonald's:
Statistics are based on the most : : s S i i X _
current data available from the : i :
following sources: Centers for Disease j 3 '
Control and Prevention; Danger Ahead, i S A
by Larry Laudan; Heritage Foundation; A
1Q comparison tables, Rodrigo de la Jara;

National Safety Council US Statistical Abstract;
oregon State True Odds, by James Walsh WIRED MARCH 2002

UNIVERSITY
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“The odds of winning
Powerball's huge
Jackpot were high enough
-1in 146.1 million.”

OSU

Oregon State

UNIVERSITY

Oregonlive com's Printer-Friendly Page hirtp: anarw oregonlive. com printer/ printer. ss {7 base front_page112980
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A secret worth 3340 million

Friday, Oclober 21, 2005

JAMES MAYER and DAVID AUSTIN
The Oragonian

JACKSOMNVILLE — Bank tel'er Riobin Bell knew one thing for sure: " wasn't my tcket, | can tell you that”

But somecne bought the winning 3240 mon Powerball ticket in this Southemn Cregon geld mining-turned
tourst town and as of Thursday night, no one had come forwand o claim the prize

It could have besn someone passing through. But for the folks here, it's much more entertaning to
speculats that one of the town's 2,410 residents became an owvemnight megamonanz.

"I hope it's someone who comes in here 3 lot,” said Andy Gough, co-owner of the JWie Tavemn, one of only
b places in town whene the toket could have been bought. °| hope iT's somesons who really needs it.”

Oregon Lottery officials said they won't know who the winner is until somecne contacts them. The jackpot
wnner wil get either an average annua! payment of 37.58 mTon a year for 30 years or a lump-sum
payment of $110.1 m¥en after state and federal taxes. It was the largest jackpot in the history of the
Powerbal game playsd in 28 states scross the United States.

In Cregon, the Powsrba! jackpet winner was one of s who had big days Wednesday. Four players
matched fve of the whitz balls in the drawing to collect $200,000, plus 3 bonus jackpot take of 3853000
each. In addtion, a Portland couple won 3 52.8 mTon Megabucks jackpot Wednesday night

The odds of winning Powsrbas huge jackpot were high encugh - 1 in 148.1 million. But to have so many
Wnners in one drawing s nearly ungrecedented, said Chuck Baumann, a spokesman for the Oregon
Lottery. The odds of matching five numbers and not the Powsrball are 1in 3.58 millien

"Having someone win the Megabucks jackpot alone is great,” Baumann said. "These other things
happening ans just amazing. Evenything else is gravy. When it rans, it pours.”

The last time a Powerball jackoot was won in Oregon was sic years ago.
|f Wednesday's winner was a Jacksomville resident, the secret held up throughout the day.
“We know who it isn't, by 37 the people who came in here and said i wasn't them.” Gough sad.

Gough [ster went home to check her car, because her husband, who was hunting, always buys a five-pack
of tickets.

I fact the theory that the winning ticket might be n the woods with a hunter whoe doesn't know he's rich was
a favorite theory at antier-fesiconed JWVille.

Gough has more than sentmenta! reasons o hope the winner bought the ticket in her place. The retailer
wiho soid it wil get S100,000.

The odds are, that's more likely to be a few blocks away at Ray's Food Place. The markst sold 4.317
Powerball tickets, compared with 407 at the tavern.

But what do the odds mean when lightning strikes twice in the same town on the same day?
Todd and Beth Zitzner of Jacksonville bought 3 Powsrball tcket 3t Ray's and won more than 5853 000 for

matching fve numbers. Tedd Zitzner said he never buys lottery tickets but decided to purchase 320 worth
recantly. "I'm just fucky,” he said while picking up their check Thursday in Salem. "It's a lucky town today.”

10027 0:38 AN
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Actuarial Risk: predict future
events based upon past
occurrences

Population Risk: probability of
injury from well defined random
events

Individual Risk: better

explained with plausibility rather
than probability

Oregon State

UNIVERSITY

5 X 10'6 =
5 in a million




Cancer “Prevention”

EPA cancer risk assessment goal:

prevent excess cancers due to
chemical exposure

o Often assumes a lifetime daily dose (mg/kg/day)

e EXxcess cancer: >1in 4 U.S. population
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Excess Cancer Risk Terminology

U.S. cancerrate: 1 in 4 or ¥4 or 0.25

* Acceptable excess cancer rate for each chemical
exposure = 0.25 + ?

 How about 0.25 + 0.000001=.250001"

e 0.000001 =1.0x 10°, often referred to as 10-° cancer risk,
this means that assuming daily exposure over a 70 year
lifetime that an individual would have a 1 in 1 million risk of
cancer above normal probability.

"Population risk, individual risk will vary with genetic predisposition to
cancer, lifestyle, and other factors.

IIIIIIIIII



EPA Residential Risk Assessment

o Start with the NOAEL (mg/kg BW/day)

« Determine the uncertainty factors:

— Intraspecies (10X)
— Interspecies (10X)
— Other (e.g. FQPA Safety Factor)

* Multiply uncertainty factors to determine target
margin of Exposure (MOE).

MOE = 10 x10 x other UF

0SU
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EPA Residential Risk Assessment

e Estimates of exposure are derived from:

— Available exposure data
— Pesticide Handlers Exposure Database (PHED)

— Knowledge of consumer practices (e.g., typical
application rate, how often, etc.)

uuuuuuuuuu



EPA Risk Characterization

Risk = f (toxicity, exposure)

e Threshold Risk Assessment

NOAEL (mg/kg BW day)

MOE = Exposure (mg/kg BW day)

 Non-threshold (cancer) Risk Assessment

Risk (probability) = g,* X exposure

ﬂsu g, = cancer slope factor, usually expressed in units of proportion
(of a population) affected per unit exposure (e.g. mg/kg/day)

IIIIIIIIII



EPA Risk Characterization:
Level of Concern

 Threshold risk: values less than the MOE
or greater than the RfD are of concern.

e Cancer (non-threshold)
— expressed as a probability
—>10"° increased chance of developing cancer

IIIIIIIIII



EPA Risk Assessment. FPQA

Reasonable certainty of no harm

“Safety Is defined as a reasonable certainty
that no harm will result from aggregate
exposure to the pesticide chemical
residue, including all anticipated dietary
exposures and all other exposures for
which there is reliable information.”

IIIIIIIIII



Pesticide aggregate exposure and
cumulative risk

* A cumulative risk assessment incorporates
aggregate exposure data (from multiple
pathways), for example:

— food
— drinking water
— residential/non-occupational exposure

» for those chemicals with a common mechanism
of toxicity

(such as the OP insecticides).
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National Pesticide Information Pesticide :
Center (http://npic.orst.edu/) Questions?

We’ve Got Answers!

an effort of Oregon State University
and the U.S. Environmental Protection
Agency.

a toll-free telephone service that
provides pesticide information to any
caller in the United States, Puerto Rico,
or the Virgin Islands.

a service that provides objective,

about the safe use

science-based information about a oses G-
wide variety of pesticide-related

. Real answers to real questions
Su bJ ects. from ‘:eal people inureai time!

ﬂsu call toll-free
1.800.858.7378
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