IDENTIFICATION

Gathering and evaluating
data on the health effects
of a chemical and on the
conditions of exposure
under which injury or

disease are produced

Is it scientifically feasible
to infer that toxic effects
observed in one setting
will occur in other

settings ?

ASSESSMENT

Describing the quan-
titative relationship
between the amount of
exposure to a substance
and the extent of toxic

injury or disease

There may be many
different dose-response
relationships for a
substance if it produces
different effects under
different conditons of

exposure

IRIS

1¥3. Four Steps in Conducting a Risk Assessment ; IRIS provides information on hazard identification

ASSESSMENT

Describing the nature
and size of the popul-
ation exposed to a
substance and the
magnitude and
duration of their

exposure

CHARACTERIZATION

Iﬁtegraﬁng data and
analysis of the first three
components of the risk
assessment process to
determine the likelihood
that humans will
experience any of the
forms of toxicity
associated with a

substance;

If exposure data are not
available, hypothetical
risk may be
characterized by

integrating the first two

steps.

and dose-response assessment, the first two steps in conducting a risk assessment
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5-11. Exposure Assessment
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Dermal uptake Dermal uptake
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| The generic equation for calculating chemical intakes;
CR x EF x ED 1
L =1Eir X
BW AT
I : intake (mg/ke/d) C : chemical concentraion (mg/ ¢ water)
CR : contact rate (£/d) EF : exposure frequency (d/year)
ED : exposure duration (year) BW : body weight (kg)
AT : averaging time (d)

g FAstH] 7= 3tk gEe] 1 HAAHFEY AA=EF
ArAS 98], Atel 23 w= EPAS Reasonable maximum exposure assumption<

ole} & assumption ©j&olE A7 71X QQERZ Q% HIALZH EASY LA
A& Zo]1A}, Monte Carlo simulationZ-2 computer modeling ©]Y, integrated uptake

/ biokinetic (IU/BK) model, pharmacokinetic model $& Al&3dle] HFAH L Zolx =

st ATh.
¥ 2. US. EPA Reasonable Maximum Exposure Assumptions.

Factor Assumption

Body weights Adults - 70kg
Children(1-6 years) - 16kg

Water intake Adults - 2 2/d
Children - 1 ¢/d

Inhalation rates(air intake) Adults - 20 m*/day
Chidren - 5 m*/day

Soil ingestion Children(1-6 years) - 200 mg/d
Children( >6 years) - 100 mg/d

Food consumption Fin fish - 54 g/d
Beef - 0.112 kg/meal
Eggs - 0.064 kg/meal

Exposure times Showering - 12 min/d
Swimming - 2.6 h/d

Exposure frequency Pathway - specific(typically 350d/year for
ingestion of contaminated food, water and
inhalation)

Exposure duration Pathway - specific(typically 30years for
residential exposure pathways for adults)

Average time of exposure Carcinogenic chemicals - 70 years
(365d/year)
Noncarcinogenic chemicals - number of
days in the exposure duration

L
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5-II. Toxicity Assessment

Toxicity Assessment & AAZ 39 A7} HIE Y= e 54 datarl
74 vtgAsig, AA2e Erbesty] Wi 4R AHFH HutE Htde AY
X O 2 animal data °] &€& &1 YE AAHo|8 Dose-Response Assessmentol] A7
o] sgdn
5-IV. Dose-Response Assessment

BSEPAE  flEidE A2 Hrier] s =ZA dHEdd &2
(Noncarcinogen)® ¢4} &2 (Carcinogen)® #2389 37} 31 Uk

5-IV-1. Toxicity Assessment for non—carcinogenic effects

2 @AEE ADI (Allowable & Acceptable Daily Intake) 2 #A7|7 5§82 5 U=
=EE  Axsled ARg AT a8y FHZe EPA°lAE  chronic
noncarcinogenic effect® 3 & &< g S 2 A reference dose (RID)E AM&3tiL 3
=3 RfDE_ “ An estimate of a daily exposure level for the human population, including
sensitive subpopulation , that is likely to be without an appreciable risk of deleterious
effects during a lifetime.” 22 A< Iz gt o] RDge A4S 939 NOAEL
(No observed adverse effect level, mg/kg/day)Zt-S o] &3t , NOAEL#tel 1S A%
o] £ LOAEL(Lowest observed adverse effect level, mg/kg/day)@t< AF&3l7| = gt}
T& ol E3F o], Fspecies)F FAtol9] zto], AANAZEE QA AL, ““*5”1}
g9 22 g 183 B4 (uncertainty)€ 12 sle] <otA Al (safety factor) &
2844 A (uncertainty factor)& AM&3td f1ai4d B7he] B ARG,

10 Human Variability

10 Extrapolation from animals to human

10 Use of less than chronic data

10 Use of LOAEL instead of NOAEL

10 Incomplete data base

MF Modifying factor(>0-10) |

X 3. Safety Factors for Risk Assessment of Noncancer Effects

AEYFEL o]4% 54 dataEE2HEH NOAEL#HE T3z, HAEZ EAMLHATE
AsA H9 2] 93 RfD (mg/kg/day)E 78 + Ut
NOAEL &< LOAEL(mg/kg/day)
RfD(mg/kg/day) =

UF; x UF2 x -+ x MF




5-IV-2. Toxicity Assessment for Carcinogenic Effects

dotd Hrle Sd4d FA, & AAE datad] A F H7F ( “weight of evidence ”
approach) & 7} & EA9 BEFE slv FAFN E4Z known =2 probable human
carcinogen®. 2 7 E EZE9 AL Aides @dAZ AT 5+ QY. o]e} #Zoj
AA ] YetE T+ U=
o FETIHEAR
(extrapolation)® & F-2AdHolate=
T Jitold FEAE 2493

> %
AolMel aAE FF87] AY RE =221 JdF

e 3o Su

rl
A
e
o

5
g s 02N FEUYNNY S4L AAINY SHoE fRsE FAolx, §
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75 EPAdM e RLERDY BFE F4% 2] 9 TFEstT doH

X 4. EPA Cancer Assessment Categories

Group A - human carcinogen Sufficient human evidence for causal
association between exposure and cancer
Group Bl - probably human carcinogen Limited evidence in human
Group B2 - probably human carcinogen Inadequate evidence in human,
sufficient evidence in animals
Group C - possible human carcinogen Limited evidence in animals
Group D - not classifiable as to Inadequate evidence in animals
human carcinogenicity
Group E - no evidence of At least two adequate animal tests or
carcinogenicity in humans both epidemiology and animal studies

which are negative

category A, B £ human 2  probably human carcinogen< quantitative risk

assessmentE 3J38}1, category C%l possible human carcinogen< case-by-case® 3}




A9 = H7= “slope factor’gte gz Aesta sk o] slope
W 318 @] Uzke] MAYS) (LF70Q) o] AAH =EHAUL u o] T A
& & Je 7heAY AAS DEle risk per unit doses risk per mg/kg/dayE “ERE
d 44 28 29A datae AHFEEC 9% data ol = LU 4EY
d A bioassay& @< LEFQ #A e AT o SFRo o AFJHE = A
ERHH 93 FEZF (species)7te dose-scalings& &3] dose-response
relationshipS I stdof g}, o] e FE Fe 94, dose-scaling 59 EAE
2357 fs) E 59 22 A8 8 modelEol ATFE AlEHA L 9T
oj9} 22 F3% modelS AFE3lod AL slope factors 95%< AFIAEZ 2ty glo
# ul= EPA guideline o4& Linearized multistage model (LMS)S @& 11, ]
LMS®E oA T3t slope factor® q;” 2t 3tk

3% 5. Primary Models Used for Assessment of Nonthreshold Effects

Linearized mlultistage model Assumes that there are multiple stages for
cancer
Fits curve to the experimental data
Linear from upper confidence level to zero
One hit model Assumes there is a single stage for cancer
and that one molecular or radiation
interaction induces malignant change
Very conservative
Multihit model Assumes several interactions needed before
cell becomes transformed
Least conservative model
Probit model Assumes probit (log-normal) distribution for
tolerances of exposed population

Appropriate for acute toxicity; questionable

for cancer
Physiologically based Incorporates pharmacokinetic and
pharmacokinetic models mechanistic data into the extrapolation

Data rich requirements and, while promising,

are currently of limited availability




5-V . Risk Characterization

Management A}¢]2] gaps <4723l
gl Agd S AZFs 5r]de| o2{data =
€ St Bt o,

5-V-1. 77} 8@ 9% risk

5-V

-1-a. carcinogenic effects

&7, =8AZ, $50 B8 233

b

TgEFe AL HlE 2L FEAAMeY xFd T AHYA multistage
risk

equation®] &3 & o] F

dose-response curveol A linear low-dose cancer

& %+ g

Linear Low-Dose Cancer Risk Equation
Risk = CDI x SF
Risk = A unitless probability(e.g., 2x10° ) of an individual developing cancer

CDI = chronic daily intake averaged over 70 years (mg/kg/day)
SF = slope factor , expressed in (mg/kg/day)

onl
o
=
rr

a2y 2FxEe] =22 A% 43 F carcinogenic risk7t 001& Z=#st=

one-hit equationoll 2j&] F+& % it}

One-hit Equation for High Carcinocgenic Risk Levels

Risk = l_exp(’CDI x SF)

Risk = A unitless probability(e.g., 2x107° ) of an individual developing cancer
exp = the exponential

CDI = chronic daily intake averaged over 70 years (mg/kg/day)

SF = slope factor , expressed in (mg/kg-day)”’

5~V -1-b. Noncarcinogenic effects

HehE 2 el H9olE “ non-cancer hazard quotient”e] 98] & & U1 AANERA 9
&



Noncancer Hazard Quotient
Noncancer Hazard Quotient = E/RfD
E = exposure level (or intake)

RfD = reference dose
E and RfD are expressed in the same units and represent the same exposure

period (i.e., chronic, subchronic, or shorter-term).

5-V-2. B¢ EAd 9% risk

5-V -2-a. Carcinogenic risk

o2 2R 280 BFH Y Feode 4 FEE FL7)HA 4T FLE 54
EAE A2 9z = 71ASe] dose additivityE FH-E3td o3 o] AT
ATt

Cancer Risk Equation for Multiple Substances

Riskr = ZRisk;

Riskr= the total cancer risk, expressed as a unitless probability
h

Risk; = the risk estimate for the i™ substance.

5-V -2-b. noncarcinogenic risk
HEtgt g o] g EiHo] Qe ASdE oA AHE$ Noncancer Hazard
A+&5H4bste] Hazard Index (HDE 819 th&3 o] 3o

Noncancer Hazard Index

i

Quotient

Hazard Index = E/RfD; + Eo/RfD; + --- +E/RID;

E: = exposed level (or intake ) for the i™ toxicant
RfD; = reference dose for the i toxicant
E and RfD are expressed in the same units and represent the same exposure

period (i.e., chronic, subchronic, or shorter-term).

olle] HI < =577k @t chronic (7 d-AAel) , subchronic (25— 74) , short
term( 25 ©j8} )22 YH AN B + A3, chronic ¢! BFE chronic RID#E,
subchronic ¢! 74 %°ll= subchronic daily intake (SDI) £ * ¥ 2] subchronic reference
dose (RfDs) #< , short term 1 7o)+ developmental reference dose (RfDa) = F

§ 2z 78 F 4o ostzo]l TE Fo| 1€ 2% A%, FAHA Aol 3




