for tosde a)mpnunds
in the emdranment
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HUMAN HEALTH RISK ASSESSMENT

Pavel Cupr -Risk assessment methodology

(basic introduction of this approach, main equations,

exposure model, important WEB data sources)

Research group
Human Exposure Assessment and Risks

Human Health Risk Assessment
— exposure assessment tool for risk prediction

-Important tool for better interpretation
of contaminantion levels
in the environment (food, air, etc).

Human health risk assessment is the process to estimate the
probability of adverse health effects in humans who may be exposed
to chemicals/stresors in contaminated environmental media (sail,
water, air, food), now or in the future (prospective and retrospective).

© ==
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HAZARD / RISK

Hazards and Risk

Hazard - something with the
potential to cause harm

Risk - the likelihood that harm

will occur

©|===
i et ...explanation of important terminology and differences

HAZARD -

‘A Hazard is a potential source of
harm or adverse health effect on a
person or persons’.

g ;
L ]
RISK - '

‘Risk is the likelihood that a person
may be harmed or suffers adverse
health effects if exposed to a hazard‘.

(6) H ...practical deffinition
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Components Needed to Have Risk
(Chemical Hazard, Receptor and Pathway)
Who is being exposed?
What chemical is of concern? Workers? Families? Children?

Are animals or fish exposed?

Chemical
Hazard

Are people eating contaminated food?
Are they inhaling contaminated dust?
Are they coming in contact with the chemical via skin contact?

©) ===

Hazard
' Identification\
Exposure Toxicity
Assessment Assessment

-1-

Risk Characterization

4 Main parts of

(6) | ?&* this methodology
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MAIN AIM = interpretation of exposure to chemicals!!

©)

- Important X or not

WIND DIRECTION

WET
DEPOSITION

e

RESULTS:
CDI (input)
and
Probability
Of Cancer
and Noncancer

CANCER

RISKs in sl

human
population o RESHIRATORY EFPECTS

W EIRTH DEFECTS

OTHER WON-CANCER ENDPOINTS

o REPROSUCTIVE ERFECTS
o NIURDLOGICAL TRFICTS

were,

4 § -
|  Exposure

N

Toxicity

BIOAE CUMULATIEN TH mnl

nuwu |Illu¥|nn

mnrm
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TARGET P R
ORGAN/TISSUE 5 L
& 7 m n =
. 3
.‘ b
&
*au. -
ACRETION INTAKE/UPTAKE

Advantage of this propabilistic approach =

Human Health Risk Assessment AIM - The characterization of the
probability of potentially adverse health effects from human
exposures to environmental hazards / environmental STRESORS.

The 4 Step Risk Assessment Process

Hazard

are causel
pollutant?

Identification
Wwhat heaith problams ==  what are the health
R

Dose-Response
Assessment

problems at different
exposures?

© ==

Risk
Characterization
What is the extra risk of
health problems in the

Exposure exposed population?

Assessment
How much of the pollutant

are people exposed to during
a spacific time period? How
many people are exposed?
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The first step in the RA is the Hazard identification. The hazard
identification defines the problem (problem formulation), identifies the
components like: '

+ chemical concentrations of pollutants in
selected matrices (from evaluated sites)
— obtained by sampling (air, drink. water,
food..etc)

» To identify available data about toxicity of

these identified chemicals (e, o

* To develop model of how chemical may
move through environment (to the next
exposure media)

(6) © Vermont DPS, 2000
—hw

What is Exposure?

Exposure is contact made between a chemical, physical, L
or biological agent and the outer boundary of an organism.

Exposure Assessment is the determination or estimation

(qualitative or quantitative) of the magnitude, frequency,
| duration, and route of exposure.

II' Without exposure there can be no toxicity.

© ==
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) - to quantify the exposure of the receptor (selected population) to
chemicals via a given pathway.

- to predict the daily intake of a contaminant by selected individua
-t dict the daily intake of taminant b lected individual
pathways as total chronic daily intake CDI (mg/kg/day).

» - CDI can be calculated by using of contaminant concentrations in
environmental samples (water, food-diet, sediments, soils, air..) and human
behavior information (=exposure parameters = from exposure surveys,
questinares approches,...).

» Alternatively, total exposure
(POPs,...) can be estimated by (Dust)
collecting human tissue
samples for chemical analysis

(i.e., blood and breast milk
samples) by using if @%

toxikokinetic modeling.
Dose Reconstruction for

Exposure Assessment
(6) nﬂnm

Exposure scenarios

Dose reconstruction uses pharmacokinetic (PK) models to
estimate exposure from body burden data collected by

biomonitoring

Body
Burden

Dose PK Model

Receptor Domain

Stressor Domain

Effect/outcome

7

Biological event

Source/stressor
formation

N

Fate and transport

\

Environmental
concentration

Exposure =
f (concentration,
behavior, time)

Dose Reconstruction

© ==
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Who is Exposed?
— Adult, Child, Special Populations
* How Are They Exposed?
— Ingestion, Inhalation, Skin Contact
+ What is the Concentration of Chemical to Which They are

Exposed?
— ng.lI,... o
+ How Often Are They Exposed? . = P
— Xposure Scenarios
— Days per year, Number of years and

| Exposure factors
Exposure = f (Concentration, Time, Behavior) ‘

What is Dose? -+ Dose: The amount of substance available for interactions
with metabolic processes or biologically significant
(6) | Fesearch cemie receptors after crossing the outer boundary of an organism
o e Lptmes
et Sstwinserarnant:

Intake Dose CDI (ma/kg —day) =

» Intake Equation for Drinking Water Example
C= Chemical Concentration (Obtain from sampling)
CR= Contact Rate (...2 liters water/day)
EF= Exposure Frequency (350 days/year)
ED= Exposure Duration (30 years)
BW=Body Weight (70 kg.)

AT= Averaging Time (10,950 days)

© ==
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What Are Exposure Factors?

* Exposure factors are quantifications of human behaviors
and characteristics that affect exposure to environmental
contaminants

Examples: body weight, inhalation rates, ingestion rates for specific
types of food

* Exposure factors provide information on human behavior
and characteristics that allow us to quantitatively estimate
exposure and dose

* EPA’s recommended values for exposure factors can be
found in EPA’s Exposure Factor's Handbook

Updated 2011 version of EFH now available

* Assessor must consider data variability

© ===




Sources of Updated Exposure

SEPA
pe

Exposure Factors Handbook: 2011 Edition

Which value for selected exposure
Factor Data parameter we can use?

Child-Specific
Exposure Factors
Handbook

- All population statistics

Recommendations for
Inhalation Rates (Long-Term)

30

mMean
m95th Percentile (m*/day)

25

20

g 8§ 8 § £ & 8§ &

; &£ 02 2 2 2 2 %

v - - —

T O A O

E 7 " T s ¢ e g
Age groups
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31to <41 years

41to <51 years

p 2 @ »
5 & 5 &
2 £ 2 g
¢ % ¥ R
2 £ 2
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w © ~
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Recommendations for Total Skin
Surface Area for Dermal Exposure

25

mMean (m?)
m95th Percentile (m?)

5 z z z £ £ 2 .
€ o @ @

g 5 5 5 g g 4 g
v = - o ¢ g g =
- ? ¢ B e o e v
= 2 ] M - ~ » =
£ = a 2 ©
@ o

Age groups

©) ===

1110 <16 years
1610 <21 years

Dose-Effect Curve

No-Threshold

Toxicant
Cancer

chemicals

Threshold

Increasing
adverse effect

TWO different types of toxic chemicals

on-Cancer
chemicals

Threshold

Increasing Dose

19. 5. 2015
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The toxicity assessment attempts

100%
EFFECT
Noncancer
NOAEL risks
RfD= ——— (noncancer
UF x MF chemicals =
|‘%| treshold type
: P, of effects)
RfD ! NOAEL DOSE mg/kg/d
-~ TRESHOLD

- to use Dose/response relationship for Reference Doses prediction
- to quantify the sensitivity of the receptor to the chemical hazard (STRESOR).

Dose — Chemical concentration per unit

Response — Level of

=)

body weight

© ==

measured adverse effect

100% T
EFFECT

Noncancer
RID = NOAEL risks
- UF x MF (noncancer
UE x ME chemicals =
| ep———————| treshold type
t - of effects)
RfD ! NOAEL DOSE mg/kg/d
- - TRESHOLD

The RfD is determined by use of the following equation:
RfD = NOAEL / (UF x MF) (uncertainty factor, modifying factor).

In general, the RfD is an estimate of a daily exposure to the human population
(including sensitive subgroups) that is likely to be without an appreciable risk
of deleterious effects during a lifetime (...adverse effect).

The RfD is generally expressed in units of milligrams per kilogram of bodyweight per day
(mg/kg/day). ( )

© ==

How to use all UF & MF factors for RfD prediction

19. 5. 2015

11



DRINKING WATER INGESTION
CDI=CW x IRx EF x ED/ (BW x AT)

CDI  chronic daily intake (mg.kg'.day")
CW  concentration of chemical in water (mg.1+)
IR ingestion rate of water (1.day")
EF  exposure frequency (den.year)
ED  exposure duration (years)
BW  body weight (kg)
AT  averaging time (days)
for non-carcinogenic: ED (years) x 365 days.year!
for carcinogenic: 70 years x 365 days.years"
WATER INGESTION - SWIMMING OR SHOWERING/BATHING
CDI=CW x CRx ET x EF x ED/ (BW x AT)
CDI  chronic daily intake (mg.kg".day™)
CW  concentration of chemical in water (mg.1™)
CR  ingestion rate of water (I.hod™)
ET  exposure time (hou.rs.day'l)
EF  exposure frequency (de‘n.year'l)
ED  exposure duration (years)
BW  body weight (kg)
AT  averaging time (days)

©|

for non-carcinogenic: ED (years) x 365 days.year '
for carcinogenic: 70 years x 365 days.yea\rs'l
ERESERPLTT L2810

forloeie Comptends

i i it

DERMAL CONTACT WITH WATER

ADD /LADD =CW x SA x Kp x ET x EF x ED x CF/ (BW x AT)

ADD/LADD average daily dose (mg.kg'l.day'l)

CcwW concentration of chemical in water (mg.I'")

SA skin surface area available for contact (cm?)
Kp permeability coefficient (cm.hour™)

ET exposure time (hours.day™)

EF exposure frequency (den.year’')

ED exposure duration (years)

CF conversing factor (0,001 1.cm™)

BW body weight (kg)

AT averaging time (days)

©

for non-carcinogenic: ED (years) x 365 days.year'1
for carcinogenic: 70 years x 365 days.years’!

FRESERPLIT CENE
ey Litm S, dsmeignrels
e s et toraried:

19. 5. 2015
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SOIL OR DUST INGESTION

CDI=CSxIRxCFxFIxEF xED/(BW x AT)
CDI  chronic daily intake (mg.kg".day™)
CS  concentration of chemical in soil (mg.kg™")
IR ingestion rate of soil (mg.day'l)
CF  conversing factor (10™° kg.mg™)
FI fraction ingested from source (0 — 1, unitless)
EF  exposure frequency (den.year™)
ED  exposure duration (years)
BW  body weight (kg)
AT  averaging time (days)
for non-carcinogenic: ED (years) x 365 days.year™
for carcinogenic: 70 years x 365 da.ys.years'1

© ===

DERMAL CONTACT WITH SOIL
ADD / LADD = CS x CF x SA x AF x ABSd x EF x ED / (BW x AT)

ADD/LADD average daily dose (mg.kg™".day™)

CS concentration of chemical in soil (mg.kg™")

CF conversing factor (10~ ® kg.mg™")

SA skin surface area available for contact (cm2 or cmz.event'l)
AF soil to skin adherence factor (mg.cm’z)

ABSd absorption factor (0 - 1, unitless)

EF exposure frequency (den.year™)

ED exposure duration (years)

BW body weight (kg)

AT averaging time (days)

for non-carcinogenic: ED (years) x 365 days.year”
for carcinogenic: 70 years x 365 days.years’1

© ==
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CONTAMINATED AIR INHALATION
CDI=CAXxIRxET xEFxED/(BW x AT)

CDI  chronic daily intake (mg.kg'.day™)
CA  concentration of chemical in air (mg.m?)
IR inhalation rate (m3.hour'l)
ET  exposure time (hours.day’l)
EF exposure frequency (den.year'l)
ED  exposure duration (years)
BW  body weight (kg)
AT  averaging time (days)
for non-carcinogenic: ED (years) x 365 days.year'1
for carcinogenic: 70 years x 365 days.years”

©) ===

[C] concentrations Noncancer - ratio of CDI and RfD
- Interpretation:
Exposure scenario models RISK = CDI / RfD RISK > 1 Signiﬁcant risk
RISK <1 Acceptable risk
Internal dose ol |
Chronic Daily Intake
=) Chemical 1 LOAEL RID = __ NOAEL
| UF x MF
mmp Chemical 2 le )
" RfD Ep fkg/d
mmm) Chemical 3 s o
-— Total RISK
- (aditive sum of individual Chemical-
risks)
b Noncancer RISK ASSESSMENT
- RfD - reflect the worst type of noncancer health
outcomes from these exposure
(6) Reseanchcenne RfD is only for noncancer (threshold) chemicals
o e Lptmes
et Sstwinserarnant:

19. 5. 2015
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. ncer
[C] concentrations R
= <coi*sf) | RISK >1.10-6 Significant
[ RISK=1-exp ( risk
Exposure scenario models
. Q}'ilf??s‘;’s
Internal dose Risk |
Chronic Daily Intake | ExtrapoLaTiON TO
y LOW DOSE . (mg/kg/day)_1
‘ 7 PCBs _ g SF - SLOPE FACTOR
=) DDT ,,t’l ) T = y=Erx
DDE 11! Databases of these RISK INDEXES - WEB pose [mykyueni
=) pDD Total RISK
) Gama-HCH (aditive sum of individual Chemical-risks) =

expressed as a probability of health effects

mmm) Beta-HCH . R .
RISK - probability of an individual developing
=) Alpha-HCH [l cancer over a lifetime as a result of exposure to
the potential carcinogen
Acceptable RISK = 1.10-6 (probability of
carcinogenesis for 1 person per million)

(6) f"“'"',‘ ,_m‘ Cancer RISK - probabilistic approach
i s SvmintereTannt:

[C] concentrations
RISK =1 - exp (-CD!* SF) Cancer
Exposure scenario models
Internal dose _ Noncancer
Chronic Daily Intake RISK = CEgGRK
=) 7 PCBs
DDT
DDE
DDD Total RISK
Gama-HCH (aditive sum of individual Chemical-
risks)
Beta-HCH = expressed as a probability of health
effects
Alpha-HCH
o Cancer and Noncancer
physmloglc.ally_ based RISK ASSESSMENT
pharmacokinetic (PEPK) model -U.S. EPA probabilistic approach
m_ﬂuﬂﬂ:
et Sstwinserarnant:
©
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Water pollutant  Air pollutant
levels

Soil/dust
levels

llEmphasize!!

Chemical stress is

only ONE of all stresors
and relevant

Food pesticide
levels

Nutritional
health

PREDICTORS for final
/ Human Health RISKs!!

Overall
health | Scientific
| and modeling v
Lifestyle
Personal :’re_dictttet_:l level (:f
habits oxicant in people
Genetic

predisposition !
ccumulation

4 ) xcretion
Lung, intestine, and
skin absorption rates

©

® Cengage Leaming

Detail description of Risk assessment method:
1) Quantitative Environmental Risk Analysis for Human Health — detail
description of Risk assessment method with many exercises - case studies.
(Robert A. Fjeld et al., 2007)
Robert A. Fjeld; Norman A. Eisenberg; Compton, K. L. Eds.) (2007): Quantitative Environmental
Risk Analysis for Human Health. Chapter 9 Exposure Assessment, chapter 10 Basic Human
Toxicology, chapter 11 Dose—Response and Risk Characterization, (pp 199-314). John Wiley &
Sons, Inc. Hoboken, New Jersey.
Download from IS.MUNI.CZ: (teaching materials):

2) Risk Assessment Guidance for Superfund, (U.S. EPA)

(1989) (1991) (1991) (2001) (2004) (2009)
3) WHO toolkit:
WHO Human Health
Risk Assessment Toolkit:
Chemical Hazards
© === (@) Yo et

19. 5. 2015
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Where we can get these informations
SOURCEs ? DATABASES?
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Ecolooical Risk Assessment
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Source of important toxicological data:
RfD, Slope Factor,

Advanced Search A-7Z Index

Recent Additions

S | TS

Draft Assessments Under Review

IRIS Process
Contacting the IRIS Hotline

Search IRIS by Keyword

Reviews
® Entire IRIS Website

Perform an advanced search

IRIS Most Viewed Chemicals Faull List of IRIS Chemicals
Acrylamide Cadmium Mercury, elemental
Arsenic, inorganic Chromium (VI) Methylmercury (MeHg) - View the IRIS
Benzene 1,4-Dioxane Polychlorinated biphenyls (PCBs) it
Bisphenol A Formaldehyde Silver .
IRIS Public Meetings
- Recei tificati
EPA's Integrated Risk Information System (IRIS) is a human health assessment program that evaluates et

" . " N of IRIS Recent Addition items
information on health effects that may result from exposure to environmental contaminants. Through the IRIS

Program, EPA provides the highest quality science-based human health assessments to support the Agency's

regulatory activities. The IRIS database is web accessible and contains information on more than 550 chemical IRIS Science Blogs

substances. Learn more.

Strengthening IRIS: Cultivating
Broad Scien
(10/27/14)
The Dose Makes the Poison ~
or does it? (7/8/14)

Improving IRIS: Please Join the

c Input

11/21/14: EPA has canceled the December Bimonthly Public Science Meeting on BBF and DIBP and will discuss
these chemicals at the February 25-26, 2015 IRIS Bimonthly Public Meeting. | New!

cl N Conversation (7/8/14)
Cl. ‘A announces the schedule for the IRIS Bimonthly Public Science Meetings for 2015
A Message to IRIS Program
cl cl :PA announced that the December Bimonthly Public Science meeting key science questions have been Stakeholders: We Want to Hear
¥ meeting materials. Also as a reminder, discussant registration and suggestions for new key science From You! (6/25/14)
Cl T —— — . - B
L Etpels
FintreTeink, ly |—| —
o NN example. 309-00-2
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Welcome to TOXNET
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ECOTOX Database

&
o- =R St o e retan wlionl 2 -
Sobor Uy Tobeest  Coiberd poofy  Mstam  heoouds &
o e e o g | T = 3 o = o) ks - £ e -

U5, ENVIRONMENTAL PROTECTION AGENCY

\
Quick ag | \f Advanced
Database Database
Query Query

Welcome to ECOTOX Release 4.0, The ECOTOX (ECOTOXicology ) database provides single chemical toxicity
mformation for aquatic and terrestrial life.

The Advanced Database Query option is now avalable.

Please review the following items before using ECOTOX Release 4.0
* You will need to turn off pop-up blockers for this site. You will have limited access to the featwes of the
site If you do not allow popups.
* Please view all updated features in the Recent Additions page

If you are new to the ECOTOX web site, please consult the ECOTOX "Help Center” prior to conducting a search.

You should consult the original scentific
retrieved from the ECOTOX database.

aper to ensure an understanding of the context of the data

Calculator
E : : Screening Level

H Calculation

Screening Level
Equations

Residential Construction Worker Outdoor Worker Recreational

Y\ ¥ {

Soil_| [ Tapwater | Soil | Soil | [ soil ] [SolliSediment]
i Ingrestl ingestit ingestit ingestion Ingestion
inhalati inhalati inhalation i i i !
dermal dermal darmal dermal dermal
| Fish | [AmbientAir | Air Ar | SurfaceWater|
ingestion inhalation inhalation Il !

dermal
Soil to Groundwater
| for protection of gw
Hessaru cemine
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SOFTWARE

Risk-Related Software

Up-todate list

US EPA soft:

commercial

Spatial Analysis and Decision Assistance (SADA)

= UNIVERSITYof

TENNESSEE
K

VILLE

Freeware

SOFTWARE

Spatial Analysis and Decision Assistance &

Home Page

Dewmload Now

Wrmnt 1 bors Sewn sebwanedt. You can Somoad wewen 4 1 ot the Dawmlad page
Traiming Opporusnies

Chei bpry b sboemateoe on braeng cppertanter

Quick Overview
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