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Risk assessment: chemical hazard

Exposure
pathways

Population
at risk




Risk assessment: chemical hazard
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Risk assessment: chemical hazard

Exposure
pathways
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Risk assessment: chemical hazard
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Measuring risks
oRisk=p xS

op
oS

probability of occurrence
the consequence or severity of
occurrence
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Measuring risks

|Hazard]
|Preventive Measures]

oRIsk

o Preventive measures or Safeguards
o Source ] i
o Path
o Receiver




(Safety) Risk assessm

HAZOP - What-if

FMEA - checkl
- ETA
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Risk assessment
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Risk = f{Hazard, Exposure, Safeguards} g



Hazard effects category

Extreme
frequency

High
frequency

Moderate
frequency

Low
frequency

Negligible | Average Critical Severe

Risk = f{Hazard, Exposure, Safeguards}




Health Risk Assessment
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Health Risk Assessment
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O 2 Health effects
Temperature-related
iliness, death
Regional Extreme weather-
weather related health effects
changes: Air pollution-related
- heatwaves health effects
Water- and food-borne
- extre:e di
weather Vector- and rodent-
- temperature borne diseases
- precipitation Effects of food and water
shortages
Effects of population
displacement




Health outcomes considered in this analysis

Incidence/
Outcome class prevalence Outcome
Direct effects of heat and cold Incidence Cardiovascular disease deaths

Foodborne and waterborne diseases Incidence

Vector-borne diseases Incidence

Matural disasters® Incidence
Incidence

Risk of malnutrition Prevalence

Diarrhoea episodes
Malaria cases

Deaths due to unintentional injuries
Other unintentional injuries (non-fatal)

MNon-availability of recommended daily
calorie intake

&

All natural disaster outcomes are separately attributed to coastal floods and inland floods/landslides.




Human Health Risk Assessment

o Planning - Planning and Scoping process
EPA begins the process of a human health risk
assessment with planning and research.

o Step 1 - Hazard Identification
Examines whether a stressor has the potential to cause
harm to humans and/or ecological systems, and if so,
under what circumstances.

o Step 2 - Dose-Response Assessment
Examines the numerical relationship between exposure
and effects.

o Step 3 - Exposure Assessment

Examines what is known about the frequency, timing,
and levels of contact with a stressor.

o Step 4 - Risk Characterization



http://www.epa.gov/risk_assessment/planning-hhra.htm
http://www.epa.gov/risk_assessment/hazardous-identification.htm
http://www.epa.gov/risk_assessment/dose-response.htm
http://www.epa.gov/risk_assessment/dose-response.htm
http://www.epa.gov/risk_assessment/dose-response.htm
http://www.epa.gov/risk_assessment/exposure.htm
http://www.epa.gov/risk_assessment/risk-characterization.htm

Risk assessment: comparison
of terminology

m Environmental Occupational

Planning and Scoping i l
Hazard Identification Hazard Identification  Anticipation and
Recognifion
Dose-response Exposure and toxicity  Evaluation
Assessment and assessment and Risk
Exposure Assessment characterization
and Risk
Characterization
Risk Management Control

Risk Communication Hazard
Communication
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o Toxicology
o Industrial/Occupational hygiene

o Routs of exposure
o Duration and frequency of exposure

o OELs & BLVs & Ambient standards

o Target organs
o Health effects




Toxicology

o to protect humans and the environment
from the deleterious effects of tfoxicants,

o to facilitate the development of more
selective toxicants such as anticancer
and other clinical drugs, pesticides, and
so forth




Toxicant Exposure

l

Entrance to Body
Ingestion, Skin, Inhalation

l

Absorption intfo Bloodstream and
Distribution to Body Tissues and Organs

- I

S
“ ~ Excretion

o




i

Absorption at Portals of Entry

}

Distribution to Body

} ) | | ]

Metabolism to Metabolism to Metabolism to

More Toxic Less Toxic Conjugation | Excretion
Metabolites Metabolites Products

|

Distribution

Interaction with Macromolecules Turnover |
(Proteins, DNA, RNA, Receptors, etc.) and Repair |

i

Toxic Effects
(Genetic, Carcinogenic, Reproductive, Immunologic, etc.)

4



Applied Toxicology

o Environmental toxicology
o Food chains
o Contaminants populations
o Industrial toxicology

o environmental foxicology that deals with the

work environment and constitutes a significant
part of industrial hygiene




Target organs

Agent Tumor Sites Occupation
Asbestos Lung, pleura, peritoneum  Miners, manufacturers, users
Arsenic Skin, lung, liver Miners and smelters, oil

refinery, pesticide workers
Benzene Hemopoietic tissue Process workers, textile
workers
Cadminm Lung, kadney, prostate Battery workers, smelters
Chloroethers Lung Chemical plant workers,
process workers
Chromium Lung, nasal cavity, Process and production
SIIISES workers, pigment workers
Mustard gas Bronchs, lung, larynx Production workers
Naphthylamines Bladder Dryestuff makers and workers,

Mickel Lung, nasal smuses
Polycyclic aromatic  Respiratory system,
hydrocarbons bladder

X - rays Bone marrow, skin

chemical workers, printers
Smelters and process workers
Furnace, foundry, shale, and
gas workers; chimney sweeps
Medical and industrial
workers

/ I\

= -4 = o /T



Sedimentation

) (b Sadimentation
Nasal turbinates g -
. = g Impaction Difysion
Nasal vestibule __ g‘ E /
Epiglotis Nostile |8 & |
/ 2 E @
8 g« Diffusion
Pharynx Glottis § =
Larynx, S‘
Esophagus vocal cords — —
Trachea Bronchi Bronchioles Parenchyma
[ ||
Bronchi g’
= Lung
> macrophage
§e)
S
= 12 4pm diameter
Bronchioles o
3
Lung parenchyma . 1
(alveolar region) PRm oM 25um 20m  25om
Fiber length Particle diameter
ﬁ-
Increasing toxicity and Incressing ROS penération
decreasing clearance and toxicity per wnil mass




Pulmonary Tumor Response of Laboratory Rodents to Inhalation of
Known Human Pulmonary Carcinogens

Agent Human Rat Mouse

Chemicals
Arsenic +7 ND ND
Asbestos + + +
Beryllium + + +
Chromium + 1 ND
Coal tar + + +
Mustard gas + ND* +
Nickel + + +
Soots + + ND
Vinyl chloride + + +

Environmental agents
Tobacco smoke + + +
Radon - - —

Source: From Hahn, F. F. Lung carcinogenesis. In Carcinogenicity, ed. K.'T. Kitchum. New York: Marcel
Dekker, 1998,

“+, positive; "+, limited data; “ND, no data; “—, negative.




Industrial/Occupational hygiene

o Science and art devoted to the anticipation,
recognition, evaluation, and conftrol of those
workplace environmental factors which may
cause sickness, impaired health and well-being,
or significant discomfort IH in the

. . Exposure-Response Paradigm
and inefficiency among

workers or among citizens /

of the community
Exposure

Response (individual
or population)




Some Selected Threshold Limit Values (1991)

Chemical TLV-TWA TLV-STEL TLV-C
ppm ppm ppm
Acetaldehyde 100 150 —
Boron trifluoride — — 1
()-dichlorobenzene — — S0
p-dichlorobenzene 75 110 —
N-ethylmorpholine 3 20 —
Fluorine 1 2 —
Phosgene 0.1 — —

Trichloroethylene 30 200 —




Ambient standards

Parameter

1 hr

24 hr

1T month

1 year

PM10

120 ng/m3

50 ng/m3

PM2.5

50 ng/m?3

20 pg/m?3

Lead

1.5 pg/ms3

Ozone

0.10 ppm

cO

30 ppm

NO2

0.17 ppm

0.03 ppm




Biologic limit values (BLVs)

o limits of amounts of substances (or their
affects) to which the population at risk
may be exposed without hazard o health
or well - being as defermined by
measuring the population af risk * s tissues,
fluids, or exhaled breath.

Oday
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Biomarkers

o 1-OHP (biomarker of PAHs exposure)
o 10 mg/g (2012) - none (2014)

o Lead
0in < 10 pg/d

0 ¢flw) <25 ng/dl




@ Marker of susceptibility

]
Biomarkers | raget | ey
Internal . T
-» lissue biological =¥
dose
dose/damage response

Marker of exposure 8{'&3‘52&'&?&3 @

Preclinical
disease

o Marker of susceptibility (activities of
component of metabolism)

o Marker of exposure (protein or DNA adduct)

o Marker of early of biological effect (DNA
strand breaks, SB)
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Exposure Assessment

o Route of exposure: Inhalation, Ingestion,
dermal, injection

o Magnitude of exposure: Concentration in
media (ppb, ppm, mg/m3, f/cm3)

o Duration of Exposure: minutes, hours, days,
lifetime (70 years)

o Frequency of exposure: Daily, weekly,
seasonally
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Health Risk Assessment
Process




The 4 Step Risk Assessment Process

Hazard

Identification
What health problems
are cau by the

pollutant?

Dose-Response

Assessment
What are the health
problems at differant

exposuras?

Risk
Characterization
What is the extra risk of
health problams in the
Exposure exposed population?
Assessment

How much of the pollutant
are people exposed to during
a specific time period? How

many people are exposed?



Hazard Identification
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Hazard Identification: ussiaya

o In Vitro study mswnuasaiiede)

o provide some insight info mechanism(s) of
action, but there may be some false
positives and false negatives

o carcinogenicity studies

o increases in number of fumors, induction of
rare fumors, and earlier induction of
observed tumors

o genetic differences in expression of
cytochrome P450 and eftc.




Hazard Identification for .
carcinogens

o Human studies
o Animal studies




Hazard Identification for
carcinogens

Human studies

O dayaamlng) lnanmatinmmessneineneueNSEIZaLIn TR
agent uwsr disease

Y o w
AAING

o Rare disease
o Long latent periods
o Multi or mixed exposure

O Fayaifeniuamadngis sspzamIsuNe (DudayaisBanmasnosam
BRI UTURNRETEAUS Lhunanauiazgs)




Hazard Identification for
carcinogens

Human studies
o The IARC and other agencies

“The highest degree of evidence- sufficient of
evidence of carcinogenicity- is applied only
when a working group agrees that the total
body of evidence is convincing with respect
to the issue of a cause-effect relationship”

o EPA

‘reference doses (RfD)"




Hazard Identification for
carcinogens

o Animal studies

o The laboratory animails

o High cost of animal studies containing enough
animals to detect an effect of interest;
especially carcinogenicity

o At least one dose is going to be very near that
which causes frank toxicity (maximum tolerated
dose, MTD) in animal but not for human

o Interspecies extrapolation and extrapolation
from high test doses to lower environmental
doses (dose-response extrapolation)




Hazard Identification for non. :
carcinogens

Omnaaad ludailaLIgnALU

o Acute testing
o Sub-chronic Test

o Chronic Test

o Developmental Toxicity
o Reproductive Toxicity




Hazard Identification

o Chemical and Physical Properties

o Water solubility: DDT - low water solubility
- soil>water

o Photodegradation: Polycyclic Aromatic
Hydrocarbons

o Biodegradation in Soil: microorganism

o Vapor Pressure: Volatile organic
compounds

o Etc.




Hazard Identification: szt

o Chemical and Physical Properties
o Route of exposure

O@hmmgm

o Target organs
o Health effects




Decrease in 1Q points per increment increase in blood-lead
concentration (“best estimate™)

A Linear dose-response

Loss of IQ relationship assumed
points / i
3.5 3.25 35
1.95 |- Increment 1
- 1[[l| - Increment 2
L Increment 3

Mean blood-lead
concentration (ug/dl)
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o Source
o Route of exposure

O@hmmgm

o Target organs
o Health effects




I Pallution = Liquid
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Transmission pathways
of fecal-oral disease

Pathogen Medium Environment Interface

source
Dry sanitation
involving reuse

Flies

Sail

Human
excreta

nima
‘—‘__“——b Ground- / water

Fufihuafiifudana

" eulnauacdsone PAHS

]

LMW/HMW > 1 => petrogenic source




[ o; o Y a :I:l
LLi@]%ﬂ’ﬂ%m‘WJElﬂa@

% (% ~

O FUNBNDININN I IAMYIUYT 1WA W.A. 2541

q

o I y Y, 1 1 v 3
Oﬂ”ﬁs]ﬂﬂ”ﬂ&lﬂw']%l,lﬁ@']gﬂq 9 ﬂTjj’Jllﬁam@QWTQLlﬁﬂ1ﬂ‘].|@ﬂﬂlﬂ‘ll@]$ﬂ@u

a o

1 1 1 Qdy @ 4
ﬂ”lﬂllﬁell@\‘liﬁﬂllﬁ\‘llﬁ A VIHNALHIADULE U INE (‘]Jﬁglflﬂﬁll(ﬂﬂ)

O acute exposure: loss of appetite, nausea, vomiting, stomach cramps,
constipation, difficulty in sleeping, fatigue, moodiness, headache, joint

or muscle aches, anemia, and decreased sexual drive

O chronic exposure: severe damage to the blood-forming, nervous,

urinary, and reproductive systems
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http://www.lampangceo.com/warn_air/

Estimated annual average concentrations of

PM 10 in cifies with populations of >100,000
and in national capitals

Concentration of !u L1y
PM,, (ng/m°) t 2 Uy

5-14 L I

15-29 it o .
30-59 AN % 7
60-99 4o :

100-254 ) -




ANMITNTH (NANJAL.N.)

.00

7.00

6.00

5.00

4.00

[ = = . = e ) G
ANnAY 12 1how (moving average) 04A75 Benzene USIIMHKRAA WK IA

PN

——anana .o alng
——55.gw foslng
Truvindda 9. vouunu

e LY ammalmﬂ, 2.d@4087

\_,f/\"‘/_\

3.00 -
ﬁwu1n131uﬂuﬂM
2.00
—iiih, ¥ gl —

100
B'm T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

I T T T S SR TR TN S R S R S T SR R B
e N N W& & ‘:,l]fb «;? & #.@“ o & o ‘};F 6}5@“ o o é:i'@
L
? ,;t?'ﬁ -:5“9 eh ‘}q\ﬁ" & & & & .;a"’?;! 4.‘5&3! & o ey Q\J ‘Q-QP o @?‘?




The 4 Step Risk Assessment Process

SEFET Dose-Response

Identification Assessment
What health problems What are the health |=]
are caused by the problems at differant

pollutant? axposuras?

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 specific time period? How
many people are exposed?




DOSE — RESPONSE RELATIONSHIPS

o Estimate how much of the chemical it
would take to cause varying degrees of
health effects that could lead to ilinesses

o “All substances are poisons: there is none
which is not a poison. The right dose

differentiates a poison and a remedy.”
Paracelsus (1493-1541)




DOSE — RESPONSE
RELATIONSHIPS

o Exposure to a chemical substance

- different effects (mind effects to fatal poisoning)
| depending on DOSE or exposure concentration

o At low doses (concentrations), only mild effects -
nuisance and irritation

o At the higher dose (concentrations)
- serious damage to organs and ’ris

B

P




DOSE - RESPONSE
RELATIONSHIPS

o Dose-response relationship is the “relationship
between the amount of an agent administered
to, taken up or absorbed by an organism, system
or (sub) population and the change developed in

that organism, system or (sub) population in
reaction to the agent”




DOSE - RESPONSE
RELATIONSHIPS

o Concenftration-effect relationship is the
“relationship between the exposure, expressed
in concentration, of a given organism, system or
(sub) population fo an agent in a specific
pattern during a given time and magnitude of @

confinuously-graded effect to that organism,
system or (sub) population”




Abbreviation

o LD50 : median lethal dose

o LED10 : the lower 95 percent confidence limit on
dose associated with an estimated 10 percent
increased tfumor or relevant nontumor response
lower effective dose for 10% response is identified
or lower bound on the effective dose resulting in a
10% increase in risk (ED10)

LOAEL : lowest-observed-adverse-effect level
MOE : margin of exposure
NOAEL : no-observed-adverse-effect level

NOEL : no-observed-effect level
RfD : reference dose

00 00O




The median lethal dose or LD 50

o The LD 50 concept was developed by Trevan
(1927)

o Acute oral toxicity testing - kills half the animals

o Observing the onset, nature, severity, and
reversibility of toxicity

o Original testing methods were designed to
characterize the dose —response curve by using

several animals (usually at least 5/gender) at
each of several test doses




The median lethal dose or LD 50
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exposure/effect scenarios

o Short-term exposure resulting in immediate

effects Acute Acute
exposure| effect

- =
fime

o Continuous exposure resulting in sublethal
effects

Chronic exposure

Chronic
effect

fime

>




exposure/effect scenarios

o Confinuous exposure resulting in acute effects

Chronic exposure

Acute
effect

>

fime

o Short-term exposure resulting in later sublethal
effects

Acute S Chronic
exposure Fme effect




LD 50 and LC 50

o The lethal concentration 50 (LC 50) and
the effective concentration 50 (EC 50 )

o The concentration of the material to
which the organisms were exposed that
causes mortality (LC 50 ) or some other
defined effect (EC 50 ) in 50% of an
exposed population.




LD 50

o LD 50 (mg/kg) Label

o <5 mg/kg - Very toxic

o >5<50 mg/kg —>Toxic

o > 50 < 500 mg/kg »>Harmful

o > 500 mg/kg - No label required




The dose - response relationship
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Dose-response curves for 4 different chemicals
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Potency = range of doses over which a chemical
produces increasing responses. A>B; C>D. B

Maximal efficacy = limit of dose-response
relationship. A=B; C<D.
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NONCANCER RISK ASSESSMENT

o The NOAEL is used to calculate reference
doses (RfD) for chronic oral exposures and
reference concentrations (RfC) for chronic
inhalation exposures as per EPA

o Agency for Toxic Substances and Disease
Registry (ATSDR) and World Health
Organization (WHO) use the NOAEL to
calculate minimum risk levels (MRLs) and
acceptable daily intakes (ADI)

RfD = NOAEL / (UF XMF) ..o US EPA
MRL = NOAEL / UF.............. ATSDR




N15USLLABYWIATNHNFNUNISA DU H LD

PA R0 (ma/kg )57 (mo/kg-de)

Anthracene 0.3 - I
Acenapthene 0.06 -

Fluoranthene 0.04 -

Fluorene 0.04 -

Pyrene 0.03 -

Benzo(a)pyrene - 3.9

*ewds (Reference dose: Rid) sasmslinossss
*ehduenutu (Slope factor: SF) samnsranzss




The 4 Step Risk Assessment Process

Hazard
Identification

What health problems
are caused by the
pollutant?

Dose-Response

Assessment
What are the health
problems at different

axposuras?

Exposure

Assessment
How much of the pollutant
ara people exposed to during

a specific time pariod? How
many people are exposed?

Risk
Characterization
What is the extra risk of
health problems in the
exposed population?

/




Exposure Assessment

O M98 NTI TN A LA AT EILSE NI MU AN AT LAY
AT TR TE AT AT U

o Factors: exposure duration, exposure route, etc.
o Duration: Acute, chronic, and subchronic

o Uncertainty in environmental exposure
assessment > occupational exposure
assessment




Industrial

B I Pollution | Liquid

Pathways to exposure from contamination




Exposure Assessment

o The process of a chemical entering the
body can be described in two steps:
contact (exposure), followed by actual
entry (crossing the boundary).

o Uptake or Absorption (msassiuiamnsi)

o Intake (msfin mamela)




Intake, Uptake and Dose

o Intake - outside to inside the body
(Opening : mouth and nose)

o Inhalation, eating, or drinking

o m3 of air breathed/hour (5&25 m3/day)
o kgs of food ingested/day

o Liters of water consumed/day

o Milligrams of soil/dust ingested per day




Intake, Uptake and Dose

o Uptake - outside to inside the body
(absorption: skin)
o Amount of chemical absorbed per unit of

time: concentration, permeability
coefficient, surface area




Routes for Human exposures

Exposure type

Inhalation Ingestion

Dermal

particles | | Inorganic || VOCs

vapor

Soils | | Water use

Drinking water || Foods || Sails

Animal Products




Exposure Assessment

o Determine the amount, duration, and pattern
of exposure to the chemical. or

o |dentify potential or completed exposure
pathways resulting in contact between the
agent and at risk populations

o demographic analysis of at risk populations

o describing properties and characteristics of the

population that potentiate or mitigate concern
and

o description of the magnitude, duration, and
frequency of exposure




Exposure

o Exposure or dose

o The chemical is contained in air, water, soil, a
product, or a fransport or carrier medium

o The chemical concentration at the point of
contact is the exposure concentration.

E =i, C(f)d(f)

E is the magnitude of exposure,

C(Jr’[) is the exposure concentration as a function of
ime

tis time, 12- t! being the exposure duration (ED)




Exposure monitoring

o an estimate of chemical dose taken up

Riverside

by humans
o Biomonitoring

o Model development
o Computations

Legend
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Figmre 8. Spatial distribution of modeled armual average CO concentrations from
freeways (zreen) and surface streets (blue) for residences in Riverside, Califomia.




Exposure monitoring

o Biological monitoring of blood and air
samples represents new ways of reducing
uncertainty in these extrapolations

o Occupational exposure limits (OELs) that
are guidelines or recommendations
aimed at protecting the worker over their

entfire working lifetime (40 years) for 8
h/day, 5 days/week work schedule




AREGE ﬁaﬁeqnmﬂuﬁwma NN
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Air monitoring & exposure
assessment

o Primary data
o Secondary data: dagsannnasmuassais

o PMI10
o PM 2.5
o Sox

o Nox

o Cox
o efc




Air monitoring & exposure
assessment

]

INLET COVER




Fig. 3. Typical particle types in Beijing air. (a) Soot aggregates, developing from small groups or chains into larger chains (scale bar 5
pm). (b) ‘Wet’ soot aggregates, having lost their ‘fluffy’ appearance (scale bar 1 pm). (c) A smooth coal fly ash particle (scale bar 500
nm). (d) A coal fly ash particle coated with fine particles (scale bar 500 nm). (e) Irregular mineral particle that is geologically sourced
(scale bar 2 pm). (f) Elongated particle observed in some samples at all three sites (scale bar 2 ym). (g) Bar-shaped gypsums
observed at the urban site only (scale bar 2 pym). (h) Biological particles. Large amounts of these particles are observed in groups
only on one July collection at the MTR site (scale bar 200 nm). (i) A biological particle. Only observed on one July collection at the
MTR site (scale bar 3 ym).




ANDERSEN SAMPLERS -

Simulates Human
Respiratory System
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Air monitoring & exposure
assessment




exposure assessment & .
laboratory setting

o HPLC O MaNa/MITLans

0 GC-MS o Quality control
ol|CP o Calibration

o Efc. o Limit of detection

o Uncertainty l




Chemical exposure and
biological monitoring

Exposure Metabolite (biomarker of exposure)

o Benzene o Trans-trans-muconic acid (Urine) =
500 ng/g creatinine*

o Toluene (Urine) = 0.03 mg/L

o Toluene o Toluene (Blood) = 0.02 mg/L
o 0-Cresol (Urine) = 0.3 mg/g creatinine*
o Arsenic o Inorganic arsenic plus methylate

(Urine) =35 ug As/L

*with hydrolysis




List of case-specific exposure
parameters

Parameter Child aged Child aged
Up to 6 yr 6-12 yr

Physical characteristics

Aver. body weight (kg) 16 29 /0
Aver. total skin surface 6,980 10,470 18,150
area (cm?)

Aver. Lifetime (yrs) /0 /0 /0
Aver. Lifetime exposure 5 6 58
period (yrs)

- workers 40




List of case-specific exposure
parameters

Parameter Child aged | Child aged
Up to 6 yr 6-12 yr

Activity characteristics

Inhalation rate (m3/h) 0.25 0.46 0.83
Dust inhalation (days/year)

Off-site residents 365 365 365
Off-site workers 260
Duration dust inhalation (h/day)

Off-site residents 12 12 12

Off-site workers 8

Saoils ingestion (mg/d.) 200 100 50




INH — CAxXIRxRRxABSXETxEFXED
B BW x AT

o CA =63.7ng/m3=6.37 x 10° mg/m3 for
Benzo(a)pyrene (BaP)* i

0IR=0.83m3/h,RR=1,ABS,=1,ET=12h/d,
o EF = 300 d/year, ED = 58(40) years, BW = 70 kgs
o AT =70 years x 365 days

6.37x10°x0.83x1x1x12x300x40

INH =
70X 70 X 365
= 0.43 x 10~ mg/kg-day

*T. Choosong et al, 2011




1-OHP in workers & exposed to
Benzo(a)pyrene (BaP)

o Exposure group 0.35 £ 0.32 umol/mol creatinine

o Control group
o Nonsmoker ND - 0.14 umol/mol creatinine
o Smoker 0.24 £ 0.16 umol/mol creatinine

Uncertainty-> P450, creatinine, skin (uptake)

T. Choosong et al, 2014




The 4 Step Risk Assessment Process

Hazard Dose-Response

Identification Assessment

What health problems What are the health
are caused by the problems at differeant

pollutant? axposures?
Risk _
Characterization
What is the extra risk of

health problems in the
Exposure exposed population?

Assessment

How much of theI:IJuIIutant
are people axposed to during
a specific time period? How
many people are exposed?

/
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o Data on the dose-response relationship of
an agent are integrated with estimates of
the degree of exposure in a population to
characterize the likelihood and severity of
health risk (EPA, 19950 -

Lffective characterization depends on

! Transparency, Clarity, Consistency and B
Reasonableness (TCCR)




Transparency (lussla)
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Consistency (sannsag)
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Risk characterization is not only about
science -- it is also about making clear that
science doesn’t tell us certain things and
that policy choices must be made.

Ecological risk assessment
+

Health risk assessment

Risk characterization
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Key finding
Strengths
Weaknesses

<

Data for Risk Manager

Peer review is critical to ensure the scientific
soundness of a risk assessment.




Risk Management Decision Framework

Planning and Scoping
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O Linear low-dose model, CR = CDI x SF

© One-hit model, CR = 1 — exp(-CDI x SF)




O luyssemamsmMauNUsuin Benzo(a)pyrene (BaP) 11101 3 x 10° mg/m’
Faminay ane. vigle BaP 191 11 1uaf5u1ar 0.43 x 107 me/ke-day Tne BaP

1 a < 1 @ _ H 1
A1 SF Uo9IMISINANSITUNINY 3.9 mg/kg-day' 2@ 1W150UTLUANMTIIND

a I~ 1 LY
N1INAUSLINADAUININD

Cancer risk = SF0 X CDIO

=SF,x C_ x(0.43x 107)
=39x(3x10°)x(043x107)
=5.03x10°®

= oY) tg d' d' 1 oY) (%) oY) o 6 oY) ng Y
O MNUNUPNU TUNUNTIIRDNITSUFUHNTIIUIU 1 x 10° AU A9UU TUNI NI
a A I~ A 2 o
i TomanaglanTued 15AN IS ANVUUIIN BaP 14U 0.05 AU

O Dermal contamination of BaP =2 51% (VanRooij JGM, 1993)
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. Yo % 1T 9 a
O myfFeumevdsunaarsainlasy (exposure assessment) N1A1O19D 4

(dose-response relationship) (3802171 Hazard quotient (HQ)

O Was IV HQ MINMTSUANATESIANHA19SUA Ha1gF0IN1 Hale

UHAIVDIAINAN 158021 Hazard index (HI)

Hazard quotient (HQ) = %
E = Sunamsaiiisuduia (Mg/kg-day)

RfD  =ddeds (MQg/kg-day)
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CDI

Hazard Index (HI) = =D

Total Hazard Index (HI) = Z[HQI]J]
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O Tuusseman1smaullsuna Benzo(a)anthacene (BaA) NWUNNU d@nY.
ele BaA 191 11 111/53191 0.8 x 102 mg/kg-day 1a® BaP A1 RfD 110U 3.9
x  10"mg/ke-day’  azasalszanaanudesnnmsduilien lulengs
NN
non-Cancer risk, HQ = E/RfD
=(0.8x 10?) /RfD

=(0.8x102%)/3.9x 10"
=0.21x 10"

1 3 v v o ! . .
O’e)fm‘lﬁﬂmuwummﬁmiawamﬂuﬂqu polycyclic aromatic hydrocarbons
1IN 1 FUA

OHI = (0.02D)+( xx )+(xx )><,=1




1AUAWA




