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='0| 2|2k, &0 2 2 ElCt

=253 2% ElEto| (50<y§ 4|fr%* )
3,000 mg/kg (rat, oral)

Sodium chloride = 12,357 mg/kg (human,
oral)

Ethyl alcohol = 7,060 mg/kg (rat, oral)

Acetyl salicylic acid OofAm| 2l 200 mg/kg (rat, oral)

Gyromitrin (C,HgN,0) HA =d&820| dF 200 mg/kg (rat, oral)

Caffeine HIORt =2t & 140 mg/kg (dog, oral)

Arsenic trioxide (As,0,)  H|2(37}) 15 mg/kg

Nicotine L|ZEl 1 mg/kg

Tetrodotoxin 20= 0.1 mg/kg
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SOURCE: Jenkins, S. et al. Environ. Health Perspect.
119, 1604-1609 (2011)
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Figure 2.1 Relationships invelving those 1976 TLVs based upon human experience. Left: TLV
versus the percentage of persons in the cited studies who experienced adverse effects. Right:
TLYV versus the average level of exposure reported in the cited studies [from (Roach and
Rappaport, 1990)].
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ref. Gordis L, Epidemiology and Health Risk Assessment (1988)
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« Structure/activity relationships - 2 species; both sexes:;
o A|SIBIEA QI T EAAIS] « 50 animal§/dose;
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- Epidemiologic data

Find more info at US EPA web:
ToxCast21, comptox dashboard; CPCat (chemical/Product Categories DB) 13




 T: threshold €3]

* Dose below which no
additional increase in response

observed
* F: NOAEL £ggf2t= 3|
- Highest nonstatistically
significant dose tested

. G: LOAEL M2 starz3
- Lowest dose tested with a
statistically significant effect

 A~D: POD 0|5} 24&HA|A
J - possible extrapolations below
the POD (E)

oo
ol
e
0[0
JH
rx

% Response

Dose (ma'kg BW)

POD: Estimated dose near the lower end of the observed dose range,
below which, extrapolation to lower exposures is necessary.
ED,,; depending on the data available



Response (Tumor or Nontumor Data)

10%

0%

Extrapolation Range Observed Range

Potency = the slope of
the linear default line

H_Lec,o EC,,

MOE

Exposure Concentration =g

Empirical
Range of
Observation

Range of
Extrapolation

Ref. US EPA

[LED,, or LEC,,]

Modeled dose corresponding
to an incremental effect (e.g.,
LED10, the lower 95% limit of
the dose or concentration
corresponding to a 10%

increase in response)




NOAEL

RID = ——,

BMR i
AD[= JYOAEL

UF x MF

lllustration of benchmark dose (BMD)
approach. This figure shows the
BMDL10 and BMD10, the lower
confidence limit and dose (ED10)
associated with a 10% incidence of
adverse response, respectively (Kavlock
et al., 1995; US EPA, 2005).

RID = BMD, or MB.DL_‘
UF x MF
60 n pr
s0{  Upper
confidence )
limit on r
404 estimated risk
% \’/
I
08,- 30 A /
:.q'_) f' \
50 ’;' Dose-response
20 A ! fitted to
4 experimental data
/
10 7
'
BMDL,, BMD,,

Dose (mg/kg BW)
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=25 7|4 (UF and MF)

Human
variability

Species
differences

Figure 4-4. Toxicokinetic (TK) and toxicodynamic (TD) considerations inherent in interspecies and interindividual extrapolations. TK refers to the
processes of absorption, distribution, elimination, and metabolism of a toxicant. TD refers to the actions and interactions of the toxicant within the
organism and describes processes at organ, tissue, cellular, and molecular levels. This figure shows how uncertainty in extrapolation both across and
within species can be considered as being due to 2 key factors: a kinetic component and a dynamic component. Challenges remain for extrapolating
information on human variation to specific populations (NRC, 2009). Refer to the text for detailed explanations.



=25 7|4 (UF and MF)

TABLE ll. Default Uncertainty/Assessment Factors for Workers”

Factor ECHA ECETOC TNO/RIVM Other?
UF, AS-BW®75 2.5 (TD) AS-BW?75 AS 3 (TD) NS
UFy 5 3 3 NS
UF, 1 3 or BMD 1-10 or BMD NS
UFs 2-6 2-6 10-100 NS
UFp 1 NA 1 NS
MF NA NA NS NS

AAdapted from ECHA (2008) Table R.8-19. Guidance on information requirements and chemical safety assessment. Chapter R.8: Characterization of dose
[concentration]-response for human health. 4"

BACGIH—American Conference of Governmental Industrial Hygienists Threshold Limit Values; American Industrial Hygiene Association Guideline Foundation
Workplace Environmental Exposure Levels; SCOEL—Scientific Committee on Occupational Exposure Limits

Abbreviations: ECHA—European Chemicals Agency: ECETOC ~ European Centre for Ecotoxicology and Toxicology of Chemicals; TNO/RIVM-—National
Institute of Public Health and the Environment (in cooperation with TNO Nutrition and Food research); AS—Allometric Scaling (BW"7%); NS — Not Specified:
TD — Toxicodynamics

(Dankovic, DA et al., 2015; doi: 10.1080/15459624.2015.1060325) 18




¥ (Benchmark Dose, BMD)
LE°I Tof4 HH0j|A BMDE &
= (Benchmark response, BMR)
PHoHE % (e.g., TD10, TD5, TD1)
24H (Point of departure, POD)
BMRO]| 4+-2-3H= BMD

m
o?ll =
Oll

= ﬂH)l'

Ref: http://www.epa.gov/ncea/bmds/bmds training/methodology/intro.htm

=M 212 (Reference Dose)
EL

REh:NOAEL

UF x MF’
NOAEL

ADI= :
UF x MF

BMD or BMDL
UF X MF

RfD =

Ref: https://www.chemsafetypro.com/Topics/CRA/What Is Benchmark Dose (BMD) and How to Calculate BMDL.html
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Cancer descriptors and risk

- 0] 224 (EPA)
» Carcinogenic to Humans

- Likely to Be Carcinogenic to
Humans

- Suggestive Evidence cif
Carcinogenic Potentia

- Inadequate Information to Assess
Carcmo enic Potential

. Not Likely to Be Carcinogenic to
Humans

« A LAHLA (IARC)
« List of classifications

 https://monographs.iarc.fr/agen
ts-classified-by-the-iarc/

» Cancer slope factors
« Oral slope factor (OSF) is

» an estimate of the increased
cancer risk from oral exposure
to a dose of 1 mg/kg-day for a
lifetime.

* Risk = OSF * lifetime exposure (in
mg kg—day)

* Inhalation unit risk (IUR) is

* an estimate of the increased
cancer risk from inhalation
exposure to a concentration of 1
ng/m3 for a lifetime.

* Risk =|UR * lifetime exposure (in
ng/m3)

More information on deriving cancer risk estimates can be found
in EPA’s 2005 Guidelines for Carcinogen Risk Assessment.




A. Ingestion of arsenic from soil—point estimation method

Soil concentration x Ingestion rate x Exposure duration x Exposure frequency

Body weight x Averaging time

2300 mg/kg x 100 mg per day x 30 years x 350 days per year

70 kg x 25,550 days

B. Ingestion of arsenic from soil—probabilistic methods

Soil concentration Ingestion rate
0.040 0.025
2 0.030 0.019
% ® 1 *
: 0.020 0.013
o 0010 j 0.006

0.000 0.000 '
0 1750 3500 5250 7000 0 75 150 225 300

Exposure duration
0.110

0.083
0.055
0.028

0.000
0 25 50 75 100

Exposure frequency
14

0.011
» 0.007
0.004

x Bioavailability x g*

0.09 x 1.50 (mg/kg per day)™

= Lifetime cancer risk (ILCR)
from skin cancer

=1.8x10™

R =g [risk (mg/kg per day)'] x exposure (mg/kg per day).

00
0 100 200 300 400
Exposure frequency,

Bicavailability

= Slope factor, g*

Bioavailability (-)

As concentration, mag'kg Ingestion rate, Exposure duration,
mg per day years days per year
0.025
Body weight Averaging time 0.019
0.016 1.0 X 0.013
2 00z 0.75 0.006
® 0.008 > 050 0.000
s
o 0004 025
0.000 0.00

30 B0 90 110 140
Body weight, kg

25855

Averaging time, days

0.75
X 050
0.25

: 0.00
0.0 0125 0.25 0.38 0.50

1.50
q* (mg/kg per day)

= |LCR skin cancer

95th
0.223 percentile
0.149
0.075
0.000

OE+0 7.5E-6 1.5E-5 2.3E-5 3E-5
95th percentile = 2.3 x 1075

Figure 4-6. Example of risk calculations for incremental lifetime cancer risk (ILCR) of skin cancer due to ingestion of arsenic in soil. (A) Point exposure
estimation method for calculation of ILCR. Point estimates for arsenic exposure input parameters are used in this example to calculate the ILCR. This
exposure estimate is multiplied by the bioavailability of arsenic in soil to calculate the absorbed dose. Multiplication of the dose by the slope factor
(g*) yields the lifetime risk. (B) Probabilistic exposure methods for calculating the ILCR from arsenic ingestion. In this example, the soil concentra-
tion, ingestion rate, exposure duration and frequency, body weight, and bioawvailability are modeled as distributions. Note that g* and averaging
time (years) are given as single-point estimations. This method yields a distribution of ILCR, with a 9 5th percentile upper confidence interval of 2.3




JARC Bratd= 2l (carcinogens)

Bacon Causes Cancer

The WHO has put bacon & red meat on a list of
cancer-causing substances

@
Carcinogenic to

umans Tobacco  Alcoholic  Radiation Processed
beverages (solarUV)  Meats

0000

genic Glyphosate  Anabolic HPV Red Meat
to humans steroids

© ©

e Coffee Gasoline  Magnetic
to humans :
field

Kaitlyn Kelly / Vocativ

-
V[]catlv Source: World Health Organization IARC
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2A: probably ' Animals
2B: possibly E =
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4: probably not lack
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Limited -
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Humans o8
Inadequate (1. 2A, 3)
Suggesting
lack

Group 1 - ©°l&] gehA (Carcinogenc to humans), Group 2A - 9] &otyd =7 £
(Probably carcinogenic to humans), Group 2B - Q& 224 71 Z4A (Possibly
carcinogenic to humans), Group 3 - 917 ¥€¢d 8& 25 =22 (Not classifiable as
to its carcinogenicity to humans), Group 4 - 91| v|&etd =& 24 (Probably not
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ol & 4 A (Risk Characterization)

o E21 O|AXICHY 7 ZFISFEIAN O 2 2 3= 2IIfOI}?

“What is the estimated incidence of the adverse effect in a given
popu/ation 27
+ 1 THCH 9|5l 0| TSl i JHd
’“E(:Ui) 2| 7kl 7l =2 S=
: -_.-o Hd (Transparency), =td (Clarity), €&+ (Consistency),
2r2|d (Reasonableness) = _Tl_E=|o}0t| 75‘%;2.*

%?E.E Z'IZHZ-I (Z'I =P .|T|.|-I:|-),

O O T 1 L L

Ref: http://www.epa.gov/riskassessment/health-risk.htm






ES * Risk = f(hazard, exposure)
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Troll‘d 1t 2ol 8= H=3HOF ..

« M (toxicity), +ild (hazard) < {5 (risk)z} 2t M (safety)

Health Hazard Flame Exclamation Mark ) Al-g-aol: ( :FE h—_%%l:) 0 _,| E_1 EI_I
S{AIAM oM
ey | @ | D D 51812 QI31A
E)\E — « Carcinogen « Flammables « Irritant (skin and eye)
—_*I— g « Mutagenicity » Pyrophorics « Skin Sensitizer
» Reproductive « Self-Heating » Acute Toxicity (harmful) M 1 _1 Al -l
Toxicity  Emits Flammable « Narcotic Effects ° I O-II —L .I I.m e}
« Respiratory Gas « Respiratory Tract Irritant = O X 7 o —
Sensitizer « Self-Reactives « Hazardous to Ozone i O-l
« Target Organ « Organic Peroxides Layer _I'I'_E I TI
Toxicity (Non Mandatory)
» Aspiration Toxicity o AWK AIAIO}F A S ol
Gas Cylinder Corrosion Exploding Bomb = H ]- ] _"I ] L _L:I- o u Oﬂ _"I =
<> ‘s ‘e . A}ﬁ_] Al B'Pgl 7} er_Q_
HH- = =
- B.50| acceptabledt £21%]
» Gases under « Skin Corrosion/ » Explosives
Pressure burns « Self-Reactives
« Eye Damage « Organic Peroxides
« Corrosive to Metals
Flame over Cirde Environment Skull and Crossbones
‘é‘ (Non Mandatory) @‘
* Oxidizers * Aquatic Toxicity | « Acute T?xigit)\,r (fatal or 26
oxic
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7|= A35}t7|(Determining reference)

RS . I:IIHEI-CII)zl-:’-;-é*!--TIL;-:I( llowable dail k
« EMT}LLES OE - 5|84 %= (Allowable daily intake

= OJC_J L3 gnani - amounts Y
« Ol =2 oI5| H4AMO 2 X X5} 0F - RfD, RfC; ADI, TDI

- SN SSie AF) . Maxnnum residue limits (MRLs)
3-9-7 | = (Permitiable exposure
m| S
1 RfD No Adverse Effect Level y PEL :Tl.ll"eShOId hmlt Value
| | - /4 (Toxicity)

 No-observed-adverse-effect level
(NOAEL); LOAEL

o Hrok 2k11 2| cancerous reference
- attribute cancer potency per unit
exposure
« CSF*average exposure levels

* Inhalation slope factor,
* Oral slope factor (OSF)

X100

Acceptable Uncertainty

human factor
exposure

0.01 0.1 1.0 10 100 1000

Dose (mg/kg/day)
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Figure 2.1 Relationships invelving those 1976 TLVs based upon human experience. Left: TLV
versus the percentage of persons in the cited studies who experienced adverse effects. Right:

TLYV versus the average level of exposure reported in the cited studies [from (Roach and
Rappaport, 1990)].

v HQ(1E=MOE) 100
- “Generally acceptable” 2 0|3lis{{Of
Q| 2| E7} Lifelong exposure 2t A H2-2 OfH

29



W 1 1 TP N — f’
___,_/
I
B I —— —4 !
i
1,80 — car — I..-/ T
1 If
€ o7 Ll
= /
g o | 3
: /l
o el
s /
= 4 . 11
g P
= { [
Ty 1.3 ' | — =a By e
= f
[
0. 20 f
i'/l
0,11 /,“ T
i . . D O
0 2 0 35 4
Age (yr)

Ages of 1991-1992 TLVs for air contaminants.
The median age was 16.8 y [from (Rappaport,
1993)].

1A ZHARIX S Ao olg~ Y %}gig—ri:pf 3 7 3eA 8ol WS BY
- = ‘]LH7] T]ol-o][,} 7]»1_:';] O‘]b_ ?_:[Lﬁ%
(Y5873 H] gt AsiA=7HHQ)7T gt 0.70]H Q75T

2, 1.30]8H QoA Stb Zojth TN 2590 B =l 2= HO 7154
= 37 =9stAer g EL st =38 & A4 ES %/ﬁ@}ix] Egﬂr’qoﬂ UiAlist=

WAl 22 ddd 2A® FE0] EAIsHA] gt SHATE =&E587]&0] EAITS).
A7 =535]87]&2 sfAI] Hiar7|EX](threshold limit value, TLV)E Htgsto] 77 of
HE AAsligtt. 10 o] Hur|&X|7F welr| 9] Wyt oA fA|= Hste] 10~25\0t
o} SHHAl wi = 747t 7“‘%‘_?0])‘ ol 10% uiel= Sdulef HPHCH S 19744 WA <]
TLVZF 10 ppmO| =8 4093 Fofli= 10 ppmo] QHHSIA|TE A2 1 ppmo] QHASI}aL

AAfste A2 obd Zolch. Sal2H0) ko] ofH J1Eo] et &3 ool thet
& sllote] WopSolokst 087t ci7]o] Qi Zolch. webd 2Ao|d ey 2]
538715 S AP AF|uALSHE FACIA WSoIRAIY ALY B2 AhE 2F
i 587k ARIA Fo'E B Zlo] B Zo|ck.

rid ru|m




e b b
71237} L0{0F HATILE B 4 ULt, LELELEE
e« 7|Z32|= A|AlO| 40|11 ALFS| 7} BHSHHA] HHEH & CAS #: 123,550,000 71
Qit} sz e seara
o 7|=2| = 4£9HO0| QIC} I SRESZ: 44,000
- SX2 )= oln| S 40| izt 2140| #o SuuvEE 500

=4
. 7|231= AR o|0| LI B3 & Qxat Qi
- 22 20| st 7|=z|= U= Z10] ELCt
- MAY = MFE
. EMe? HEE
.« 7|23 H4-2{0]0{0f Bt}
- QZAS A|7|2{H?

31



L2 A2 e |o SEME
l:l-al.ZI 7)|.7



inhalation exhaled air ingestion
- o2 J1= 2 | T
+ Oral(44]),
. cf. L Jungs |
o 7} K1 X} intramuscular intraperitoneal ' ir. -
buccal(++%}), rectal(A1%}) o
subcutaneous intravenous
1
blood and lymph
° %III:I: i kidneys l T
« Topical (Eo]/FOA | 555+ v extracellular -
ﬂxlgﬁ 79;% %1—7‘5:]_) = “ sweatandofl fluid 1"
- S ' ‘
+ inhalation (7}A4}, XA E4) bladder l organs 1
' bone soft tissue
urine
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