TABLE 1

Stratified sampling of IRIS entries by year of “last significant revision”

	Year
	Number of Entries
	%
	Cum %
	Rounded Allocation of Entries for Initial Examination

	1987
	106
	19.7
	19.7
	4

	1988
	92
	17.1
	36.8
	3

	1989
	38
	7.1
	43.9
	2

	1990
	64
	11.9
	55.8
	2

	1991
	110
	20.4
	76.2
	4

	1992
	37
	6.9
	83.1
	2

	1993
	25
	4.6
	87.7
	1

	1994
	27
	5.0
	92.8
	1

	1995
	16
	3.0
	95.7
	0

	1996
	3
	0.6
	96.3
	0

	1997
	3
	0.6
	96.8
	0

	1998
	10
	1.9
	98.7
	1

	1999
	3
	0.6
	99.3
	0

	2000
	4
	0.7
	100.0
	0

	total
	538
	
	
	20


TABLE 2

Basic description of the 20 IRIS entries selected from the date-stratified sample

	Chemical
	Last significant modification
	Species for critical effect
	RfD (mg/kg)
	NOAEL (mg/kg)
	LOAEL (mg/kg)
	Overall UF

	4-(2,4-Dichlorophenoxy)butyric acid
	1/31/87
	dog
	0.008
	8
	25
	1000

	Tridiphane
	1/31/87
	rat
	0.003
	0.33
	1.67
	100

	Sodium azide
	3/31/87
	rat
	0.004
	3.57
	7.14
	1000

	S-Ethyl dipropylthiocarbamate
	9/30/87
	rat
	0.025
	2.5
	10
	100

	1,2,4,5-Tetrachlorobenzene
	3/1/88
	rat
	0.0003
	0.34
	3.4
	1000

	Ethephon
	8/22/88
	human
	0.005
	none
	0.5
	100

	Tetraethyldithiopyrophosphate
	9/7/88
	rat
	0.0005
	0.5
	1
	1000

	2,4,6-Trinitrotoluene 
	6/1/89
	dog
	5.00E-04
	none
	0.5
	1000

	Butyl benzyl phthalate
	9/1/89
	rat
	0.2
	159
	470
	1000

	Octabromodiphenyl ether
	8/1/90
	rat
	0.003
	2.51
	5.01
	1000

	Metolachlor
	10/1/90
	rat
	0.15
	15
	50
	100

	Dichloromethane
	1/1/91
	rat
	0.06
	5.85
	52.58
	100

	Acetophenone
	2/1/91
	rat
	0.1
	423
	none
	3000

	Ammonia (excluded)
	5/1/91
	human
	0.1 (RfC)
	23
	none
	30

	Nickel, soluble salts
	9/1/91
	rat
	0.02
	5
	50
	300

	Methoxychlor
	4/1/92
	rabbit
	0.005
	5.01
	35.5
	1000

	    (alt calculation from Rat LOAEL used)
	
	rat
	
	
	25
	

	Zinc and Compounds (excluded)
	10/1/92
	human
	0.3
	none
	1
	3

	Acetochlor
	9/1/93
	dog
	0.02
	2
	10
	100

	Dacthal
	8/1/94
	rat
	0.01
	1
	10
	100

	Methyl methacrylate
	3/2/98
	rat
	1.4
	136
	none
	100


TABLE 3

Details of the uncertainty factors used for various RfD’s and available toxicological observations

	
	Animal/human (UFA)
	Human interindividual (UFH)
	Subchronic/chronic (UFS)
	LOAEL/NOAEL (UFL)
	Modifying Factor (MF)
	Database (D)
	Comments, and Classification of Endpoint as Quantal vs Continuous

	4-(2,4-Dichloro-phenoxy)butyric acid
	10
	10
	10
	1
	1
	1
	LOAEL is for frank effect--internal hemorrhage and mortality—Quantal.

	Tridiphane
	10
	10
	1
	1
	1
	1
	Decreased fertility and body weight in dams in 2-generation repro study--Continuous

	Sodium azide
	10
	10
	10
	1
	1
	1
	Clinical signs (hunched posture) and reduced body weight--Continuous 

	S-Ethyl dipropylthiocarbamate
	10
	10
	1
	1
	1
	1
	Degenerative cardiomyopathy incidence—Quantal

	1,2,4,5-Tetrachlorobenzene
	10
	10
	10
	1
	1
	1
	Incidence and severity of kidney lesions—Quantal

	Ethephon
	1
	10
	1
	10
	1
	1
	Significant excess plasma cholinesterase inhibition--Continuous

	Tetraethyl-dithiopyrophosphate
	10
	10
	10
	1
	1
	1
	Reduced Plasma and RBC cholinesterase activity--Continuous

	2,4,6-Trinitrotoluene 
	10
	10
	3?
	3?
	1
	1
	Liver toxicity--mild at LOEL (hepatic swelling and hepatocytomegaly) --Continuous

	Butyl benzyl phthalate
	10
	10
	10
	1
	1
	1
	Increased liver/body weight and liver/brain weight--Continuous

	Octabromodiphenyl ether
	10
	10
	10
	1
	1
	1
	Induction of liver enzymes; liver histopathology—Quantal

	Metolachlor
	10
	10
	1
	1
	1
	1
	In 2 year rat feeding study LEL of 150 based on decreased body weight gain.  However in a 2-generation rat repro study a LEL of 50 observed--reduced pup weights--Continuous

	Dichloromethane
	10
	10
	1
	1
	1
	1
	Liver toxicity (abnormal histology) in rats following drinking water exposure.

	Acetophenone
	10
	10
	10
	1
	1
	3
	No effects found.  The extra factor of 3 resulted from the "lack of important reproductive toxicity data".—Quantal.

	Nickel, soluble salts
	10
	10
	1
	1
	1
	3
	Body weight reduction.  Also significantly higher heart to body weight ratios—Continuous. An additional uncertainty factor of 3 is used to account for inadequacies in the reproductive studies.

	Methoxychlor
	10
	10
	1
	1
	1
	10
	Observed maternal toxicity was excessive loss of littters in the mid and high dose groups and significant decreases in body weight gain.  A high incidence of lung agenesis was observed in the fetuses "from all dose groups".  An additional UF of 10 was used to account for the poor quality of the critical study and for the incompleteness of the data base on chronic toxicity. Risk projection based on rat LEL 25 NOAEL 10 (reduced body weight gain, increased postimplantation loss, decreased number of live fetuses per dam)—Continuous based on reduced bodyweight gain.

	Acetochlor
	10
	10
	1
	1
	1
	1
	Systemic toxicity included excessive salivation, abnormal shaking of the head, increase in alaninine aminotransfrase and some other enzymes, kidney interstitial nephritis and chronic vasculitis, hypospermia--Continuous

	Dacthal
	10
	10
	1
	1
	1
	1
	Increased incidence and severity of lung lesions (not statisticallly significant at LOEL of 10).  Also dose related increase in the incidence and severity of hepatocytic hypertrop[hy; nephropathy—Quantal.

	Methyl methacrylate
	3
	10
	1
	1
	1
	3
	No detected effect leads to classification as Quantal.  Some increased kidney weight/body weight observed at the assigned NOEL--might have been considered a LOEL.


TABLE 4

Confidence/uncertainty distributions for ED50/LOAEL and ED50/NOAEL ratios

	Confidence %
	ED50/LOAEL20
	ED50/NOAEL01

	1
	0.87
	1.03

	5
	1.00
	1.17

	10
	1.04
	1.26

	25
	1.11
	1.46

	50
	1.24
	1.94

	75
	1.52
	2.97

	90
	1.97
	5.44

	95
	2.36
	9.39

	99
	3.98
	33.5


TABLE 5

Species standard body weights used by the Registry of Toxic Effects of Chemical Substances [30] and corresponding (body weight)0.75 animal to human dose conversion ratios

	
	Kg BW
	BW25 ratio (Human BW/animal BW) 25

	Cat
	2
	2.43

	Cattle
	500
	0.612

	Dog
	10
	1.63

	Gerbil
	0.1
	5.14

	Goat
	60
	1.04

	Guinea Pig
	0.5
	3.44

	Hamster
	0.125
	4.86

	Horse
	500
	0.612

	Human
	70
	1.00

	Monkey
	5
	1.93

	Mouse
	0.025
	7.27

	Pig
	60
	1.04

	Rabbit
	2
	2.43

	Rat (female)
	0.2
	4.32

	Rat (gender unspecified)
	0.2
	4.32

	Rat (male)
	0.25
	4.09

	Sheep
	60
	1.04

	Squirrel
	0.5
	3.44


TABLE 6 updated
Distributions of human toxic potency relative to animal toxic potency per unit (body weight).75 inferred from the data of Price et al. (2002) [14] for cancer chemotherapy drugs—human projections based on the most sensitive of the species listed for each chemical

	Species LD10 or MTD Information Used
	Number of Chemicals
	Geom. Mean
	Arith. Mean
	95th %tile
	Log(Geom. Std. Dev.)

	Mouse (single species)a
	54
	1.222
	2.71
	7.07
	0.464

	Rat (single species)
	18
	0.888
	1.45
	4.29
	0.416

	Hamster (single species)
	15
	1.722
	3.37
	12.61
	0.526

	Monkey (single species)
	34
	1.139
	1.87
	7.51
	0.498

	Dog (single species)
	56
	0.609
	2.14
	5.45
	0.579

	
	
	
	
	
	

	Mouse or Rat (more sensitive)
	18
	0.734
	1.03
	2.74
	0.347

	Mouse or Hamster (more sensitive)
	15
	0.805
	1.15
	3.43
	0.383

	Mouse or Monkey (more sensitive)
	31
	0.819
	1.13
	3.53
	0.386

	Mouse or Dog (more sensitive)
	49
	0.529
	1.78
	3.76
	0.518

	Rat or Hamster (more sensitive)
	12
	0.687
	1.15
	3.52
	0.431

	Rat or Monkey (more sensitive)
	15
	0.715
	0.89
	2.22
	0.299

	Rat or Dog (more sensitive)
	17
	0.598
	0.92
	3.10
	0.434

	
	
	
	
	
	

	Mouse Rat Hamster (most sensitive)
	12
	0.625
	0.98
	2.81
	0.397

	Mouse Rat Monkey (most sensitive)
	15
	0.689
	0.86
	2.10
	0.295

	Mouse Rat Dog (most sensitive)
	17
	0.551
	0.85
	2.72
	0.421

	
	
	
	
	
	

	Mouse Rat Monkey Dog (most sensitive)
	14
	0.610
	0.80
	2.09
	0.325

	
	
	
	
	
	

	All Five Species (most sensitive)
	10
	0.470
	0.67
	1.79
	0.353


aThe “single species” analyses are based on all chemicals where there were data were available for that species and humans, regardless of whether data were also available for other species.  Similarly the analyses for two species are based on all chemicals where data were available for the two named species plus humans even though in some cases data might also have been available for other species.

TABLE 7  updated
Interspecies projection factors and uncertainty distributions used for various RfD chemicals

	Chemical
	Species for critical effect
	Species with significant data from which most sensitive was selected
	Basic BW0.75 multiplier for species providing critical effect data
	Gmean UFA human/animal rel. potency factora 
	log(GSD) UFA uncertaintyb
	Central (50th %tile) Human ED50 dose multiplierc
	Higher-risk (95th %tile) human ED50 multiplier
	Lower-risk (5th %tile) human ED50 multiplier

	4-(2,4-Dichlorophenoxy)butyric acid
	dog
	rat, dog
	0.615
	0.617
	0.424
	1.03
	0.20
	5.32

	Tridiphane
	rat
	mouse, rat, dog
	0.231
	0.533
	0.432
	0.42
	0.085
	2.07

	Sodium azide
	rat
	rat single species
	0.231
	0.792
	0.48
	0.26
	0.054
	1.26

	S-Ethyl dipropylthiocarbamate
	rat
	rat, dog
	0.231
	0.617
	0.424
	0.39
	0.075
	2.00

	1,2,4,5-Tetrachlorobenzene
	rat
	rat, dog
	0.231
	0.617
	0.424
	0.39
	0.075
	2.00

	Ethephon
	human
	human
	1
	1
	
	1
	-
	-

	Tetraethyldithiopyrophosphate
	rat
	rat single species
	0.231
	0.792
	0.484
	0.26
	0.054
	1.26

	2,4,6-Trinitrotoluene 
	dog
	mice, rats, dogs
	0.615
	0.533
	0.432
	1.11
	0.23
	5.50

	Butyl benzyl phthalate
	rat
	rat single species
	0.231
	0.792
	0.484
	0.26
	0.054
	1.26

	Octabromodiphenyl ether
	rat
	rat single species
	0.231
	0.792
	0.484
	0.26
	0.054
	1.26

	Metolachlor
	rat
	mouse, rat, rabbit (treat same as mouse, rat, dog)
	0.231
	0.533
	0.432
	0.42
	0.085
	2.07

	Dichloromethane
	rat
	mice, rats, hamsters
	0.231
	0.625
	0.397
	0.37
	0.082
	1.67

	Acetophenone
	rat
	rat single species
	0.231
	0.792
	0.484
	0.26
	0.054
	1.26

	Nickel, soluble salts
	rat
	rat, dog
	0.231
	0.617
	0.424
	0.39
	0.075
	2.00

	Methoxychlor
	rat
	rat, rabbit (treat as equal to rat, mouse)
	0.231
	0.615
	0.438
	0.31
	0.085
	1.17

	Acetochlor
	dog
	rat, rabbit, dog (treat same as mouse, rat, dog)
	0.615
	0.533
	0.432
	1.11
	0.23
	5.50

	Dacthal
	rat
	mouse, rat, rabbit (treat same as mouse, rat, dog)
	0.231
	0.533
	0.432
	0.42
	0.085
	2.07

	Methyl methacrylate
	rat
	mouse, rat, rabbit, dog (treat same as mouse, rat, monkey, dog)
	0.231
	0.610
	0.325
	0.38
	0.11
	1.30


aFrom the second column of numbers in Table 6.

bFrom the fifth clolumn of numbers in Table 6.

cThese are the “Basic BW0.75 multiplier for the species providing data” divided by the “Gmean UFA human/animal relative potency factor”.

Table 8

Summary of unweighted Log(GSD) variability observations for different types of uptake and pharmacokinetic parameters

	Parameter Type
	Oral
	IV
	Inhaled
	Other Routes
	All Routes + Route-Nonspecific

	Blood concentration for toxicant
	.322

(3)a

.295-.351b
	
	
	
	.322

(3)

.295-.351

	Body weight (adults only)
	
	
	
	
	.086

(2)

.065-.113

	Contact rate/body weight
	.299

(2)

.227-.393
	
	.090

(3)

..059-.137
	.168

(1)
	.149

(6)

..066-.336

	Volume of Distribution/body weight
	
	
	
	
	.124

(49)

.058-.284

	Volume of Distribution with no control for body weight
	
	
	
	
	.109

(5)

.070-.170

	Cmax/(dose/body weight)
	.156

(28)

.067-.362
	.121

(3)

.062-.237
	.071

(1)
	.176

(2)

.113-.273
	.150

(34)

.067-.337

	Cmax/dose with no control for body weight
	.160

(12)

.074-.374
	.150

(2)

.110-.204
	.252

(1)
	.227

(4)

.167-.307
	.175

(19)

.090-.339

	Elimination Half-Life or Clearance/Body Weight
	
	
	
	
	.129

(136)

.068-.248

	Clearance with no control for body weight
	
	
	
	
	.137

(5)

.076-.248

	AUC/(dose/body weight)
	.169

(35)

.084-.341
	.125

(14)

.075-.209
	.149

(1)
	.139

(5)

.061-.317
	.154

(55)

.078-.301

	AUC/dose with no control for body weight
	.200

(24)

.102-.391
	.140

(5)

.080-.246
	.354

(2)

.169-.742
	.257

(4)

.202-.327
	.202

(35)

.104-.391

	Total uptake and pharmacokinetic observations
	(106)
	(24)
	(6)
	(16)
	(354)


aNumbers in parentheses are the number of data groups in each category

bRanges are approximate 10th and 90th percentiles of the individual data sets in each category. 

Table 9

Summary of unweighted Log(GSD) variability observations for different types of pharmacodynamic parameters

	
	GI Tract
	Nervous System
	Resp. System
	Cardiovascular Renal System + Receptor-Based Effects
	Other (e.g., eye, skin irritation)
	All Effects

	Local (Contact Site) Parameter Change/External Exposure or Dose
	
	
	Acute .655

(17)a

.369-1.16b

Chronic

.279

(1)
	
	
	Acute .655

(17)

.369-1.16

Chronic

.279

(1)

	Local (Contact Site) Response/External Exposure or Dose
	.325

(1--stomach pH)
	
	.506

(11)

.194-1.32
	
	.433

(8)

..227-.825
	.465

(20)

.207-1.04

	Physiological Parameter Change/Internal Concentration After Systemic Delivery
	
	.259

(6)

.200-.337
	
	.175

(13)

.072-.425
	   .536 

(4)

.330-.869

(Immune)
	.235

(23)

.098-.566

	Physiological Parameter Change/External Systemic Dose
	
	.235

(1)
	
	.276

(1)
	
	.232

(2)

.170-.317

	Response/Blood Level or Internal Concentration After Systemic Delivery
	
	.247

(11)

.109-.561
	
	.297

(5)

.108-.815
	.060 (Immune)

 .502

(cataracts)
	.250

(18)

.097-.644

	Response/External Dose (IV or Oral Admin.) Without Large Dosimetric Uncertainty
	
	Oral .527 (2)

IV .359 (3)

Inhl .051 (2)
	
	.266

(1)
	
	.233

(8)

.065-.836

	Response/External Dose With Large Dosimetric Uncertainty (e.g. workplace epidemiology)
	
	
	1.33

(1--talc lung disease)
	.684

(3)

.430-1.09
	
	.807

(4)

.456-1.43

	Total Observations Including Pharmacodynamic Variability
	(1)
	(25)
	(30)
	(23)
	(14)
	(93)


aNumbers in parentheses are the number of data groups in each category

bRanges are approximate 10th and 90th percentiles of the individual data sets in each category. 

Table 10

A scale for understanding lognormal variability--fold differences between particular percentiles of lognormal distributions

	Log10
(GSD)
	Probit slope 
[1/Log10
(GSD)]
	Geometric standard deviation
	5%-95% Range (3.3 standard deviations)
	1%-99% Range (4.6 standard deviations)

	0.1
	10
	1.26
	2.1 fold
	2.9 fold

	0.2
	5
	1.58
	4.5 fold
	8.5 fold

	0.3
	3.33
	2.0
	10 fold
	25 fold

	0.4
	2.5
	2.5
	21 fold
	73 fold

	0.5
	2
	3.2
	44 fold
	210 fold

	0.6
	1.67
	4.0
	94 fold
	620 fold

	0.7
	1.43
	5.0
	200 fold
	1800 fold

	0.8
	1.25
	6.3
	430 fold
	5,300 fold

	0.9
	1.11
	7.9
	910 fold
	15,000 fold

	1
	1.0
	10.0
	1,900 fold
	45,000 fold

	1.1
	0.91
	12.6
	4,200 fold
	130,000 fold

	1.2
	0.83
	15.8
	8,900 fold
	380,000 fold


Source:  Hattis et al. [15]

Table 11

Examples of tentative “severity” categorizations by type of effect

	“Mild Reversible”
	“Moderate” Reversible or Irreversible
	“Severe” and Irreversible

	Olfactory perception (3 levels)
	Disarthria, hearing defects, or visual effects/methylmercury blood level
	Ataxia/ methylmercury blood level

	Nasal Dryness
	Haloperidol toxicity (minimum of 4 other signs plus, in some cases seizures, catatonia, mental confusion) 
	Deaths/methyl-mercury blood level

	Throat Irritation
	Neutropenia (2 levels)
	Deaths/red blood cell cholinesterase inhibition

	Nose irritation
	"Significant" hearing loss/one dose of cisplatin
	

	Pulmonary discomfort--"slight"  and "moderate" or more
	Pneumoconiosis (2 levels) in relation to cumulative talc air exposure
	

	Eye irritation 
	Anxiety/blood cholinesterase
	

	Skin hypersensitivity (allergic) or irritation
	Psychomotor depression/blood cholinesterase
	

	Paresthesia/blood level
	Unusual dreams/blood cholinesterase
	

	Achievement of a specific degree of cardiac blood flow (unblocking of a clot) 
	High ß2M urinary excretion vs occupational blood conc X time
	

	"Adequate" sedation/drowsiness
	Digoxin toxicity in relation to serum digoxin concentration
	

	Analgesia from dental pain (not taking medication at 3 and 6 hours after procedure)
	Cataracts in relation to TNT hemoglobin adducts
	

	Suppression of coughing (2 levels) on intubation
	Dose-limiting toxicity including malaise, neurotoxicity, pericardial effusion and coagulopathy
	

	Creation of conditions for intubation (2 levels--"excellent" and "good")
	End tidal concentration for anesthesia (not moving in response to stimulus)
	


TABLE 12

Types of responses classified in the “immune”/local receptor group

	Number of data sets
	Type of response

	15
	External air concentrations needed to cause defined percentage changes in FEV1 or airway resistance

	3
	Wheezing on bronchial provocation challenge

	4
	Skin hypersensitivity or rash

	4
	Drug concentration that gave 50% inhibition of mitogen stimulated mononuclear cell proliferation in vitro

	26
	Total


TABLE 13A

Allocation of human interindividual variability among steps in the causal process for different subsets of the data base—A.  Contact rate and systemic pharmacokinetic steps [table entries are central estimates of Log(GSD)’s for individual steps]




 -----------------------------Subset of the Data Base-------------------------------

	
	All data, incl direct contact PD
	All 354 PK + 54 systemic pharmacodynamic data sets--excluding direct contact PD
	All 354 PK + 25 systemic neurological pharmacodynamic data sets--excluding direct contact PD
	All 354 PK + 23 systemic cardiovascular pharmacodynamic data sets--excluding direct contact PD

	Total Number of Variability Data Sets Included
	447
	408
	379
	377

	Oral Contact Rate (tap water, fish consumption/kg BW)
	0.262
	0.262
	0.262
	0.262

	Inhalation Contact Rate (breathing rate/kg BW)
	0.091
	0.090
	0.090
	0.090

	Other Contact Rate
	0.168
	0.168
	0.168
	0.168

	Oral Uptake or Absorption(mg/kg)/Intake or Contact Rate
	0.000
	0.000
	0.000
	0.000

	Inhalation Fraction Absorbed
	0.000
	0.074
	0.000
	0.000

	Other Route Fraction Absorbed
	0.000
	0.000
	0.000
	0.000

	Oral Systemic Availability Net of Local Metabolism or First Pass Liver Elimination
	0.124
	0.124
	0.124
	0.124

	Systemic Availability After Absorption by Inhalation or Other Route
	0.147
	0.139
	0.146
	0.150

	Body weight correction
	0.086
	0.086
	0.086
	0.086

	Dilution via Distribution Volume/BW
	0.088
	0.088
	0.088
	0.089

	(Adults only) Systemic Elimination Half LIfe or Clearance/BW
	0.136
	0.136
	0.136
	0.136

	(Children included) Systemic Elimination Half Life or Clearance/BW
	0.171
	0.171
	0.171
	0.172


TABLE 13B

Allocation of human interindividual variability among steps in the causal process for different subsets of the data base—B.  Pharmacodynamic steps for systemic toxic processes [table entries are central estimates of Log(GSD)’s for individual steps]




 -----------------------------Subset of the Data Base-------------------------------

	
	All data, incl direct contact PD
	All 354 PK + 54 systemic pharmacodynamic datasets--excluding direct contact PD
	All 354 PK + 25 systemic nerological pharmacodynamic variability--excluding direct contact PD
	All 354 PK + 23 systemic cardiovascular pharmacodynamic variability--excluding direct contact PD

	Active Site Availability/General Systemic Availability
	0.084
	0.100
	0.092
	0.105

	Non-Immune Physiological Parameter Change/Active Site Availability
	0.230
	0.199
	0.229
	0.184

	Immune Physiological Parameter Change/Active Site Availability
	0.568
	0.548
	no data
	no data

	Reversible Non-Immune Mild Functional Reserve Capacity--Change in Baseline Physiological Parameter Needed to Pass a Criterion of Abnormal Function
	0.444
	0.353
	0.337
	no data

	Non-Immune Moderate Reversible or Irreversible Functional Reserve Capacity
	0.202
	0.232
	0.107
	0.253

	Non-Immune Severe and Irreversible Functional Reserve Capacity
	0.000
	0.000
	0.000
	no data

	Reversible Immune Functional Reserve Capacity
	0.696
	no data
	no data
	no data


TABLE 13C

Allocation of human interindividual variability among steps in the causal process for different subsets of the data base—C.  Steps for “local” direct contact processes [table entries are central estimates of Log(GSD)’s for individual steps]






   -----------------------Subset of the Data Base------------------

	
	Data only including 38 direct contact pharmacodynamic observations
	Data only including direct contact respiratory system observations

	Number of Observations
	38
	29

	Inhalation Contact Rate (breathing rate/kg BW)
	0.170
	0.161

	Inhalation Fraction Absorbed
	0.242
	0.235

	Non-Immune Physiological Parameter Change/Active Site Availability
	0.000
	0.075

	Immune Physiological Parameter Change/Active Site Availability
	0.505
	0.511

	Reversible Non-immune Mild Functional Reserve Capacity--Change in Baseline Physiological Parameter Needed to Pass a Criterion of Abnormal Function
	0.485
	0.477

	Reversible Immune Functional Reserve Capacity
	0.707
	0.774


TABLE 14  Updated

Basic results of the distributional analyses (means of three runs of 5000 trials each)

	Chemical
	Estimated median risk at RfD
	Estimated mean Risk at 0.1*RfD
	Estimated mean risk at RfD
	Estimated mean risk at 10*RfD
	Multiple of RfD needed to produce 1e-5 risk with 50% confidence
	Fraction of RfD needed to achieve 1e-5 risk with 95% confidence

	4-(2,4-Dichlorophenoxy)butyric acid
	2.5E-12
	2.2E-05
	2.2E-04
	2.9E-03
	18
	0.24

	Tridiphane
	5.2E-07
	1.1E-04
	1.5E-03
	2.5E-02
	2.0
	0.031

	Sodium azide
	1.8E-08
	6.4E-05
	7.0E-04
	1.1E-02
	1.9
	0.026

	S-Ethyl dipropylthiocarbamate
	8.8E-07
	1.6E-04
	2.1E-03
	3.2E-02
	1.8
	0.026

	1,2,4,5-Tetrachlorobenzene
	very small
	2.8E-06
	4.6E-05
	9.5E-04
	51
	1.2

	Ethephon
	1.5E-05
	1.7E-04
	2.1E-03
	3.6E-02
	0.9
	0.017

	Tetraethyldithiopyrophosphate
	8.2E-09
	4.6E-05
	5.7E-04
	8.8E-03
	2.2
	0.028

	2,4,6-Trinitrotoluene 
	9.8E-11
	2.4E-05
	2.5E-04
	3.6E-03
	4.8
	0.066

	Butyl benzyl phthalate
	3.2E-09
	4.2E-05
	4.8E-04
	7.4E-03
	2.6
	0.034

	Octabromodiphenyl ether
	4.3E-07
	1.8E-04
	2.6E-03
	4.0E-02
	2.1
	0.026

	Metolachlor
	4.6E-06
	2.1E-04
	2.9E-03
	4.7E-02
	1.2
	0.018

	Dichloromethane
	9.4E-08
	7.8E-05
	9.7E-04
	1.6E-02
	2.8
	0.043

	Acetophenone
	2.8E-10
	7.5E-05
	1.0E-03
	1.3E-02
	8.3
	0.096

	Nickel, soluble salts
	1.3E-09
	8.5E-05
	1.0E-03
	1.1E-02
	6.3
	0.076

	Methoxychlor
	4.9E-10
	6.0E-05
	7.3E-04
	1.1E-02
	7.7
	0.094

	Acetochlor
	8.1E-09
	5.0E-05
	5.5E-04
	8.5E-03
	4.6
	0.080

	Dacthal
	5.2E-09
	5.5E-05
	6.0E-04
	9.0E-03
	4.9
	0.073

	Methyl methacrylate
	5.1E-06
	3.4E-04
	6.8E-03
	1.0E-01
	1.1
	0.027


TABLE 15

Sensitivity analysis for variations of the LOAEL-ED50 projection uncertainty distribution

A.  Base assumption:  Median LOAEL = ED20 with ± 1 std. dev. = 10-40%

	Chemical
	4-(2,4-Dichlorophenoxy)-butyric acid
	S-Ethyl dipropylthio-carbamate
	1,2,4,5-Tetrachloro-benzene
	Dacthal

	Estimated median risk at RfD
	3.1E-12
	1.1E-06
	Very small
	4.7E-09

	Estimated mean risk at RfD
	2.1E-04
	1.9E-03
	5.4E-05
	6.0E-04

	Estimated 95t% conf risk at RfD
	2.3E-04
	8.8E-03
	8.5E-06
	1.9E-03

	Multiple of RfD needed to achieve 1e-5 risk with 50% confidence
	17
	1.7
	47
	5.0

	Fract of RfD needed to achieve 1e-5 risk with 95% confidence
	0.24
	0.028
	1.07
	0.077

	Product of conventional uncertainty factors
	1000
	100
	1000
	100


B.  Alternative assumption:  Median LOAEL = ED10 with ± 1 std. dev. = 5-20%

	Chemical
	4-(2,4-Dichlorophenoxy)-butyric acid
	S-Ethyl dipropylthio-carbamate
	1,2,4,5-Tetrachloro-benzene
	Dacthal

	Estimated median risk at RfD
	1.1E-12
	4.8E-07
	Very small
	1.8E-09

	Estimated mean risk at RfD
	1.6E-04
	1.6E-03
	5.2E-05
	4.8E-04

	Estimated 95t% conf risk at RfD
	1.9E-04
	8.1E-03
	5.5E-06
	1.3E-03

	Multiple of RfD needed to achieve 1e-5 risk with 50% confidence
	20
	2.0
	59
	6.0

	Fract of RfD needed to achieve 1e-5 risk with 95% confidence
	0.28
	0.030
	1.24
	0.096


C.  Alternative assumption with no uncertainty in dose-response:  Median LOAEL = ED10 with std. dev. = 0%

	Chemical
	4-(2,4-Dichlorophenoxy)-butyric acid
	S-Ethyl dipropylthio-carbamate
	1,2,4,5-Tetrachloro-benzene
	Dacthal

	Estimated median risk at RfD
	2.6E-12
	6.7E-07
	Very small
	3.6E-09

	Estimated mean risk at RfD
	1.8E-04
	1.8E-03
	3.2E-05
	5.2E-04

	Estimated 95t% conf risk at RfD
	1.9E-04
	8.6E-03
	5.9E-06
	1.4E-03

	Multiple of RfD needed to achieve 1e-5 risk with 50% confidence
	18
	1.9
	52
	5.4

	Fract of RfD needed to achieve 1e-5 risk with 95% confidence
	0.26
	0.026
	1.21
	0.083


TABLE 16

Sensitivity analysis for variations of the NOAEL-ED50 projection uncertainty distribution for cases where there is no reported LOAEL

A.  Base assumption:  Median NOAEL = ED01 with ± 1 std. dev. = 0.2-5.0%

	Chemical
	Octabromodiphenyl ether
	Acetophenone
	Methyl methacrylate 

	Estimated median risk at RfD
	2.8E-07
	Very small
	4.7E-06

	Estimated mean risk at RfD
	2.9E-03
	7.9E-05
	6.9E-03

	Estimated 95th %conf risk at RfD
	1.3E-02
	1.3E-05
	2.8E-02

	Fract of RfD needed to achieve 1e-5 risk with 50% confidence
	2.2
	8.9
	1.14

	Fract of RfD needed to achieve 1e-5 risk with 95% confidence
	0.027
	0.091
	0.029

	Product of conventional uncertainty factors
	1000
	3000
	100


B.  Alternative assumption with no uncertainty in dose-response:  Median NOAEL = ED01 with std. dev. = 0%

	Chemical
	Octabromodiphenyl ether
	Acetophenone
	Methyl methacrylate 

	Estimated median risk at RfD
	5.5E-07
	3.1E-10
	6.6E-06

	Estimated mean risk at RfD
	2.6E-03
	1.1E-03
	6.5E-03

	Estimated 95th %conf risk at RfD
	1.2E-02
	1.8E-03
	2.7E-02

	Fract of RfD needed to achieve 1e-5 risk with 50% confidence
	2.0
	8.2
	1.09

	Fract of RfD needed to achieve 1e-5 risk with 95% confidence
	0.026
	0.083
	0.028




Fig. 1.  Comparison of the lognormal distributions of Log(GSD)'s between the Weil (1972) [19] oral lethality data (N =  490) and inhalation dose response data for individual species and chemicals analyzed by ten Berge (1986) [21] (N = 38 ).  In each case the Log(GSD) is the reciprocal of the probit slope in a standard log probit analysis of the original dose-response observations.  The correspondence of the points to the straight line indicates that the distributions of the Log(GSD)’s for different chemicals/tests are themselves approximately lognormal.  



Fig. 2.  Distribution of Log(Subchronic/Chronic NOAEL ratios) seen in data from Weil and McColister (1963) [22] and Nessel et al. (1995) [23].



Fig. 3.  Lognormal plot of the ratio of the reduced NOAEL expected from the addition of a rat reproductive/developmental studies to a base of a rat chronic toxicity study, based on Evans and Baird data for 35 pesticides [13].  The 26 cases where no reduction in the NOAEL was indicated (because the chronic toxicity NOAEL was at least as low as the lower of the reproductive and developmental NOAEL’s) are not plotted, although they are included in the N used for calculating the Z-scores as described in the text.



Fig. 4.  Lognormal plot of the ratio of the reduced NOAEL expected from the addition of a rat chronic toxicity study to a base of rat reproduction and developmental studies (based on Evans and Baird data for 35 pesticides—[13]).  The 20 cases where no reduction in the NOAEL was indicated (because the chronic toxicity NOAEL was at least as low as the lower of the reproductive and developmental NOAEL’s) are not plotted, although they are included in the N used for calculating the Z-scores as described in the text.
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Fig. 5f

Fig. 5.  Lognormal probability plots of the distributions of the ratios of observed to animal-projected human toxic potencies for anti-cancer agents with different types and amounts of animal-based data available for (body-weight)0.75 projections—using the most sensitive species available in each case where multiple species’ data are analyzed.  Based on the data of Price et al. [14].



Fig. 6.  Uncertainties in the estimated risks of mild responses to Acetophenone in relation to doses express as multiples of the IRIS RfD:  Median, mean and upper 95th percentile risks and relationship to the proposed “straw man” risk management criterion.



Fig. 7.  The multiple of the RfD that would be expected to pose a 1/100,000 risk with 50% confidence for chemicals with quantal vs continuous effect parameters.



Fig. 8. The fraction of the RfD that would be expected to pose a 1/100,000 risk with 95% confidence for chemicals with quantal vs continuous effect parameters.



Fig. 9.  Arithmetic mean risk of mild effects at the RfD—Chemicals with quantal vs continuous effect parameters.



Fig. 10.  Fraction of the RfD needed to keep risk below 1/1,000 with 95% confidence—chemicals with quantal vs continuous effect parameters.



Fig. 11.  Effect of changing the central estimate of interindividual variability to that for “moderate” severity systemic effects, rather than “mild” severity for the fraction of the IRIS RfD needed to keep risk below 1E-5 with 95% confidence.



Fig. 12. Effect of changing the central estimate of interindividual variability to that for “moderate” severity systemic effects, rather than “mild” severity for the arithmetic mean “expected value” risk at the IRIS RfD.



Fig. 13.  Effect of removing animal/human toxic dose equivalence uncertainty on the fraction of the RfD needed to keep risk below 1/100,000 with 95% confidence.



Fig. 14.  Effect of removing animal/human toxic dose equivalence uncertainty on the mean risk of mild effects at the RfD.



Fig. 15.  Effect of removing uncertainty in the extent of human interindividual variability on the fraction of the RfD needed to keep risk below 1/100,000 with 95% confidence.



Fig. 16.  Effect of removing uncertainty in the extent of human interindividual variability on the mean risk of mild effects at the RfD.





Fig. 17a. Comparison of the Z-scores calculated from lognormal distributions with the Z-scores expected from purely ordinal calculations for 2700 pharmacokinetic data points.  In this figure the ordinal Z-score is the inverse of the cumulative normal distribution calculated solely from the order statistics using the plotting formula of Cunane [39]: (I – 3/8)/(N + 1/4), where I is the order of each data point in the data set and N is the total number of data points.  The log-normal Z-score for each data point is [Log(data value) – mean of all Log(data values)]/standard deviation of all Log(data values)].

Fig. 17b. Comparison of the Z-scores calculated from normal distributions with the Z-scores expected from purely ordinal calculations for 2700 pharmacokinetic data points.  Calculation formulae are analogous to those used for Fig. 17a.



Fig. 19.  Effect of possible two-component lognormal mixture distributions on the uncertainties in the estimated risks for acetophenone.  The filled symbols are the results of our standard unimodal lognormal risk projections as illustrated in Figure 6.  The open symbols reflect the two-component population admixtures indicated in the legend—a 3% admixture of 25-fold more sensitive individuals for the open diamonds; and a 1% admixture of 10-fold more sensitive individuals for the open squares, and a 0.3% admixture of 100-fold more sensitive individuals for the open circles.

