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•We live in a chemically contaminated world, and we have an 
environmental health risk assessment process because of it.

•There is a real need to know how toxic chemicals may be to 
chronically exposed humans.  That said, we recall that it’s 
simply not ethical to deliberately expose humans to chemicals.

•For human health risk assessment (HHRA) purposes, we’ve no 
choice but to dose animals, and to learn from their responses.  

Yes, of course, there are “NAMs” (that’s “New Approach 
Methodologies”) today, such as ‘organ-on-a-chip’, but this might 
not be the panacea that some expect it to be.

Basic background 
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• An unavoidable consequence of employing animals as test subjects is 
the need to extrapolate animal responses to human ones.  It is here that 
four key unknowns arise for which we should endeavor to solve.

• Is the observed effect in the test animal, adverse for the test animal?
• Does the chemical when administered to a human, produce the same effect 

observed in the test animal?
• Assuming the same effect is produced in the human, does the equivalent 

chemical dose produce the same magnitude of response in the human as that 
observed in the test animal?

• Should it be that humans respond after the fashion of laboratory test animals, 
is the human response adverse?

Basic background, cont’d. 
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Is the observed effect in the test animal, adverse for the test animal?

• Talking sublethal systemic effects (other than lesser reproductive output and 
neurological/behavioral impairment), we could know the answer to this 
question, but we don’t make an effort to pursue it.  

• Instead, we simply assume that the sublethal effects we observe are 
toxic/adverse.  But are they?

• Since they’re going to be used as the toxicological bases of noncancer/systemic 
effect HHRA assessments, we should size up animal study-based oral 
Reference Doses (RfDs) (as we have them in IRIS) asking . . .                                                                                       

Can we comfortably extrapolate from the underlying studies                                                            
to human health risk assessments; HHRAs?

Basic background, cont’d. 
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Mini review: Where RfDs come from1

•Every critical study supporting an RfD has used several doses.
•Ideally, each study produces an effect level, termed an “adverse 

effect level”.  It’s the dose below the (adverse) effect level that is 
taken to be the NOAEL, which, by definition, is safe.

•Conventional HHRA wants to know if a given human receptor is 
taking a (site) noncarcinogen into his/her body at, above, or below 
the safe level.

1 Sincere apologies for this mini review, but we must be sure           
everyone is on the ‘same page’.   

Everything good so far?
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• A chronic study (of course) orally dosed animals at:                        
0,    25,    100,    400,    and    800 mg/kg. 

• An effect occurred a 400 mg/kg.
• The NOAEL then, is necessarily 100 mg/kg.  (Bear in mind that 

200 or 300 mg/kg could also be safe.)
• The 100 mg/kg NOAEL is divided by the combined relevant 

Uncertainty Factors (UF) and Modifying Factor (MF) to produce 
the oral RfD.  If the product of the UF and MF was say, 3,000,                          
the oral RfD is . . . 3.33E-02 mg/kg.  Got it?

• Time then, to dice up and slice up the U.S. EPA                 
Regional Screening Level (RSL) Table. 

Mini review, cont’d.
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Basis for eliminating 
a noncarcinogen from analysis 

Number of 
chemicals removed 

lower position in the peer-review hierarchy2 247
recently archived pesticides 51
Other archived chemicals 3
BMD as basis of RfD 33
human or avian study as basis 9
critical effect “not available” 17
1 From the 2017 RSL Table
2 Other than IRIS 

∑ 360                  
(289 chemicals with             
oral RfDs retained)

An analysis of RSL Table oral RfDs
(starting with an initial universe of 649 chemicals1)
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Toxicological bases of (the retained) oral RfDs

Toxicological basis Frequency of occurrence (%)

NOEL 43.1

NOAEL 40.1

∑83.2

LEL 11.6

LOAEL 3.9

∑15.5

As it should be, 
but . . . what’s the 
difference between 
a NOEL and a 
NOAEL?

Not as it should 
be.  And what’s 
the difference 
between an LEL 
and a LOAEL?

What’s 
the “A” 
stand for?
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Critical study outcomes . . .
• Ideally, a tox study should produce both a NOAEL and a LOAEL.

For 26% of the critical studies supporting oral RfDs though, only one or the     
other of these was furnished.  

• An absent NOAEL (occurring 17% of the time) means that every test dose 
produced an adverse response.  One’s only recourse is to take the lowest dose 
and apply (somewhat augmented) UFs to get the RfD.                                         
(Think 0, 100, 200, 400, 800.)

• An absent LOAEL (occurring 9% of the time) means that every test dose was 
a safe one.  Conceivably multiples of the highest test dose are also safe!            
(Think 0, 100, 200, 400, 800.)

A Fair Question to ask: How do studies that fail to supply the requisite toxicity  
information for RfD-setting, come to be selected as “critical studies”?
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Uncertainty Factor Magnitude Analysis
(a look at UFs when critical tox information is absent)

Condition Arithmetic 
mean
of UFs

Geometric 
mean 
of UFs

Case 1:  essential toxicological information available:
(a no-effect level and an effect level were furnished) 626.6 273.7

Case 2:  essential toxicological information lacking:
(a no-effect level or an effect level were furnished, but not both) 1732.1 770.3

Ratio of UF means: 

critical study lacking some essential information
critical study with essential information 2.76 2.81
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• A chronic study (of course) orally dosed animals at:                        
0,    25,    100,    400,    and    800 mg/kg. 
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‘member this slide?

12



UNCLASSIFIEDU.S. Army Public Health Center

Decade in which 
critical studies 
were conducted 

Percentage of critical studies 
(of the selected universe) 

conducted during a given decade 

Ratio of 
LEL/LOAEL to  
NOEL/NOAEL

1950 - 1959 3 5.25
1960 - 1969 11.8 7.31
1970 - 1979 17.7 4.82
1980 - 1989 60.6 8.24
1990 - 1999 5.4 6.00
2000 - 2009 1 5.56

A ‘by-decade review’ of critical study dose-gapping 
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A ‘by-decade review’ of critical study dose-gapping 

Uh-oh!  Over 90% 
of IRIS critical 
studies pre-date 

the advent of 
HHRA!
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The essential point:

“. . . because . . . studies were not designed to identify the point at 
which safe doses give way to harmful effect levels, the spacing of 
test doses within a given study tends to be greater than what we 
know today to be highly desirable.  The greater the distance 
between a study’s no effect and effect levels, the greater the chance 
a selected NOAEL will be unnecessarily low, which, in turn, can 
lead to an exaggerated HQ.”

Source: Tannenbaum and Comaty. 2019. HERA Vol. 3:624-636
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• For noncancer (hazard) assessment to work, it is imperative that a 
chemical have the capability to produce an adverse effect -- not just that 
exposure to the chemical causes an “effect” (a change; a shift; a 
difference, etc., etc.).

• Once we know that there can be an adverse effect, then we can go about 
finding a safe (exposure) dose for the chemical.  Noncancer (hazard) 
assessment is about determining how much more than a chemical’s safe 
dose a receptor is ingesting, inhaling, or dermally contacting.
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The RSL 
Table doesn’t 
tell you the 
potentially 
harmful 
effect of a 
chemical.       

For that, you 
need to go to 
IRIS itself.
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Screenshot from IRIS, for daminozide (aka Alar)
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Screenshot from IRIS, for daminozide (aka Alar)

Take due note
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Screenshot from From IRIS, for 1,2-Dichlorobenzene

Now suppose you calculate an intake of 0.31 mg/kg/d          
for the site worker.

Your HQ for the site worker would be: 0.31 / 0.09 = 3.44 
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HQ (HI) Magnitudes (reflecting 1,000 or so Superfund RODs)  

Source: Tannenbaum et al., 2003.  Human and Ecological Risk Assessment, Volume 9 (1): 387-401.  .  
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 Some 7% of chemicals with oral RfDs, despite 
showing “no effect” or “no adverse effect” as the critical 
effect in IRIS -- seemingly an open indication that 
chemicals are not linked with adverse responses at the 
doses tested -- had an RfD provided nevertheless!
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“An adverse effect is a biochemical, morphological, or 
physiological change (in response to a stimulus) that either singly 
or in combination adversely affects the performance of the 
whole organism or reduces the organism’s ability to respond to an 
additional environmental challenge.” (Lewis et al., 2002)

Sorry to say, but no one’s really implemented or applied the 
“adversity” definition since then.
IMHO, the 2019 Tannenbaum and Comaty paper makes big 
inroads for this critically important topic that everyone else seems 
to be ignoring.

What about oral RfDs that do have listed effects?

24



UNCLASSIFIEDU.S. Army Public Health Center

•hemosiderin deposition in the liver
•presence of Heinz bodies 
• renal tubule epithelial vacuolation
• increased retinal folds
•ocular exudate
•vacuolization of zona fasciculata in the cortex
• liver toxicity
Q.  Is there something ‘bad’ about any of these?  If so, what is it?

Let’s look at some common and not-so-common oral 
RfD critical effects in IRIS
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A critical effects ‘check-list’ (ex.  hemosiderin depos.) 

Does an animal with this condition:
- Posture/locomote normally?
- Socialize normally?
- Lose/gain weight more than it should?
- Sire/bear as many as do controls? 
- Learn/retain information (maze run) normally?
- Live as long as controls?
- Hemorrhage unexpectedly?
- Develop infections when others do not?

What is it that an 
animal with 
hemosiderin 

deposition in the 
liver can’t do?

Is hemosiderin 
deposition in the 

liver bad? 
- for the rat?
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Story time: a classic tox study supporting HHRA is done . . .
• A highly controlled study: same a) species, b) strain, c) animal supplier,         

d) animal arrival day, e) animal weights, f) quarantining,  g) cages/bedding/ 
bottles/water/toys, h) temperature, humidity, and lighting.  Animals 
randomized into treatments.

• A single variable - one group gets the chemical ; the other either gets nothing 
or receives the vehicle).

• After the dosing phase, animals are euthanized, organ-to-b.w. ratios are 
computed, enzymes and hormones are analyzed, histological examination of  
all major organs/tissues.

• The only statistical difference observed?  The dosed group had spleens that 
were 4.5% larger than those of controls.

• Is there sufficient information to support the development of an oral RfD?
27
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ABSOLUTELY 
NOT!

A 4.5% enlarged spleen could be beneficial for the animal, 
though.  Think about it …
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At a BARE BONES MINIMUM, in order to proceed with             
RfD development, one must know that an observed effect is               
bad / adverse / deleterious 

With the way we test presently, we can’t know this!

in the test animal!
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Oh, please don't take this the wrong 
way. I'd love to marry you. It's just 
that ... that ... I don't think its right for 
us to tie the knot -- not when you 
have 15.38% more hyaline droplets 
than all the other guys.

I don't  get it. How could she 
know  about my hyaline 
droplets? And what are hyaline 
droplets anyway?

Beware of what I call
“guilt by association”. 
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You cannot tell if a test animal . . . 
- postures/locomotes normally,
- socializes normally,
- loses or gains weight unlike controls,
- sires or bears fewer than do controls, 
- learns/retains information normally,
-has compromised longevity, 
-hemorrhages unexpectedly, or
- develops more infections than do controls . . . if you euthanize it!
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Desperately needed to repair non-cancer assessment . . . 
. . . “Second-order toxicology”, aka “toxicology’s missing link”

First-order toxicology: includes all those information types that 
come to mind when you hear: ‘toxicology’ or ‘toxicology study’. 
- establishing the principal organ/tissue affected; 
- threshold-for-effect;
- shape of the dose-response curve;
- differential response (male/female; fed/fasted, etc.); 
-mode/mechanism of action; 
-pharmacokinetics, etc., etc.
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Second-order toxicology pertains to just one additional 
toxicological tasking --
- a very basic one; 

- one that hasn’t yet been tackled;  
- one that involves a fair amount of work to secure;
- one that can be supplied if the risk assessors and toxicologists 

work together!
Second-order toxicology tells you                                                                     

if a toxicological effect is BAD for a receptor.
Important:  It’s probably not because second-order toxicology is 
challenging and elusive to ascertain that we don’t have it.  
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The “Truly Adverse Dose” (“TAD”) concept . . . 
• Conduct (repeat) a ‘traditional’ rodent study.
• Identify/verify the (sublethal) ‘effect of concern’ (say, renal tubulular epithelial 

vacuolization as is reported for chorothalonil in IRIS; from 1970).
• Run the experiment again using double the number of animals.
• At the end of the dosing phase, euthanize half of the animals - to verify again, 

that the effect happened.
• Maintain the rest of the animals until their natural death.  Along the way, test 

(relative to controls) for overall health, growth, longevity, reproductive 
capability, and whatever else is seemingly important.                                       
TEST FOR PERFORMANCE!

• If no vital biological functions are compromised, the earlier observed ‘critical 
effect’ is inconsequential and harmless.  No RfD needed here.
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More on the TAD concept . . . 

For an improved noncancer assessment scheme, we propose 
replacing the present design that seeks to know if supposed safe 
doses are exceeded, with . . . one that looks to see if unquestionably 
(truly) adverse doses are approached. 

For this new arrangement, the RfD (i.e., the supposed safe dose) 
would be replaced with what we are terming the truly adverse 
dose (TAD), one for which second-order toxicology information 
(corresponding to the expression of serious health conditions) exists.
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Who’s got questions or comments?

The opinions or assertions contained herein are the views of the author and are not to be 
construed as official or as reflecting the views of the Department of the Army or the 

Department of Defense.

Maybe you think 
I’m not well, but I 

gotta tell you --
I feel just fine!
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Grandchild #10! (a ‘he’)

Born last Friday.  

Too young to attend the 
workshop.  
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