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Disclaimer

While the information presented is believed to be correct, it is 

presented without representation or warranty by the author or 

3M Company.  Informed, independent judgment must be 

exercised in applying the information presented to any 

particular situation.  Any opinions expressed are those of the 

author and not 3M Company.
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Health Hazard Evaluation and HazCom

▪ The appropriate health hazard 
classification of substances and 
mixtures* is the foundation of an 
effective, informative and scientifically 
defensible hazard communication 
program.

* This presentation will use “chemical” or “chemicals” for simplicity
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Health Hazard Evaluation and GHS
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Health Hazard Evaluation and GHS

Hazard ≠ Risk

Hazard = Intrinsic ability to damage biological material

Risk = Probability (potential) for the hazard(s) to be

expressed in a given situation/scenario

Safety is the inverse of risk (Safety = 1/Risk; ↑ Risk = ↓ Safety)
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GHS and [Health] Hazard Classification

Health hazard classification of chemicals can, in some cases, be fairly straight-forward such as

for acute toxicity, but become more complicated, on a relative basis, such as for STOT-SE and

STOT-RE.
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GHS and [Health] Hazard Classification –
Acute Toxicity

Locate “point estimate” of acute toxicity → apply Table 3.1.1 criteria
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GHS and [Health] Hazard Classification –
Repeat-Exposure (Dose) Toxicity*

Many potential observations that may indicate a “target organ” effect(s).  Which one(s) indicate

an adverse health effect on which to base a scientifically-defensible health hazard classification? 

*Source: Repeated Dose 90-Day Oral Toxicity Study in Rodents (OECD No. 408) 
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Repeat-Exposure Toxicity: Endpoints
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Repeat-Exposure Toxicity: Endpoints
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Repeat-Exposure Toxicity: Endpoints
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Repeat-Exposure Toxicity: Endpoints
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RE-Studies:  Adverse or Non-Adverse Effect(s)?

▪ Repeat-exposure (dose) toxicity studies can be very complex 

in terms of results

● Multiple endpoints/parameters (clinical observations, clinical 

chemistry, hematological, urinalysis, gross and histopathology…) 

that could indicate an effect(s) on which to classify under GHS

▪ Critical → determine whether or not the observed changes in 

any of these endpoint/parameters are adverse (an adverse 

health effect) [vs. non-adverse or adaptive]

● Want to do [GHS] health hazard classification on treatment-related 

adverse health effects.
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Adverse vs. Non-Adverse Effects

▪ Determining whether or not a health effect(s) is adverse 
MAY SOUND EASY but in many cases IT IS NOT.

● A lot of times the distinction is not “obvious”

• Or, looks obvious but really is not

● Some frameworks for the structured evaluation of data are 
available

● Guidance for the evaluation of data is also available

• General and specific (i.e. liver, clinical chemistries, hematology, etc.)

● Very dependent on experience and professional judgment –
professional differences of opinion (interpretation of findings)

• Can be controversial

▪ This determination needs to stand up to scrutiny and be 
scientifically defensible
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Adverse Health Effect:  ECHA (REACH)

▪ Change in morphology, physiology, growth, development 

or lifespan of an organism which results in impairment of 

its functional capacity or impairment of its capacity to 

compensate for additional stress or increased 

susceptibility to the harmful effects of other environmental 

influences.
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Adverse Health Effect:  OECD

▪ A change in the morphology, physiology, growth, 

development, reproduction or life span of an organism, 

system, or (sub) population that results in an impairment of 

functional capacity, or an impairment of the capacity to 

compensate for additional stress, or an increase in 

susceptibility to other influences.
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Adverse Health Effect:  US EPA

▪ A biochemical change, functional impairment, or 

pathologic lesion that affects the performance of the whole 

organism, or reduces an organism's ability to respond to 

an additional environmental challenge.
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Adverse Health Effect:  WHO/IPCS

▪ Change in morphology, physiology, growth, development 

or lifespan of an organism which results in impairment of 

functional capacity or impairment of capacity to 

compensate for additional stress or increase in 

susceptibility to the harmful effects of other environmental 

influences.



19

Significance*:  Statistical and Biological

▪ Statistical significance (i.e. p < 0.05), by itself, does NOT 

make an effect adverse

● May not be meaningful to the general state of health of the 

biological system

▪ If an event (effect) is not statistically significant, it may be 

considered adverse based on the biological significance

● A response (to a stimulus) in an organism or other biological system 

that is considered to have substantial or noteworthy effect (positive 

or negative) on the well-being of the biological system.

• Decision as to whether or not a change is biologically significant is usually left 

to expert judgment

* Lewis et al., Toxicologic Pathology 30(1): 66-74 (2002)
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Adaptive Response

▪ The capacity to respond to events (e.g. chemical exposures) 

in order to maintain normal function

▪ The process whereby a cell or organism responds to a 

xenobiotic so that the cell or organism will survive in the new 

environment that contains the xenobiotic without impairment 

of function*

▪ Common adaptive response following/during chemical 

exposure = liver enzyme induction

* Keller et al. Toxicological Sciences 126(2) 291-296 (2012)
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Adaptive Response

▪ May be completely unrelated to the inherent toxicity of the 

chemical

● Liver enzyme induction → increase in the activity of [chemical]

metabolizing enzymes (via increased rate of synthesis of the 

enzyme)

• Liver enlargement (↑ size)

• Increased liver weight

• Hepatocellular hypertrophy* (↑ in size of liver paranchymal cells)

• Elevation of serum clinical chemistry analytes (especially “liver” enzymes)

Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST)

* Hyperplasia is an increase in the number of cells

* Atrophy is is the diminution in size of the cell, tissue or organ 



22

GHS and Weight of Evidence (WoE) 

Klimisch et al. A Systematic Approach for Evaluating the Quality of Experimental Toxicological and

Ecolotoxicological Data.  Regulatory Toxicology and Pharmacology 25 1-5 (1997).

Categories of data reliability:

Klimisch Code  1 = Reliable without restriction

Klimisch Code  2 = Reliable with restriction

Klimisch Code  3 = Not reliable

Klimisch Code  4 = Not assignable



23

GHS and Weight of Evidence (WoE) 

Reversibility (after cessation of exposure) and WoE:  Key observation and if occurs → may indicate a lower

level of concern regarding the observed effect.
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NOAEL

No-Observable-Adverse-Effect Level

▪ The highest exposure level at which there are no 

statistically and biologically significant increases in 

frequency or severity of adverse effects between the 

exposed population and its appropriate control

● Effects are produced at this level but are not considered to be 

adverse

• Generally what we try to use as the basis for risk assessments, 

developing “toxicity” values (DNELs, RfDs, RfCs, etc.) and occupational 

exposure limits (OELs)

• Dependent on doses used in the study
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LOAEL

Lowest-Observable-Adverse-Effect Level

▪ The lowest exposure level that produces statistically and 

biologically significant increases in frequency or severity of 

adverse effects between the exposed population and its 

appropriate control

● Can be used as the basis for for risk assessments, developing 

“toxicity” values (DNELs, RfDs, RfCs, etc.) and occupational 

exposure limits (OELs)

● Dependent on the doses used in the study 
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NOEL

No-Observable-Effect Level

▪ The highest exposure level at which there are no 

statistically and no biologically significant increases in 

frequency or severity of effects between the exposed 

population and its appropriate control

● No differences whatsoever vs. control

● Dependent on test doses used
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General Guidance for 

NOAEL and LOAEL 

determination. From:

Methods for 

Derivation of 

Inhalation Reference 

Concentrations and 

Application of 

Inhalation Dosimetry .

Environmental Criteria 

and Assessment 

Office/ORD/US EPA.

EPA/600/8-90/066F

October 1994
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A Structured Approach*
This framework proposes: 

1) A standard set of 

definitions of key terms 

used to describe the overall 

outcome of toxicity studies 

and 2) A structured 

approach to assist in the 

consistent interpretation of 

studies (e.g. discriminating 

between adverse and non-

adverse health effects)

* Lewis et al., Toxicologic

Pathology 30(1): 66-74 

(2002)
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A Structured Approach*

* ECETOC 

Technical Report 

No. 85  

Recognition of, 

and 

Differentiation 

Between, 

Adverse and 

Non-Adverse 

Effects in 

Toxicology 

Studies (2002).
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Discriminating Factors*:  “A” and “B”

* ECETOC 

Technical Report 

No. 85  

Recognition of, 

and 

Differentiation 

Between, 

Adverse and 

Non-Adverse 

Effects in 

Toxicology 

Studies (2002).
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A Structured Approach*:  Summary

* ECETOC Technical Report No. 85  Recognition of, and Differentiation Between, Adverse 

and Non-Adverse Effects in Toxicology Studies (2002).
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Example Observation:  Liver Hypertrophy*

* Source:  Hall, AP et al. Toxicologic Pathology 40:  971 – 994 (2012)



33

ATSDR:  Non-Adverse Health Effects*

* Agency for Toxic Substances and Disease Registry (ATSDR). 2007.  Guidance for the Preparation of a Twenty First Set

Toxicological Profile.     http://www.atsdr.cdc.gov/toxprofiles/guidance/set_21_guidance.pdf
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Clinical Chemistry – Lab Animals 

Source:  Campbell, TW.  Clinical Chemistry of Mammals:  Laboratory Animals and Miscellaneous Species.  In: Veterinary

Hematology and Clinical Chemistry, MA Thrall, Editor.  Lippincott Williams & Wilkins (2004)
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GHS Classification* for STOT-SE & STOT-RE

▪ Specific Target Organ Toxicity (Single Exposure)

● Chapter 3.8

▪ Specific Target Organ Toxicity (Repeated Exposure)

● Chapter 3.9

▪ “Reliable evidence associating [single or repeated] exposure 

to the substance with a consistent and identifiable toxic effect 

demonstrates support for classification.”

*Source:  GHS, 5th Revised Edition, United Nations ( 2013)

Classification on Adverse Health Effect
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Example:  Toxic Effects that Provide Support 
for GHS Classification of STOT-RE
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Example:  Effects that Do Not Provide 
Support for GHS Classification of STOT-RE
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STOT-RE:  Category 1 and 2 Classification

Guidance is for substances

Guidance assumes data are from 90-day repeat dose studies in experimental animals

Classification of mixtures:  Use substance guidance (above) or see 3.9.3

= LOAEL

= LOAEL
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Effects Not Supporting Classification*

Non-adverse 

health effects 

as per the EC 

(1993)

*Source:  

ECETOC 

Technical 

Report No. 85  

Recognition of, 

and

Differentiation 

Between, 

Adverse and 

Non-Adverse 

Effects

in Toxicology 

Studies (2002).
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Summary

▪ Repeat-exposure (dose) toxicity studies can be very 

complex in terms of results:

● Multiple endpoints/parameters (clinical observations, clinical 

chemistry, hematological, urinalysis, gross and 

histopathology…) that could indicate an effect(s) on which to 

classify under GHS

• Adverse vs. Non-Adverse Health Effects (and Adaptive Effects)

▪ The appropriate health hazard classification of substances 

and mixtures is the foundation of an effective, informative 

and scientifically defensible hazard communication 

program.
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