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Topics

Basics of zinc deficiency and essentiality
Nutrition vs Toxicology
Effects of elevated zinc intake
Comparison of risk assessments
Concluding thoughts



Zn Essentiality

Is required for growth and for completion of 
an organism’s life cycle
Cannot be wholly replaced by other 
substances
Is involved in metabolism (> 300 
metalloenzymes use Zn)
Exhibits homeostatic controls





Processes Requiring Zn-
Containing Enzymes

Carbohydrate Metabolism
Protein Metabolism
Nucleic Acid Metabolism
Immune System Function
Brain Metabolism Function
Reproduction
Growth Regulation
Wound Healing 







Estimated % of national population at risk
of low zinc intake

< 10  %

10-24 %

25-49%

50-74%

> 75  %

Wuehler SE, Peerson JM, Brown KH. FASEB 2000

Worldwide Zinc Deficiency



Zinc Deficiency

Half of the world’s 
population is zinc 
deficient
Zinc prevents many 
child illnesses
Zinc deficiency is the 
11th highest risk factor 
for death and disease 
worldwide, but 5th in 
developing countries

(WHO data)



Leading 10 Risk Factors in 
Developing Countries (WHO,2002)

Underweight 14.9%
Unsafe sex 10.2%
Unsafe water 5.5%
Indoor smoke 3.7%
Zinc Deficiency 3.2%
Iron deficiency 3.1%
Vitamin A deficiency 3.0%
Blood pressure 2.5%
Tobacco 2.0%
Cholesterol 1.9%



Homeostatic Model for Zinc
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Biphasic DR for ETE’s



Calculating Requirements

EAR (estimated average requirement): 50th

percentile requirement calculated from metabolic 
balance studies with adjustments made for growth.  
Required uptake converted to intake based upon 
bioavailability assumptions.

RDA (recommended daily allowance): EAR + 
2xSDEAR)

RDI: Recommended Daily Intake



Calculating Exposure Limits

NOAEL (No observable adverse effect level): the level of 
exposure, found by experiment or observation, at which 
there is no biologically or statistically significant increase in 
the frequency or severity of any adverse effects in the 
exposed population compared to its appropriate control 

LOAEL (Lowest . . .)

UL: Tolerable Upper Intake Level:  highest level of daily 
nutrient intake that is likely to pose no risk of adverse health
effects for almost all individuals (LOAEL /UF)



Calculating the Curves



IOM Requirements for Zn 
(mg/day)

Population Uptake RQ EAR RDA
Infants 0.8 2.5 3
Child (4-8 yr) 1.2 4 5
Child (9-13 yr) 2.1 7 8
Child (14 – 18 yr) 3.3 8.5 11
Adult Men 3.8 9.4 11
Adult Women 3.3 6.8 8
Pregnancy + 0.3 – 2.7 10 12



Zinc Intake as a Function of 
Dietary Bioavailability



Recommended Intake 
(Australia)

Population Intake (mg/day)
Infants 3-6
Children 4.5 - 18
Adults 12 - 16
Pregnancy 16 - 21



Zinc and Regulatory Standards

Media Amount
Concentration in Blood 13 µmol/L required

Daily Diet Intake –adults
(varies with diet, gender etc.)

8 - 19 mg/day 
required

Water Limits 5 mg/L (taste)

Occupational Air Limits 5-10 mg/m3

Maximum Oral Intake Limits
(as per different Agencies)

21-60 mg/day



Symptoms of Excess Zinc 
Exposure

Mild
Decreased superoxide dismutase activity in 
RBC’s
Lower serum copper levels
Transient decrease in HDL cholesterol

Severe
Hemolytic anemia
Nausea and vomiting
Metal fume fever (inhalation)



Regulatory Frameworks

Prefer to deal with point estimates
Nature does not believe in point estimates

Believe that properties of a substance are intrinsic
Properties vary as of function of the population under 
study and other health status variables (e.g. status for 
other trace mineral nutrients)

Are uncomfortable with uncertainty



The Conflict with Risk 
Assessment

RDI’s set with CoV of 10 – 30%, toxicologists 
prefer safety factors of 10.

Homeostatic controls: introduce non-linearity in 
uptake, distribution and excretion

Toxicokinetics dictated by capacity-limited carrier 
systems.  Ascertainment of exposure status and 
prediction of body burden is often not routine

Many of the ground rules developed for organic 
compound toxicity are not applicable



Zinc Health Effects – Oral Intake

Endpoint Exposure Level

Nausea, Vomiting >200 mg/day

Strong inhibition of 
copper and iron uptake

> 150 mg/day

Enzymatic changes such 
as inhibition of 
erythrocyte SOD

60 mg/day



Inhibition of Erythrocyte SOD

Cu-Zn dependent enzyme

Cause of enzyme inhibition uncertain
Mild copper deficiency?
Reduced oxidative stress?

Inhibition itself is probably not significant
RBC SOD present in large excess
Deep tissue SOD is increased

Interpretation of this endpoint as NOAEL or 
LOAEL is point of difference in RA’s



US EPA Excess Limit Derivation

Interpret SOD as LOAEL
Initially applied safety factor of 10 (below RDI)
Revised to safety factor of 3 
21 mg/d RfD put forward
On mg/kg  basis is still lower that RDI for some 
groups

Reference Dose: An estimate, with uncertainty 
spanning perhaps an order of magnitude, of a daily oral 
exposure to the human population (including sensitive 
subgroups) that is likely to be without an appreciable 
risk of deleterious effects during a lifetime.



EU Excess Limit Derivation

Interpret SOD inhibition as NOAEL
60 mg set as safe limit of exposure for the 
individual
Exposure scenarios all worst assumptions of 
upper 90th percentile exposure scenarios

Mean exposure in general population 
acknowledged to be far lower (8 – 10 mg/day)



IOM Excess Limit Derivation

Interpret SOD inhibition as LOAEL
Apply safety factor of 1.5

Recommended upper limit of exposure of 40 
mg/day put forward



WHO Excess Limit Derivation

Interpret SOD inhibition as a LOAEL of minimal 
health significance.

Minimize the number of individuals who may 
exceed this.
Recognize deficiency and bioavailability issues

Back calculate from 60 mg/day with a CoV to yield 
a population-based average intake limit of 45 
mg/day.



ESSENTIALITY & 
TOXICITY



Zinc and Other Toxic 
Endpoints

Zinc exposure is sporadically linked to other health 
endpoints at exposure levels below 
NOAEL/LOAEL
Reviews of toxicity often ignore the nutritional 
literature
Potential beneficial effects not factored into 
evaluations.
Limited recognition of homeostatic controls and 
metal specific toxicokinetics (non-linear dose 
response)



Example: Reproductive 
Toxicity

High level exposure exerts reproductive toxicity in 
rats
Probably mediated by gross impairment upon 
metabolism of other trace minerals (Cu, Fe)
Extrapolation suggested effects below 20 mg/day
Nutritional literature showed improved obstetric 
outcome at exposure levels of regulatory concern
Beneficial effects “not relevant” to toxicological 
evaluation



Other Examples

Carcinogenicity: prostate cancer.
Genotoxicity:  positive in many in vitro tests
Neurotoxicity: Alzheimer’s disease, MS. ALS
Pulmonary toxicity: PM 2.5 debate
Cardiovascular toxicity: PM 2.5 debate
Macular degeneration: cause or cure?



Zinc Health Effects – Inhalation

Endpoint Exposure Level*

Metal Fume Fever ~5 mg/m3

Pulmonary Inflammation ~1 mg/m3

*Requires aerosol of “ultra-fine” size (<0.5 µm) primarily encountered during 
welding – not during metal production or most uses.  All effects are transient and 
with no known long-term consequence



Conclusions I

Risk assessments for zinc encounter challenges 
common to many metals
Homeostatic controls and non-linear toxicokinetics 
difficult to accommodate

Exposure Assessment
Risk extrapolation 

“Toxicity” often a manifestation of gross imbalance 
in trace mineral metabolism (systemic toxicity?)



Conclusions II

Nutritional perspective needed in data evaluation
Beneficial effects are relevant to toxicity

Nutritional requirements often better characterized than 
toxicity

Small CoV employed to set RDI
Large safety factors applied to toxic endpoints 
“Collisions” occur between toxicity and essentiality

Supra-physiologic doses may have both beneficial and 
adverse effects
Disease affects trace mineral balance – changes can be 
causal or a consequence


