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Molybdenum Science:

Data generation by 

the International Molybdenum Association 

and its increasing uptake and adoption 

within the global regulatory community



www.imoa.info3

Molybdenum (Mo-LIB-den-um) – basics:

❑ Inorganic naturally-occurring substance in the earth’s

crust, in the form of molybdenite ore.

❑ Mo is an essential element for humans, animals and  

plants …… no survival without it

http://www.imoa.info/essentiality/essentiality-in-action.ph



www.imoa.info4

Essentiality: Section on IMOA 
website: 
https://www.imoa.info/essentiality/essentiality-in-action.php

Website homepage

refresh

High-level

messages

Evidence-based

references

Mo is bio-essential to humans, animals and plants.
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Essentiality Info: in pdf format

Available in English and Spanish
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Molybdenum – basics:

❑ Molybdenum makes products for a more sustainable world, including 

stainless steel that is recyclable, longer lasting, corrosion resistant, and 

stronger. 

❑ Moly has a much higher melting point than most other metals, making it a 

critical component in the transportation, construction, and renewable energy 

industries. 

0% Mo           2% Mo
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• Garrison Crossing (formally Ft. York) 2205 duplex stainless steel pedestrian 

bridges designed by Pedelta

• Opening late summer 2019

Toronto bridge nearing completion

Despite a budget reduction to 

$19 million Canadian, the 

bridges stayed duplex



www.imoa.info8

• Structural elements

• Columns

• Beams

• Plates

• Arches

• Shells

• Catenaries

• Example: beam

• I-beam

• H-beam

• Rectangular

• Cylindrical tube

• L-beam (angle)

• C-beam (channel)

Examples of structural applications
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Washington DC – structural Type 
316L

• Significant recent commitment to Type 316L structural stainless steel & glass in 

“Great Streets” program

• $100 million will be spent over 20-years to replace all metro bus shelters on 

major transportation corridors (demo project in 2013)

• 24 large subway entrance or landmark station canopies finished or in process 

and others expected (demo project about 20 years ago)
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Molybdenum is:

✓ Found in foods like legumes and grains as well as daily vitamin & mineral 

supplements

✓ Used to:

- build solar panels and wind turbines (Greener/Cleaner energy)

- manufacture flat screen televisions and stainless steel food processing 

equipment

- in catalytic processes to remove sulfur from fuel to improve air quality

- in lubricants and greases

- an essential component of equipment necessary for US national defense. 

Its original, primary use was in Allied efforts during World War II.
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Mo sectors of Use:

Info Source: SMR GmbH, 

Austria

Global 

Annual Mo 

production 

volume: ca. 

280,000 

tonnes. 

Cu: 18M

Sourced 

from primary 

and co-

product 

mines.
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IMOA – Who we are:

Established: 1989      Based: London, U.K.

Global, not regional.  5 FTE’s + external technical support

Members:  59 from 18 countries.  Molybdenum primary & 

co-producers, processors and downstream users.

Main Committees:

❑Executive Committee

❑Health, Safety & Environment

❑Market Development

❑Sustainability & Communications

IMOA is a member of the North American Metals Council 

(NAMC) & several European metals trade associations
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Health, Safety, and Environment 
Committee

▪ Primary scope and objectives:  Develop high-quality environmental 

and human health science to address regulatory issues; fill critical 

data gaps in the molybdenum effects dataset

▪ 15 member companies from Austria, Belgium, Chile, Peru, 

Germany, Netherlands, UK, and USA providing technical experts

▪ Recent significant accomplishments:

▪ Develop molybdate effects dataset and risk assessment for EU 

REACH

▪ 90-day Repeated-Dose Toxicity Study

▪ Prenatal Developmental Toxicity Study

▪ Organization for Economic Cooperation and Development -

mutual acceptance of study data

▪ Two-Generation Reproduction Toxicity Study

▪ Data resource for all interested parties
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Trend: societal/regulatory control over the 

supply chain
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Consumer 
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half-
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Consumer 
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End of
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(recycling 
or 
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Global Regulatory Focus:
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Chemicals Regulation in the EU:

New Regulation in 2006 - REACH

Registration

Evaluation

Authorisation (and restriction) of

Chemicals

For “large scale improvement of 

human health and the 

environment in Europe”

Hazard identification

Risk Assessment

Communication along the supply 

chain about safe handling and 

use of chemicals

Substance-specific legislation:

REACH Regulation no. 1907/2006
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US EPA IRIS database 

on Molybdenum:
IRIS = Integrated Risk Information System

https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0425_summary.pdf

Not 

updated 

for last 

27 years
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EU REACH Regulation Data Matrix – 9 

pages – Human Health extract:
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REACH dataset embedded into 
OECD dataset:  Highly soluble 
molybdenum salts http://webnet.oecd.org/HPV/UI/SIDS_D

etails.aspx?id=5c88d62f-4401-4cad-

b521-521a4bd710f3
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What is the IMOA molybdate effects dataset?:

Physico-chemical, environment and human health data generated from 

rigorously conducted studies about the molybdate ion, which is the moiety of 

concern that could cause a toxic effect (in humans, plants & animals).

The dataset has the quality endorsement of having achieved OECD Mutual 

Acceptance of Data Status.

To what extent can the IMOA molybdate effects dataset be 

relied upon?

Best indication are examples of regulatory bodies that are taking the IMOA 

molybdate effects dataset into account in their rule-making.

Tools for determining Mo safe concentrations 

in the environment: 
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Data: Iterative approach to generate 
a scientifically-sound dataset for 
global use:

2007-2013: Molybdate
Effects Dataset – Risk 
Assessment – Regulatory 
Compliance for EU REACH 
Regulation

2014: OECD
Mutual 
Acceptance of 
Data Status –
data quality 
endorsement

Dissemination for 
global regulatory 
data use:

EU + Australia, 
Canada, USA … 
Korea
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A  Mutually Accepted Dataset is the starting point for introducing or 

reviewing substance regulation in an OECD-member country

OECD - ADHERENTS TO  THE ‘MUTUAL ACCEPTANCE OF 

DATA’  (MAD) PROGRAM:
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2014 – OECD Mutual Acceptance of Data status 

on highly soluble molybdenum salts dataset 

http://webnet.oecd.org/HPV/UI/SIDS_Details.aspx?id=5c88d62f-

4401-4cad-b521-521a4bd710f3

Highly soluble = worst case results = most precautionary approach

Scientific peer review panel of 6 OECD-member countries inc. USA 

plus Australia, Canada, Netherlands, Japan, UK & OECD Secretariat
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Examples of regulatory uptake of the

IMOA molybdate effects dataset in risk 

assessment based rule-making:
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IMOA’s Molybdate Effects Dataset -
OECD approved – for global Chemicals 
Management purposes

Molybdate
effects dataset

USA

CANADA

EUROPE

ASIA

EU Water Framework 

Directive

Mo WQS

UK Soil-screening values

Germany – Hazard Classes

Chemicals 

Management Plan

Canada-US RCC

Mo WQS – Federal 

& Saskatchewan

Mo WQS

ATSDR – Moly Tox Profile

EPA Mo Health Advisory

Children’s Safe Products

Australia NICNAS

Korea-REACH

China ‘REACH’

Thailand ‘REACH’
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2017-2019: Molybdenum & Compounds de-listed 

and de-regulated from the Chemicals of High 

Concern to Children List, in Washington, Oregon, 

and most recently Minnesota.

▪ Share the reality (and the correct perception) of moly toxicology to the 

authorities, based on today’s scientific knowledge (not 1970’s Reprotext

database)

▪ Halts unwarranted substance stigmatization and substance phase-out

▪ Dissociates Mo from other so-called ‘heavy metals’ when meaning ‘toxic’ 

instead of it’s physical property of ‘density’

Why did IMOA engage in regulatory dialogue?:

Key assessment contributor:   IMOA’s (OECD MAD) molybdate effects dataset

USA – Children’s Safe Products Rule:
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Washington State Children’s 
Product Safety Rule 2017:

Mo & Compounds 

de-listed and de-

regulated as from 

end September 

2017
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Washington CSPA:

2019 - Molybdenum no longer on the 
list of reported substances

https://apps.ecology.wa.gov/cspareporting/ https://apps.ecology.wa.gov/cspare

porting/

Searchable database at:

For manufacturing reporting period ending 31 Jan 2019 

https://apps.ecology.wa.gov/cspareporting/
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Oregon State – Toxics-Free Kids Act

▪ Moly & compounds de-listed & de-regulated by Oregon 

Health Authority with effect from 1 January 2019 

▪ Process period: May – end September 2018

Start of process in May:

End of Process:



www.imoa.info30

US-Canada Regulatory Cooperation 
Council Initiative – Mo case study

Purpose:  To assess how US-Canada can work together to jointly risk assess 

substances.  Focus on identifying differences/impediments to joint assessment, 

partly through conduct of 5 substance/substance group case studies.

➢ A ‘forward priority’ for both US-EPA  under Toxic Substances Control Act 

(TSCA), and Health Canada and Environment Canada under 

Chemicals Management Program (CMP) 

Why was moly selected?
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(Triphenylphosphate)
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Health Canada co-authored publication 

Published 

2016
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Human Health Studies:

OECD Protocol-compliant and GLP:

❑ 2011: 90-day Repeated Dose Toxicity (HLS,Princeton,USA)
❑ Hoffmann G. (2011):  Sodium molybdate dihydrate: A 90-day oral 

dietary administration study in rats (GLP). Study No. 10-2225. 

❑ 2013: Prenatal Developmental Toxicity ((RTI, Raleigh, USA)
❑ Tyl, R. (2013): Developmental Toxicity Evaluation of Sodium 

Molybdate Dihydrate (CAS No. 10102-40-6) administered in the diet 

to CD® (Sprague Dawley) Rats

❑ 2015-16: 2-Generation Reproduction (CRL, Pennsyl., USA)

❑ Hoberman A.(2017): Two generation (one litter per generation) 

reproduction toxicity study of sodium molybdenum dihydrate in rats

❑ Peer-reviewed publication: March 2019

Lead Author of the 3 peer-reviewed published papers: Murray (J.)
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Studies conducted according to 
OECD Test Protocol Guidelines:

The OECD Guidelines are a unique tool for assessing the potential effects 

of chemicals on human health and the environment. 

Accepted internationally as standard methods for safety testing, the 

Guidelines are used by professionals in industry, academia and 

government involved in the testing and assessment of chemicals (industrial 

chemicals, pesticides, cosmetics, etc.). 

These Guidelines are regularly updated with the assistance of hundreds of 

national experts from OECD member countries.

Extract from OECD website:
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Why higher-tier human health studies?

▪ Critical data-gaps to fill

▪ Absence of OECD guideline compliant studies, and of 

GLP certification (GLP = good laboratory practice)

▪ Existing literature assessments of molybdenum (e.g. 

IOM, NAS) selecting reproductive toxicity as most 

sensitive human health endpoint, based on Fungwe

1990 study

▪ Water quality standards protective of human health (i.e. 

reprotox endpoint), using Fungwe – NOAEL at 0.9 mg 

Mo/kg bw/day

Fungwe, T.V. et al. (1990): The role of dietary molybdenum on oestrous activity, fertility, reproduction 

and molybdenum and copper enzyme activities of female rats, Nutr. Res. 10, 515-524 

NAS (2001) Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 

Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium and Zinc. Food and Nutrition Board, 

Institute of Medicine, National Academy Press, Washington, D.C. 
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2-Generation Reproduction Toxicity 
Study

Manuscript:

• Passed Journal peer-review by 3 reviewers

• Published on-line 29 January 2019, Open Access (free to download)

• Published in hard copy Journal, March 2019

• Culmination of 5 years work 2014-2018:

• Palatability/range-finder/main study/publication

Article link:
https://doi.org/10.1016/j.reprotox.2018.11.004

Published early 2019! 
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Fungwe et al study, 1990

In the absence of an OECD protocol-compliant/GLP study, the Fungwe study 

was understandably used for regulatory purposes.

It was ‘the only show in town’, but that is no longer the case as 2-Generation 

reprotox study conducted and now peer-review published in 2019.
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2-Gen study unable to reproduce 
findings reported in the Fungwe 1990 
study

❑ Discussion section of the document compares and contrasts

the recent 2-Generation study data with the data generated by 

Fungwe.

❑ The 2-Generation study was not able to reproduce the effects 

reported by Fungwe, 1990.  Reproductive toxicity was not 

identified in the recent 2-Generation study.

Colorado State Mo WQS 

value of 210 micrograms/L 

is based on the Fungwe

study.

Not possible to determine

the exact dose levels of the 

test material consumed by the 

rats in the Fungwe study 

since neither the water 

intakes nor body weights are 

reported.
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a = gonadal, sperm and estrous cycle effects

NOAELs in 2-Gen., Developmental 
and 90-Day Toxicity Studies 

Study Systemic Toxicity 

NOAEL, 

mg Mo/kg bw/day

Reproductive 

Toxicity NOAEL,

mg Mo/kg bw/day

2-Gen. Reprotox Study 17 40

Developmental Tox. Study 40 40

90-Day Repeated Dose Tox. 

Study

17 60a

NOAEL = No Observed Adverse Effect Level

2-Gen results: No test substance-related effect on estrous cycle, semen evaluation, 

mating, pregnancy rate, duration of gestation, litter size, sex ratio, pup survival,  pup 

weight, postnatal development, reproductive organ weights and histopathology in any 

generation.  No adverse effects on reproductive function or development.
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US FDA used 90-day repeated dose 
toxicity study:

www.ich.org/fileadmin/Public_Web

_Site/ICH_Products/Guidelines/Qu

ality/Q3D/Q3D_Step_4.pdf

On January 1, 2018, new 

guidelines regarding elemental 

impurities in brand and generic 

drug products went into effect. 
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Mo section pages 46-47:
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US ATSDR – Draft Toxicological Profile 
– IMOA Review

IMOA technical submission September 

2017

ATSDR ongoing review 2019

Takes account of IMOA Human Health 

studies (90-day repeated dose tox, 

Prenatal DevTox, 2-Generation 

Reprotox). 

- Awaiting ATSDR finalization

First-time this US Agency is 

generating a toxicological profile 

about Molybdenum.

Not a leaflet! ….. > 270 pages
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Human Health Studies:

OECD Protocol-compliant and GLP:

❑ 2011: 90-day Repeated Dose Toxicity (HLS,Princeton,USA)
❑ Hoffmann G. (2011):  Sodium molybdate dihydrate: A 90-day oral 

dietary administration study in rats (GLP). Study No. 10-2225. 

❑ 2013: Prenatal Developmental Toxicity ((RTI, Raleigh, USA)
❑ Tyl, R. (2013): Developmental Toxicity Evaluation of Sodium 

Molybdate Dihydrate (CAS No. 10102-40-6) administered in the diet 

to CD® (Sprague Dawley) Rats

❑ 2015-16: 2-Generation Reproduction (CRL, Pennsyl., USA)

❑ Hoberman A.(2017): Two generation (one litter per generation) 

reproduction toxicity study of sodium molybdenum dihydrate in rats

❑ Peer-reviewed publication: March 2019

Lead Author of the 3 peer-reviewed published papers: Murray (J.)
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IMOA Studies – advancing science 
and reducing uncertainty levels
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Kovalskiy 1961     Fungwe 1990   Hoffman 2011*    Tyl 2013*   Hoberman 2016*

* Studies commissioned by IMOA
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Kovalski’y et al study, 1961

“ ….. serious methodological difficulties are noted with this particular 

study including possible analytical problems in the assessment of blood 

and urinary copper levels and the very small size of the control group in 

contrast to the molybdenum-exposed group.”

❑ Panel on Micronutrients of the Institute of Medicine 2001 has similar 

concerns about poor reliability of the study.  In its chapter on 

Molybdenum (page 434) it states:

❑ US ATSDR Draft Moly Tox Profile concludes low confidence in this study 

and unsuitable as a basis for deriving a chronic oral Minimal Risk Level

Despite this:

Kovalski’y is the key study in US EPA IRIS Database for Moly (1992), and 

also the still current EPA Molybdenum Health Advisory (latest edition 

2018)
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Canada-Saskatchewan Mo WQS 
review finalized: ❑ Existing Mo Water Quality Standard: 73 micrograms 

Mo (protective of aquatic life)

❑ Proposed revision (by Cameco): 26,000 micrograms 

Mo, then upped to 31,000 micrograms Mo

❑ Duration of review: 2016 to end 2018

❑ Outcome: 31,000 micrograms Mo/L 

approved as the revised Mo WQS
❑ 424-fold increase in Mo WQS

Table heavily populated with IMOA data 

(De Schampheleare, and Heijerick & Carey):
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Canada-Saskatchewan Province

Mo WQS review docs – IMOA & OECD acknowledgements

Increased to 

31 mg Mo
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Water Quality Standards ….. Canada 
(Federal Level):
❑ WQS Protective of Aquatic Life:

❑ Limit value traditionally < 350 micrograms Mo/L (sparse datasets)

❑ EU REACH: IMOA derived PNEC (Predicted No Effect Concentration): 

12,600 micrograms/L

❑ 2014: OECD-endorsed IMOA molybdate dataset
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Robust scientific data in action:

Dataset 
impact on 
regulatory 
dialogue & 
decisions

2014 -OECD 
MAD dataset 

approval

2010- EU REACH 
registration 

using dataset

2007-IMOA 
initiates molybdate

effects dataset 
generation

Washington

Oregon

Minnesota

ATSDR

EPA Mo Health Advisory

Canada Federal WQS

Saskatchewan WQS

New Jersey WQS

Pennsylvania WQS

Flanders

Germany

On the horizon:

▪ Korea-REACH

▪ China

▪ Thailand

▪ EU REACH (more)

IMOA 

member 

dialogue
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Way Forward:

Common goals:

▪ utilize high-quality human health and environmental 

science for the regulation of molybdenum

▪ Maintain and develop regulatory dialogue through 

knowledge-sharing and scientific study resources
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Thank you for your kind attention this morning!

Sandra Carey

HSE Executive

International Molybdenum Association

Email: sandracarey@imoa.infooa.info

Tel: + 44 7778 813721

Views expressed in this presentation are those of the presenter and 

not necessarily those of IMOA.

mailto:sandracarey@imoa.info

