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BERM History
The Evolution of the BERM Series of Symposia (1983-2015)
BERM: a symposium with its origins in Biological and Environmental 

chemical metrology has evolved and extended its reach over a 32-

year lifespan, and now touches almost every field of chemical mea-

surement. Certified Reference Materials (CRMs) have always been at 

the heart of the Symposium; in particular, their preparation, use and 

availability. More recently, the scope of the meetings was extended to 

cover related topics such as Quality Control Materials (QCM), Proficien-

cy Testing (PT) and Accreditation.

At BERM 14 in 2015, there will be presentations and lively discussion 

about not only chemical but biochemical, pharmaceutical, clinical and 

microbiological metrology – indeed almost any aspect of metrology 

that isn’t physical!

For more than 30 years, the BERM Symposia have been the center of 

discussion and debate about the production, use, and sometimes 

abuse of CRMs. As we approach the 14th meeting in the series it is 

worth looking back at the formative years, when method validation, 

ongoing proficiency testing and laboratory accreditation was a spe-

cialist area.

We have to turn back to the early 1980s for the start of the changes 

that took analytical chemistry, and now biochemistry and microbiolo-

gy, into the regulated and accredited environment we now recognize 

and which, almost incidentally, created a global business for both the ac-

creditation of testing laboratories and for reference material producers.

Demand for matrix material reference materials for biological analy-

sis, especially food nutrition and quality testing had already started 

to grow when, in the summer of 1982, Dr. Wayne Wolf of the United 

States Department of Agriculture (USDA) took a trip around Europe by 

train – no “low budget” airlines then – to find out what the Europeans 

were doing to develop matrix samples of plant and soil suitable for anal-

ysis. He met with Dr. Markus Stoeppler, who was then running the Envi-

ronmental Specimen bank at the KFA (Kernforschungsanlage) Jülich in 

Germany. His discussions with Markus and others who were working on 

food and environmental analysis resulted in the conclusion that there 

was a need for a meeting to talk about the production of matrix refer-

ence materials to support chemical analysis of biological materials.

After a suitable gestation period the first BRM – Biological Reference 

Materials – symposium was organized by Dr. Wolf and took place in 

Philadelphia, (USA), in September 1983. Just 25 people shared 16 pre-

sentations on food and nutrition analysis and the proceedings were 

published by Wiley Interscience.

BRM 1 was considered a success; so, to extend the reach further into 

Europe, BRM 2 was organised by Dr. Stoeppler near Munich (Germany) 

and took place in the spring of 1986. This event attracted 111 partic-

ipants from 29 countries and lasted for 4 ½ days. BRM 2 highlighted 

the distinction between primary CRMs and secondary CRMs, and start-

ed a debate which has yet to reach a conclusion. The proceedings, 

amounting to some 35 papers, were published by Fresenius Zeitschrift 

für Analytische Chemie.

Two years later Dr. Stoeppler organized BRM 3 which took place in 

Bayreuth (Germany) in 1988, with 115 registered participants from 17 

countries, and resulted in 63 papers. One key result was the identifi-

cation of the need for the production of matrix materials containing 

analytes at varying levels, raising the issue of fortification or spiking of 

samples and the associated analytical challenges. At BRM 3 the deci-

sion was taken to change the name of the series to BERM, the addition-

al “E” reflecting the rapid growth of interest in Environmental analysis.

The responsibility for organizing BERM 4 fell back on Dr. Wolf and it 

took place in Orlando, Florida, (USA), in February 1990. It attracted 100 

participants and resulted in 70 papers. A key topic that came out of 

this meeting was an awareness that the logistics needed to run in-

ter-laboratory comparisons – then a key part of value assignment for 

CRM production, and were a challenge when dealing with materials 

that were regulated, especially plant and animal materials. Twenty-four 

years later, CRM and proficiency testing suppliers are still wrestling 

with this thorny topic.

A return to Europe resulted in Dr. Stoeppler organizing BERM 5 in 

Aachen, (Germany), held in May 1992 with 141 registered delegates 

from 30 countries who spent 4 ½ days captivated by more than 130 

oral and poster presentations. The key result from that meeting was a 

realization that written analytical methods needed to be supported, or 

validated, by the use of Certified Reference Materials.

In 1994, BERM 6 was held in the USA – Stan Rasberry, at the time Chief 

of the SRM Program at NIST, arranged the meeting at Kona, on the 

big Island of Hawaii from April 17-21. Despite the distance and holiday 

atmosphere of the location, this scientific event attracted 105 regis-

tered delegates from 29 countries, especially from the Pacific Rim, who 

contributed 110 presentations. The meeting highlighted the growing 

concern for proper and unambiguous traceability of chemical mea-

surement results and laid some of the groundwork for what became 

ISO 17025.

Between BERM 6 and BERM 7 we must not forget the first “spin off” 

meeting, DUERM 1, which took place in New Delhi, (India), in 

February 1996, to review the developing needs for environmental 

reference materials in the sub-continent.

The success of BERM 6 meant that BERM 7, organized by Dr. Stoppler 

and Dr. Jean Pauwels from the European Commission’s Institute for 

Reference Materials and Measurements (IRMM) in Antwerp, (Belgium), 

in 1997, had to scale new heights – it did, and between April 17-2

Three years later BERM 8 took place at the National Institutes of Health 

(NIH) Conference Center in Bethesda, (USA), from Sept 17-21, 2000 

and was organized by NIST in association with AOAC International. 

The involvement of AOAC International was a key development and 

that organization has been a part of the BERM Symposia ever since. 

Again a record was reached with almost 250 delegates contributing 

187 presentations over 4 days.

BERM 9 took place in June 2003, and was organized by Eurolab along 

with a team from BAM (German Federal Institute for Materials Research 

and Testing) in Berlin, (Germany). Led by Harry Klich from BAM, the 

team prepared for an excellent meeting in Berlin. But the meeting was to 

be Harry’s epitaph; tragically, he was unable to make the event since he 

took ill and passed away in September 2002 – he was only 52 years old.

The organization of BERM 9 was taken over by Dr. Pauwels of IRMM 

who worked closely with BAM and Eurolab, and despite the trag-

edy it proved to be a great event; it was very well attended, with 

close to 300 delegates and a contribution of 176 presentations.
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BERM History

A striking theme was the number of presentations dealing with reference 

materials for bio/life science, diagnostic and pharmaceutical analysis.

For BERM, it was time to return to the USA, and BERM 10 took place be-

tween April 30 and May 4, 2006 in Charleston, South Carolina. The or-

ganization was a collaborative venture between NIST, NOAA (National 

Oceanic and Atmospheric Administration) and Charleston Events LLC: 

the involvement of a professional management group resulted in a 

very successful meeting.

In many ways BERM 11 broke the tradition: up to BERM 10, the sym-

posium had alternated between continental Europe and the USA; but, 

BERM 11 was organized by the National Metrology Institute of Japan 

(NMIJ) under the Chair of Dr. “Ken” Okamoto and took place from Oc-

tober 29 to November 2, 2007 at the Tsukuba International Congress 

Center Ibaraki, Japan. By all accounts it was a big success, attracting 

many delegates from the Asia Pacific region and building on the suc-

cess of BERM 6.

BERM 12 was held for the first time in the UK, at Keble College, Ox-

ford University from July 7-11, 2009. This time LGC, known as the UK 

‘Chemical NMI’, in association with the UK National Metrology System, 

did all the hard work and the result was an excellent symposium with 

153 delegates from 26 countries in attendance. The symposium was 

opened by the then UK Science Minister, Lord Drayson. Over the three 

days, the program was made up of 14 sessions, with 69 oral presen-

tations. There was plenty to think about; the use of parallel sessions 

meant that careful program topic selection was needed. Compared 

with the last European BERM meeting in Berlin, there was a very no-

ticeable increase in both “bio” and “nano” metrology.

Normally, BERM 13 would have been held in the USA; but the Inter-

national Atomic Energy Agency (IAEA), a long-time supporter of the 

BERM Symposia, took over not just the organization but the financial 

support, with the result that BERM 13 held in Vienna, (Austria), from June 

25-29, 2012, attracted close to 200 delegates and achieved a much wid-

er international audience with delegates from 55 countries, many pre-

viously unable to afford to attend BERM.

Now, BERM-14: BERM returns to the USA in 2015, after an absence of 

8 years; so there will be much to talk about! The world of reference 

materials, standards and laboratory accreditation is changing rapidly 

with a lot happening, or going to happen, over the next 3 years that 

will have a significant impact on the use of reference materials and the 

producer community, including:

 ● Migration of ISO Guide 34 into a Standard

 ● The IUPAC’s critical review of fundamental definitions, 
  .including the Mole

 ● The full revision of ISO 17025:2005

At the same time the demand for certified reference materials has nev-

er been greater; so, there is much unfulfilled demand especially in new 

areas of measurement science. Therefore, BERM 14 will have a full and 

exciting scientific program built around some familiar and some less 

familiar topics:

 ● New CRM developments (i.e., new materials, matrices, and   
  analytes).

 ● CRMs to support “omics” measurements, e.g., proteomics,   
  metabolomics, genomics, and petroleomics.

 ●  CRMs for characterization of nanoparticles and nanoparticles   

  in environmental and biological matrices.

 ● New areas for CRM development, e.g., microbiology,    
  advanced materials, qualitative analysis (chemical/biological   

  identifications).

 ● New approaches to CRM development, with emphasis on   

  approaches for selecting and preparing candidate CRMs.

 ●  Approaches to chemical purity assessment for CRMs.

 ● New analytical methods as applied to CRM certification.

 ●  Validation of new analytical techniques and methods using   
  CRMs; novel uses of CRMs.

 ●  Significant applications and impact of CRMs in national and   
  international measurement programs.

 ●  Role of CRMs in Proficiency Testing and Laboratory    

  Accreditation.

BERM meetings always set the scene for the next 2 or 3 years; BERM 

14 will not be different. I urge everyone involved with or interested in 

any aspect of measurement – chemical, biochemical, pharmaceutical, 

clinical and microbiological – indeed, almost any aspect of metrology 

that isn’t physical, to make every effort to join the meeting!

The event dates to record into your diary are: October 11-15, 2015 at 

the Gaylord National Resort and Convention Center, National Harbor, 

Maryland, USA.

The Evolution of the BERM Series of Symposia (1983-2015)
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About References Materials

The growth in the use of CRMs and PT over the last 32 years has been remarkable, and has increased seemingly exponentially to the 

point where it is now a competitive multi-million dollar global business, including a significant portion of publicly funded production 

and development. How has this happened? Growth has been driven by the widespread adoption of ISO/IEC 17025 as the quality stan-

dard for accreditation and the requirement for such third-party assessments by regulatory agencies in many fields of analytical science. 

But third party accreditation of testing laboratories is not a new phenomenon; in the EU and some Asia-Pacific countries accreditation 

of food control laboratories has a long history, as does the accreditation of clinical diagnostic labs in the USA and EU. However, it was 

only after the release of the current edition of ISO/IEC 17025 in 2005 that demand for accreditation really started to accelerate. This 

growth, and the resultant demand for CRMs, surprised many, not the least a number of the National Metrology Institutes (NMIs). Some 

were already struggling to meet demand for their CRMs, and in 1990 a ground-breaking decision had been made to support accredi-

tation to an ISO Guide issued by ISO/REMCO, the ISO Committee on Reference Materials. This allowed producers other than NMIs, and 

some NMIs, to be accredited to produce CRMs, thus helping to meet the growing demand. In its latest edition, ISO Guide 34:2009 ‘Gen-

eral requirements for the competence of reference material producers’ is closely aligned with the quality system requirements of ISO/

IEC 17025, and links in a number of other reference material-related ISO Guides. Accreditation to a Guide has always had its critics within 

some conformity assessment circles. It is argued that a Guide is not prescriptive and may be subject to wider interpretation. After much 

discussion over recent years, at the ISO/REMCO Meeting in Boulder, Colorado, USA, (2014), it was agreed in principle that the ISO Guide 

34 would migrate into an international standard. See more at: 

http://www.sigmaaldrich.com/analytical-chromatography/events/berm/symposium-history.html#sthash.H2C2qA3M.dpuf

BERM History

Learn more about Shimadzu’s instruments. 
Call (800) 477-1227 or visit us online at:

Excellence
For 140 years, Shimadzu has been developing instrumentation 
for a broad range of applications in a variety of markets. This 
history is rivaled only by the passion we have for the future. We 
encourage you to visit us at the 

 to discover our extensive variety of analyzers capable 
of rapid, accurate, and precise measurements of pollutants.

www.ssi.shimadzu.com

Techniques include:

Your source for sensitive, 
rugged, easy-to-use 
instruments.
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General Information
Registration
All attendees, including speakers and poster presenters, must 

register for the meeting to participate in the technical sessions. 

Attendees must display their badge at all times for admission to 

all official BERM sessions and events. After you register, you will 

receive an email registration confirmation (includes your confir-

mation number). Registration badges will not be mailed, but will 

be available on-site for pickup.

Registration Methods:

Register online, via: www.regonline.com/berm

Hotel Accommodations
The Symposium has a block of hotel rooms at the Gaylord Hotel & 

Convention Center, National Harbor, MD. All attendees will receive 

complimentary internet access in their rooms.

Hotel check-in is 4:00 pm and check-out is 11:00 am

Reserve your hotel directly through the BERM website,  

www.sigma-aldrich.com/berm

Room Rates:

Deluxe Guest Room:  $217

Atrium View Room:  $247

Travel & Transportation
National Harbor is accessible by air or car. The city offers several 

options to get around, including bus, subway, train, and taxi.

The hotel does NOT provide shuttle service to and from Ronald 

Reagan Washington Airport, Washington Dulles Airport, and 

Baltimore/Washington International Airport.  

Complete travel information can be obtained, via 

http://www.marriott.com/hotels/maps/travel/wasgn-gaylord-na-

tional-resort-and-convention-center

Parking
On-site Parking Fee:  $6 USD/hour, $24 USD/day 

Valet Parking Fee:  $35 USD/day 

Meals and Pick-Me-Up Breaks
Breakfast is served Monday - Thursday at 5:30 am in the Coca Bean 

and the Coca Bean Express and 6:30 am - 10:30 am in the Pienza 

and the National Pastime.

Mid-morning and mid-afternoon Pick-Me-Up breaks are provided 

daily in the Cherry Blossom Lobby.

Lunch is provided Monday - Thursday from 12:00 pm - 1:30 pm in 

the Woodrow B, C, and D.

Federal Express Business Center
The Federal Express Business Center is located near the Cherry 

Blossom Lobby.  The business center is staffed from 6:00 am to 

9:00 pm daily and offers 24-hour self-service printing, copying, 

and internet access.  Label packages sent to the Gaylord National 

Resort and Convention Center as follows: 

Guest/Recipient Name (cell phone number)

c/o Gaylord National Resort and Convention Center

201 Waterfront Street

National Harbor, Maryland 2075

Convention/Conference/Event Name/Date of Event

Box(es) # of # (multiple boxes must be numbered) 

The following handling fees apply to all packages shipped in and 

out, in addition to the carrier’s assessed cost.

 ● 0 - 1 pound – $5.00

 ● 1.1 - 10 pound – $15.00

 ● 10.1 - 20 pound – $20.00

 ● 20.1 - 30 pound – $30.00

 ● 30.1 - 40 pound – $40.00

 ● 40.1 - 50 pound – $50.00

 ● 50.1 - 60 pound – $50.00

 ● 60.1 and over – $70.00

 ● Crates and Pallets – $0.75 per pound
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General Information
Photographic Equipment
The use of cameras and other recording devices are not permitted 

during program sessions. 

Electronic Devices
As a courtesy to other meeting attendees, electronic devices must 

be operated in silent/vibrate mode in technical or educational 

sessions. Cell phone conversations are not permitted in meeting 

rooms.

Local Hospital and Drugstore
Fort Washington Medical Center

11711 Livingston Road

Fort Washington, Maryland 20744

(301) 292-7000

CVS Pharmacy

162 Fleet Street

National Harbor, Maryland 20745

(301) 686-0248

Safety Tips
 ● Attendees should be aware of their surroundings at all times.

 ● Don’t wear your meeting badge outside the convention   

  center or hotels.

 ● Don’t wear fancy jewelry or carry expensive technology in   

  plain sight.

 ● Carry your briefcase, tote bag, purse, or laptop carrier close to  

  your body.

 ● Don’t leave valuables in your hotel room. Get a hotel safe   

  deposit box.

 ● Walk in open and in well-lit areas at night.

 ● Travel in groups. Don’t be a loner, particularly in the evening.

 ● Use common sense.  If someone or something looks   

  suspicious, report it and/or avoid it.

 ● If an emergency occurs outside a BERM event, contact police  

  or emergency assistance  by dialing 911 or seeking assistance   

  from the facility where the emergency occurs.

 ● Should a catastrophic event occur while the meeting is under  

  way, follow safety and security instructions issued by the

  facility where you are located at the time of the event.

Your Partner in Accreditation
ISO Guide 34  Reference Material Producers

ISO/IEC 17043  PT Providers · ISO/IEC 17025  Laboratories

www.anab.org

ANSI-ASQ National Accreditation Board
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General Information
Symposium Hours
Exhibit Installation

Sunday, October 11, 2015……………………10:00 am – 5:00 pm

(all crates must be off the floor by 5:00 pm)

Registration / Badge Pick Up

Sunday, October 11, 2015 . . . . . . . . . . . . . . . . . . . . . .9:00 am – 4:00 pm

Monday, October 12, 2015 . . . . . . . . . . . . . . . . . . . . . 8:00 am – 6:00 pm

Tuesday, October 13, 2015 . . . . . . . . . . . . . . . . . . . . . 8:00 am – 6:00 pm 

Wednesday, October 14, 2015 . . . . . . . . . . . . . . . . . .8:00 am – 6:00 pm

Thursday, October 15, 2015 . . . . . . . . . . . . . . . . . . . 8:00 am – 12:00 pm

Welcome Reception

(held in the Pose Ultra Lounge in the Gaylord Convention Center)

Sunday, October 11, 2015 . . . . . . . . . . . . . . . . . . . . . .7:00 pm – 9:00 pm

BERM 14 Mixer

(Provided by ACS Publications, LCGC, and Sigma-Aldrich)

Tuesday, October 13, 2015 . . . . . . . . . . . . . . . . . . . . .7:00 pm – 9:00 pm

Closing Remarks

Thursday, October 15, 2015 . . . . . . . . . . . . . . . . . .. . .3:20 pm – 3:45 pm

Social Event in Cherry Blossom Ballroom . . . . . . . .3:45 pm - 5:00 pm

Technical Sessions

Monday, October 12, 2015 . . . . . . . . . . . . . . . . . . . . . 8:30 am – 6:00 pm

Tuesday, October 13, 2015 . . . . . . . . . . . . . . . . . . . . . 8:30 am – 6:00 pm

Wednesday, October 14, 2015 . . . . . . . . . . . . . . . . .  8:30 am – 6:00 pm

Thursday, October 15, 2015 . . . . . . . . . . . . . . . . . . . . 8:30 am – 3:45 pm

Poster Sessions

All posters will be on display throughout the organized sessions.

Authors Present:

Tuesday, October 13, 2015. . . . . . . . . . . . . . . . . . . . . 2:30 pm – 4:00 pm

Wednesday, October 14, 2015 . . . . . . . . . . . . . . . . . 2:30 pm – 4:00 pm

Exhibition Hours

Monday, October 12, 2015 . . . . . . . . . . . . . . . . . . . . . 8:30 am – 6:00 pm

Tuesday, October 13, 2015 . . . . . . . . . . . . . . . . . . . . . 8:30 am – 6:00 pm

Wednesday, October 14, 2015 . . . . . . . . . . . . . . . . . .8:30 am – 6:00 pm

Thursday, October 15, 2015 . . . . . . . . . . . . . . . . . . . .8:30 am – 12:00 pm

Exhibit Dismantle

Thursday, October 15, 2015 . . . . . . . . . . . . . . . . . . .12:01 pm – 4:00 pm

(all crates must be off the floor by 6:00 pm) 
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Exhibitor Floor Plan
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Plenary Speakers
Dr. Derek Craston is Chief Scientific Of-

ficer, Managing Director of Science and 

Innovation and Government Chemist 

at LGC, where he is responsible for the 

leadership of teams delivering R&D 

programmes in analytical quality and 

metrology and for coordinating research 

across LGC’s service and product 

portfolios.  

Derek joined LGC in 1991, and prior to becoming Government 

Chemist he was responsible for LGCs’ pharmaceutical business 

which involved managing operations in the UK and Germany that 

supplied reference material products and high quality analytical 

services to industry. 

Derek has a degree in Chemistry from the University of St An-

drews, a Ph.D. from Imperial College, London, and an honorary 

doctorate from the University of Kingston. Prior to joining LGC, 

Derek spent two years at the University of Texas, Austin (USA), and 

three years at AEA Technology, Harwell (UK), working in the area 

of applied electrochemistry.

Raymond H. Cypess, D.V.M. Ph.D. is 

currently Chairman, President and CEO of 

ATCC Global in Manassas, Virginia, where 

for the past 20 years he has demonstrat-

ed the ability to apply business acumen, 

fiscal responsibility and innovative 

approaches to the management of a 

non-profit/profit corporate structure. He 

is also Chairman of the BioNexus Foun-

dation and the architect of the new Global Biological Standards 

Institute (GBSI). He holds a D.V.M. from the University of Illinois and 

a Ph.D. from the University of North Carolina.

Dr. Cypess came to ATCC from the University of Tennessee, 

Memphis, in 1993. He was Dean of the College of Graduate Health 

Sciences, as well as Professor of Microbiology and Immunology 

and Comparative Medicine, and Vice Provost for Research and 

Research Training, winning the UT Memphis College of Medicine 

Outstanding Teacher Award for the years 1989-1993. He has been 

an Associate Professor of Epidemiology and Microbiology at the 

University of Pittsburgh School of Public Health, and Professor and 

Chairman at the New York State College of Veterinary Medicine.

In the course of his extensive professional career, Dr. Cypess 

participated on NIAID scientifi c review boards and various NIH 

Study Sections and served on several editorial boards. He is the 

author of more than 75 chapters, reviews, and journal articles, 

a fellow in the Infectious Disease Society, and a member of the 

American Epidemiology Society. At ATCC, he has served as 

principal investigator on numerous grants and contracts, including 

the MR4 (The Malaria Research & Reference Reagent Resource 

Center), and the BEI (Biodefense & Emerging Infectious Research 

Resources Repository) from the NIAID. Dr. Cypess was also the 

architect of the multi-million dollar IRR (Infl uenza and Reagents 

and Resources) contract award and renewal from the Centers for 

Disease Control and Prevention, CDC. He has served on boards of 

NYSE and NASDAG corporations, as well as Director and Treasurer 

of the Virginia Biotechnology Authority, Advisor to Massachusetts 

Life Science Center, and on the Executive Board of the Virginia 

Biotechnology Association.

Professor Hendrik Emons is Head of the 

Department ‘Standards for Innovation 

and sustainable Development’ of the 

European Commission’s Joint Research 

Centre (JRC), Institute for Reference 

Materials and Measurements (IRMM), 

located in Geel (Belgium).

He gained a Ph.D. in Physical Chemistry 

and Electrochemistry at the Martin-Lu-

ther University of Halle, Germany, in 1984 and a Habilitation (DSc) 

in Analytical Chemistry at the University of Leipzig in 1988. He 

was Docent for Analytical Chemistry in Leipzig and in 1991/92 

Humboldt Fellow at the University of Cincinnati, OH, USA. After-

wards he was in charge of the German Environmental Specimen 

Banking Project at the Research Centre Jülich (Germany), and 

2001/2002 Deputy Head of the Institute for Phytosphere Research 

there. He joined the European Commission in 2003. 

At IRMM he is heading a truly multidisciplinary team which real-

izes programs on the development, production and certification 

of reference materials for a very broad range of application areas, 

from impact toughness of steel to proteins in human serum, from 

trace element to microbiological analysis and from nanoparticle 

sizing to GMO quantification.

He is also teaching as Associate Professor at the University of 

Duisburg-Essen, Germany, is Editor-in-Chief of Accreditation and 

Quality Assurance, Fellow of the Royal Society of Chemistry (RSC) 

and elected member of the Leibniz Society of Sciences, located in 

Berlin (Germany).



12

Plenary Speakers
Ulrich Panne – Bundesanstalt fuer Materialfor-

schung und -prüfung (BAM)

Dr. Ulrich Panne is president of BAM since 

2013 and responsible for managing BAM 

with the mission safety in technology and 

chemistry. BAM is a designated institute for 

metrology in chemistry and handling a large 

reference material program.

Ulrich joined BAM in 2004 as head of the 

department of “analytical chemistry; reference materials” and 

professor for instrumental analytical chemistry at Humboldt 

University Berlin. He did his Ph.D. work in analytical chemistry at 

the Technical University Munich (TUM), postdoc at the Environ-

ment Institute of Joint Research Centre Ispra, and habilitation at 

TUM. His research interests are analytical chemistry with focus on 

spectrochemical analysis, especially laser spectroscopy. 

Mauro Panteghini, M.D., Postgraduate in 

Laboratory Medicine, is full Professor of 

Clinical Biochemistry and Clinical Molecu-

lar Biology at University of Milano Medical 

School.

His institutional positions are Director 

of the Chair of Clinical Biochemistry and 

Clinical Molecular Biology at the Medical 

School of the University of Milan, Italy. 

Director of the Department of Laborato-

ry Medicine and Director of Clinical Pathology Unit of the “Luigi 

Sacco” University Hospital in Milan, Italy. Director of the Centre for 

Metrological Traceability in Laboratory Medicine (CIRME) of the 

University of Milan and Responsible of the Accredited Reference 

Laboratory (a JCTLM listed reference laboratory service).

Prof. Panteghini has served in a number of international and na-

tional scientific activities in the field of Laboratory Medicine. He is 

currently President of the European Federation of Clinical Chemis-

try and Laboratory Medicine (EFLM).

He has published more than 450 manuscripts (h-index: 43) and 

more than 420 abstracts. He presented over 100 invited lectures 

during international congresses.

Donald G. Patterson Jr. earned his BA degree 

from the University of Northern Colorado and 

his Ph.D. in Organic Chemistry from Arizona 

State University. Following three years of 

post-doctorate research with Professor Carl 

Djerassi at Stanford University, he joined the 

Toxicology Branch at the Centers for Disease 

Control and Prevention (CDC) in 1979. He was 

a member of the Senior Biomedical Research 

Service within the Organic Analytical Toxicolo-

gy Branch within the Division of Laboratory Sciences at CDC until 

his recent retirement after 29 years of U.S. Government service. 

He is also Adjunct Professor of Environmental Forensics at Penn 

State University.  He is currently President of EnviroSolutions 

Consulting, Inc. in Auburn, GA, USA and a Business Development 

Manager for AXYS Analytical Services Ltd in Sidney, BC, Canada. 

He is a Principal Scientist for Exponent, a scientific and engineer-

ing consulting firm that provides solutions to complex technical 

problems. His current interests include the development and 

application of new and novel methods for sensitive, specific, fast, 

and accurate quantitative analysis for environmentally significant 

compounds in human tissues. In addition, his recent research 

interests have centered on the application of  time-of-flight mass 

spectrometry to human biomonitoring studies by interfacing 

TOF/MS and high resolution MS to fast gas chromatography and 

comprehensive multidimensional (GCxGC) gas chromatography.  

Dr. Patterson has applied these methods (in collaboration with 

State Health Departments; other U.S. Government Agencies; and 

Government Agencies of other Countries) to a large number 

of epidemiologic health assessment studies including among 

others: Agent Orange exposure in Vietnam veteran ground troops; 

U.S. Air Force Operation Ranch Hand Vietnam Veterans (actually 

sprayed Agent Orange); Times Beach, Missouri dioxin exposure; 

dioxin half-life studies in humans; various occupational exposures 

and cancer mortality; Seveso, Italy dioxin exposure; herbicide 

sprayers; endometriosis and breast cancer in women; Great Lakes 

fish eaters exposure; residents exposed to incineration products; 

and pesticide exposure to farmers.
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Daniel Fabricant, Ph.D. is Executive 

Director and CEO of the Natural Products 

Association (NPA), the nation’s largest 

and oldest trade organization repre-

senting the natural products industry, 

including dietary supplements, foods, 

personal care products and more. He 

is responsible for implementing board 

policy for the advancement and pro-

tection of the natural products industry, 

while overseeing every aspect of the association’s programs and 

activities. Most recently, Dr. Fabricant served as the Director of 

the Division of Dietary Supplement Programs at the U.S. Food 

and Drug Administration (FDA), where he directed agency policy, 

public affairs and regulatory action regarding regulation of the 

dietary supplement industry for more than three years. While with 

the agency, he successfully navigated the large, heavily-matrixed 

governmental organizational structure to bring life to a regulatory 

function that was non-existent for almost 20 years. Prior to the 

FDA, Dr. Fabricant was vice president, global government and 

scientific affairs, for NPA, responsible for establishing and leading 

industry coalitions dealing with a range of legislative, regulatory 

and scientific matters. Dr. Fabricant carried his interest in natural 

products into the classroom, earning a Ph.D. in Pharmacognosy 

from the University of Illinois at Chicago, where he has served as 

an adjunct professor in the Department of Medicinal Chemistry 

and Pharmacognosy since 2009. Pharmacognosy is the study of 

drugs derived from natural sources (plants and animals). He has 

also published extensively and is internationally recognized for his 

regulatory and governmental public health expertise and natural 

products research.

     Your partner 
                       in accreditation. 
A2LA assessments and accreditation provide critical assurance 
to governments, commercial customers and the public that 
the activities performed in A2LA-accredited organizations are 
held to the highest standards.

Inquire about accreditation today!
  ISO/IEC 17025 and ISO Guide 34
  Free estimates  
  Friendly and helpful staff  
  Unmatched experience

      

www.A2LA.org    301 644 3248    info@A2LA.org
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Mark Blumenthal is the Founder and Ex-

ecutive Director of the American Botanical 

Council (ABC), an independent, nonprofit 

organization dedicated to providing edu-

cation using science-based and traditional 

information to promote responsible use of 

herbal medicine. He is the Editor/Publisher 

of HerbalGram, an international, peer-re-

viewed quarterly journal.  

Mark has appeared on over 600 radio and 

television shows and has written over 700 

articles, reviews and book chapters for many major publications.  

He was inducted into NewHope360’s 2012 Hall of Legends which 

celebrates “having made significant contributions to the devel-

opment and evolution of the natural products industry”. In 2010 

Mark was awarded the prestigious Tyler Prize in honor of the late 

Purdue Professor Varro E. Tyler from the American Society of Phar-

macognosy. He has been a leader in the concern for more rational 

regulations of herbal and natural product manufacturing, and 

education on plant-based medicines for over 37 years.

Dr. Angelique Botha, research and devel-

opment metrologist at the NMISA, South 

Africa is the current chairperson of ISO/

REMCO, the ISO Committee on reference 

materials, and the convenor of working 

group 16 in ISO/REMCO responsible 

for the revision of ISO Guide 35:2006, 

‘Reference materials – General and 

statistical principles for certification’. She 

also serves on national and international 

ISO committees for air pollution standards, as well as several of 

the working groups of the Consultative Committee for Chemistry 

(CCQM) of the International Committee of Weights and Measures 

(CIPM).

Dr. Botha obtained her master’s degree in Chemistry from the Uni-

versity of Pretoria, South Africa in 1996, specialising in organome-

tallic synthesis.  She started her career in Chemistry with a short 

stint in the platinum mining industry as a development chemist 

for Impala Platinum Ltd.

In 1997 she joined the National Metrology Institute of South 

Africa (NMISA) as their first chemical metrologist, tasked with the 

responsibility to establish a facility for metrology in chemistry for 

South Africa.  After establishing the first accredited gas metrology 

laboratory in South Afirca, she completed her Ph.D.-studies in 

2010 with a project to characterise South African geological refer-

ence materials using isotope dilution inductively coupled plasma 

mass spectrometry (ID-ICPMS). She then became more involved 

with projects in the inorganic analysis laboratory, focussing on the 

trace and ultra-trace analysis of toxic and nutritional elements in 

food matrices.

Dr. Botha developed and for many years presented a course 

on the estimation of uncertainty of measurement for analytical 

chemists for the National Laboratory Association of South Africa 

(NLA).  She is also qualified as a technical assessor to assist with 

assessments to ISO/IEC 17025 and ISO Guide 34 for the South 

African National Accreditation System (SANAS) and performs peer 

reviews for other international accreditation bodies.

Dr. Manfred Gröning is Laboratory Head 

of the Terrestrial Environment Laboratory 

of IAEA, and is subprogramme manager 

for IAEA reference products for science 

and trade, where he is responsible for 

the coordination of activities of multidis-

ciplinary teams in the area of reference 

materials and proficiency tests for stable 

isotopes, radionuclides and trace ele-

ments.

Manfred joined the IAEA in 1995, and prior to becoming Labo-

ratory Head of the terrestrial environmental laboratory, he was 

heading for 15 years the Isotope Hydrology Laboratory with asso-

ciated responsibility for stable isotope reference materials.

Manfred has a Ph.D. degree in Physics and Astronomy from the 

University of Heidelberg, Germany, in the area of isotope hydrol-

ogy, noble gases and paleo-temperature reconstructions. Before 

joining the IAEA, he participated in suitability studies for a poten-

tial geological waste repository in Germany. 

He is Titular Member of the Commission on Isotopic Abundances 

and Atomic Weights operating under auspices of the International 

Union of Pure and Applied Chemistry.

800.234.7837
www.nsilabsolutions.com

Visit Us At Booth# 10
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Dr. Steven M. Musser is currently the 

Deputy Center Director for Scientific 

Operations at the U.S. Food and Drug 

Administration’s (FDA) Center for Food 

Safety and Applied Nutrition (CFSAN).   In 

addition to managing policy and opera-

tions, he oversees an extensive research 

portfolio supporting a number of priority 

food and cosmetic programs, including 

counter-terrorism, dietary supplements, 

foodborne pathogens, chemical contaminants and natural toxins.  

He has directed the Center’s research in precedent setting areas of 

food research, which include food allergen detection, methods for 

detecting chemical contaminants, dietary supplement analysis, 

whole genome sequencing of food pathogens and the use of 

proteomics for microbial epidemiology and classification. He has 

published more than 80 articles in the peer reviewed scientific 

literature and regularly represents CFSAN at national and interna-

tional meetings.

Dr. Sang-Ryoul Park is currently a prin-

cipal research scientist at KRISS just after 

serving as the director of the Division of 

the Metrology for Quality of Life at KRISS 

(2012-2014). The division covers the 

technical fields of chemistry, biology, ion-

izing radiation, and safety measurement. 

Sang-Ryoul joined KRISS in 2000, since 

then, has leaded the research activities in 

the field of metrology for bioanalysis and                    

                                            clinical chemistry at KRISS. 

Sang-Ryoul has a degree in Chemistry from Seoul National Uni-

versity, and a Ph.D. in bioanalytical chemistry from the University 

of Kansas (Lawrence. KS, USA). Prior to joining KRISS, Sang-Ryoul 

spent two years at Department of Human Genetics at the Univer-

sity of Utah (Salt Lake City, UT, USA) as a postdoctoral fellow. Then, 

he was trained at Department of Laboratory Medicine and Pathol-

ogy at Mayo Clinic (Rochester, MN, USA) as a clinical biochemist 

for two years.

Ruud Peters holds a Ph.D. in Chemistry 

and has over 25 years of experience in 

analytical chemistry. He started out the 

National Institute of Public Health and 

the Environment (RIVM), worked for 17 

years at TNO (the Dutch Organisation for 

Applied Scientific Research) and since 

2007 for RIKILT, the Dutch institute of 

food safety, part of Wageningen UR. Cur-

rently he is coordinating the section Contaminants (25 research-

ers and analysts) that deals with organic contaminants like dioxins 

and PAH, process contaminants like acrylamide, melamine and 

nitrosamines, heavy metals, nanomaterials and radioactivity. He 

is also project leader of the National Plan Residues in food from 

animal origin and of the 24/7 crisis organisation. From a scientific 

point of view he is involved in the development and application 

of new methods for contaminants and residues in food and feed, 

the identification of new and “unknown” contaminants and resi-

dues, and especially the last years, the development of methods 

for nanomaterials in food and non-food.
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Melissa M. Phillips has been a research 

chemist in the Chemical Sciences Division 

at the National Institute of Standards and 

Technology (NIST) since 2008.  She is in-

volved in the certification efforts for food 

and dietary supplement Standard Refer-

ence Materials (SRMs) and is a coordinator 

of the Dietary Supplement Laboratory 

Quality Assurance Program (DSQAP) as 

well as the Food and Nutrition Reference 

Materials Program.  Her interests include development of new 

analytical methods for the determination of marker compounds 

and vitamins in dietary supplements and foods, as well as improv-

ing the measurement capabilities of the dietary supplement and 

food communities.  Melissa obtained a B.S. in Chemistry, and M.S. 

in Forensic Chemistry, and a Ph.D. in Analytical Chemistry from 

Michigan State University.

Eric Reiner is a senior mass spectrome-

try research scientist at the Laboratory 

Services Branch of the Ontario Ministry of 

the Environment and Climate Change. He 

also holds adjunct professor status at the 

Department of Chemistry at the Univer-

sity of Toronto and University of Waterloo 

and Department of Environmental Foren-

sics at Pennsylvania State University.  Eric 

obtained his Ph.D. from the University of 

Toronto in 1986 in Analytical Chemistry / Mass Spectrometry. He 

has been working in the field of ultra-trace environmental analysis 

for more than 25 years and his research interests include the 

analysis of dioxin-like and other emerging toxic organics including 

halogenated flame retardants, perfluorinated compounds and in-

dustrial chemicals as well as advanced analytical techniques such 

as Fast GC, 2 Dimensional GC, chemical ionization mass spectrom-

etry, tandem mass spectrometry and analytical automation.

Dr. Jorge Ruiz Encinar received his Ph.D. 

in Chemistry in 2001 from the University of 

Oviedo (Spain). After working as a postdoc at 

the CNRS “Laboratory of Analytical Bioinor-

ganic and Environmental Chemistry (LCABIE)” 

in Pau (France), between 2002 and 2004, he 

returned to the University of Oviedo as a 

Ramón y Cajal Researcher (2004-2009). Since 

2010 he holds an Associate Professor position 

at the same university. Additionally, he is Invited Professor at the 

University of Pau (France) since 2011 and he has taught a number 

of courses in companies and universities in different countries 

such as Belgium, Germany, United Kingdom, Japan and China. 

In 2007, he was awarded with the “Young Chemist Prize” by the 

Spanish Royal Society of Chemistry. He is currently the coordi-

nator of the International Master in Analytical and Bioanalytical 

Sciences at the University of Oviedo.

His main research interests are focused in mass spectrometry and 

stable isotope-based methods, mostly applied to environment, 

speciation and heteroatom-tagged proteomics, and the develop-

ment of new biological applications of functionalized nanoparti-

cles. He is co-author of 70 publications in peer-reviewed interna-

tional journals (JCR) with a total number of citations of 1750 (H 

index = 26); 5 book chapters; and 1 international licensed patent. 

As well, he has more than 100 contributions to national and inter-

national conferences being 26 of them invited lectures.

Takeshi Saito is currently chief of the 

Metrological Information Section at the 

National Metrology Institute of Japan 

(NMIJ), National Institute of Advanced 

Industrial Science and Technology (AIST) 

in Tsukuba, Japan.  He received B.S. and 

MS in Chemistry from Science University 

of Tokyo, MS in Chemistry from Case 

Western Reserve University (Pittsburgh, 

PA, USA), and Ph.D. in Chemistry from 

the University of Akron (Akron OH, USA) specializing in nuclear 

magnetic resonance (NMR).  At NMIJ Dr. Saito has focused on the 

development and use of quantitative NMR for purity assessment 

and the development of a spectral database for organic com-

pounds available from AIST.  Dr. Saito has received several awards 

related to the development of quantitative NMR for metrological 

traceability realization.  He is a member of ISO/REMCO.
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Darryl Sullivan is the Director of Scientific 

and Regulatory Affairs for the Nutrition 

Chemistry and Food Safety Division at 

Covance Laboratories. Mr. Sullivan acts as 

the primary liaison with food, nutritional 

and dietary supplement companies as 

well as providing expertise on designing 

comprehensive testing programs to meet 

scientific and regulatory requirements. 

In this role he is often called upon as 

an expert witness for litigation and dispute resolution. He has 

managed numerous different departments at Covance including 

lab operations, research and development, client services, sample 

management, sample preparation and study direction, as well as 

a satellite laboratory in Michigan.  

Mr. Sullivan received his BS from the University of Wisconsin-Mad-

ison and has more than 30 years of experience in laboratory 

testing of food and dietary supplements. He is considered to be 

an expert in the field of validation of analytical methods, having 

served for three years as Chair of the AOAC INTERNATIONAL 

Official Methods Board. Mr. Sullivan was a member of the Task 

Force that redesigned the AOAC Standards Development Process. 

He is currently the Past President and Secretary of the AOAC 

INTERNATIONAL Board of Directors, and the Chair of the AOAC 

Stakeholder Panel on Infant Formula and Adult Nutritionals. He is 

also the Chair of the AOAC Stakeholder Panel on Dietary Supple-

ments. He is a former member of the Board of Directors of the 

AOAC Research Institute. He is the Chair of the Analytical Labora-

tories Committee of the American Herbal Product Association, a 

member of the USP Council of Experts for Dietary Supplements, 

and is a member of the Joint Committee on Dietary Supplements 

of NSF. Mr. Sullivan has developed and validated hundreds of 

analytical methods in the areas of nutrient and residue testing, 

and is the author of more than 75 publications and 100’s of sci-

entific presentations. In addition, he is the Past Chair of the AOAC 

Presidential Task Force on Dietary Supplements and co-editor of 

the book Methods of Analysis for Nutrition Labeling. He is also the 

co-editor of the book Improving Import Food Safety.

Ingrid Zegers graduated in Chemis-

try at the University of Brussels (VUB) 

and gained a Ph.D. at Birkbeck College 

(London) and the VUB. She carried out 

research on the structure and function 

of proteins, particularly the mechanisms 

of enzymes and proteins involved in 

bacterial heavy metal resistance. Later 

she coordinated research projects on the 

physicochemical behaviour of proteins at 

higher concentrations (crystallisation, aggregation).

At the Institute for Reference Materials and Measurements of the 

Joint Research Centre, she is responsible for the development 

of certified reference materials for clinical biomarkers like plas-

ma proteins and the kidney marker cystatin C. She is a member 

of working groups of the International Federation for Clinical 

Chemistry and Laboratory Medicine (IFCC) for the standardisation 

of measurement of biomarkers for Alzheimer’s disease and for 

autoimmune diseases, and on commutability. In this context she 

also coordinates the research that underpins the development of 

suitable reference systems.

 

Phone: (301)975-2200, Email: srminfo@nist.gov, www.nist.gov/srm 

Highlights: SRM 1549a Whole Milk Powder,  

SRM 1849a Infant Formula, SRM 3233 Fortified Breakfast Cereal, 

SRM 1568b, Rice Flour, SRM 1546a Meat Homogenate 
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Arlene Fox is currently employed as the 

Senior Director of Proficiency Testing 

at AOAC International where she de-

veloped, implemented and obtained 

accreditation for the AOAC Laboratory 

Proficiency Testing Program. Her respon-

sibilities include: ensuring that the oper-

ation of the AOAC Laboratory Proficiency 

Testing Program remains consistent with 

accreditation requirements, the supervi-

sion of staff that are responsible for daily operation of the pro-

gram, and coordinating activities of the department with other 

AOAC departments. 

Ms. Fox has held a leadership role in developing tools for improv-

ing quality in both bio-threat laboratories and food laborato-

ries. She has worked with the AOAC team and members of the 

bio-threat community to draft a sample collection standard and 

validate bio-threat test kits. She is an assessor for both bio-threat 

laboratories and food laboratories. She was appointed by ANSI 

to serve on the Expert Panel for CASCO WG28 to draft ISO 17043: 

2010. Ms Fox is the AOAC staff liaison to the Technical Division for 

Laboratory Management and the Analytical Laboratory Accred-

itation Criteria Committee (ALACC). Ms Fox has coordinated the 

development of ALACC accreditation criteria applying ISO 17025 

to a food microbiology, food chemistry, dietary supplements, and 

pharmaceutical laboratory. 

PRODUCING N.I.S.T. TRACEABLE STANDARDS SINCE 1990

ISO 9001:2008 CERTIFIED

ISO 17025:2005 ACCREDITED

ISO GUIDE 34:2009 ACCREDITED

www.highpuritystandards.com

Barry Cherney obtained his Ph.D. in Biol-

ogy from Case Western Reserve University 

in Cleveland, Ohio and did his postdoctor-

al training in the Department of Biochem-

istry and Molecular Biology at Georgetown 

University. He joined CBER, FDA in 1991 as 

a Senior Staff Fellow in the Division of 

Hematological Products.  During his 

21 years in the FDA, Dr. Cherney held 

positions as Research/Reviewer, Inspection coordinator, an Expert 

Biologist, and as Deputy Director of the Division of Therapeutic 

Proteins where he was responsible for approval of CMC sections 

of license applications and supplements within his division.  

Dr. Cherney helped write a number of FDA guidance document 

including the ICH Q5E document on comparability of biotechno-

logical products and Quality Considerations in Demonstrating 

Biosimilarity to a Reference Product and helped organize a 

number of workshops on reference standards for biotechnology 

products.  Barry joined Amgen in 2012 as an Executive Director 

in product quality where he leads a team overseeing product 

quality for a number of Amgen’s programs for legacy products 

and Biosimilars. 
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Monday, October 12

Plenary and Keynote Morning Session   
Chair:  Stephen Wise, NIST

Location:  Cherry Blossom

8:30 am - 9:00 am Opening Remarks     
 Welcome NIST/Sigma-Aldrich

9:00 am - 9:40 am  Plenary 1
Demands on Reference Materials from European  

 Legislation  Hendrik Emons, IRMM

9:40 am -10:10 am  Keynote 1
Certified Reference Materials (CRMs) for the 

 Analysis of Persistent Organic Pollutants (POPs) 
 in Environmental Samples  
 Eric Reiner, Ontario Minstry of the Environment and   
 Climate Change

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

Challenges in Reference Material Preparation   
Chairs:  Håkan Emteborg, IRMM and Pearse McCarron, NRCC

Location:  Cherry Blossom

10:40 am - 11:00 am  Theory of Sampling Guide to Quality Sample 
 Processing  Jo Marie Cook, FL Dept Ag & CS

11:00 am - 11:20 am  Preparation of CRMs for Food Analysis: Choosing  
 Processing Methods to Improve the Stability 
 of CRMs  Byungjoo Kim, KRISS

11:20 am - 11:40 am  Importance of Measuring Key Physical Parameters  
 During Processing of Candidate Matrix Reference  
 Materials  Pearse McCarron, NRCC 

1140 am - 12:00 pm  Peculiarities of Qualitative RM Production, With a  
 View from the Accreditor’s Side  

Wolfram Bremser, BAM

12:00 pm - 12:20 pm  Three Decades of Reference Material Processing,  
 What Happened the Times When it Did Not Go 
 So Well?  Håkan Emteborg, IRMM

CRM Developments In Environmental Analysis    
Chairs:  Eric Reiner, Ontario Ministry of Environment and Marina Ricci, IRMM

Location:  Annapolis

10:40 am - 11:00 am  Development and Certification of a CRM for Total  
 Recoverable Hydrocarbons in Contaminated Soil –  
 The Challenge of Extractable Measurands  

Lindsey Mackay, NMIA

11:00 am - 11:20 am  Monitoring the Water Status in Europe: “Superior”  
 CRMs Needed  Marina Ricci, IRMM

11:20 am - 11:40 am  Development of a European Metrological Infra-
 structure for Mercury Measurements

Milena Horvat, JSI

11:40 am - 12:00 pm  Biological and Environmental Reference Material  
 Program in Turkey  Ahmet Goren, UME

12:00 pm - 12:20 pm  Reference Materials in the Occupational Hygiene  
 Arena: Current Status and Future Requirements   

Owen Butler, HSL

12:00 pm - 1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Plenary and Keynote Afternoon Session   
Chair:  Zoltan Mester, NRCC

Location:  Cherry Blossom

1:30 pm - 2:10 pm  Plenary 2
Applications of Environmental and Biological   

 Reference Materials: Forensics; Litigation and 
 Mediation; National Human Levels Surveys; and   
 Human Exposure Studies  Don Patterson, EnviroSolutions

2:10 pm -2:40 pm  Keynote 2
Reference Materials and Standards in the 

 Development of Biosimilars and Biopharmaceticals   
 Barry Cherney, Amgen

2:40 pm -3:10 pm  Keynote 3
 A Role of Quantitative Nuclear Magnetic Resonance  
 in the On Demand Dissemination of High Purity   
 Organic CRMs  Takeshi Saito, NMIJ

3:10 pm -3:40 pm  Pick-Me-Up Break (provided in the Cherry Blossom Lobby) 

Purity Assessment and qNMR   
Chairs:  Michael Weber, Sigma-Aldrich and Takeshi Saito, NMIJ

Location:  Cherry Blossom

3:40 pm - 4:00 pm Recent Developments in the Certification of   
 Organic Reference Materials by Quantitative
  NMR at the Highest Metrological Level  
 Markus Obkircher, Sigma-Aldrich

4:00 pm - 4:20 pm  Extending the Application of qNMR in CRM 
 Certification into More Complex Analytes  
 John Warren, LGC

4:20 pm - 4:40 pm  Proposal for a “Universal” Suite of Internal 
 Standards for qNMR  Steven Westwood, BIPM

4:40 pm - 5:00 pm  Purity Must Get Real: Multimodal Data Combination  
 for qNMR Primary Standards  Michael Nelson, NIST

5:00 pm - 5:20 pm  Precise Purity Assessment of Amino Acid and   
 Peptide using Quantitative NMR  Ting Huang, NIMC

5:20 pm - 5:40 pm  SI Traceable Purity Assessment of Peptide Primary  
 Calibrators  Ralf Josephs, BIPM

5:40 pm - 6:00 pm  The Swiss Army Knife for qNMR-Creation of a 
 Universal NMR Reference Standard  
 Yulia Monakhova, Spectral Service

Reference Materials for Biosimilars, Pharmaceuticals, and Bioanalysis   
Chairs:  Alan Nichols, Sigma-Aldrich and Hongmei Li, NIMC

Location:  Annapolis
3:40 pm - 4:00 pm Reference Materials for Potency Calibration of   
 Biopharmaceuticals  Matthew Borer, Eli Lilly

4:00 pm - 4:20 pm  The NISTmAb: A Reference Material to Supplement  
 Biopharmaceutical Characterization  John Schiel, NIST

4:20 pm - 4:40 pm  Development, Test Performance and Characteriza- 
 tion of Reference Materials for use with a Rapid   
 Molecular Assay for the Routine Monitoring of   
 Toxic Cyanobacterial Blooms  Kerry Emslie, NMIA

4:40 pm - 5:00 pm  Certification of an Isotopically-Labeled Protein   
 Reference Material  David Bunk, NIST

5:00 pm - 5:20 pm  Safeguarding the Quality of Heparin Drug Products  
 Post Heparin Contamination Crisis – Improved USP  
 Heparin Monographs  Anita Szajek, USP

5:20 pm - 5:40 pm  Development of a Certified Reference Material for a  
 Benzalkonium Chloride Solution  
 Nick Hauser, Sigma-Aldrich

5:40 pm - 6:00 pm  Lambda DNA reference material certified for nucleic  
 acid mass concentration  H. Emons, EU-JRC-IRMM

Technical Sessions
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Tuesday, October 13

Plenary and Keynote Morning Session   
Chair:  Lindsey MacKay, NMIA
Location:  Cherry Blossom

8:30 am - 9:10 am  Plenary 3
Performance Criteria for Measurement Methods  

 and Reference Materials in Clinical Analyses  
Mauro Panteghini, CIRME

9:10 am -9:40 am  Keynote 4
Critical Needs for Certified Reference Materials   

 (CRMs) in the Contract Analytical Laboratory  
 Darryl Sullivan, Covance

9:40 am -10:10 am  Keynote 5
Absolute Quantification of Organic Species Without  

 the Need for Specific Standards  
 Jorge Ruiz Encinar, University of Oviedo

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

CRM Developments for Clinical Analyses   
Chairs:  Gary Myers, AACC and Johanna Camara, NIST

Location:  Cherry Blossom

10:40 am - 11:00 am  Candidate Reference Measurement Procedure for  
 the Determination of HbA2 Fraction in Human   
 Blood using Mass Spectrometry  Christian Arsene, PTB

11:00 am - 11:20 am  Development of Isotope Dilution Mass 
 Spectrometry Methods  Hongmei Li,  NIMC

11:20 am - 11:40 am  Validation of a Primary Reference Method For   
 Quantitating Low Levels of Testosterone in 
 Human Serum  Ravi Orugunty, Cerilliant

11:40 am - 12:00 pm  Determination of Transferrin, Albumin and 
 Electrolytes in Human Serum CRM by using 
 Isotope Dilution HPLC/Laser Ablation-ICP-MS  

Liuxing Feng, NIMC

12:00 pm - 12:20 pm  Developing a Certified Reference Material for Haemo- 
 globin A1c in Human Blood  Lingkai Wong, HSA

Use of CRMs    
Chairs:  Stephen Long, NIST and Kerry Emslie, NMIA

Location:  Annapolis

10:40 am - 11:00 am  Applications and Impact of Reference Materials in
 National and International Biomonitoring 
 Programs: A looks into EQUAS  Kathryn Vance, CDC

11:00 am - 11:20 am  Using NIST Standard Reference Materials 1941b 
 and 1975 to Validate a Method for the Detailed 
 Analysis of Polycyclic Aromatic Hydrocarbons 
 in Environmental Matrices on a New GC 
 Column Phase  Christopher Rattray, Restek

11:20 am - 11:40 am  The Importance of Reference Materials to Vitamin D 
 Standardization  Christopher Sempos, NIH-ODS

11:40 am - 12:00 pm  ISO 17025, Reference Materials, and the Forensic Anal-
 ysis of Controlled Substances  Roxanne Franckowski, DEA

12:00 pm - 12:20 pm  Creating Sustainable Progress through Reference 
 Material Preparation and Use: Challenges and   
 Deficiencies in Developing Laboratories    
 Amir Makhmudov, CDC

12:00 pm - 1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Plenary and Keynote Afternoon Session   
Chair:  Melissa Phillips, NIST

Location:  Cherry Blossom

1:30 pm - 2:00 pm  Keynote 6 
 Proficiency Testing in Support of the US Food 
 Safety Modernization Act  Arlene Fox, AOAC

2:00 pm - 2:30 pm  Keynote 7
 Commutability of Reference Materials for 
 Healthcare Measurements  Ingrid Zegers, IRMM

2:30 pm - 4:00 pm  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

 Poster Session 1

Commutability of Clinical RMs   
Chairs:  Ingrid Zegers, IRMM and Byungjoo Kim, KRISS

Location:  Cherry Blossom

4:.00 pm - 4:20 pm Commutability: The Weak Link for Reference 
 Materials  Gary Myers, AACC

4:20 pm - 4:40 pm  VDSP Commutability Studies: Total 25(OH)D in
 NIST SRMs, CAP ABVD Survey and DEQAS 
 Test Materials  Johanna Camara, NIST

4:40 pm - 5:00 pm  Evaluation of Matrices for the Development of 
 Calibrators in Therapeutic Monitoring of Hormones, 
 Drugs and Biomarkers  Uma Sreenivasan, Cerilliant

5:00 pm - 5:20 pm  The Design and Interpretation of Inter-Laboratory
 Studies of Reference Material Commutability 
 Steve Ellison, LGC

5:20 pm - 5:40 pm  The Analytical Challenge of Commutability – 
 Metrological High Throughput Analysis  Sarah Hill, LGC

5:40 pm - 6:00 pm  A Commutability Study Coupled with a Multicentric  
 Analysis of Accuracy of Glucose, Creatinine, Total  
 Cholesterol, Total Glycerides, LDL-C, HDL-C 
 and Assays  Vincent Delatour, LNE

Accreditation, Proficiency Testing and Use of Reference Materials   
Chairs:  Peter Jenks, Sigma-Aldrich and Dan Tholen, 

Dan Tholen Statistical Consulting 
Location:  Annapolis

4:00 pm - 4:20 pm Challenging Priorities and Issues with Reference
 Material Producers (RMP) Accreditations 
 Matt Sica, ANAB

4:20 pm - 4:40 pm  Should RMPs be Accredited?  Kelly Black, Neptune

4:40 pm - 5:00 pm  The Benefits of Reference Material Producer 
 Accreditation  Rob Knake, A2LA

5:00 pm - 5:20 pm  The Need for Statistical Expertise in Accreditation
  Dan Tholen, Consultant

5:20 pm - 5:40 pm  National Collection of Type Culture (NCTC) Strains
 in Food and Water Testing   Julie Russell, PHE

5:40 pm - 6:00 pm  What to Look for on Reference Material Certificates 
 Randall Querry, A2LA

Technical Sessions
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Technical Sessions
Wednesday, October 14

Plenary and Keynote Morning Session   
Chair:  Urich Panne, BAM

Location:  Cherry Blossom

8:30 am - 9:10 am  Plenary 4
Regulatory Requirements and Reference Materials:  

 A Tale That Can No Longer be Ignored  
Daniel Fabricant, Natural Products Assoc.

9:10 am -9:40 am  Keynote 8
Latest Developments in the Guidance Available 

 for the Users of Reference Materials  
 Angelique Botha, NMISA

9:40 am -10:10 am  Keynote 9
Stable Isotopic and Radioisotopic Matrix Reference

  Materials to Address Scientific Questions from 
 Biology and Geosciences to Forensics and 
 Environmental Assessment  Manfred Gröning, IAEA

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

Recent Guidance for RM Producers and Users   
Chairs:  Angelique Botha, NMISA and Stephen Ellison, LGC

Location:  Cherry Blossom

10:40 am - 11:00 am  Current Guidance for Reference Material Users
Stephen Ellison, LGC

11:00 am - 11:20 am  Traceability:  The Viewpoint of REMCO  
Wolfram Bremser, BAM

11:20 am - 11:40 am  The Mole Monologues: The New SI and Chemistry
Juris Meija, NRCC

11:40 am - 12:00 pm  Comparison of Various Methods for the 
 Determination of Uncertainty Due to Long 
 Term Stability  Daniel Biggerstaff, o2si

12:00 pm - 12:20 pm  Recent Developments in Isotope Dilution Mass 
 Spectrometry  Enea Pagliano, NRCC

Isotopics in Natural Matrix RMs    
Chairs:  Jochen Vogl, BAM and Manfred Gröning, IAEA

Location:  Annapolis

10:40 am - 11:00 am  Isotope Reference Materials – Basic Principles 
 and Examples  Jochen Vogl, BAM

11:00 am - 11:20 am  Isotope Reference Materials: A Weak Link in Solid 
 State Microanalysis  Michael Wiedenbeck, Helmholtz

11:20 am - 11:40 am  Development of Isotopic Certified Reference Materials
 with Absolute Isotope Ratio Values in NIM  

Jun Wang, NIMC

11:40 am - 12:00 pm  Truth and Uncertainty: Isotope Reference Materials
 of the Future  Robert Vocke, NIST

12:00 pm - 12:20 pm  Certification of a Magnesium Isotope Reference
 Material: Determination of SI Traceable 
 Isotope Ratios   Janine Noordmann, PTB

12:00 pm - 1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Plenary and Keynote Afternoon Session   
Chair:  James Harnly, USDA

Location:  Cherry Blossom

1:30 pm - 2:00 pm  Plenary 5
 Humorous Health: Medicine, Diet, Dietary 
 Supplements, Lifestyle as Seen Through Cartoons   
 Mark Blumenthal, Am. Botanical Council

2:00 pm -2:30 pm  Keynote 10
 Food Reference Materials for Nutritional 
 Assessments  Melissa Phillips, NIST

2:30 pm -4:00 pm  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

 Poster Session 2

CRM Developments for Food and Dietary Supplements  
Chairs:  Darryl Sullivan, Covance and Kate Rimmer, NIST

Location:  Cherry Blossom

4:00 pm - 4:20 pm  Development of Reference Materials for 
 Cyanobacterial Toxins  Pearse McCarron, NRCC

4:20 pm - 4:40 pm  ERM-AC626: Certified Reference Material for 
 Arsenobetaine in Water for the Improvement of
 Food Safety in Europe  Jens Boertz, Sigma-Aldrich

4:40 pm - 5:00 pm  Development of a Cigarette Tobacco Filler 
 Reference Material  Lane Sander, NIST

5:00 pm - 5:20 pm  Synthesis of 13C Labelled Ochratoxin A and 
 Application to Value Assignment of an Ochratoxin
 Contaminated Grain Product Reference Material 
 by IDMS/MS  Anthony Windust, NRCC

5:20 pm - 5:40 pm  AOCS’ Experiences with the Development, 
 Production, and Availability of Certified Reference
 Material for the Agricultural Biotechnology
 Industry  Gina Clapper, AOCS

5:40 pm - 6:00 pm  Metrology for the Public Health Community  
 Joseph Betz, NIH-ODS

Speciation Analysis and Reference Materials 
Chairs:  Sarah Hill, LGC and Michael Ellisor, NIST

Location:  Annapolis

4:00 pm - 4:20 pm A novel IDMS platform for qualitative proteomics 
 J.I. Garcia Alonso, Univ. of Oviedo

4:20 pm - 4:40 pm  Speciated CRMs from NRC Canada
 Zoltan Mester, NRCC

4:40 pm - 5:00 pm  Isotopically Labelled Compounds for Speciation
 Analysis  J.I. Garcia Alonso, Univ. of Oviedo

5:00 pm - 5:20 pm  Development of Certified Reference Materials for
 Arsenic Speciation in Rice Flour 
 Tomohiro Narukawa, NMIJ

5:20 pm - 5:40 pm  Arsenic, Selenium and Chromium Inorganic 
 Speciation Analysis and Reference 
 Material Development   Huifang Lang, SPEX CertiPrep

5:40 pm - 6:00 pm  Identification and Determination of Arsenicals in
 Candidate SRM 3232 Kelp  Lee Yu, NIST
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Technical Sessions
Thursday, October 15

Plenary and Keynote Morning Session   
Chair:  Derek Craston, LGC

Location:  Cherry Blossom

8:30 am - 9:10 am  Plenary 6
Closing the Reproducibility Gap with Standards

 and Best Practices  Raymond Cypess, ATCC

9:10 am -9:40 am  Keynote 11
Advances in SI-Traceable Analytical Methods for 

 Certification of Biological Reference Materials  
 Sang-Ryoul Park, KRISS

9:40 am -10:10 am  Keynote 12 
The Role of Certified Reference Matierials in Food 

 and Cosmetic Safety  Steven Musser, FDA

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

Reference Materials and Microbiology   
Chairs: Sang-Ryoul Park, KRISS and Reinhard Zeleny, IRMM

Location:  Cherry Blossom

10:40 am - 11:00 am  Reference Materials of Microbiology in NIMC
Jing Wang, NIMC

11:00 am - 11:20 am  BioBall® in Quantitative Microbiology  
Gary Boniface, BTF

11:20 am - 11:40 am  Challenges on the Road to Suitable Reference 
 Materials for Microbiology  Reinhard Zeleny, IRMM

11:40 am - 12:00 pm  Characterization of Bacterial Genomic 
 Reference Materials  Nathan Olson, NIST

12:00 pm - 12:20 pm  Characterizing Biological Standards in Assay 
 Validation Studies  Audrey Chang, BioReliance,

Confidence in Identification for Preparation of 
Biological Reference Materials    

Chairs:  Wayne Wolf, USDA and Joseph Betz, NIH-ODS
Location:  Annapolis

10:40 am - 11:00 am  Chemometric Strategies for Authenticating 
 Botanical Reference Materials  

Peter Harrington, Ohio University

11:00 am - 11:20 am  Metabolomic Profiling as a Tool for Characterizing
 and Establishing Authenticity of Botanical Products   

Paula Brown, BC Inst. Tech.

11:20 am - 11:40 am  DNA Fingerprinting as an Identity Tool for 
 Biological Materials  Sara Handy, FDA

11:40 am - 12:00 pm  Probability of Identification for Botanical 
 Dietary Supplements  James Harnly, USDA

12:00 pm - 12:20 pm  Use of NIST Reference Materials for Authentication
 of Botanical Supplements Based on 
 Chemical Fingerprints  James Harnly, USDA

12:00 pm - 1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Plenary and Keynote Afternoon Session   
Chair:  Hendrik Emons, IRMM
Location:  Cherry Blossom

1:30 pm - 2:10 pm  Plenary 7
 Aerosols?! - Reference Material Needs and 
 Challenges  Ulrich Panne, BAM

2:10 pm -2:40 pm  Keynote 13
 Nanotechnology Applications and Analytical 
 Challenges  Ruud Peters, RIKILT

2:40 pm - 3:20 pm  Plenary 8
 CRMs - A Future Perspective  Derek Craston, LGC

3:20 pm - 3:45 pm  Closing Remarks - Steve Wise, NIST 

3:45 pm - 5:00 pm  Social Event with ice cream sundae bar 
 (Cherry Blossom Ballroom)

ABSOLUTE  STANDARDS

StephenArpie
@ AbsoluteStandards.com

ACLASS • NSF ACCREDITATIONS

ISO Guide 34
RMP
ISO 17043
PT
ISO 17025
LAB

Absolute Quality
ISO 9001
QSM

Absolute Traceable

Absolute Performance

Absolute Grade

Calibration &
Performance Tests,
Organic-Inorganic,

Pharma,
Drugs of Abuse,

Food & Beverage,
Environmental &

Custom Mixes.

800-368-1131
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Oral Sessions
Monday AM,  October 12
Location:  Cherry Blossom  

Opening Morning Session  Chair:  Steve Wise, NIST

8:30 am - 9:00 am  Opening Remarks

Welcome NIST/Sigma-Aldrich, USA

Plenary 1 

9:00 am - 9:40 am  Demands on Reference Materials from European Legislation
 Hendrik Emons 

 IRMM, Belgium

Measurement data are required to an increasing extent for the implementation of legislation. Demands on their worldwide comparability are enhanced by 

the ongoing globalization of industrial production and trade as well as the increased mobility of people. Therefore EU legislation takes quality assurance (QA) 

needs into account and specifies measures for ensuring that measurement results are fit for regulatory decisions. Recent years have seen an expansion of 

QA concepts and tools, including the broadening of the understanding about and the use of reference materials. Corresponding legislative demands can 

be directed to the prescription of the application of certain reference materials for defining the measurand for the decision making process, in particular for 

functional properties or difficult-to-specify quantities such as GMO mass fractions. But also requirements on the traceability of results can stipulate the estab-

lishment of reference measurement systems, requiring among others reference materials, such as for in-vitro diagnostics. Moreover, several pieces of legislation 

are now requesting the availability of calibrants as well as various quality control measures. The latter makes increasingly use of the competence assessment 

of officially mandated control laboratories via accreditation, in particular according to ISO/IEC 17025. Within this frame demands on reference materials for 

method validation, laboratory internal quality control and proficiency testing are included. The presentation will describe existing and upcoming regulatory 

demands on the provision of reference materials in various EU policy areas. Moreover, the current move towards performance-based standardisation and 

legislation will be explained and illustrated by selected examples. 

Keynote 1 

9:40 am - 10:10 am  Certified reference materials (CRMs) for the analysis of persistent organic pollutants (POPs) in environmental samples
Eric J Reiner1, Anne L Myers1, Nicole Riddell2, and Brock Chittim2

1Ontario Ministry of the Environment and Climate Change, 2Wellington Laboratories, Canada

The analysis of environmental samples for persistent organic pollutants (POPs) is very challenging due to the very low levels of analytes present in most 

samples. A number of POPs are listed in the Stockholm Convention on Persistent Organic Pollutants requiring them to be monitored and regulated. Analytical 

methods for regulated compounds must produce accurate and precise data. In most cases matrix co-extractables are present at orders of magnitude greater 

than the analytes being tested. The use of Certified Reference Materials (CRMs) is one of the most powerful tools to validate analytical methods and to assess 

and monitor the quality of data and performance of an analytical laboratory. There are very few CRMs available for assessment of some of the more challeng-

ing POPs: Polychlorinated Dibenzo-p-Dioxins, Polychlorinated Dibenzofurans, Dioxin-like PCBs and Polybrominated Diphenyl Ethers in environmental samples 

at typical background levels. The use of CRMS for method validation and performance assessment will be discussed. 

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

 Challenges in Reference Material Preparation  Chair:  Håkan Emteborg, IRMM and Pearse McCarron, NRCC

10:40 am - 11:00 am  Theory of Sampling Guide to Quality Sample Processing
 Jo Marie Cook

 Florida Department of Agriculture and Consumer Services, USA

Pierre Gy’s Theory of Sampling identifies the types of heterogeneity in samples and their effect on analytical uncertainty. Gy’s concepts of distributional and 
constitutional heterogeneity are just as relevant when processing samples within the laboratory to achieve a representative analytical sample. An evaluation 
of statistical repeatability alone, without consideration of all the sources of heterogeneity may lead to a biased analytical result. Gy’s theory compliments 
traditional statistical sampling theory and should be part of the evaluation process. Of particular importance to reference materials, Gy’s theory cautions that 
sufficient mass must be collected to represent all the heterogeneity. Reference materials of very small and uniform particle size must be used if the analytical 
sample size is small. Reference materials, whose homogeneity has been evaluated using 1- 20 g analytical sample sizes may not be appropriate for newer 
miniaturized techniques. As high throughput analysis becomes more popular, it is increasingly important to evaluate the preparation and use of reference ma-
terials for analytical sample sizes of 0.1 gram or less. Particle size and appropriate minimum mass of the analytical sample are critical components that should 
be carefully evaluated when characterizing reference materials to assure accurate and repeatable analytical results using these materials. The sources of sample 
processing errors and evaluation of the minimum analytical sample size will be discussed. 
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Oral Sessions
Monday AM,  October 12
Location:  Cherry Blossom   

 Challenges in Reference Material Preparation  Chairs:  Håkan Emteborg, IRMM and Pearse McCarron, NRCC

11:00 am - 11:20 am  Preparation of CRMs for food analysis: Choosing processing methods to improve the stability of CRMs
 Byungjoo Kim

 Korea Research Institute of Standards and Science, South Korea

In cases of CRMs for chemical analysis (especially for organic analysis), ensuring their stability during long-term storage is a critical factor as many compounds 
of interest are air-sensitive, light-sensitive, degradable thermally, and/or easily evaporating out of sample matrix. For these reasons, CRM producers have to 
implement proper stabilization techniques in CRM processing steps. Freeze drying has been widely used techniques to dry and stabilize matrices and target 
analytes of CRMs. This presentation will give brief overview of the general processing steps of freeze drying-pulverization-seiving-mixing-bottling-steralization 
(by gamma-ray radiation) for ensuring stability/homogeneity of CRMs. A few successful cases in KRISS will be presented. However, using γ-ray radiation for ster-
ilization raises several issues for CRMs of organic analysis due to degradation of sample matrices and target analytes. Based on our case studies, we will discuss 
what kind of analytes/matrix get more influence from the radiation and what kind of alternative processing steps can be used to ensure stability of CRMs when 
the radiation sterilization cannot be used. In KRISS, degassing and purging with inert gas into CRM bottles are applied to most of CRMs as a precautious mea-
sure to prevent degradation of sample matrix and target analytes. Using preservatives will be a solution for some types of CRMs. In addition to the processing 
techniques, storage condition is also critical for ensuring the stability of CRMs for organic analysis. Some case studies for testing stabilities of CRMs at several 
different storage conditions including temperature difference will be presented. 

11:20 am - 11:40 am  Importance of measuring key physical parameters during processing of candidate matrix reference materials
 Pearse McCarron1 and Håkan Emteborg2

 1National Research Council of Canada, 2Institute for Reference Materials and Measurements, (IRMM), Belgium   

Equivalence between sample units as well as the stability of the matrix and the target parameters are of fundamental importance when preparing candidate 
reference materials. Freeze-drying is one of the most widely utilized stabilization techniques in the production of biological reference materials. In comparison 
with other techniques the effectiveness of the method has been demonstrated extensively. However, freeze-drying involves significant transformation of the 
original matrix. To ensure reference material quality the process is most effectively monitored and controlled through moisture content analysis and particle 
size measurements. Inconsistencies observed during the preparation or across the final reference material production series can represent a significant issue 
for the homogeneity and stability of both matrix and target parameters. Any significant variations should be considered in the final uncertainty budget if 
the measured physical property is affecting the target parameters in any way. This paper will discuss the importance of moisture content and particle size 
measurements before, during and after the preparation process. Examples from the preparation of algal toxin reference materials in shellfish tissue and algae 
matrices will be provided. 

11:40 am - 12:00 pm  Peculiarities Of Qualitative Rm Production, With A View From The Accreditor’s Sides
 Wolfram Bremser 

 BAM Federal Institute for Materials Research and Testing, Germany   

With a more and more general acceptance of accreditation in the field of reference materials production, and an ever increasing number of reference material 
producers (RMP) accredited, accreditation bodies face applications from RMP active in the field of qualitative RM produc-tion. While ISO 17025 in conjunction 
with the corresponding ISO Guides 34 and 35 [1, 2] describes in detail requirements applicable to RMP dealing with quantitative RM, accreditation bodies 
normally claim lack of normative requirements with respect to quantitative RM. RM users aware of the QA documents currently in force also claim lack of com-
patibility. This partially neglects the fact that ISO Guide 34 is written in a form that, at least for the overwhelming majority of requirements, may be applied to 
RMP of both qualitative and quantitative RM. This is also valid for ISO 17034, the International Standard into which Guide 34 is currently converted. Peculiarities 
may occur in homogeneity and stability testing, and the uncertainty of a purely qualitative results is still under discussion. The problem of traceability might be 
solved for most of the application fields considered. Examples are given in the recently published REMCO Technical Report 79 [3]. The talk refers to applications 
in the field of clinical analysis where pragmatic solutions have been found for the above problems, gives an overview and provides some possible solutions 
both for homogeneity/stability testing, and the expression of uncertainty and traceability in certificates. [1] ISO Guide 34:2009 General requirements for the 
competence of reference material producers, ISO, Geneva. [2] ISO Guide 35:2006 Reference materials — General and statistical principles for certification, ISO, 
Geneva. [3] ISO/TR 79:2015 Reference materials - Examples of reference materials for qualitative properties.

12:00 pm - 12:20 pm  Three decades of reference material processing, what happened the times when it did not go so well?
 Håkan Emteborg, Jean Charoud-Got, Albert Oostra, Katharina Teipel, Marie France Tumba, John Seghers, Partick Conneely, and Hanne Leys 

 Institute for Reference Materials and Measurements, (IRMM), Belgium   

Scientific papers, monographs and lectures at scientific conferences normally describe results from experiments that have gone well. However most scientists 
involved in laboratory work know that sometimes things do not go as expected.  IRMM has performed reference material processing activities for more than 
30 years. Inevitably there is a wealth of failures that has resulted in valuable experiences and several new hardware developments.  This lecture will cover four 

concrete examples of processing of different matrices that have presented particular challenges to the team: • Sneaky particles are sometimes difficult to detect 

by laser diffraction, thereby jeopardising good homogeneity of sample materials and equivalence between units. • Why do they sometimes remain invisible using 

laser diffraction and how can they be detected? • How to flame-seal ampoules filled with petrol and why some ampoules remained open after the sealing step? • 
How to avoid the non-intentional production of peanut butter?  Small but tough: how extremely small particles made a mess of sophisticated filling equipment! 

12:20 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)
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Monday AM,  October 12
Location:  Annapolis  

CRM Developments in Environmental Analysis  Chair:  Eric Reiner, Ontario Minister of the Environment and Marina Ricci, IRMM

10:40 am - 11:00 am  Development and Certification of a CRM for Total Recoverable Hydrocarbons in Contaminated Soil – The Challenge of 
 Extractable Measurands
 Lindsey G. Mackay, Lesley Johnston, Meg Croft, E. John Murby, Ellaine Munton, Geoff Morschel, Paul Armishaw, Gabriella Saveluc, Danny Slee, and Cheryl Lim 

 National Measurement Institute, Australia

Petroleum hydrocarbons are a major environmental contamination problem worldwide. High levels of variability in methods used to extract petroleum 

hydrocarbons and in the results obtained present a major constraint on industry’s ability to comply with regulation and with effective site remediation. 

Recognising that methods are not specific for petroleum hydrocarbons and that results depend on the extraction conditions used, the Australian National 

Environment Protection Measure (NEPM) was updated in 2013 and uses the term total recoverable hydrocarbons (TRH) to describe the measurand. The revised 

NEPM recommends the use of performance-based analytical methodology for TRH in soil. Laboratories are thus able to select from a range of extraction and 

analysis techniques, provided these can be demonstrated to be equivalent to an agreed reference method and their ongoing performance meets an acceptance 

criterion based on a suitable reference material. The production of reference materials for measurands related to extractable levels of contaminants where testing 

laboratories can select different methodologies is challenging. The National Measurement Institute of Australia (NMIA), with funding from the Cooperative Re-

search Centre for Contamination Assessment and Remediation of the Environment (CRC CARE), recently released a certified reference material, NMIA MX015, to 

assist Australian laboratories in demonstrating TRH method performance. The material is a hydrocarbon-contaminated refinery waste soil diluted with river sand.  
NMIA worked closely with testing laboratories and regulators to ensure that the resulting CRM met their needs and it has been welcomed by both communities.

11:00 am - 11:20 am Monitoring the water status in Europe: “superior” CRMs needed
M. Ricci, H. Emteborg, I. Dosis, S. Elordui-Zapatarietxe, R. Lava, M. Dabrio, B. Koleva, A. Held, and H. Emons 

 Institute for Reference Materials and Measurements (IRMM), Belgium 

Within the EU, water quality monitoring is currently being harmonised and strengthened by the implementation of the Water Framework Directive (WFD). 
The WFD, which goals and requirements are similar to those of the U.S. Clean Water Act, was adopted as a single piece of legislation covering all EU inland, 
coastal and artificial water bodies. EU Member States have to report reliable, high quality monitoring data in the frame of the WFD agenda. The WFD Daughter 
Directive 2009/90/EC prescribes stringent performance criteria (expressed as target measurement uncertainty and limit of quantification) for the methods of 
analysis applied for the presently regulated 45 priority substances, for which Environmental Quality Standards are set in water and/or biota. In addition, the 
appointed monitoring laboratories shall apply internationally accepted quality management practices and demonstrate their competence also by the analysis 
of available Reference Materials (RMs). The limited availability of (Certified) RMs for WFD-related matrices (water, biota and sediment) challenges the reporting 
of monitoring data compliant with the legislative obligations. The presentation will focus on the latest developments for the production of CRMs which would 
be fit-for-WFD purposes, including results from selected pre-normative studies.  

11:20 am - 11:40 am  Development of a European metrological infrastructure for mercury measurements
Paola Fisicaro1, Hugo Ent2, Claudia Swart3, Heidi Goenaga-Infante4, and Milena Horvat5

1Laboratoire national de métrologie et d’essais (LNE), France, 2VSL, The Netherlands, 3PTB, Germany; LGC Limited, UK4, J. Stefan Institute, Slovenia5    

Mercury in its many chemical forms is highly toxic to human, animal and environmental health. Its ability to accumulate in terrestrial and aquatic biosystems 
makes it a particularly insidious threat to environmental sustainability. Its long lifetimes and ability to be transported in air over long distances mean that it is 
ubiquitous to all environmental compartments and is a pollutant of global concern. The assessment of the ongoing effect of mercury is critically dependent on 
accurate measurements to assess concentrations and trends. Moreover, its presence in a number of different matrices and in various chemical forms is a great 
challenge for analysts. A solid metrological infrastructure providing traceability and reduced uncertainties for mercury measurements is needed for enabling 
the introduction of target values for mercury in European Directives, as is the case for similar toxic elements already covered by legislation. A Joint Research 
Project (JRP) in the frame of the European Metrology Research Programme (EMRP) has been launched in October 2014 in order to address the needs in term 
of reliability and comparability of mercury measurement results in different environmental compartments. This JRP, entitled Traceability for Mercury Measure-
ments (ENV51 – MeTra), aims to put in place an underpinning traceability framework, developing primary standards and reference measurement procedures 
for challenging elemental and speciation analysis, as well as isotopic measurements covering different environmental matrices, such as air, water and biota.  
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Monday AM,  October 12
Location:  Annapolis  

CRM Developments in Environmental Analysis  Chairs:  Eric Reiner, Ontario Minister of the Environment and Marina Ricci, IRMM

11:40 am - 12:00 pm  Biological And Environmental Reference Material Program In Turkey
Ahmet C Goren and Alper Isleyen 

 TÜBİTAK UME, Ulusal Metroloji Enstitüsü, Turkey   

TUBITAK UME, the national metrology institute (NMI) of Turkey has become involved in the development of reference materials since 2000, when the first 

proficiency test was organised for the field laboratories. National marker CRM’s were then produced and used to ensure the quality and security of the national 

marker which is added to fuel products since 2006 to control fuel smuggling in the country. The motivation to produce certified reference materials according 

to the primary needs of Turkey initiated collaborative studies with the EC-JRC-IRMM (Belgium). Accelerated by these studies, TUBITAK UME scientists focused on 

reference material production, certification and development of primary measurement techniques for material characterisation. Since 2012, TUBITAK UME has 

established a clean chemistry laboratory for reference measurements and state-of-the-art reference material processing and storage facility. Simultaneously, 

the necessary procedures and documentation have been prepared and integrated to the quality management system of the institute to produce and certify 

reference materials according to the ISO Guide 34 [1]. Since then, TUBITAK UME successfully completed three CRM projects. In the field of food safety, UME 

CRM 1301 “Chloramphenicol Primary Calibrant” [2] was produced to achieve traceability in chloramphenicol residue analysis of meat, milk and milk products. 

In the field of environmental and food analysis, UME CRM 1201 “Elements in Spring Water” [3] was produced and certified for 21 elements which are toxically 

and nutritionally important. In the field of clinical measurements, UME CRM 1308 “25-OH Vitamin D2/D3 in Lyophilized Serum” [4] was produced for quality 

control purposes in Vitamin-D analysis. TUBITAK UME is conducting several other CRM projects in the field of food safety “Aflatoxins in Dry Fig”, “Carbon Isotope 

Ratio Reference Materials for Adulterated Honey, Natural Honey, Glucose, Sucrose and Fructose” and “Elements in Hazelnut”, in the field of environmental 

analysis “Sulfur in Diesel” and “Elements in Waste Water”, in the field of quality of fuels “Multiparameter CRM’s for Diesel” and for general purpose “pH Calibration 

Solutions” [5]. In addition to the projects mentioned above, TUBITAK UME is also coordinating a collaborative 3 year project (started on Nov. 2014) with a private 

company to produce two CRM candidates “Amino Acids in Human Plasma”, “Organic Acids in Urine” and quality control materials for newborn screening in 

the diagnosis of metabolic disorders affecting about 1500 babies born every year in Turkey. TUBITAK UME is also planning to organize proficiency tests in this 

field. TUBITAK UME is also planning to develop further CRM’s in the clinical field, such as hemoglobin A1c in collaboration with JCTLM of which TUBITAK UME 

is a member. Recently, TUBITAK UME started coordinating a 3 year joint research capacity building EMPIR project in collaboration with 8 partners from NMI’s, 

designated institutes and universities in Europe to sustainably produce “Matrix CRMs for Environmental Analysis”. References [1] International Organization for 

Standardization, ISO Guide 34, General requirements for the competence of reference material producers, ISO, Geneva (2009). [2] Certification Report, Chlor-

amphenicol Primary Calibrant, UME CRM 1301 (2013): http://www.ume.tubitak.gov.tr/sites/images/ume_crm_1301_certification_report.pdf [3] Certification 

Report, Elements in Spring Water, UME CRM 1201 (2013): http://www.ume.tubitak.gov.tr/sites/images/ume_crm_1201_certification_report.pdf [4] Certifica-

tion Report, 25-Hydroxy Vitamin D2 and 25-Hydroxy Vitamin D3 in Lyophilized Serum, UME CRM 1308 (2015): http://www.ume.tubitak.gov.tr/sites/images/

ume_crm_1308_certification_report.pdf [5] For more information about our laboratory (projects, CRMs and proficiency tests): http://www.ume.tubitak.gov.tr/

en/laboratuvarlarimiz/reference-materials-laboratory.

12:00 pm - 12:20 pm  Reference Materials in the Occupational Hygiene Arena: Current Status and Future Requirements
Owen Butler 

 Health and Safety Laboratory, UK   

The health of workers in many industries is at risk through exposure to chemicals agents in air and occupational hygienists need to determine the effectiveness 

of measures taken to control such exposure. This is generally achieved by making personal exposure measurements, the accuracy of which relies heavily upon 

the correct implementation of standardised measurement methods when samples are returned to a laboratory for analysis. Here participation in appropri-

ate proficiency testing schemes and the use of matrix matched reference materials (if available) are required to verify that such measurements are fit for the 

purpose that they are intended for. This presentation will present: • A brief historical overview of the development of reference materials in the occupational 

hygiene measurement field • An assessment of the current status and ongoing initiatives designed to fill RM gaps and • A projection of what is needed in the 

future particularly in light of a move towards more in-situ workplace measurements using (near) real-time instrumentation. 

12:00 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)
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Plenary 2 

1:30 pm - 2:10 pm  Applications of Environmental and Biological Reference Materials: Forensics; Litigation and Mediation; National Human 
 Level Surveys; and Human Exposure Studies
 Don Patterson 

 EnviroSolutions Consulting, USA

Keynote 2 

2:10 pm - 2:40 pm  Reference materials and standards in the development of biosimilars and biopharmaceticals
Anthony Mire-Sluis and Barry Cherney2

 Amgen Inc, USA

Biotechnology products are inherently complex proteins that generally contain multiple product variants. This complexity requires some form of comparator, 

or reference standard, against which to check for differences in the attributes of the product during development and post commercialization. Reference stan-

dards can take the form of either physicochemical or potency standards. It is often the case that a reference standard is created from an early batch of material 

that can act as both. A reference material can be created for a specific attribute (e.g. for protein aggregates) to assess method capability or for specific testing 

requirements. Once a product moves into late stage development and the commercial formulation and process is essentially locked, a ‘primary’ reference 

standard is created from a representative GMP batch. A ‘working’ standard can also be produced from the same or similar batch, to be used on a day to day 

basis. Reference standards control for drift between batches to cover day to day variability as well as any process changes that might be made. In addition, 

standards are used during method design, validation and monitoring. Establishing the stability of such standards is paramount, as is creating a documented 

process for replacing the standard, including acceptance criteria for the tests used. The advent of biosimilars has posed particular challenges with the selection 

of reference standards with which to compare the innovator and biosimilar material, including a long term perspective for replacement. There is also a role to 

play for public standards, such as WHO potency standards, NIST standards and Pharmacopoeial standards in the control of biopharmaceutical products and 

the assays used to assess them.

Keynote 3

2:40 pm - 3:10 pm  A role of quantitative nuclear magnetic resonance in the on demand dissemination of high purity organic CRMs
Takeshi Saito

 National Metrology Institute of Japan, AIST

Production of a certified reference material (CRM) requires many steps of processes such as homogeneity study, assessment of stability, assignment of a prop-
erty value and its associated uncertainty, and statement of metrological traceability. Furthermore, the produced CRM needs to be kept in a storage, ongoing 
stability monitoring is required, in many cases. At National Metrology Institute of Japan (NMIJ), we have produced CRMs traceable to International System of 
Units (SI), market requires more kinds of CRMs much quicker for addressing regulations. Reference materials (RMs), especially organic RMs, produced by private 
reagent companies as reference material producers (RMPs) often do not have uncertainty or metrological traceability statements. In order to quickly produce 
a CRM market needs, collaboration of NMIJ and a RMP is an excellent match. NMIJ started a calibration service of mass fraction (purity) for high purity organic 
materials providing a property value, its associate uncertainty, and metrological traceability to a candidate RM produced by the RMP. In this system, the RMP 
initiates the CRM production, thus NMIJ accepts demands from the market. Since this collaborative CRM production started, more than 150 kinds of high 
purity organic CRMs have disseminated. This on demand dissemination system cannot work out without a quantitative nuclear magnetic resonance (qNMR) 
technique that can compare ratio of amount of substance between two different molecules of an analyte and reference standard. In this presentation, the 
essential role of qNMR in this calibration service, or on demand dissemination of CRMs, is presented.

3:00 pm - 3:40 pm  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

Oral Sessions
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3:40 pm - 4:00 pm  Recent Developments in the Certification of Organic Reference Materials by Quantitative NMR at the Highest Metrological Level
 Markus Obkircher, Michael Weber, Christine Hellriegel, Alexander Rueck, and Juerg Wuethrich

 Sigma-Aldrich, Switzerland

In recent years quantitative NMR (qNMR) has become one of the most important tools for the content determination of organic substances or the quantitative 

evaluation of impurities [1-3]. Since this relative primary method does not require a reference standard of the analytic sample in hands, thousands of different 

organic compounds can be certified with achieving direct traceability to internationally accepted references such as NIST SRM. Recent publications have 

demonstrated the validity, robustness and precision of the qNMR technique [4]. Within Sigma-Aldrich RD, High-Performance qNMR (HP-qNMR®) was opti-

mized to its maximum level of accuracy using metrological weighing equipment and a specially designed experimental setup for the certification of organic 

compounds with combined, expanded uncertainties down to 0.1 [4-5]. This new generation of organic certified reference materials (CRM) prepared under ISO 

17025 and ISO Guide 34 accreditation, comprise a small number for the application as qNMR internal references and a large series to be used in chromatogra-

phy [5]. Sigma-Aldrich very recently accomplished an important step towards the implementation of a multi nucleus CRM for qNMR by a successful concept 

study for 31P qNMR measurements with direct traceability to NIST SRM [6]. 1. Malz Frank, Jancke Harald, J Pharm Biomed Anal, 38(5), 813-823, 2005. 2. Saito 

Takeshi, Ihara Toshihide, Koike Masayoshi, Kinugasa Shinichi, Fujimine Yoshinori, Nose Kazutoshi, Hirai Tetsuya, Accreditation and Quality Assurance, 14(2), 79-

86, 2009. 3. De Bievre Paul, Dybkaer René, Fajgelj Aleš, Hibbert David Brynn, Pure and Applied Chemistry 83(10), 1873-1935, 2011. 4. Weber Michael, Hellriegel 

Christine, Rueck Alexander, Sauermoser Robert, Wuethrich Juerg, Accreditation and Quality Assurance, 18(2), 91-98, 2013. 5. Weber Michael, Hellriegel Christine, 

Rueck Alexander, Wuethrich Juerg, Jenks Peter, Journal of Pharmaceutical and Biomedical Analysis, 93, 102-110, 2014. 6. Weber Michael, Hellriegel Christine, 

Rueck Alexander, Wuethrich Juerg, Jenks Peter, Obkircher Markus, Analytical and Bioanalytical Chemistry, 407, 3115–3123, 2015. 

4:00 pm - 4:20 pm Extending the application of qNMR in CRM certification into more complex analytes
John Warren

 LGC, UK

qNMR has made a significant impact in recent years in providing cost effective SI traceable purity determinations in simple pure organic molecules. The de-

mands of our customers are however moving towards reference materials of larger molecules where spectral complexity hinders the simple qNMR approach. 

More complex NMR experiments are able to reduce spectral complexity and provide apparently more amenable spectra for quantitation but will introduce 

analyte specific bias to the measurement process and thus eliminate the biggest benefit of qNMR, uniform response between analytes. Approaches to quantify 

more complex materials including small peptides, sugars and macrolides using alternative NMR approaches including variants of Heteronuclear Single Quan-

tum Correlation experiments (HSQC) are discussed along with approaches to minimise the resultant experimental bias and methods to quantify and compen-

sate for any residual biases. New approaches to calculate the uncertainty budgets of such methods are proposed. 

4:20 pm - 4:40 pm  Proposal for a “Universal” Suite of Internal Standards for qNMR
Steven Westwood, Norbert Stoppacher, and Robert Ian Wielgosz

 BIPM, France

Whilst a few pure organic substance CRMs are currently used as the internal reference materials for qNMR purity assessments, they do not yet provide a 
sufficient range of NMR chemical shifts for the quantification signal nor are they soluble in all commonly used NMR solvents. Seven compounds are proposed, 
which potentially constitute a comprehensive suite of internal standards for quantitative NMR (qNMR) measurements, which attempt to address these limita-
tions. From the group at least three compounds are soluble in each of the commonly used NMR solvents, the quantification resonances available consist of 
sharp, stable, well-defined signals spaced over the usual 1H chemical shift range and the materials are all potentially available in significant amounts at high 
levels of purity. The wider availability of a larger range of SI-traceable primary calibrators suitable for a range of qNMR experimental conditions would allow for 
optimisation of uncertainty budgets, strengthen the metrological infrastructure underpinning the traceability of individual qNMR results to the SI and widen 
the range of analytes for which the technique is applicable. This paper describes our proposal in this area and the progress to date, in collaboration with the 
NMIJ, to demonstrate their potential to deliver qNMR measurements with an associated urel of less than 0.1 in a variety of solvents. 
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4:40 pm - 5:00 pm  Purity must get real: Multimodal data combination for qNMR primary standards
Michael A. Nelson, Katrice A. Lippa, and Blaza Toman

 NIST, USA

The “truth” of chemical measurements rests upon assertions of confidence. qNMR is a primary ratio measurement method that can be used to confidently 
assert the selective chemical mass-fraction purity of higher-order reference materials and calibration standards. These standards in turn can establish the 
metrological traceability for other materials. qNMR measurements are best linked to the SI through very high-purity primary standards with well-established 
purity assignments expressed using realistic probability distributions. The qNMR-viable proton content assignment in these primary standards (generally ex-
pressed as or mg/g and formally traceable to the SI unit ratio one) must be substantiated through multiple lines of calibration and assessments of measurands 
“of a different kind”. This ratio value combines data from qNMR (resonant proton), indirect mass-balance (1 - sum of impurity quantities), and when possible, 
acidimetric titration (acidic proton) and other classical direct methods. These methods have different statuses in a calibration hierarchy, provide different result 
distributions, and are susceptible to different biases. To assess the “true” mass purity of materials by this approach, the consensus result from the contributing 
methods must be expressed using a function that reflects the confidence in higher-order methods, while conveying the natural asymmetry of the composite 
data. Several statistical methods, including Bayesian approaches, for realistically evaluating these ratios provide appropriate constraints for logical rational limits 
(i.e. 1000 mg/g) and prior knowledge, including the metrological status of the measurement techniques. These methods are being implemented at NIST to 

express and provide guidance for purity values of qNMR primary reference standards.

5:00 pm - 5:20 pm  Precise purity assessment of amino acid and peptide using quantitative NMR
 Ting Huang, Wei Zhang, Xinhua Dai, Can Quan, and Homgmei Li

 National Institute of Metrology, China

Precise assessment for the purity of organic compounds will fundamentally improve the capabilities and measurement services of the organic chemical anal-

ysis. Quantitative nuclear magnetic resonance (qNMR) is an important method to assess the purity of organic compounds. We presented a precise measure-

ment method for the purity of small molecule with identification of impurities. In addition, the qNMR was rarely applied to purity of large compounds such as 

peptide, which qNMR peaks are too crowded. Other than general idea of qNMR, we removed unwanted exchangeable peaks by proton exchange, as a new 

approach for qNMR, to make the quantitative protons of peptide isolated, which can ensure precise measurement. Moreover, a suitable internal standard, 

acesulfame potassium, was applied. The analytes were valine and peptide T5, due to their importance for protein analysis. For valine, the intraday CV was 0.052, 

and the interday CV during 8 months was 0.071. For peptide T5, simpler operation, shorter analytical time (1 hour vs. 3 days) and smaller CV (0.36 vs. 0.93) was 

achieved by qNMR, compared with traditional method (amino acid based isotope labeled mass spectrometry) via hydrolysis reaction. This method has greatly 

increased the quantitative precision of qNMR for small compounds, and extended application scope of qNMR from small compounds to peptides.

5:20 pm - 5:40 pm SI Traceable purity assessment of peptide primary calibrators
 R.D. Josephs, N. Stoppacher, M. Li, S. Westwood, and R.I. Wielgosz

 BIPM, France

Comparability of (bio)chemical measurements is a requirement of any measurement undertaken in support of legislative purposes. It can be realized for most 

chemical analysis by ensuring that measurement results are traceable to the base units of the International System of Units (SI). By maintaining such a link, 

results can be compared over space and time enabling informed decisions to be made and improving the overall knowledge of a subject area. The importance 

of traceable measurement results can be inferred by its requirement in quality standards (ISO 17025) and in the formation of specialized committees such as 

the Joint Committee on Traceability in Laboratory Medicine (JCTLM). Although the required metrological tools, such as higher order reference measurements 

procedures and both pure substance and matrix certified reference materials, are established for small, well-defined organic compounds difficulties still remain 

in the provision of such standards in the area of larger molecules such as peptides/proteins. Different SI-traceable approaches are compared for the purity 

determination of peptides recently undertaken at the BIPM, in particular in relation to the so-called mass balance approach. This latter approach employs a 

range of analytical techniques to obtain an estimate of the mass fraction content of all impurities present in an intact peptide, but its application is limited by 

its requirement for a significant amount of material for proper implementation. The advantages and limitations of other approaches, including the common 

approach of quantification of selected stable amino acids produced after hydrolysis of a standard solution of the parent peptide, are described. 

5:40 pm - 6:00 pm The Swiss Army Knife for qNMR-Creation of a Universal NMR Reference Standard
 Bernd W. K. Diehl, Elina Zailer, and Yulia Monakhova

 Spectral Service, Germany

In recent years quantitative NMR spectroscopy has come into the focus of the pharmaceutical industry and the corresponding pharmacopeia in Europe, US 

and Asia. GLP and GMP compliance demands high standards in the quality of official analytical methods. Therefore, there is a need to obtain an official primary 

reference standard for qNMR, which must cover the most important nuclei for NMR analysis. Primary reference standard must contain fluorine, nitrogen, car-

bon, phosphorous and protons with extreme T1 values confirming the relaxation and selected shifts. This unique reference standard for 1H, 13C, 15N, 19F and 

31P NMR analyses would be applicable for all SST, Round Robin Tests, Qualifying NMR Instruments and accepted worldwide by the Pharmacopeia and the NMR 

community. As an example of such compound Spectral Service proposes, for example, 4-chloro-2-nitro-5-(trifluoromethyl)phenyl dimethyl phosphate, which 

contains all required nuclei to be analyzed. This compound could be served as a primary reference standard for all qNMR analyses and calibration standard 

worldwide for any system suitability test.
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3:40 pm - 4:00 pm  Reference Materials for Potency Calibration of Biopharmaceuticals
Matthew Borer

 Eli Lilly and Company, USA

Complex biopharmaceutical products present a significant challenge for drug manufacturers. Products such as monoclonal antibodies cannot be charac-
terized in a way that allows a direct correlation between biologic potency and physicochemical properties. To control potency, it is necessary to establish 
reference materials that serve as a basis for comparative bioassay testing. This presentation will describe key challenges associated with the establishment of 
biopharmaceutical reference materials such as the selection of representative source material, the design of a sufficient characterization protocol, the moni-
toring of reference material stability, and statistical techniques to minimize drift and shift in assignments. These and other considerations will be combined to 

share a viable approach, illustrated by case studies, for managing pharmaceutical reference materials for biopharmaceuticals.

4:00 pm - 4:20 pm  The NISTmAb: A Reference Material to Supplement Biopharmaceutical Characterization
 John Schiel, Abigail Turner, Catherine Formolo, John Marino, Karen Phinney, and Michael Tarlov

 NIST, USA

Monoclonal antibodies (mAbs) are the fasted growing class of therapeutics. The quality and consistency of each production lot is ensured by comparison with 

an in-house reference standard representative of the therapeutic product and development process. During a drug’s lifecycle, the in-house reference standard 

must co-evolve with process changes as well as changing/evolving analytical test methods. Qualification of test methods as well as in-house reference stan-

dards would be greatly supplemented by a widely available representative test material. This presentation will discuss the establishment of an IgG1k Reference 

Material expected to more firmly underpin regulatory decisions and facilitate the development of originator and follow-on biologics. The RM is intended for 

a variety of uses including, but not necessarily limited to: establishing method or instrument performance and variability, comparing changing analytical 

methods, assisting in method qualification, etc. The NISTmAb characterization and certification will be discussed in association with potential utility during an 

originator or follow on manufacturer’s process/product development process. Global conclusions drawn from the unprecedented industry-wide book collabo-

ration “State-of-the-Art and Emerging Technologies for Therapeutic Monoclonal Antibody Characterization” will also be presented.

4:20 pm - 4:40 pm Development, test performance and characterisation of reference materials for use with a rapid molecular assay for the routine
 monitoring of toxic cyanobacterial blooms

Leonardo Pinheiro1, Mark Van Asten2, Yvette Gaweda3, Jason N. Woodhouse3, Kerry R. Emslie1, and Brett A. Neilan3

 1National Measurement Institute, 2Diagnostic Technology, 3University of New South Wales, Australia

Routine monitoring of water bodies for the presence of toxic cyanobacterial species is standard practice for all water management authorities. Typically, this 

approach still involves species identification and cell count enumeration by a trained phycologist/microbiologist to identify potentially toxic species. There is 

now a good understanding of the genetic basis for cyanobacterial toxin production in aquatic environments. The discovery of these toxin biosynthetic path-

ways has enabled development of genetic screening tests of environmental water samples to measure the total amount of cyanobacteria along with its ability 

to produce toxins. A multiplex quantitative polymerase chain reaction (PCR) assay for detection of cyanobacteria 16S rRNA (16S), microcystin and nodularin 

synthetases, cylindrospermopsin synthetase and saxitoxin synthase genes has been developed. A reference material comprising of plasmid DNA containing a 

defined copy number of the four target genes sequences was designed and characterised using droplet digital PCR technology. Standard solutions, produced 

from the reference material, were then prepared and incorporated into a rapid ‘of the shelf’ DNA based test kit for the identification and quantification of toxic 

and non-toxic cyanobacterial species. Along with the copy number of the relevant cyanotoxin biosynthesis gene, the internal cyanobacteria-specific 16S 

control target can be used as a biomass reference target. The test kit has been designed for use in a standard laboratory within a three hour turn around, and 

should become an important addition to the resources available to laboratories and authorities for better surveillance, detection, prediction and monitoring of 

harmful algal blooms.

4:40 pm - 5:00 pm Certification of an Isotopically-Labeled Protein Reference Material
 David Bunk

 NIST, USA

Quantification of proteins using isotope dilution mass spectrometry (IDMS) can offer unique challenges as compared to the application of this technique for 

small organic molecules. One of the most significant challenges is the production and characterization of the isotopically-labeled internal standards used in 

protein IDMS. In contrast to the labeled internal standards of small organic molecules, labeled proteins cannot be chemically synthesized. Labeled proteins 

are most frequently produced in living cells which have been altered with recombinant DNA to produce a specific protein and are grown in a media that is 

isotopically enriched. The biological synthesis of labeled proteins is frequent not successful in producing the desired product due to the unpredictable nature 

and inherent variability of the living cell “factories.” Consequently, the labeled proteins used as internal standards in protein IDMS must be highly scrutinized to 

insure that they are fit for their intended use. NIST is producing Standard Reference Material (SRM) 2927, an aqueous solution of the 15N-labeled recombinant 

protein human insulin-like growth factor 1 (IGF-1). SRM 2927 is intended to be used as in internal standard for the IDMS quantification of IGF-1 in serum for 

both sports anti-doping and clinical diagnostic applications. To insure the SRM 2927 was fit for intended use, the isotopic purity was measured both for the 

intact protein and of peptides derived from enzymatic digestion of the protein. The structure of this recombinant protein also was evaluated to determine if it 

is equivalent to the structure of the native protein.
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5:00 pm - 5:20 pm Safeguarding the Quality of Heparin Drug Products post Heparin Contamination Crisis – Improved USP Heparin Monographs
 Anita Y. Szajek

 USP, USA

In response to the public health crisis caused by the adulteration of unfractionated heparin, the U.S. Pharmacopeia (USP), in collaboration with Food and Drug 

Administration (FDA), manufacturers, and other stakeholders, has conducted a comprehensive modernization of USP Heparin standards. The revision took 

place in three stages in order to better protect the US heparin supply and to help prevent future adulteration. The presentation will describe USP’s continued 

efforts to further strengthen the Heparin monographs.4 A comprehensive summary of monograph modernization efforts spanning last 5 years will be pre-

sented. Specifically, development of new Identification methods (1H NMR, chromatographic identity, new Molecular Weight Determination method5, potency 

ratio), more stringent potency requirement, new Nucleotidic Impurities method, and Protein Impurities test for heparin will be covered. Results from two 

international round robin studies conducted to support the system suitability criteria and acceptance criteria for these new methods will be presented. 

5:20 pm - 5:40 pm Development of a Certified Reference Material for a Benzalkonium Chloride Solution
 Nicolas J. Hauser and Andy Ommen

 Sigma-Aldrich, USA

Benzalkonium chloride is a quaternary ammonium compound that is used as an antimicrobial detergent and is found in a wide array of consumer products. 

Benzalkonium chloride has been used as a preservative in many pharmaceutical products such as ophthalmic solutions as well as in personal care products 

such as hand sanitizers. Benzalkonium Chloride is a mixture of alkylbenzyldimethylammonium chlorides of various even-numbered alkyl-chain lengths be-

ginning with the C8 homologue and extending to higher homologues. The C12, C14 and C16 homologues typically make up the majority of the mixture and 

contribute the highest amount of antimicrobial activity. The homologue distribution is typically determined by using HPLC-UV-Vis analysis and calculating the 

ratio of the detector response of each homologue against the detector response from all of the homologues combined. The quantitation of the total alkylben-

zyldimethylammonium content is then carried out using an orthogonal titration method, due to a lack in reference standard availability for a direct compar-

ison assay analysis. Presented here is the development of a Certified Reference Material of a 50 solution of Benzalkonium Chloride. The analytical verification 

is carried out using an HPLC-MS method, which provides both a qualitative and a quantitative verification concurrently for all of the possible homologues 

present in the Benzalkonium Chloride.present in the Benzalkonium Chloride.
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Plenary 3

8:30 am - 9:10 am  Performance Criteria For Measurement Methods And Reference Materials In Clinical Analyses
 Mauro Panteghini

 Centre for Metrological Traceability in Laboratory Medicine (CIRME), University of Milan, Italy

In addition to the correct implementation of calibration traceability, the definition of analytical performance goals for analyte measurements in laboratory 

medicine is essential to make their determinations clinically usable and to ensure that the measurement error does not prevail on the result. The recommend-

ed approaches for defining analytical performance specifications should rely on the effect of analytical performance on clinical outcomes or on the biological 

variation of the measurand. The attention should primarily directed towards the measurand and its biological and clinical characteristics, some models being 

therefore better suited for certain measurands than for others. For instance, the model based on biological variation is probably not appropriate for analytes 

showing high intra-individual biological CV: for those analytes, outcome data or, in their absence, the state-of-art of the measurement should be the mod-

els to derive analytical goals. Furthermore, it is necessary to define combined uncertainty budget limits across the entire metrological traceability chain. It is 

recommended that no more than one third of the total uncertainty budget, established by appropriate analytical performance specifications, is consumed by 

the uncertainty of references and approximately 50 of the total budget consumed by the manufacturer’s calibration and value transfer protocol. The remain-

ing 50 should be available for the commercial system imprecision and individual laboratory performance as a safety margin in order to fulfill the (expanded) 

uncertainty goal.

Keynote 4

9:10 am - 9:40 am  Critical Needs for Certified Reference Materials (CRMs) in the Contract Analytical Laboratory
 Darryl Sullivan

 Covance Laboratories, USA

The contract laboratory is faced with very unique analytical challenges almost constantly. Since the food and dietary supplement industries usually rely heavily 

on the contract labs to solve technical problems or to handle the most difficult testing programs, these challenges are often very large in magnitude. Data 

from the contact laboratory is frequently subjected to intense scrutiny. Therefore all of the testing performed in the contract lab needs to have a high level 

of defensibility in virtually all of its testing programs. Certified Reference Materials (CRMs) play a critical role in the development of a solid laboratory quality 

control program. They are also extremely important for continuing laboratory quality assurance. The contract lab often develops new methods or modifies 

an existing method, and they must validate these procedures. The validation is critical for providing the defensibility that is required in the laboratory envi-

ronment, and all of these validations benefit from the use of CRMs. Some recommendations for different levels of validations using CRMs for different testing 

programs will be discussed. Several case studies of these development projects will be highlighted CRMs play an important role in the new methods validation 

programs, the day to day quality control, and the internal transfer of testing methods. This presentation will focus on each of these programs and the impor-

tance of CRMs. Each of these activities helps build the foundation for quality in the testing laboratory regardless of whether it is a contact laboratory or an “in 

house” lab. The tools that will be presented apply to any laboratory environment. 

Keynote 5

9:40 am - 10:10 am  Absolute Quantification of Organic Species without the need for Specific Standards
 J. Ruiz Encinar, J.I. Garcia Alonso, and A. Sanz-Medel

 University of Oviedo, Spain

Plastics, fuel, pharmaceuticals, cosmetics, detergents, coatings, dyestuffs, and agrochemical industries depend on a huge number of currently existing organic 

compounds and the continuous synthesis of new ones. It is evident that it is virtually impossible to produce standards and CRMs for their determination in dif-

ferent samples. Chromatography (GC and LC) with optical or MS detection, has established as the preferred approach for the identification and determination 

of the absolute or relative amounts of pure and mixed organic compounds. Their reliable quantification can only be performed when certified specific stan-

dards for each analyte of interest exist and unfortunately the purity assessment of organic standards is difficult. In this sense, elemental techniques such as ICP-

MS, coupled to GC or LC, are ideal because their response can be species-independent. They have been successfully applied to classical elemental speciation 

studies (Sn, Hg, As, Se), where CRMs are already available. During the last 15 years they could have been also applied to protein determinations, provided they 

contain an ICP-MS detectable element (i.e. Se, Fe, Cu). New ICP-MS technologies (ICP-QQQ), with exceptional sensitivity for non-metallic elements like S and P, 

have boosted these heteroatom-tagged proteomic applications. However, the normal ICP operating conditions seriously hamper its use for the detection of 

pure organic molecules (containing C, H, N, O). Recently, we introduced the concept of online carbon isotope dilution in combination with chromatography−

chemical reaction−EIMS as a generic quantitative approach for the determination of organic compounds without the need for specific calibration standards.

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)
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10:40 am - 11:00 am  Candidate reference measurement procedure for the determination of HbA2 fraction in human blood using mass spectrometry
 Cristian G. Arsene1, Patricia Kaiser2, André Henrion1, Renata Paleari3, and Andrea Mosca3 

 1Physikalisch-Technische Bundesanstalt, Germany, 2Instand e.V., Germany, 3Università degli Studi di Milano, Italy

Carriers of the blood disorder β-thalassaemia are routinely detected by testing the fraction of hemoglobin A2 (HbA2) in blood. The HbA2 value of non-carriers 

is within the range: 2.3-3.5. Carriers of β-thalassaemia show only slightly increased HbA2 values in the range: 4.1-8.0, so analytical precision is crucial for both, 

determination of the decision limit as well as correct diagnosis. Unfortunately, using present methods, as ion exchange-high pressure liquid chromatography 

systems, the variability of results does not provide the corresponding level of analytical quality, as manifested in interlaboratory variabilities within 6.0-9.61 po-

tentially leading to misclassifications in clinical practice. Therefore, IFCC working group for HbA2 is seeking highly accurate Si-traceable methods for recalibrat-

ing routine methods. As promising alternative, an isotope dilution mass spectrometry (IDMS)-based method employing recombinant human hemoglobins un-

labeled and labeled with 15N was developed for HbA2. It includes a direct tryptic digest of whole blood samples. After tryptic digestion, signature peptides of 

α- and -globin are quantified responding values for total-Hb and HbA2, respectively. Recovery of known amounts (fractions) of HbA2 was investigated for both 

IDMS, as well as for four different commercial assays: Menarini HA8160, Bio-Rad Variant II, Sebia Minicap and Tosoh G8. According to this, IDMS outperforms 

the routine methods as to analytical accuracy. This is further supported by comparison of misclassification rates for a set of 24 blood samples of subjects with 

known diagnosis. Within-method repeatabilities, however, are similar, regardless if routine assay or IDMS. Hence, calibration against IDMS appears promising for 

improved quality of routine measurement. A. Mosca et al. J Clin Pathol 2009 62:13-17.

11:00 am - 11:20 am  Development of Isotope Dilution Mass Spectrometry method
 Hongmei Li

 National Institute of Metrology, China

Isotope Dilution Mass Spectrometry (IDMS) has been recognized as a primary measurement approach by the Consultative Committee for Amount of Sub-
stance (CCQM). Although IDMS technique can effectively compensate the matrix effect (ME) in some situations and provides results with a higher metrolog-
ical quality, matrix, instrumentation and other factors may still affect the peak area ratio of analyte to isotope, consequently leading to a biased result. In our 
investigation, impact factors of this variation were studied. ME from mobile phases, sample solvents, pre-treatment methods, sample origins and instruments 
was evaluated, and its impact on the results of IDMS was assessed using the IDMS correction factor (θ). NIM have developed IDMS methods for the measure-
ment in food and clinical etc. Based on the IDMS method, a series of determination of veterinary drug residue and pesticide residue in food were developed. 
The reference methods have been developed with IDMS for the determination of glucose, cholesterol etc. in human serum. NIM has developed the protein 
measurement by IDMS and the methods were applied to study of pure substance of C-reactive protein(CRP) and matrix CRMs in serum of CRP, and so on. NIM 
is devoting to meet the need for a national platform to promote and give guidance on internationally recognized and accepted equivalence of measurements 
and traceability to appropriate measurement standards. 

11:20 am - 11:40 am  Validation of a Primary Reference Method For Quantitating Low Levels of Testosterone in Human Serum
 Ravi Orugunty, Isil Dilek, Josh Cooper, and Thomas Malone

 Cerilliant, USA

Development of accuracy based calibrators in biological matrices for clinical diagnostic applications requires reference measurement procedures with high 
accuracy and sensitivity over the desired therapeutic monitoring range. Testosterone represents a unique quantitation challenge with regard to the wide range 
of endogenous levels across female, male and age based patient populations. We wish to present our efforts towards accurate quantitation of Testosterone 
calibrators from 0.020 ng/mL to 20 ng/mL in stripped human serum by a metrologically valid reference measurement procedure. The 1000 fold range of these 
calibrators in serum presents unique challenges with regards to designing a primary reference method that will accurately measure Testosterone over the 
entire concentration range of the product. The method is based on the NIST primary reference measurement procedure for testosterone in serum. Data shall 
be presented that will address various elements of the method validation such as precision and accuracy, linearity, limit of quantitation, recovery, matrix effects, 
extract stability, traceability and measurement of endogenous Testosterone in stripped human serum. Range and sensitivity were enhanced through the de-
velopment of unique extraction reconstitution and enhancement procedures. The methods LOQ of 0.025 ng/mL enabling accurate screening and quantitation 
of serum for residual testosterone, a critical step in the development of the calibrators.

11:40 am - 12:00 pm  Determination of transferrin, albumin and electrolytes in human serum CRM by using isotope dilution HPLC/Laser ablation-ICP-MS
 Liuxing Feng, Jun Wang, and Hongmei Li

 National Institute of Metrology, China

Transferrin (Tf ), albumin (Alb) and Electrolytes are of vital importance for pathological state monitoring and clinical diagnosis. In this work, the electrolytes (K, 
Ca and Mg) in human serum were determined by using isotope dilution ICP-MS with a cold plasma and collision reaction cell mode. For the quantification of Tf 
and Alb in human serum, two strategies based on isotope dilution ICP-MS via sulfur/iron determination were used. In the post-column species-unspecific isotope 
dilution HPLC-ICP-MS approach, by introducing isotopically enriched 34S and 54Fe spikes at the same time, the human serum Tf and Alb were absolutely quanti-
fied via both sulfur and iron. In the other strategy, we report the absolute quantification of Tf and Alb in human serum by non-denaturing (native) GE combined 
with species-unspecific isotope dilution laser ablation-ICP-MS. In this method, to achieve a homogeneous distribution of both protein and isotope-enriched spike, 
immersing the protein strips after gel electrophoresis with 34S spike solution was demonstrated to be an effective way of spike addition. Furthermore, effects of 
immersion time and 34S spike concentration were investigated to obtain optimal conditions of the post-electrophoresis isotope dilution method. The human se-
rum protein certified reference material (ERM-DA470k/IFCC) was used for method validation, and the results were in agreement with the certified value with good 
precision and small uncertainty (1.5~3). Keywords: Transferrin (Tf ), albumin (Alb), Electrolytes, Human serum, Isotope dilution, HPLC/LA-ICP-MS 
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12:00 pm - 12:20 pm  Developing a Certified Reference Material for Haemoglobin A1c in Human Blood
Lingkai Wong, Hong Liu, Sharon Yong, Qinde Liu, and Tong Kooi Lee 

 Chemical Metrology Laboratory, Health Sciences Authority, Singapore    

Singapore has a high prevalence of diabetes. As the population ages, the number of people with diabetes is expected to increase further. This chronic disorder 
causes considerable mortality and morbidity from complications. The measurement of glycated haemoglobin (HbA1c) in blood has been accepted as the 
most effective way of measuring and monitoring the long term blood glucose level in diabetic patients. The Health Sciences Authority (HSA) launched an 
External Quality Assessment (EQA) programme for HbA1c in 2013. The development of a certified reference material (CRM) for HbA1c would complement 
the ongoing EQA programme to further enhance the accuracy of local clinical measurements for HbA1c. The CRM material was produced by a commercial 
human blood products supplier. The material was first evaluated for homogeneity and stability by HSA. The certified value of HbA1c was then determined by 
high accuracy liquid chromatography isotope dilution tandem mass spectrometry (LC-IDMS/MS)1 using a custom-synthesized hexapeptide as the calibration 
standard. To ensure the traceability of the HbA1c value to the International System of Units (SI), the purity of the hexapeptide calibration standard was further 
determined by hydrolysis, followed by quantifying the amino acids. The comparability of the LC-IDMS/MS method with the International Federation of Clinical 
Chemistry and Laboratory Medicine (IFCC) reference method for HbA1c measurement was established through the participation in the IFCC EQA Scheme for 
Reference Laboratories in Laboratory Medicine (RELA). This presentation shares the HSA‘s experiences in the production of the HbA1c CRM. 

12:00 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

JRC-IRMM deliverables

Reference materials
Reference data
Validated measurement methods
Guidelines
Consultancy & advice
Training and knowledge transfer
Underpinning research results

https://ec.europa.eu/jrc/irmm

Joint 
Research 
Centre

Joint Research Centre
The European Commission’s 
in-house science service
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10:40 am - 11:00 am  Applications and Impact of Reference Materials in National and International Biomonitoring Programs: A looks into EQUAS
 Kathryn A. Vance, Amir A. Makhmudov, Robert L. Jones, and Kathleen L. Caldwell 

 CDC/NCEH/IRATB, USA

The Centers for Disease Control and Prevention operate three external quality assurance programs out of their external quality assurance laboratory (EQUAS). 

These programs assist laboratories worldwide in their urinary iodine, blood metals, and speciated arsenic measurements through the use of reference materials 

(RMs) and NIST standard reference materials (SRMs). Every year, over a billion laboratory tests measuring chemicals are performed in the U.S. alone. These test 

results can have a significant influence on medical and political decisions. Inaccurate measurements in the public health setting can have a negative effect 

or delay public health decisions and interventions. The goal for the EQUAS program as a whole is encourage participants to use quality control and quality 

assurance materials and measures in their assays. The quality assurance materials that are shipped to participating laboratories are based on the accuracy of 

NIST SRMs. The CDC EQUAS materials are characterized through use of inductively coupled plasma mass spectrometry (ICP-DRC-MS) or high performance 

liquid chromatography ICP-MS (HPLC). Accurate and precise measurements can be made easier through the use of quality assurance (QA) materials and other 

QA measures. Through supplying materials, technical support, and informational reports, the EQUAS program aids laboratories and helps give confidence in 

the quality of laboratory data worldwide.

11:00 am - 11:20 am  Using NIST Standard Reference Materials 1941b and 1975 to Validate a Method for the Detailed Analysis of Polycyclic Aromatic
 Hydrocarbons in Environmental Matrices on a New GC Column Phase

Christopher Rattray and Jack Cochran

 Restek, USA

In the United States, Polycyclic Aromatic Hydrocarbon (PAH) analysis of environmental samples is typically performed by Gas Chromatography – Mass 
Spectrometry (GC-MS) using a 5 diphenyl-type GC column. While this column type can separate the sixteen priority PAHs registered by the Environmental 
Protection Agency (US EPA) from each other, it cannot separate all the less toxic isobaric isomers from these sixteen toxic congeners. This can result in a 
mischaracterization of sample toxicity because many of the EPA methods do not require reporting of these coelutions. Some of the most common coelutions 
are triphenylene and chrysene (m/z 228) and the [b], [j] and [k] benzofluoranthenes (m/z 252). This presentation will describe how we incorporated Standard 
Reference Materials (SRMs) 1941b (Organics in Marine Sediment) and 1975 (Diesel Particulate Extract) to validate a new GC column phase for the detailed 
analysis of PAH isomers in environmental matrices using the certified and reference concentrations to rule out the occurrence of coelutions that would present 
as errors in quantification. We will also demonstrate the importance of using a characterized reference material when developing an extraction method by 
comparing the results of spiked Ottawa sand and SRM 1941b extracted and analyzed under the same conditions. 

11:20 am - 11:40 am  The Importance of Reference Materials to Vitamin D Standardization
Christopher T Sempos

 National Institues of Health, USA

The Vitamin D Standardization Program (VDSP) was organized in 2010 by the National Institutes of Health, Office of Dietary Supplements in collaboration 
with numerous US Federal Agencies, the AACC, IFCC and eight national health surveys from throughout the world. The goal of the VDSP is to “Promote the 
standardized laboratory measurement of total 25-hydroxyvitamin D [25(OH)D] – a measure of vitamin D status – in order to improve clinical and public health 
practice worldwide”. Related to that goal, a key objective of the VDSP is to encourage and promote standardized measurement of total 25(OH)D in clinical and 
research laboratories using both commercially developed or in-house developed assays. The steps to standardization are: (1) develop a reference measurement 
system (2) calibrate commercial assay measurement systems to reference methods (3) calibrate individual clinical and research laboratory assays to reference 
methods and (4) to verify end user test performance. A fundamental component in each and every step of the standardization process is the availability and 
use of reference materials. The VDSP has taken an active role in supporting the development of reference materials. With feedback from users of the reference 
materials the development of has expanded to include wider concentration ranges for the existing materials and to the development of new reference materi-
als for a wide array of vitamin D metabolites in order to support the standardization of vitamin D as the field expand and evolves.

11:40 am - 12:00 pm  ISO 17025, Reference Materials, and the Forensic Analysis of Controlled Substances
Jill M. Head

 Drug Enforcement Administration, USA

As more forensic laboratories are becoming accredited under ISO 17025, there is a growing need for traceable reference materials. In the area of controlled 
substance analysis, there has also been an exponential need for reference materials to identify novel psychoactive substances (NPS). The role of reference 
materials, how they are utilized by forensic drug laboratories in this evolving environment, and the recourse when no reference material is available will be 
discussed during this session.
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12:00 pm - 12:20 pm  Creating Sustainable Progress through Reference Material Preparation and Use: Challenges and Deficiencies in 
 Developing Laboratories

Amir A. Makhmudov, Kathryn A. Vance, Robert L. Jones, and Kathleen L. Caldwell

 Inorganic and Radiation Analytical Toxicology Branch/DLS/CDC, USA

The Centers for Disease Control and Prevention operates the Ensuring the Quality of Urinary Iodine Procedures Program (EQUIP). EQUIP helps laboratories 
worldwide asses the accuracy and precision of their urinary iodine analyses through quality assurance materials. The program also offers other support includ-
ing analytical guidelines, troubleshooting, data analysis, and technical training, support, and consultation. There are currently 180 participating laboratories in 
over 80 countries worldwide. The goal that the EQUIP program strives for above all else is sustainable and measurable progress in the accuracy and precision of 
urinary iodine (UI) analyses. This goal is best achieved by encouraging and coaching participants through the process and various uses of creating an internal 
reference material. For many participants the number of challenges and deficiencies for reaching this goal are numerous and include such things funding, 
trained personnel, materials, and temperature control. Through the almost 15 years of EQUIP program operation many of these challenges have been alleviat-
ed and solutions have been formed for proactive participants. However, there are still many issues facing participating laboratories, specifically in developing 
and underfunded nations. EQUIP is constantly moving toward its goal for sustainable progress and testing various resolutions to aid participants in achieving 
the highest quality of accuracy and precision possible.  

12:00 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

[ QUALITY. VARIETY. RELIABILITY. ]

PRODUCTS AND SERVICES TO SIMPLIFY  
COMPLIANCE AND ENSURE QUALITY. 

    Certified Reference Materials (CRMs)

    Proficiency Testing (PT)

www.eraqc.com

©2015 Waters Corporation.  
Waters, ERA and T he Science of What’s Possible are registered trademarks of Waters Corporation. 

Visit us at  
booth #17 to 
learn more!
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Keynote 6 

1:30 pm - 2:00 pm  Proficiency Testing in Support of the US Food Safety Modernization Act
 Arlene Fox1, Wayne Wolf2, Peter Jenks3, Richard Glindon3, and Fabian Wahl4 

1AOAC INTERNATIONAL, USA, 2USDA (retired), USA, 3Sigma-Aldrich, UK, and 4Sigma-Aldrich, Switzerland

The FDA ORA laboratories are accredited to the Food Program/ISO/IEC 17025 and the FDA is providing support to also accredit State laboratories to the Food 

Program. The Food Proficiency Testing ( PT) Program of A2LA is based on AOAC INTERNATIONAL Guidelines for Laboratories Performing Microbiological and 

Chemical Analysis of Food and Pharmaceuticals, an Aid to Interpretation of ISO/IEC 17025”. Food industry regulation is rapidly evolving to reflect the globalisa-

tion of food production and distribution. The US Food Safety Modernisation Act will impact on the accreditation of food testing laboratories both in the USA 

and globally. Food PT programs will need to adapt and evolve to meet the expected changes and challenges of a globalised market: 1. Calibration of analytical 

systems: Although this process is relatively well established, the supply of both matrix based (PT) samples and certified reference material (CRM) remains 

difficult because the global movement of food, plant and animal matrices is heavily regulated. 2. For reliable analysis, a validated workflow is needed, one 

that includes instrument and method validation, and the use of standardised and internationally accepted methods linked to PT and matrix CRMs . 3. AOAC 

provides Standard Method Performance Requirements , an active PT program , and information on availability of CRMs through the Technical Division on 

Reference Materials (TDRM). 4. For a proper, seamless, quality system that matches the globalised food industry to function, it MUST be possible to freely move 

these essential components of the analytical quality system from country to country.

Keynote 7 

2:00 pm - 2:30 pm  Commutability of reference materials for healthcare measurements
Ingrid Zegers

 JRC-IRMM, Belgium

The measurement of biomarkers, mainly in blood samples taken from patients, is performed in many thousands of hospital laboratories. The results are used 

to monitor the health status, screen for diseases, support diagnosis, and monitor the effect of treatments. It is important to be able to compare different test 

results for the same biomarker, even if obtained with different methods. Comparability of measurement results makes it possible to use cut-off points and 

reference ranges for diagnosis. The samples and analytes in healthcare measurements are complex. Also, laboratories use methods with different selectivity. 

Achieving clinically relevant and comparable data may depend entirely on the use of suitable reference system including reference materials (RMs) and refer-

ence methods. A Certified RM (CRM) used for calibration needs to be commutable with routine patient samples. Commutability is defined as a property of a 

RM, demonstrated by the equivalence of the mathematical relationships among the results of different measurement procedures for the RM and for represen-

tative routine samples. It became obvious that commutability is not trivial in healthcare measurements. In several cases a lacking commutability of CRMs has 

been documented and led to discrepant measurement results for routine samples. Absence of commutability could have many reasons, like matrix differences, 

different isoforms or multimeric forms of the biomarker, or interfering substances. Developing commutable CRMs requires research and careful feasibility 

studies. This presentation will highlight some of the challenges in recent CRM productions, as well as approaches used to develop commutable CRMs for 

healthcare measurements.

2:30 pm -4:00 pm  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)
 Poster Session 1 – Authors present at posters.

 
Accredited ISO/IEC 17043 by the Standards Council of Canada 
as a supplier of External Quality Assessment Schemes (EQAS), 
the Centre de Toxicologie du Québec (CTQ) offers a variety of 
schemes for the determination of metals and organic 
substances in human biological specimens. 

Leftover proficiency testing materials (PTMs) 
become reference materials (RMs) characterized  
in terms of homogeneity and stability. 
Analyte assigned values are determined using 
Algorithm A. 
All assigned values are provided with their 
corresponding uncertainties. 

WWW.INSPQ.QC.CA/CTQ/PAQE 
418-650-5115 ext. 4023 



38

Oral Sessions
Tuesday PM,  October 13
Location:  Cherry Blossom  

Commutability of Clinical Reference Materials  Chairs:  Ingrid Zegers, IRMM and Byungjoo Kim, KRISS

4:00 pm - 4:20 pm  Commutability: The weak link for reference materials
 Gary L. Myers1 and W. Greg Miller2

1AACC, 2Virginia Commonwealth University, USA

A fundamental goal of laboratory medicine is that patient test results will be comparable irrespective of time, place, or the laboratory generating the result. 

To ensure analytical comparability of test results, routine measurement procedures are calibrated to be traceable to higher order reference measurement 

procedures where available. Reference materials are typically used to establish or verify the traceability of a measurement procedure to a value assigned to the 

reference material that represents the best estimate of the correct, or true, value. When a reference material is intended to be measured by a routine measure-

ment procedure, commutability must be validated among all measurement procedures that will use the reference material. Commutability is a property of 

a reference material where inter-assay properties are the same as the properties demonstrated by authentic clinical samples when measured by more than 

one measurement procedure. When commutability of a reference material is not established, the results from routine measurement procedures cannot be 

reliably compared with the assigned value to determine whether a bias exists in calibration, nor can the reference material be used as a calibrator. Without an 

assessment of the commutability of the reference material its use becomes limited. It is not possible to determine whether any observed biases between mea-

surement procedures are a result of an inadequate material, or are genuine biases that should be corrected. Good laboratory practice requires that reference 

materials intended for measurement with routine measurement procedures must be provided with commutability information as part of the product labeling.

4:20 pm - 4:40 pm   VDSP Commutability Studies: Total 25(OH)D in NIST SRMs, CAP ABVD Survey and DEQAS Test Materials
Johanna E. Camara1, Susan S.-C. Tai1, Karen W. Phinney1, Stephen A. Wise1, Joyce Merkel2, and Christopher T. Sempos2 

1NIST, 2ODS-NIH, USA

An essential task in developing a reference measurement system is establishing that the Standard Reference Materials® (SRMs), and the materials used in accu-
racy-based performance testing/external quality assessment (PT/EQA) programs are commutable. Commutability is defined as the equivalence of mathemati-
cal relationships between results obtained using different measurement procedures for representative samples. Because SRMs and PT/EQA programs often use 
pooled serum samples, commutability of these materials cannot be assumed and must be demonstrated through an appropriately designed commutability 
study. It is essential to document that such samples function in different assays just the way a sample from an individual patient would, i.e., that they are com-
mutable. In 2013, the VDSP completed a commutability study from which preliminary data analyses suggest that SRM 972a Vitamin D Metabolites in Frozen 
Human Serum, as well as College of American Pathologists (CAP) and Vitamin D External Quality Assessment Scheme (DEQAS) materials, are commutable. In 
this study, results from a variety of measurement platforms were compared to those obtained through both the NIST and Ghent University 25(OH)D Reference 
Measurement Procedures (RMPs). Given the limited amount of reportable data available from the study, as well as the availability of updated SRM and PT/EQA 
materials, the VDSP has planned a new Vitamin D Commutability Study 2, which aims to improve the range of assays involved in the comparison. In this new 
study, results from participating laboratories will be compared with those obtained from the NIST 25(OH)D RMP. 

4:40 pm - 5:00 pm   Evaluation of Matrices for the Development of Calibrators in Therapeutic Monitoring of Hormones, Drugs and Biomarkers
Uma Sreenivasan1, Ravi Orugunty1, Jackie Day1, James J. Walters1, Isil Dilek1, and Kevin Ray2

1Cerilliant Corporation, 2Sigma-Aldrich, USA

Accuracy based calibrators are critical for accurate quantitation of endogenous hormones, biomarkers and drugs in clinical diagnostics. The use of serum as a 
matrix for calibrators is complicated by endogenous levels of the analyte, especially in the development of low level calibrators. Presence of isobaric interfer-
ences and other related compounds presents added challenges towards developing these products. Alternatives such as stripped and synthetic matrices must 
demonstrate commutability and performance equivalent to the endogenous matrix particularly in end user methods. As a first step towards development 
of accuracy-based matrix calibrators, we have developed a high sensitivity LCMS/MS based procedure for screening and comparison of the matrices. Perfor-
mance is analyte specific. Synthetic matrices and two stripped human serum were screened for use as calibration matrix for the quantitation of testosterone 
by LCMS/MS and Qtof MS. Data will be presented to illustrate critical performance requirements and key challenges in use of these matrices for establishing 
commutability of the matrices. Identification of interferences and their impact on quantitation accuracy at low levels must be carefully assessed. 

5:00 pm - 5:20 pm  The design and interpretation of inter-laboratory studies of reference material commutability
Stephen L. R. Ellison, Gillian Holcombe, Sarah Hill, Christopher Mussell, Ana Pardos-Pardos, David Curtis, and Deborah House

 LGC Limited, UK

Recent international guidance on the production of commutable reference materials, [1] together with related guidance for QC and PT materials [2], describes 
the basic principle of commutability assessment for a typical clinical application. The experimental design and data treatment are appropriate for a study in 
which individual observations are accompanied by a reliable uncertainty or variance for each of the test methods examined. Here, we describe a methodology 
that uses measurements from a carefully chosen set of working laboratories, combined with measurements from a reference method in a different, reference, 
laboratory, to assess the commutability of clinical reference materials. The methodology is applied to the evaluation of commutability of different reference 
materials, certified either for a macrocyclic immunosuppressant or for metals at levels of clinical interest. The practical implications for study design are dis-
cussed and the statistical analysis of the resulting data is considered in detail. It is shown that the methods applicable to a simpler design cannot necessarily 
be applied directly to an inter-laboratory study over multiple methods and materials, and approaches to adapting the statistical analysis for this purpose are 
described. Finally, the results of the studies on the example materials are compared, with a view to assessing the need for commutability for inorganic com-
ponents subjected to some common classes of measurement method. 1. CLSI C53-A, Characterization and qualification of commutable reference materials 
for laboratory medicine Approved guideline, CLSI (2010), ISBN 1-56238-726-X 2. CLSI EP14-A3, Evaluation of commutability of processed samples Approved 
Guideline, CSLI (2014), ISBN 1-56238-971-8. 
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5:20 pm - 5:40 pm The analytical challenge of commutability – metrological high throughput analysis 
Sarah Hill, Christian Deitrich, Diana Kmiotek, Linda Evans, Gill Holcombe, Steve Ellison, and Heidi Goenaga Infante

 LGC Limited, UK

The use of metrological platforms based on primary methods, which provide traceability to the SI and high accuracy measurements with a fit-for-purpose 
uncertainty, is the desired approach for the production of certified reference materials. For inorganic analysis, isotope dilution inductively coupled plasma mass 
spectrometry (ID-ICPMS) is the method of choice to achieve this goal. The European IVD Directive (98/79/EC) requires the use of ‘higher order’ reference ma-
terials whilst the Joint Committee for Traceability in Laboratory Medicine (JCTLM) maintains a database of ‘higher order’ materials. In order to be listed on the 
JCTLM database, producers of clinical reference materials must demonstrate commutability. Currently there is limited information available on how this can 
be achieved, with only the Clinical Laboratory Standards Institute (CLSI) providing direction (EP14-A3 Evaluation of Commutability of Processed Samples). Fol-
lowing this guideline requires at least twenty patient samples to be measured alongside the certified reference material using the same methodology which 
is then compared against data from routine analytical approaches. The application of ID-ICPMS to the certification of reference materials is desirable but this 
calibration technique is expensive and time consuming. Therefore, to extend its application to twenty real clinical samples represents a major measurement 
challenge. This presentation will describe these experiences by the Inorganic Analysis group at LGC for several clinically relevant elements, ranging from mg/kg 
to sub-μg/kg concentrations, in two blood reference materials. 

5:40 pm - 6:00 pm A commutability study coupled with a multicentric analysis of accuracy of glucose, creatinine, total cholesterol, total glycerides, 
 LDL-C, HDL-C and assays 

Vincent Delatour

 LNE, France

Introduction: In order to assess and improve comparability of clinical measurements, LNE produced a certified reference material (CRM) for the measurement 
of glucose, creatinine, total cholesterol, HDL-cholesterol, LDL-cholesterol and total glycerides (TG) in human serum. Target values were assigned with JCT-
LM listed reference methods. Commutability of LNE’s CRM and that of 8 other PT samples (4 lyophilized and 4 frozen human sera) was assessed through a 
multi-center study that involved 38 clinical laboratories selected to represent the most popular methods. Accuracy of field methods was determined using 
samples that were found to be commutable. Results: LNE’s CRM and most of PT samples appeared to be commutable for glucose and creatinine. For lipids 
measurements (TCh, TG HDL-C and LDL-C), very few lyophilized PT samples appeared to be commutable, in contrary to samples prepared according to C37A 
guidelines. Our data indicate that bias measured using lyophilized materials significantly differ from those obtained with frozen samples. Accuracy of field 
methods was generally satisfactory for glucose, creatinine and HDL-C. Field methods for total glycerides determination were fairly accurate at TG patholog-
ical concentrations but were negatively biased at low TG concentrations. Methods for total cholesterol and LDL-C were positively biased, suggesting that a 
number of patients could receive unnecessary treatments. Conclusion: This study provides further evidence that non commutable materials are not suitable to 
rigorously asses accuracy of field methods used in clinical laboratories. Commutability of lyophilized materials included in our study was acceptable for small 
molecules and metabolites but generally poor for lipids measurement. 

Tuesday PM,  October 13
Location:  Annapolis 

 Accreditation, Proficiency Testing, and Use of Reference Materials  Chairs:  Peter Jenks, Sigma-Aldrich and Dan Tholen, Dan Tholen Statistical Consulting

4:00 pm - 4:20 pm Challenging Priorities and Issues with Reference Material Producers (RMP) Accreditations 
Matthew Sica and Bill Hirt

 ANAB, USA

There is a rapidly growing awareness and expansion of RMP accreditations in the ILAC world and within many industrial sectors. At least a dozen Asia-Pacific 
region accreditation bodies have developed ISO Guide 34 accreditation programs, and at least 3 accreditation bodies in the US have been offering the ISO 
Guide 34 accreditations for multiple years. Many aspects of this accreditation and the RMP scopes of accreditation and the reference materials themselves 
have challenges and growing pains. These should be addressed as soon as possible to allow a more proficient growth of RMPs and valuable accreditations. This 
presentation will outline many of these issues and challenges in the RMP accreditation world.
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 Accreditation, Proficiency Testing, and Use of Reference Materials  Chairs:  Peter Jenks, Sigma-Aldrich and Dan Tholen, Dan Tholen Statistical Consulting

4:20 pm - 4:40 pm Should RMPs be Accredited? 
Kelly Black1 and Dan Tholen2

1Neptune and Company, 2Dan Tholen Statistical Consulting, USA

The value of accreditation differs across fields and organizations. It can be focused on the value to the customer as a competent 3rd party validation of confor-
mance to ISO Standards or to the RMP by the market advantage afforded by accreditation. For customers of RMPs, it can be very important that the reference 
materials they purchase come from accredited RMPs. There are several reasons, including: terms of their own accreditations traceability for their tests and/
or products understanding the uncertainty of their measurements and, assurance that they are using a “true” second source for confirmation of measured 
properties. When there are terms of accreditation that require use of certified reference materials, unaccredited RMPs can’t compete with their accredited 
counterparts, and are henceforth marginalized regardless of the true value and benefit of their products. For all reference standards, whether certified or not, it 
is possible to make statements on traceability and uncertainty. Only accredited CRMs are required to include those statements. Finally, and perhaps most im-
portantly, while NMIs and other RMPs can provide CRMs of high quality and value, they can’t be used with confidence without accreditation and the informa-
tion provided along with all CRMs. Without the accompanying information regarding traceability, a consumer of reference standards can not be assured they 
are using a true second source and not one that comes from the same source as another. 

4:40 pm - 5:00 pm The Benefits of Reference Material Producer Accreditation 
Rob Knake

 A2LA, USA

The presentation will focus on the benefits of reference material producer accreditation to ISO Guide 34 to both producers and users of reference materials. 
Reference materials serve a critical role in laboratory operation and it is important to ensure that these materials are obtained from a competent provider. Ref-
erence materials are used to establish traceability of measurements, perform on-going monitoring of measurement performance, used in proficiency testing, 
and serve many other important roles in laboratory operations. Accreditation helps to ensure that the user can rely on a reference material that is critical to 
their operations. Additionally, the presentation will touch on the accreditation requirements and give a brief overview of the accreditation process. Attendees 
of this presentation will walk away with a better understanding of the importance and benefit of ISO Guide 34 accreditation as well as have a general under-
standing of what it takes to become an accredited reference material producer.

5:00 pm - 5:20 pm The Need for Statistical Expertise in Accreditation 
Daniel Tholen1 and Kelly Black2

1Dan Tholen Statistical Consulting, 2Neptune and Company, USA

Many producers of certified reference materials (RMPs) have achieved or are seeking accreditation to the requirements of ISO Guide 34. If accreditation is to 
be effective, and trusted, assessment teams must include persons with expertise in statistical methods. This is not always the case. There are a large number 
of properties that can be certified (included their associated uncertainties), and these properties have error structures that often are not normally distributed. 
The measurement systems for these properties and the various methods (including interlaboratory studies) that can be used to characterize the proper-
ties introduce additional variability. Statistical analysis methods must be appropriate for every measurand, that account for the appropriate error structures. 
Accreditation of commercial RMPs introduces additional complications, in that commercial producers compete on the bases of cost and claims for uncer-
tainty. These competitive pressures work against the application of rigorous procedures for characterization and statistical analysis. It is widely recognized 
that technical expertise in the appropriate area is essential for accreditation, for example in chemistry, mechanical properties, or microbiology. However, only 
some accreditation bodies include statistical analysis as a specific field of expertise. This presentation will show the necessity of statistical expertise by showing 
some approaches for characterizing CRMs that have been accepted for accreditation, but are not appropriate and could lead to incorrect property values and 
misleading claims for uncertainty.

5:20 pm - 5:40 pm National Collection of Type Culture (NCTC) strains in food and water testing 
Julie E. Russell

 Public Health England, UK

NCTC is one of four culture collections operated by Public Health England (PHE). NCTC is an internationally renowned source of authentic biological resourc-
es established in 1920 that specialises in bacteria that cause human infection, and remains dynamic as we continuously add new bacterial species. NCTC is 
fortunate to be part of PHE’s National Infection Service which provides a wide range of national reference and specialist microbiology services and undertakes 
research to help combat infectious diseases. Those reference laboratories are one of NCTC’s key sources of emerging microorganisms of clinical significance, 
such as multidrug resistant strains. NCTC is currently undertaking a project that applies long read whole genome sequencing technology to bacterial type and 
reference strains, thereby providing fully assembled reference sequences for laboratories that are using these newer technologies. PHE specialises in microbiol-
ogy services and has a long history of providing proficiency testing (PT) samples, not only for food and water testing laboratories but also for clinical diagnostic 
microbiology laboratories through the UK NEQAS (National External Quality Assurance Schemes) programme. PHE’s PT schemes have been in operation for 25 
years and are supplemented by provision of NCTC microbiology reference materials in LENTICULE disc format. These products bring together NCTC strains and 
LENTICULE disc preservation technology to provide high quality materials that help laboratories reassure themselves that they are undertaking and inter-
preting their tests correctly. PHE is committed to improving quality in microbiology research and diagnostic testing because we recognise the roles of these 
sectors in protecting and improving people’s health. 

Oral Sessions
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Tuesday PM,  October 13
Location:  Annapolis  

 Accreditation, Proficiency Testing, and Use of Reference Materials  Chairs:  Peter Jenks, Sigma-Aldrich and Dan Tholen, Dan Tholen Statistical Consulting

5:40 pm - 6:00 pm What to look for on Reference Material Certificates 
 Randall Querry

 A2LA, USA

What to Look for on Reference Material Certificates Reference materials without certificates are like a cars with no wheels, you won’t get anywhere without out 
them. Reference materials hold little value without well-documented certificates and supporting data. The presentation will focus on what information should 
be included on the certificates to ensure that the user has sufficient information to use them correctly and effectively. This information is used by laboratories 
to calibrate measurement and test equipment, perform ongoing monitoring, test technician proficiency, validate methods and many other critical functions. 
The data accompanying the reference material must be complete and unambiguous. ISO Guide 31 includes guidance as to what information should be 
included with a reference material to ensure effective use. The presentation will focus on the guidance included in this document as well as discuss potential 
changes that are going to be included on the upcoming revision. Users and producers of reference materials will gain a better understanding of what informa-
tion must be included with reference materials to ensure they are used appropriately per their intended use as designed by the manufacturer. 

Wednesday AM,  October 14
Location:  Cherry Blossom  

 Plenary Session  Chair:  Ulrich Panne, BAM

Plenary 4

8:30 am - 9:10 am  Regulatory Requirements and Reference Materials: A Tale That Can No Longer be Ignored
 Dan Frabricant

 Natural Products Association, USA

Keynote 8

9:10 am - 9:40 am Latest developments in the guidance available for the users of reference materials
 A. Botha

 NMISA, South Africa

ISO/REMCO, the ISO Committee on Reference Materials, has actively been updating its guidance documents over the past five years. Since the publication of 

the third edition of ISO Guide 34 in 2009, the work of the committee has focused on the development of up to date guidance for the users of reference mate-

rials. In 2014, ISO Guide 80, a guidance document for the in-house preparation of quality control materials (QCMs) was published by the committee. QCMs are 

mostly used to monitor laboratory methods that have already been validated to be able to detect change or when a method goes out of statistical control. 

QCMs are RMs and as such have to be sufficiently homogeneous and stable for the intended use. The third edition of ISO Guide 33, ‘Reference materials – Good 

practice in using reference materials’ was published early in 2015. The previous edition focused on the use of certified reference materials. The new edition 

makes an effort to include all types of reference materials and their uses. In the document the difference between certified reference materials and other refer-

ence materials is highlighted in terms of the different applications they can be utilized for based on their characteristics. A brief introduction will be provided to 

the new editions of these guidance documents developed by ISO/REMCO. The work of the committee has also expanded into the field of reference materials 

for qualitative properties and the development of some guidance on concepts such as, the commutability of reference materials. 

Keynote 9

9:40 am - 10:10 am Stable isotopic and radioisotopic matrix reference materials to address scientific questions from biology and geosciences to
 forensics and environmental assessments
 Manfred Gröning 

 International Atomic Energy Agency, Austria

Close to hundred matrix reference materials are currently available from the IAEA, characterized either for stable isotopic composition, radionuclides at envi-

ronmental level, trace elements or for organic contaminants, to assist laboratories worldwide in addressing scientific problems in various disciplines. Several 

recent examples will be presented on the importance of RMs for stable isotope calibration, as well as for quality assurance of radionuclide assessments in 

environmental or food matrices. Challenges exist to maintain stable isotope calibration scales based on artefacts beyond the respective material availability, 

and the necessary effort to ensure a proper transition will be discussed for the elements oxygen and carbon as examples. New reference materials for water 

and carbonates and future trends for wood and organic reference materials will be presented. The need for new radionuclide matrix CRMs will be discussed 

in view of recent challenges due to environmental contaminations and associated public concerns. Means to enhance analytical capabilities of radionuclide 

laboratories engaged in terrestrial and marine environmental studies include provision of suitable reference materials, implementation of proficiency tests and 

development of analytical procedures. A few examples of new reference and proficiency test materials (seaweed, milk powder, rice, soil and sediment, drinking 

water) and related activities will be given. 

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)

Oral Sessions



42

Oral Sessions
Wednesday AM,  October 14
Location:  Cherry Blossom  

Recent Guidance for Reference Material Producers and Users  Chairs:  Angelique Botha, NMISA and Steve Ellison, LGC

10:40 am - 11:00 am Current Guidance for RM users 
Stephen L. R. Ellison

 LGC Limited, UK

A relatively small number of key documents are dedicated to the selection and use of reference materials by laboratory staff. An early NIST publication [1] 
provided detailed experimental procedures for using CRMs. Another example is the Eurachem/CITAC Guide “Selection and use of reference materials” [2], since 
adapted to form ILAC G9:2005 [3]. This guide gives general guidance on the principal types and features of CRMs, and stresses their role in establishing or 
confirming metrological traceability. ISO Guide 33:2000 and its successor in 2006 also provided details of experimental and statistical procedures for check-
ing precision and bias, but with less emphasis on selection. ISO Guide 33:2015 [4] combines the two principal aims, covering some elements of selection of 
RMs with details of some key experimental and statistical procedures. In this presentation, selected guidance documents for laboratory users are reviewed 
and compared. Terminology and accessibility for end users is considered. Differences in detailed guidance are considered, and some gaps in provision are 
discussed. 1. NIST Publication 260-100 (1993): Standard Reference Materials - Handbook for SRM Users. 2. Eurachem/CITAC, Selection and use of reference 
materials, B King (Ed) 3. ILAC G9:2005, Selection and use of reference materials, ILAC, (2005). 4. ISO Guide 33:2015 Reference materials — Good practice in using 
reference materials, ISO, Geneva (2015). 

11:00 am - 11:20 am Traceability: The Viewpoint of REMCO 
Wolfram Bremser

 BAM, Germany

Over the last one and a half decades, traceability as an indispensable pre-requisite of measurement result comparability and the key element of a consistent, 
world-wide metrological infrastructure has been the subject of a large amount of publications and guidelines [see e.g. 1–2], in particular in the field of chemi-
cal measurement. The revision of the International Vo-cabulary of Metrology (VIM, both published as ISO Guide 99:2007 and JCGM 200:2008) was expected to 
include, and harmonise, approaches stemming from different fields of meas-urement science [3]. Although VIM3 is claiming to include chemical metrology, the 
term traceability was re-placed by metrological traceability, and comparison, the basic element and brick-in-the-wall of any traceability chain, by calibration. 
One might be tempted to interpret these changes as an attempt to define the term exclusively for the field of calibration, and exclude more complex chemical 
measurement, let alone applications in testing. Recent public presen-tations of leading representatives of the JCGM rather support this construction. Given the 
fact that (C)RM are, in most cases, at the top of the hierarchy and disseminators of traceability, ISO/REMCO saw sufficient justification for preparing a Technical 
Report (ISO TR 16476) dealing with the establishment of traceability in RM certification, and its expres-sion on certificates. In the talk, the new VIM3 traceability 
definition will briefly be discussed with respect to its impact on the field of chemical measurement and testing, with a particular view to the produc-tion and 
certification of reference materials. An attempt is made to classify measurement strategies, and the classes are assessed with respect to their potential of deliv-
ering traceable results in the (narrow) sense of the VIM. Failures in covering major strategies used for the production of large groups of (C)RM will be identified. 
Strategies for closing these gaps are presented in the new Technical Report ISO TR 16476 which will be published soon. [1] EURACHEM Guide (2003): Traceabil-
ity in Chemical Measurement [2] IUPAC-Tr-030.22: Metrological Traceability of Measurement Results in Chemistry. In co-operation with ISO/TC 212/WG 2 and 
CEN/TC 140/WG 4. [3] JCGM 200:2008, BIPM, Sèvres/F. 

11:20 am - 11:40 am  The mole monologues: the new SI and chemistry
Juris Meija and Zoltan Mester

 National Research Council Canada

It is foreseen that the year 2018 will mark the beginning of a new International System of Units (SI) with all base units pegged to fundamental constants. 
Redefinition of the kilogram and the mole opened a long-dormant debate on a range of questions: what is mole and why chemists need it, is Avogadro a fun-
damental constant, and what is the difference between number of entities and amount of substance. In late 2013 the International Union of Pure and Applied 
Chemistry launched a critical review of the proposed definition of the mole with the aim to provide an overview of the situation. This talk will outline the new 
SI and focus on the peculiar story of the mole, one that started in the late 1700s with heated debates continuing to this day.

11:40 am - 12:00 pm  Comparison of Various Methods for the Determination of Uncertainty due to Long Term Stability
Dan Biggerstaff, Huichen Stavros, and Mark Filla

 o2si Smart Solutions, USA

One requirement for a reference material (RM) to be classified as certified reference material (CRM) is the determination of the total combined uncertainty of 
the certified property value. One of the components of the total combined uncertainty is the long term stability and how it relates to the assigned shelf life of 
the product. o2si has produced certified reference materials for calibration of inorganic and organic chemical measurements for 18 years, and has been accred-
ited to the requirements of ISO Guide 34 for 4 years. In this period o2si has accumulated stability data for many CRMs for organic and inorganic compounds 
using accelerated stability models, with testing under repeatability conditions, and real time stability data gathered using the same method under conditions 
of long term within-laboratory precision. Several methods have been developed over the years based on the Arrheneous Equation and the application of 
various assumptions about the activation energy to estimate an expiration period by stressing the product with applicable environmental variables. Various 
approaches for accelerated stability testing (accelerated isochronus testing) will be compared to real time data (classic stability testing) for solutions of organic 
compounds which show where some approaches are more accurate and where caution should be exercised in applying the methods. 
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12:00 pm - 12:20 pm Recent developments in isotope dilution mass spectrometry 
Enea Pagliano, Juris Meija, and Zoltan Mester

 National Research Council of Canada

Isotope dilution mass spectrometry (IDMS) is a primary method of analysis able to generate high quality results and is an indispensable asset for the produc-
tion of Certified Reference Materials. More than 1500 research papers using IDMS have appeared in the literature in the last five years and significant efforts 
have been devoted to the fundamental aspects of this method. Several mathematical formulations of IDMS are now available and the analyst can choose a 
number of options for the experimental design. Furthermore, in organic analysis, the graphic approach is still preferred over solving the model equations. In 
this talk a critical overview of such different styles to perform isotope dilution is presented with a focus on advantages/limitations related to each strategy.. 

12:00 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Pure ChromatographyPure Chromatography

Certified Reference Materials
Crack open the best organic reference  
standards in the industry by choosing:

· ISO Quality 
· Custom Flexibility 

· Easy-to-Find Documentation

www.restek.com/crm
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10:40 am - 11:00 am Isotope Reference Materials – Basic principles and examples 
Jochen Vogl

 BAM, Germany

The variation of isotope ratios is increasingly used to unravell natural and technical questions. In the past the investigation and interpretation of such variations 
was the field of a limited number of experts. With new upcoming techniques and research topics in the last decades, such as provenance and authenticity of 
food, the number of published isotope data strongly increased. Instrumental developments such as the enhancement of inductively coupled plasma mass 
spectrometers (ICPMS) from an instrument for simple quantitative analysis to highly sophisticated isotope ratio machines influenced this process significantly. 
While in former times only experts in mass spectrometry were able to produce reliable isotope data, nowadays many laboratories, never been in touch with 
mass spectrometry before, produce isotope data with an ICPMS. Especially for such user isotope reference materials (IRM) are indispensible to enable a reliable 
method validation. The fast development and the broad availability of ICPMS also lead to an expansion of the classical research areas and new elements are 
under investigation. Irrespective of the investigated element or the knowlegde of the user all isotope ratio applications require reference materials either for 
correction of mass fractionation / mass discrimination, for method validation or to provide a common accepted basis as needed for delta measurements. This 
presentation will outline the basic principles and illustrate the urgent need for IRMs using B, Mg and Mo as examples. Consequently, the production and certifi-
cation of IRMs will be discussed and the most recent IRMs produced at BAM will be presented. 

11:00 am - 11:20 am Isotope Reference Materials: A Weak Link in Solid State Microanalysis 
Michael Wiedenbeck

 Helmholtz Zentrum Potsdam, Germany

The isotopic signatures of natural solid materials can record a wealth of information about the geological, biological or environmental processes that were 
active during a sample’s genesis. However, a major technical challenge is that such archives are frequently heterogeneous in their isotopic signatures at the mi-
croscopic scale. Often such information can be recovered only by analytical methods working at nanogram or smaller sampling scales. Modern Secondary Ion 
Mass Spectrometers (SIMS) provide analytical repeatabilities substantially better than ± 0.2 ‰ (1sd) for major element isotope ratio determinations while em-
ploying test portion masses as low as 150 picograms. Further advantages of SIMS are its speed (typically a few minutes per result) and that sample preparation 
only involves the production of a well polished sample surface. Current SIMS instrumentation has now reached a maturity such that overall analytical uncer-
tainties in isotopic determinations are dominated by the quality of the RMs used for calibration and quality control purposes. In reality, analysts often resort to 
isotope RMs that have not been evaluated even at the microgram scale. Furthermore, the absence of common calibration materials prevents any meaningful 
traceability assessment between laboratories. The lack of suitable RMs for isotopic determinations is a severe research impediment in analytical geochemistry 
the use of non-suitable calibration materials can have serious implications in such fields as climate research (e.g., oxygen isotopes), natural resource evaluation 
(e.g., sulphur isotopes) and deep Earth petrology (e.g., carbon isotopes). 

11:20 am - 11:40 am Development of isotopic certified reference materials with absolute isotope ratio values in NIM 
Jun Wang

 National Institute of Metrology, China

The application of isotope technique has been expanded into the fields of biomedicine, environmental ecology, food safety, materials science, and public 
security in recent years, the common feature being the need for accurate and high-precise isotope ratio data. Meanwhile, the demand of related metrological 
standards increase continuously. With improving equipment the need will become more urgent for internationally accepted reference materials for as many 
elements as possible. However, so far available isotopic certified reference material(CRM) is very limited, making it hard to compare the results measured by 
different laboratories, and hence reducing the reliability of the measurement results. Based on isotope techniques and advanced inorganic mass spectrometry, 
the work of Inorganic Mass Spectrometry Group of NIM focuses on the study of highly sophisticated measurement methods for isotopes, development of 
primary and standard reference materials of isotopes and establishment of metrological traceability system for isotope measurements. Herein development of 
selenium and ytterbium isotopic CRMs with absolute isotope ratios is presented, including purification of enriched isotope materials, preparation of series syn-
thetic isotopic mixtures, determination of enriched isotopic composition by means of the total evaporation TIMS, and a rigorous assessment of the measure-
ment uncertainty. In addition, some measurement technique problems relating to calibration of mass bias and effect of enriched isotopes are also discussed. 
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11:40 am - 12:00 pm Truth and Uncertainty: Isotope Reference Materials of the Future 
Robert Vocke

 NIST, USA

Traceability to an isotopic Reference Material (iRM) is the traditional approach to ensuring that isotope amount ratio measurements are true or at least compa-
rable. Said another way, iRMs are key to ensuring that any isotope abundance ratio data reported on samples from anywhere in the world will give the same 
value, within analytical uncertainty, independent of where they are analyzed. The connection created by this traceability link ensures at least two important 
aspects of the measurement process of an isotope ratio in an unknown sample. First, the reporting of a correct measurement of the isotope amount ratio of 
the iRM essentially ‘proves’ the measurement approach and provides a surrogate assessment of the quality of the sample data. Secondly, the continued use of 
an iRM over time ensures that data from one time period can be reliably compared with later data, even if the latter is the product of radically new instrumen-
tation or new measurement approaches. Currently, there is a push to make all iRMs traceable to the SI. Despite the seemingly radical tone of this effort, most of 
the iRMs produced by national metrology institutes over the past 50 years have been traceable, being the product of Atomic Weight determinations! However, 
there remain many iRMs that are still not traceable to the SI. This talk will examine the road forward to complete SI traceability, the benefits and the challenges, 
using recent data of recalibrated iRMs to illustrate the promise of accuracy and high precision afforded by this endeavor. 

12:00 pm -12:20 pm Certification of a magnesium isotope reference material: Determination of SI traceable isotope ratios 
Janine Noordmann1, Olaf Rienitzs1, Jochen Vogl2, and Björn Brandt2

1PTB, 2BAM, Germany

Due to experimental and mathematical improvements of the mass bias correction approach based on isotopic mixtures, we are able to present a magnesium 
isotope reference material (IRM), with a relative expanded uncertainty associated with the absolute isotope ratios R(25Mg/24Mg) and R(26Mg/24Mg) of ≤ 
0.010.  Certification of this IRM was carried out using a multicollector inductively coupled plasma mass spectrometer (MC-ICP-MS). The ratios measured are 
inherently biased (mass discrimination) and therefore, have to be corrected (K-factors). The K-factors were determined from three synthetic isotope mixtures, 
gravimetrically prepared from three Mg materials enriched with respect to 24Mg, 25Mg, and 26Mg, respectively. These enriched materials were purified, char-
acterized regarding their purity and mixed pair-wise under full gravimetric control in a way to yield isotope ratios close to unity. To determine the K-factors a set 
of equations has to be solved. To accomplish this, for the first time, the analytical solution was derived. The gravimetric preparation, the well-known purity of 
the enriched materials, and the analytical solution provided the possibility to make the isotope ratios/ molar mass of the IRM traceable to the SI, ensuring per-
fect comparability on an absolute scale without any consensus values. We will present a comparison between the analytical solution and the former iterative 
approach, together with a comprehensive uncertainty budget for both approaches. We will also demonstrate relative expanded uncertainties associated with 
the isotope ratios, R(25Mg/24Mg) and R(26Mg/24Mg), reduced by a factor of 13 and 20, respectively, compared to the available magnesium reference material.

12:00 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Wednesday PM,  October 14
Location:  Cherry Blossom  

 Plenary Session  Chair:  James Harnly, USDA

Plenary 5

1:20 pm - 2:00 pm  Humorous Health: Medicine, Diet, Dietary Supplements, Lifestyle as Seen Through Cartoons
 Mark Blumenthal

 American Botanical Council, USA

Humorous Health: Medicine, Diet, Dietary Supplements, Lifestyle as Seen Through Cartoons Mark Blumenthal, Founder Executive Director, American Botanical Council, Austin, TX, 

USA (www.herbalgram.org) Keynote Lecture 14th International Symposium on Biological and Environmental Reference Materials (BERM 14) October 11-15, 2015 Gaylord National 

Resort and Convention Center, National Harbor, Maryland From a sociological perspective, newspaper and magazine cartoons can be interpreted as reflections or mirrors of 

society. On almost a daily or at least a weekly basis, newspapers across America and in many countries around the world contain cartoons that deal with some of the absurdities, 

inconsistencies, hypocrisies, and numerous other humorous aspects of a wide variety of social, political, economic, medical, environmental, and lifestyle issues. Of particular note 

are cartoons about medical practice, the safety (or toxicity) and ubiquity of pharmaceutical drugs, various aspects of diet, dietary supplements, exercise, alternative medical mo-

dalities, drug (i.e., coffee) addiction, environmental problems, and much more. Reflecting current trends, recent human activities, the advent of new technologies, and other social, 

political, scientific, technological, and medical developments, cartoons that are published this or last year may not have been relevant or even understood by the reading public 

just a few years earlier. In this sense, they reflect the zeitgeist of the changing culture. This light-hearted and endorphin-producing presentation will consist of various cartoons 

from major American newspapers, including a few magazines, to address the presenter’s hypothesis that ‘seriousness is one of the most prevalent diseases on planet Earth’ and 

that scientific and medical symposia would be well advised to include more humor in their programs.
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2:00 pm - 2:30 pm Food Reference Materials for Nutritional Assessment
 Melissa M. Phillips, Laura J. Wood, Katherine E. Sharpless, and Stephen A. Wise

 NIST, USA

Nutritional content and safety of food products is regulated worldwide, and compliance with nutritional labeling requirements is contingent upon the accura-

cy and reliability of analytical methods for nutrient and contaminant determination. To assist the US food industry in complying with regulations and assessing 

and improving measurements, the National Institute of Standards and Technology (NIST) has developed a variety of food-matrix Standard Reference Materials 

(SRMs) in collaboration with stakeholders such as government agencies, manufacturers, and trade associations. Recent food-matrix SRMs include fortified 

breakfast cereal, soy flour, whole milk powder, whole egg powder, baby food composite, meat homogenate, protein drink mix, and dry cat food, with values as-

signed for proximates, vitamins, fatty acids, cholesterol, nutritional and toxic elements, and amino acids as appropriate. Over the past five years, collaborations 

with external partners, quantification of trace nutritional elements (e.g., selenium, molybdenum, chromium), and implementation of new analytical methods 

for organic nutrients (e.g., isotope dilution LC-MS and LC-MS/MS), food-matrix SRMs are being characterized for “total nutrients,” with values assigned for over 

50 nutritional components. In addition, SRMs have been developed and characterized across the spectrum of fat/protein/carbohydrate profiles, spanning the 

entire food triangle described by AOAC INTERNATIONAL. This new generation of total nutrient food-matrix SRMs will better meet the needs of the food indus-

try and facilitate compliance with regulations and consumer protection.

2:30 pm -4:00 pm  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)
 Poster Session 2 – Authors present at posters. 

CRM Developments for Food and Dietary Supplements  Chairs:  Darryl Sullivan, Covance and Kate Rimmer, NIST 

4:00 pm - 4:20 pm  Development of reference materials for cyanobacterial toxins
 Pearse McCarron, Krista Thomas, Nancy Lewis, Sabrina Giddings, Kelley Reeves, Daniel Beach, and Michael Quilliam 

 National Research Council of Canada

Cyanobacteria are found in marine and freshwater environments worldwide. Some species produce toxins called cyanotoxins that pose a serious threat to 

wild animals, pets, livestock and people. Cyanotoxins include hepatotoxins, such as microcystins and cylindrospermopsins, and neurotoxins, such as anatoxins, 

saxitoxins and β-N-methylamino-L-alanine (BMAA). The main routes of human exposure are through contaminated water (drinking, breathing aerosols and skin 

contact) and dietary supplements made from algae. Accurate and sensitive cyantoxin detection methods are required for environmental monitoring and hu-

man health protection. A major impediment to the development of fit-for-purpose methods in this field has been the limited availability of reference materials 

for instrument calibration and method validation. An initial feasibility study at the National Research Council on the production of a freeze-dried cyanobacterial 

RM containing microcystins, cylindrospermopsin and anatoxins yielded very promising results. This presentation will cover continued work on the develop-

ment of certified reference materials for these toxins groups, as well as for BMAA. 

4:20 pm - 4:40 pm  ERM-AC626: Certified reference material for arsenobetaine in water for the improvement of food safety in Europe
 J. Boertz1, B. Koleva2, G. Van Britsom2, A. Held2, and H. Emons2 

1Sigma-Aldrich, Switzerland; 2IRMM, Belgium

The production of the certified reference material (CRM), ERM-AC626, certified for the mass fraction of arsenobetaine in water is described. According to the 

scientific opinion on arsenic in food, released by the European Food Safety Authority (EFSA), the highest total As levels in food were measured in fish, seafood, 

products or supplements based on algae, cereals and cereal products [1]. In some of these food groups, the fraction of inorganic arsenic was low (e.g. fish and 

seafood). In contrast to rice grains and rice-based products, fish and seafood were identified as the main sources of arsenobetaine to the general European 

population. Therefore, the Institute for Reference Materials and Measurements (IRMM) has developed a certified reference material to support the analysis of 

the mass fraction of arsenobetaine allowing harmonization and quality assurance of measurements in this field. The starting material used was synthesized 

by an external collaborator. Thereafter, the obtained raw material underwent two independent purity determinations. The first approach was carried out by 

quantitative nuclear magnetic resonance (qNMR) spectroscopy, the second approach was based on impurity measurements, with special emphasis on the 

impurities likely to occur based on the route of synthesis. By doing this, analytical techniques such as gas chromatography-flame ionization detection (GC-FID), 

gas chromatography-mass spectrometry (GC-MS), high performance liquid chromatography-inductively coupled plasma-mass spectrometry (HPLC-ICP-MS), 

headspace-gas chromatography-mass spectrometry (HS-GC-MS), ion chromatography (IC), Karl Fischer titration (KFT), inductively coupled plasma-quadru-

pole mass spectrometry (ICP-QMS) and inductively coupled plasma-sector field mass spectrometry (ICP-SFMS) were applied. After the purity assessment an 

aqueous solution was prepared and ampouled. Between unit-homogeneity was tested on 15 samples. The relative between-bottle variation of the arseno-

betaine content was demonstrated to be 0.29 Uncertainty of stability during transport was found to be 0.17. The relative uncertainty of stability of storage for 

12 months at 18°C was calculated to be 0.34 . The certified value was obtained from the gravimetric preparation of the solution, taking into account the purity 

of the starting material. The certified value was confirmed by independent analyses carried out by laboratories of demonstrated competence and adhering to 

ISO/IEC 17025. Uncertainties of the certified values were calculated in compliance with the Guide to the Expression of Uncertainty in Measurement (GUM) and 

include uncertainties related to possible inhomogeneity, and instability and to characterization. The material is intended to be used as a calibrant and quality 

control sample. [1] EFSA Panel on Contaminants in the Food Chain (CONTAM) Scientific opinion on arsenic in food. EFSA J. 7 (2009):1351.
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 4:40 pm - 5:00 pm   Development of a Cigarette Tobacco Filler Reference Material
Lane C. Sander1, Jeanita S. Pritchett1, Yasmine C. Daniels1, Bruce A. Benner1, Stephen A. Wise1, Michael Morgan2, Stephanie Durkin2, Matthew J. Walters2, 

 and Matthew R. Holman2

 1NIST, 2FDA, USA

The National Institute of Standards and Technology is working in collaboration with the U. S. Food and Drug Administration to develop a Standard Reference 
Material (SRM) to support the characterization of tobacco products. Designated “SRM 3222 Cigarette Tobacco Filler,” this material will be characterized for 
chemical composition and certain physical properties. Levels of nicotine, nitrosamines, and moisture content will be certified through the use of multiple 
independent methods. Approximately 2500 kg of American blended tobacco filler was acquired from a commercial source, with established target values for 
nicotine and nitrosamines. The tobacco was processed and blended by the manufacturer as a cigarette tobacco filler, with a resulting consistency of dried, 
chopped leaves with pieces ranging from ≈1 mm in width by up to ≈10 mm in length. A portion of the tobacco lot has been packaged to constitute the 
candidate SRM, with a unit consisting of 20 jars, each containing approximately 10 g of tobacco. Levels of nicotine, N’Nitrosonornicotine (NNN), and 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1-butanone (NNK) will be determined by isotope dilution liquid chromatography coupled to tandem mass spectrometry (ID-LC-MS/
MS) and isotope dilution gas chromatography mass spectrometry (ID-GC/MS).

5:00 pm - 5:20 pm  Synthesis of 13C labelled ochratoxin A and application to value assignment of an ochratoxin contaminated grain product 
 reference material by IDMS/MS
 Y. Cui, P. M. Le, J. M. Bates, D. M. Leek, and A. J. Windust

 NRC Canada

Ochratoxin A (OTA) is a potent carcinogenic and nephrotoxic mycotoxin produced by certain species of Penicillium and Aspergillius and is a common con-
taminant of cereal grains. Health Canada has committed to reducing the exposure of Canadians to OTA and has recently proposed maximum limits (MLs) for 
specific foods. For example, the ML for cereal based foods intended for infants is 0.5 ng/g (0.5 ppb) to 3 ng/g for processed cereal grains and 5 ng/g for raw 
unprocessed grains for adult consumption. Precise and accurate analysis of OTA in complex matrixes at low ppb levels is a challenge and the method of choice 
would be isotope dilution mass spectrometry (IDMS) however, commercially available 13C labelled OTA is prohibitively expensive (~ 100 / μg). To provide mea-
surement tools and promote conformity of measurement the National Research Council Canada (NRC) has undertaken to synthesise 13C labelled OTA from a 
commercially sourced 13C6 labelled phenylalanine and natural coumarin precursors for use as an internal standard and produce a mixed cereal grain material 
contaminated with OTA as a certified reference material. To produce OTA contaminated grain Penicillium verrucosum was isolated from commercially sourced 
grain and sub-cultured on sterile wheat kernels using solid state fermentation. Following sterilisation, freeze drying, grinding and sifting the contaminated flour 
was blended with blank flour to attain a target level of ~5 ng/g. For calibration of the IDMS procedure the mass fraction of commercially sourced native OTA 
was determined using quantitative proton NMR. 

5:20 pm - 5:40 pm  AOCS’ experiences with the development, production, and availability of certified reference material for the agricultural 
 biotechnology industry

Gina M. Clapper

 AOCS, USA

Plant biotechnology is an extension of traditional plant breeding. It allows plant breeders to develop crops with specific traits including insect, disease, and 
herbicide resistance processing advantages and nutritional enhancement. An important component for identifying these new traits is a Certified Reference 
Material (CRM) created from leaf, seed, or grain containing the new trait as well as a CRM created from the conventionally bred matrix. AOCS has been asked 
by several biotechnology providers to manufacture and certify reference materials according to ISO Guides 30-35. AOCS is an ISO Guide 34:2009 accredited 
producer of qualitative CRMs. The presentation will provide information regarding the preparation of CRMs from seed, powder, and genomic DNA for canola, 
corn, cotton, potato, rice, soy, and sugar beet.
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5:40 pm - 6:00 pm Metrology for the Public Health Community
 J.M. Betz1, P.M. Coates1, and S.A. Wise2

 1ODS-NIH, 2NIST, USA

A popular reference describes Certified Reference Materials (CRM) as controls or standards used to check the quality and traceability of products. This descrip-
tion implies that the CRM user is a manufacturer and/or the regulator charged with ensuring that quality standards are met. In the public health community, 
researchers, manufacturers and regulators do use reference materials, and the demand for matrices that provide certified values for bioactive substances and 
nutrients remains high. Matrix reference materials for dietary supplements, botanical drugs, and clinical specimens are becoming available. Examples include 
NIST SRM 3280 - Multivitamin/Multielement Tablets(1), SRM 3254 – Green tea leaves(2), and SRM 972a - Vitamin D Metabolites in Frozen Human Serum(3). The 
process of creating a CRM involves more than the acquisition and packaging of materials. It also involves making the measurements that are used to establish 
certified values. For novel and complex matrices such as multi-ingredient supplement products and clinical materials, the certification process often requires 
the development or acquisition of calibrants such as isotopically-labeled vitamins and the refinement or development of innovative analytical methods used 
to make measurements(4). In method-poor environments, publication of the analytical method used during the CRM development process can be import-
ant to the user community of manufacturers, researchers, contract laboratories, and regulators. Published methods can provide useful reference points for 
participants in laboratory quality assurance programs(5-6). Even in method-rich environments such as found in the clinical area, reference measurement pro-
cedures(7) that evolve from the analytical methods developed for CRM characterization help researchers standardize disparate measurement results achieved 
using different measurement platforms(8). Creation and dissemination of the analytical methods is a vital part of the work of metrology organizations and adds 
value to the CRM enterprise. (1) Sander, L.C., et al., “Certification of SRM 3280 Multivitamin/Multielement Tablets,” Anal. Chem., 83:99-108 (2011) (2) Sander, L.C., 
et al., “Development and Certification of Green Tea-Containing Standard Reference Materials,” Anal. Bioanal. Chem., 402:473-487 (2012) (3) Phinney, K.W., et al., 
“Development and Certification of a Standard Reference Material for Vitamin D Metabolites in Human Serum,” Anal. Chem., 84:956-962 (2012) (4) Bedner, M., 
et al. “A Dynamic Calibration Approach for Determining Catechins and Gallic Acid in Green Tea Using LC-ESI/MS,” Anal. Chem., 83:6169-6176 (2011) (5) Phillips, 
M.M., et al., “Dietary Supplement Laboratory Quality Assurance Program: The First Five Exercises,” J. AOAC Int., 94:809-814 (2011) (6) Sander, L.C., et al. “The Devel-
opment and Implementation of Quality Assurance Programs to Support Nutritional Measurements,” Anal. Bioanal. Chem., 404:4437-4441 (2013) (7) Tai, S.S., et al. 
“Development of a candidate reference measurement procedure for the determination of 25-hydroxyvitamin D3 and 25-hydroxyvitamin D2 in human serum 
using isotope-dilution liquid chromatography-tandem mass spectrometry,” Anal. Chem., 82:1942-1948 (2010) (8) Cashman, K.D., et al. “Evaluation of Vitamin D 
Standardization Program protocols for standardizing serum 25-hydroxyvitamin D data: a case study of the program’s potential for national nutrition and health 
surveys,” Am. J. Clin. Nutr. 97:1235-1242 (2013).

Wednesday PM,  October 14
Location:  Annapolis   

 Speciation Analysis and Reference Materials  Chairs:   Sarah Hill, LGC and Michael Ellisor, NIST

4:00 pm - 4:20 pm Reference materials for speciation analysis: urgently needed
 Olivier F. X. Donard, Mathilde Monperrus, Julien Malherbe, F. Seby, and Florence Pannier

 IPREM University of Pau, France

Speciation analysis have made seen considerable evolutions over the last decade. If the concept was well understood more than 20 years ago, the IUPAC con-
cepts were only clearly outlined in 20001. The term speciation refers to the analytical procedures that allows to define “a categorization of species according 
to isotopic composition of the element, its oxidation and electronic states, and its complex and molecular structure”. There have been tremendous progresses 
in the various analytical schemes developed to answer these particular analytical needs. Considerable improvements have been achieved in terms of sample 
preparation and detection methodologies. Sample preparation were simplified and have also seen considerable integration of instrumental concepts bringing 
now the analytical procedures to routine laboratories operations. In order to promote quality for theses analytical domains, certified reference materials (CRMs) 
are essential stepping stones similarly to all other analytical areas. They are the first critical step to validate the quality of the whole analytical procedure. But the 
chemical reactivity of metal species for some of them, have created difficulties for the establishment of new reference materials: problems of stability, species 
conversion overtimes, conditioning. Solving these difficulties to produce the reference materials have been important learning steps for the whole analytical 
community. This has typically been the case for the promotion of Hg speciation for sediments as a reference material, Cr speciation in polluted soils or in water, 
organotin in various matrices. However, if huge progresses have been made, there are still wide areas of improvement to fully strengthen the whole analyti-
cal chain in speciation analysis. Further, compared to the number and range of inorganic and organic constituents available in CRM and in a wide variety of 
matrices , the number and variety of certified reference materials available for speciation in still very much underdeveloped. This is critical with regards to the 
evolution of general legislation needs in the US, in Europe and in Asian countries. Finally, there are no multispecies reference materials existing also whereas 
multi-elemental inorganic or organic-materials are currently available. In the presentation, we will review some of the critical difficulties during the preparation 
of certified reference materials that have considerably promoted improvements in the whole speciation analytical chain and benefited to the international 
community. We will also review the overall number of certified reference materials available, and highlight the future urgent needs with regards to new ques-
tions coming in relation with evolution of current and upcoming legislations. Finally we will reports on the integrated efforts at we are currently performing to 
propose a multispecies reference material and its potentiation certification. This new oyster reference material has been developed to support the European 
community with regards to the European Water Framework Directive. All these points will highlight the important developments still urgently needed in this 
most important field that is speciation analysis. 1: Guidelines for terms related to chemical speciation and fractionation of elements. Definitions, structural 
aspects, and methodological approaches (IUPAC recommendations 2000) , Templeton, D.M., Ariese, F., Cornelis, R., Danielsson, L.-G., Muntau, H., Van Leeuwen, 
H.P., Łobiński, R.Pure and Applied Chemistry , 72, 8, 2000,1453-1470. 
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4:20 pm - 4:40 pm Speciated CRMs from NRC Canada
Zoltan Mester

 National Research Council Canada

NRC Canada has been providing reference materials for trace element speciation for over twenty years. The presentation will provide an overview on the current 
selection of speciated reference materials, with a special focus on water CRMs. A discussion of methodological challenges associated with the production 
and characterization ultra low levels of arsenic species (1) in seawater will be presented. 1, Matoušek, T., Currier, J.M., Trojánková, N., Saunders, R.J., Ishida, M.C., 
González-Horta, C., Musil, S., Mester, Z., Stýblo, M., Dědina, J. :Selective hydride generation-cryotrapping-ICP-MS for arsenic speciation analysis at picogram levels: 
Analysis of river and sea water reference materials and human bladder epithelial cells, (2013) Journal of Analytical Atomic Spectrometry, 28 (9), pp. 1456-1465.

4:40 pm - 5:00 pm Isotopically labelled compounds for speciation analysis
J. I. Garcia Alonso1, P. Rodriguez Gonzalez1, A. Rodriguez Cea1, G. Centineo2, and S. Queipo Abad2

1University of Oviedo, 2Innovative Solutions in Chemistry, Spain

Reference materials for speciation analysis are normally related to three elements: Cr, Hg and Sn. Toxic compounds of these elements include hexavalent 
chromium, methylmercury and tributyltin among others. So, most environmental and biological reference materials in speciation analysis are certified in some 
or all of these compounds. The certification of these reference materials is not easy as interconversion reactions may take place during the analytical procedure. 
The oxidation of Cr(III) to Cr(VI) or the methylation of inorganic mercury are reactions which can not be easily corrected. In the last few years we have developed 
multiple spike approaches to evaluate and correct for species interconversion. Initial studies were performed on ICP-MS while later studies enploy molecular ion 
sources such as the electron ionization source in combination with triple quadrupole analyzers. So, in this presentation we will summarize our newest research 
on the speciation of Cr, Hg and Sn in biological and environmental samples using multiple spike approaches and IDMS. A procedure for the determination of 
inorganic mercury, methylmercury and ethylmercury in blood, urine and hair was developed and validated by GC-ICP-MS and GC-MS/MS. Additionally, a proce-
dure for the determination of ultralow levels of TBT in waters was developed by GC-MS/MS and applied to study the stability of water samples at very low TBT 
levels. Finally, the determination of hexavalent chromium in toys was also evaluated using multiple spike approaches and HPLC-ICP-MS.

5:00 pm - 5:20 pm Development of certified reference materials for arsenic speciation in rice flour
Tomohiro Narukawa

 National Metrology Institute of Japan

Arsenic is one of the most interesting elements for analytical chemists because it exists commonly and widely in food and environment, and because its toxicity 
is markedly different among its species usually the inorganic forms are highly toxic but the organic ones have low toxicity. Speciation of arsenic species is 
extensively required for the purpose of investigation of the impact of each arsenic species on human health and food safety. The metal speciation analysis is 
complicated and needs a coupled technique with extraction process to maintain the species in product during whole procedure. The analysis of arsenic species 
is challenging because complicated and advanced technology, particularly extraction techniques, are involved. Therefore, extraction methods including solvents 
and conditions were systematically investigated in detail for a development of certified reference material (CRM). A versatile heat-assisted extraction method for 
the analysis of arsenic species in rice flour was developed, and HPLC-ICP-MS was employed for the determination of arsenic species. The CRMs for arsenic specia-
tion, NMIJ CRM 7502-a and 7503-a white rice, and NMIJ CRM 7532-a brown rice, were developed based on the scientific knowledge and experiences obtained 
from the above investigation. The concentrations of inorganic arsenic [arsenite arsenate] and dimethylarsinic acid (DMAA) were determined by more than three 
independent analytical techniques, including extraction conditions and chromatographic ones using calibration solutions prepared from the elemental standard 
solutions of the Japan Calibration Service System (JCSS) and the NMIJ CRMs As(V) and DMAA solutions, and inorganic arsenic and DMAA concentrations are 
certified and SI traceable.

5:20 pm - 5:40 pm Arsenic, Selenium and Chromium Inorganic Speciation Analysis and Reference Material Development
Huifang Lang

 SPEX CertiPrep, USA

Chemical speciation is currently one of the most important topics in the fields of analytical and environmental chemistry [1]. In 2000, chemical speciation was 
recommended by IUPAC as a specific form of an element in different isotopic composition, different electronic or oxidation state, complex or molecular structure 
[2]. To date, speciation analysis of trace metals in food drug, nutritional supplements, environment is a basic requirement. It is no longer sufficient to determine 
only the total trace metal concentration. Compared to classical elemental analysis, speciation analysis is often the key to answer questions about health risk, bio–
activity and environmental impact of trace elements as well as to unravel the mystery of biological pathways. Many analytical techniques have been developed 
and employed for chemical speciation analysis, such as GC-ICP-MS, X-ray spectroscopic techniques, IC-ICP-MS, LC-ICP-MS, and others [3]. These methods provide 
significant qualitative information on chemical forms of elements in the environment. However, these are not sufficient in terms of speciation quantification. Like 
many other quantitative analysis, chemical speciation analysis requires standards, Certified Reference Materials (CRM), for quantification. In our lab, a hyphenated 
Agilent HPLC-ICP-MS system has been used for speciation analysis. An Agilent 7700 ICP-MS was used as an elemental–specific detector connected to an Agilent 
1260 Infinity high performance liquid chromatograph (HPLC) system (degasser, auto sampler, and quaternary pump). With a reverse phase C-18 column, HPLC 
communicated with the ICP-MS through a synchronized computer system, MassHunter, for species separation and detections. An in-house modified mobile 
phase, Iron – pairing agent in a pH buffer was used as the eluent for species separation. With such a reliable technique, our lab separated and analyzed Inorgan-
ic species of Se(VI) vs Se(IV), Cr(III) vs Cr(VI), and As(III) vs As(V). Furthermore, our lab introduced the following three different dual speciation standards to our 
catalogue based on our one-year stability studies and our repetitive analysis of these mixes. SPEC-DUAL-AS 20 μg/mL As (10 μg/mL As(III) vs 10 μg/mL As(V)) 
SPEC-DUAL-SE 20 μg/mL Se (10 μg/mL Se(IV) vs 10 μg/mL Se(VI)) SPEC-DUAL-CR 20 μg/mL Cr (10 μg/mL Cr(III) vs 10 μg/mL Cr(VI)) (Coming soon).
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5:40 pm - 6:00 pm Identification and determination of arsenicals in candidate SRM 3232 Kelp
Lee Yu and Rolf Zeisler

 NIST, USA

Kelp is a source of dietary iodine, a vital element in thyroid health. However, the seaweed also contains high levels of arsenic, a toxic element and a known 
carcinogen. NIST is developing a standard reference material (SRM) for kelp. The kelp powder used to produce the candidate SRM was estimated to contain 30 
μg/g of arsenic. The 300 μg arsenic in a serving of kelp (10 g) far exceeds the daily intake of 20 μg from water, estimated from the regulatory limit of 10 μg/kg As 
in drinking water. The toxicity of arsenic is dependent not only on the quantity but, more importantly, the speciation of the element. In this work, a combina-
tion of LC-ICP-MS and ESI-IT-TOF were used to identify the arsenic species in the candidate SRM. Three arsenosugars in kelp extract were found using ESI-IT-TOF. 
The determination of arsenic species were traditionally accomplished using LC-ICP-MS. However, the technique needs the same chemical of the analyte as the 
calibration standard that is not commercially available. In the absence of arsenosugar calibrants, we developed a procedure to quantify the arsenosugars using 
available arsenical standards traceable to SRM 3103a Arsenic Standard Solution. The kelp extract was spiked with the arsenical standards. The fractions of each 
arsenical were collected after separation with LC. After being transferred onto a filter paper, the arsenosugar in each fraction was determined as arsenic directly 
with INAA. The merit of the approach will be elaborated. The accuracy and traceability of the results will be discussed. 

Thursday AM,  October 15
Location:  Cherry Blossom  

 Plenary Session  Chair:  Derek Craston, LGC

Plenary 6

8:30 am - 9:10 am  Closing the Reproducibility Gap with Standards and Best Practices
 Ray Cypress

 ATCC, USA

Keynote 11

9:10 am - 9:40 am  Advances in SI-traceable analytical methods for certification of biological reference materials
 Sang-Ryoul Park

 KRISS, Republic of Korea

One significant recent advance in reference materials (RMs) for bioanalysis is their certification in SI-traceable manners. Numerous new bioanalytical meth-

ods are being developed and applied every day in this biotechnology era. However, their credibility has often been questioned due to the lack of reliable 

RMs needed for method validations. As the reliability at the highest level is attained with the traceability to SI units, scientists at national metrology institutes 

have scrutinized approaches to realize SI-traceable analytical methods for certification of biological RMs. Against the strong demand, implementation of such 

methods are not readily achievable due to the unique properties of biological materials such as structural complexity and largeness as well as limited quantity 

available. Even so, meaningful successes have been made during the last decade. Some successful examples are 1) reduction of large biological molecules to 

quantifiable chemical entities while maintaining the chemical stoichiometry and 2) enumeration by counting individual single biological entities. As a result, a 

number of SI-traceable biological RMs are expected to be commercially available in near future, which will then lead to a substantial improvement of the credi-

bility of bioanalysis. In this talk, advances in SI-traceable analytical methods are introduced in the focus of the technique of direct counting of single molecules.

Keynote 12

9:40 am - 10:10 am The Role of Certified Reference Materials in Food and Cosmetic Safety
 Steven Musser

 FDA-CFSAN, USA

FDA’s Center for Food Safety and Applied Nutrition has regulatory authority over most U.S. foods, dietary supplements, and cosmetics. The great diversity of 

products regulated by the center requires the use of certified reference materials in ensuring FDA has accurate and reliable data, which is essential for making 

regulatory decisions, developing policy, and taking enforcement actions. Additionally, reference materials are required to objectively assess the utility of emerg-

ing technologies for addressing regulatory-research questions and to help translate these technologies into real-world applications. Examples of FDA’s use of 

certified reference materials and their application to the mission of FDA’s foods and cosmetics program will be discussed, including FDA’s effort to develop 

certified reference standards for seafood species identification.

10:10 am -10:40 am  Pick-Me-Up Break (provided in the Cherry Blossom Lobby)
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10:40 am - 11:00 am Reference Materials of Microbiology in NIMC 
Jing Wang, Zhiwei Sui, Ling Zhang, and Boqiang Fu

 National Institute of Metrology, China

In order to meet the requirements for reference materials of microbiology in the fields of food safety, environment and public health in China, NIMC develops 
a series of reference materials for microorganism analysis, including genomic DNA RMs of pathogenic bacteria (Escherichia coli O157, Vibrio cholerae O139, 
Listeria monocytogenes, etc.) for qPCR quantification, food borne microorganisms RMs in food matrix (Escherichia coli in milk powder, Staphylococcus aureus 
in starch ) for colony counting, and microbial RMs (total bacterial count, fecal coliform bacteria, Hepatitis A virus) for microorganism analysis in water environ-
ment. All these reference materials of microbiology play important roles in guaranteeing the accuracy and compatibility of microorganism analysis in China. In 
the future, NIMC will continue to develop new kinds of microorganism reference materials for number counting and identification by nucleic acid sequencing. 

11:00 am - 11:20 am BioBall in Quantitative Microbiology 
Gary Boniface

 BTF bioMerieux Industry, Australia

BioBall® is recognised as a reference material manufactured to ISO Guide 34 and is used routinely as a precise microbiological control globally. The BioBall® 
range of products is designed to meet the needs of busy laboratories who rely on the ease of use and precise numbers of organisms which are assured by the 
patented BioBall manufacturing processes. BioBall is used to perform various types of analysis within the microbiology laboratory – namely, growth promotion 
testing, sterility assurance testing and anti-microbial effectiveness testing. The patented BioBall manufacturing process allows bioMérieux Industry to deliver 
unprecedented precision down to a low level of CFU which is reproduceable from batch to batch and within batches. This reproduceability allows the routine 
microbiology testing laboratory to have confidence in their testing methods by confirming culture media performance and preservative efficacy. There are 
different formats of BioBall available for customers to use, including: 1. BioBall® SingleShot – a precise number of organisms in a single vial delivering 28-33CFU. 
2. BioBall® MutiShot 550 – delivering 10 precise inocula of 50 cfu from each rehydrated BioBall. 3. BioBall® MultiShot 10E8 – routinely used by pharmaceutical 
and cosmetics customers for anti-microbial and preservative efficacy testing. Becoming more popular with customers is our offering of BioBall® Plant Isolate 
and BioBall® Select services available through our BioBall® Custom Services Business as either plant isolates (environmental strains) derived from our customers’ 
manufacturing sites or as BioBall® Select custom orders where we make BioBall at non-standard cfu levels with strains from a recognised culture collection.

11:20 am - 11:40 am Challenges on the road to suitable reference materials for microbiology 
R. Zeleny, N. Meeus, M. Karczmarczyk, F. van Heuverswyn, K. Busschots, H. Schimmel, and H. Emons

 IRMM, Belgium

Reference materials – especially certified ones - are important quality control tools for method validation and method performance verification also in mi-
crobiology. Yet, relatively few of those materials are available. Reasons among others are shortcomings in the definition of the measurands, methods which 
are tedious and/or show limited performance, and commutability issues. An ISO Guide 34 compliant production of a RM is therefore challenging, seen that 
some concepts (statistics, uncertainty, metrological traceability) have to be specifically advanced and applied for microbiology. The presentation reviews types 
of RMs that are needed (qualitative materials, presence/absence materials, quantitative materials), proposes a step-wise approach to overcome potentially 
vicious circles (accurate and validated methods needed for RM value assignment RMs needed for method validation), to find technically feasible solutions and 
to develop concepts for proper and effective use of RMs. Finally, examples of currently on-going food microbiology reference material projects at IRMM are 
presented, such as a candidate RM for Staphylococcal enterotoxins in cheese. 

11:40 am - 12:00 pm Characterization of Bacterial Genomic Reference Materials 
Nathan D. Olson, Scott A. Jackson, Justin M. Zook, and Marc L. Salit

 NIST, USA

Whole genome sequencing is used to make high stakes decisions in the clinical setting and for outbreak investigations. To increase confidence in the sequenc-
ing data used to inform high stakes decisions, microbial genomic reference materials are needed to validate sequencing and data analysis methods. A primary 
challenge to developing microbial genomic reference materials is that no single bacterial strain or set of strains fits all stakeholder needs. This is due to the fact 
that different application areas use different bacterial strains. To address this problem, we are developing a set of microbial genomic reference materials (RMs) 
and a software package enabling users to characterize their own application-specific materials used for routine quality-control. Four bacterial strains were 
selected for use as NIST RMs (Salmonella enterica subspecies enterica serovar Typhimurium strain LT2, Staphylococcus aureus clinical isolate, Pseudomonas 
aeruginosa clinical isolate, and Clostridium sporogenes PA3679). These strains were selected based on clinical relevance and genome characteristics that are 
challenging to current sequencing and bioinformatic methods. Data from three orthogonal sequencing technologies as well as optical mapping and pulse-
field gel electrophoresis were used to characterize the RMs. The RMs were characterized based on their genome sequence, presence of genomic contami-
nants, and DNA stability. The software we are developing combines data from orthogonal sequencing methods to produce a report of analysis summarizing 
the results as well as a database, which allows users to explore results in depth. The NIST RMs can be use to validate sequencing procedures and the software 
to characterize their own materials.
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12:00 pm - 12:20 pm Characterizing Biological Standards in Assay Validation Studies
Chitra Sudarshan

 BioReliance, USA

The biologics industry is progressing at an unprecedented rate as novel cells and virus are being used to generate biological therapeutics in greater yields, 
shorter production cycles, and increased efficacy. Worldwide regulatory acceptance of a biologics for human use will require comprehensive characterization 
and testing to confirm a product’s identity, purity, and suitability. Additionally, the methods used to test are also evolving, offering faster TAT and greater sensi-
tivity e.g Next Generation Sequencing. It is critical to fully understand the parameters of the assay as this characterization data will in turn provide the basis for 
risk-benefit decisions as to the acceptability of the biological product for licensure. Performance characteristics (LOD, reproducibility) of an assay are based on 
the data generated from the standards. With the exception of a handful of examples, the availability of industry wide reference standards remains a challenge 
to the biologics industry. Industry references standards have been successfully used in other lab based fields. Well characterized biological standards, whether 
they are reference cultures of microorganisms and cells, as well as nucleic acids and protein will have a useful application in the biologics industry. Several con-
sortiums and groups have published/presented the values of biological reference standards. In the meantime, the importance of fully characterizing standards 
in a method validation study will prove to be essential in ensuring the quality and safety of the biological product. 

12:00 pm -1:30 pm  Lunch Break (provided in the Woodrow B, C, and D)

Thursday AM,  October 15
Location:  Annapolis   

 Confidence in Identification for Preparation of Biological Reference Materials  Chair:  Wayne Wolf, USDA and Joe Betz, NIH-ODS

10:40 am - 11:00 am Chemometric Strategies for Authenticating Botanical Reference Materials 
Peter de Boves Harrington

 Ohio University Center for Intelligent Chemical Instrumentation, USA

With the burgeoning popularity of functional foods and nutraceuticals, there is a need for the development of reference materials for validation and authen-
tication. However, many functional foods in the US are botanical or fungal products that have complex compositions. A viable approach for characterizing 
complex biological materials is by chemical profiling using chromatographic or spectral measurements. Some like to refer to this approach as metabolic or 
spectral fingerprinting. In this approach, the identification of individual components or their quantification is not important, instead it is the distribution of 
chemical components and their manifestation in the analytical measurement that is used. Because many factors may affect the chemical composition in the 
botanical materials, the chemical profiles may be variable and may confound simple approaches, such as visible interpretation of the data or pair-wise com-
parison of spectra. Instead, chemometrics provides the tools to model or classify the observed profiles in an automatic fashion. Many tools exist, some that will 
be presented are linear discriminant analysis (LDA), fuzzy rule-building expert system (FuRES), support vector machine (SVM), soft independent modeling for 
class analogies (SIMCA), and fuzzy optimal associative memory (FOAM). A comparison between modeling (SIMCA and FOAM) and classification (LDA, FuRES, 
and SVM) methods that will present the advantages and disadvantages of these methods. Lastly, a strategy will be presented that demonstrates the advantag-
es that are obtained by coupling modeling and classification methods. These methods will be evaluated with mass and proton nuclear magnetic resonance 
(NMR) spectra from marijuana extracts.

11:00 am - 11:20 am Metabolomic profiling as a tool for characterizing and establishing authenticity of botanical products 
Paula N. Brown

 BC Institute of Technology, Canada

The use of metabolomic profiling shows promise in the development of methods for characterization and authentication of botanical products. Technologies 
for acquisition of metabolomics profiles have developed rapidly as new analytical tools for chemical separations, mass spectrometry, and NMR spectroscopy 
have emerged. A standard metabolomics data set contains vast amounts of information and can either investigate or generate hypotheses. The key factors in 
using plant metabolomics data most effectively are the experimental design, availability of reference standards, material preparation and selection of statistical 
analyses performed. There exists a need to evaluate approaches to delineate sources of variance, including preprocessing of datasets. This talk will demon-
strate practical experiences in the development of methods using phytochemical profiling for characterization and authentication of botanical materials as a 
GMP requirement. The use of cross validation, evaluation by error parameters , and threshold values in models are examined and used to evaluate multivariate 
supervised models. Supervised models are dependent on the dataset employed for calibration, as such there is a need to consider approaches to ensure the 
calibration of the model is appropriate. This is expected to be an ongoing feature in the use of calibration datasets to predict unknown samples. Instrumental 
examples of botanical materials including Echinacea spp., Panax spp., and Hydrastis canadensis based on NIR and HPLC methods would be illustrated as exam-
ples to evaluate multivariate models for characterization and authentication.
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Thursday AM,  October 15
Location:  Annapolis  

Confidence in Identification for Preparation of Biological Reference Materials  Chairs:  Wayne Wolf, USDA and Joe Betz, NIH-ODS

11:20 am - 11:40 am DNA fingerprinting as an identity tool for biological materials 
Sara M. Handy

 Food and Drug Administration, USA

The Center for Food Safety and Applied Nutrition (CFSAN), in conjunction with the FDA Office of Regulatory Affairs, has an interest in developing, applying, and 
providing the necessary technology and methods for the effective identification of botanical material in dietary supplements and foods that may constitute a 
health threat. DNA-based molecular species identification tools or “DNA fingerprinting techniques” complement established chemical methods and provide 
the Agency with a new tool to protect public health. Methods for the identification of animal products based on short conserved gene regions have been 
previously developed, but these methods are insufficient for use on many plants or botanicals. An accurate library of authenticated biological samples to draw 
from and compare to is critical. Any plant species collected must be identified by appropriate experts in taxonomy, vouchered, preserved, and diagnostic 
genes must be identified. By providing a library of authenticated specimen, these data will give FDA the ability to better characterize complex plant-based 
materials in trace back and complaint investigations, as well as better enforce labeling and other regulations. Recently FDA has invested heavily in building 
capacity for DNA sequencing for a number of reasons. The FDA is in the very early stages of developing a broad DNA based method for plant species using 
both Sanger and Next Generation sequencing techniques. 

11:40 am - 12:00 pm Probability of identification for botanical dietary supplements 
James Harnly1 and Robert LaBudde2

1US Department of Agriculture, 2Old Dominion University, USA

An Expert Review Panel of AOAC International has established guidelines for validation of identification methods for botanical supplements. A qualitative 
botanical identification method is an analytical procedure which determines whether a botanical material being tested is the same as the target (desired) 
material or whether it contains excessive non-target (undesirable) material. An identification method returns a binary result (1 = Identified, 0 = Not Identified). 
The development and validation of an identification method are based on the proportion of replicates identified, or probability of identification (POI), as the 
basic observed statistic. The statistical procedures proposed for data analysis follow closely those of the probability of detection (POD), commonly used in the 
microbiological field, and harmonizes the statistical concepts and parameters between quantitative and qualitative method validation. The method requires 
1) establishing inclusivity and exclusivity lists, i.e., lists of botanicals that should give a positive and negative results, respectively, 2) collection of samples from 
both lists (inclusivity and exclusivity panels) for analysis, 3) selection of a method that can distinguish between the botanicals on the two lists, 3) establishing 
superior (the mixture that contains the lowest acceptable amount of the targeted material) and inferior (the mixture that contains the highest acceptable 
amount of non-target material) limits, and 4) characterizing the POI curve. The POI statistical model provides a tool for graphical representation of response 
curves for qualitative methods, reporting of descriptive statistics, and application of performance requirements. 

12:00 pm - 12:20 pm Use of NIST Reference Materials for Authentication of Botanical Supplements Based on Chemical Fingerprints 
James Harnly

 USDA, USA

Authentication of botanical supplements, raw materials and finished commercial products, is a challenging task. Identification/authentication is best achieved 
by comparison of an unknown material with known reference standards. Raw materials can be authenticated by genotype or phenotype, i.e., by DNA bar-
coding or chromatographic or spectral fingerprinting. Processing of raw materials to produce finished commercial products frequently alters the chemical 
composition of the botanicals small molecules are lost during the extraction process or gained from the excipient during the analytical sample preparation 
process. Although not originally intended as qualitative standards, many of the NIST botanical reference materials provide insight into the transition from raw 
to finished product. Specifically, NIST SRM suites for Ginkgo biloba and Actaea racemosa (black cohosh) have been used to aid in authentication of botanical 
supplements. The chemical fingerprints of these materials and their changes during production, as documented by the NIST standards, can be used as a basis 
for developing methods for extrapolating the chemical composition from the raw to the finished product.
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 Plenary Session  Chair:  Hendrik Emmons, IRMM

Plenary 7

1:30 pm - 2:10 pm  Aerosols?! - Reference Material Needs Challenges
 Ulrich Panne

 BAM, Germany

An aerosol is a suspension of particles with diameters in the nanometer to micrometer range in a gas, usually air. The particles can be solid, liquid or a het-

erogeneous mixture of both. Aerosols can be related to adverse health effects at the workplace, or atmospheric air pollution. Further, aerosols affect global 

climate change through various effects, e.g. by absorbing and scattering the solar radiation or cloud formation including cloud condensation. The uncertainty 

in modelling radiative forcing in the global atmosphere is still dominated by the uncertainty of aerosol measurements. The chemical and physical characteriza-

tion of aerosols remains challenging as aerosols are unique on a single particle level in composition, size, charge, and reactivity, whereas many other properties 

are related to emergent ensemble effects. In many applications the inherent dynamics of aerosols allows only the determination of time-averaged and/or 

particle-averaged measurement values. On-line and in situ observations on a single-particle level are limited by the sensitivity and sampling rate of most an-

alytical methods. The talk will address the basic measurement challenges and needs in characterization of aerosols of inorganic, organic, and biological origin 

with respect to applications in environmental chemistry, occupational hygiene, and safety and security issues. In addition to conventional analytical methods, 

on-line techniques for chemical and physical values will be presented and discussed as well as sampling issues. Today, precise and accurate measurements are 

still influenced by the individual instrumentation and measurement protocol adopted. While efforts are made to define harmonized measurements, testing, 

specifications, and standards through international collaborative projects, research on the development of aerosol standard reference materials are required 

comparison of global measurements. Aerosol reference materials are needed to define size, chemical composition, optical and physical values. To cope with 

the dynamic nature of aerosols solutions for on-line generation of defined calibration aerosols have to be discussed.

Keynote 13

2:10 pm - 2:40 pm Nanotechnology applications and analytical challenges
 Ruud Peters and Stefan Weigel

 RIKILT, The Netherlands

Nanotechnology is on its way to become a key enabling technology and is expected to stimulate industrial growth, innovation and development in the most 
diverse fields. Although potential beneficial effects of nanotechnologies are generally well described, still existing uncertainties concerning environment, 
health and safety aspects need to be addressed to explore the full potential of this new technology. One challenge consists in the development of methods 
that reliably identify, characterize and quantify nanomaterials (NM) both as substance and in various products and matrices. Given the huge diversity of engi-
neered nanoparticles this is a challenging task requiring tailored solutions. The European Commission has recommended a definition of NM as reference to 
determine whether an unknown material can be considered as ‘nanomaterial’ (2011/696/EU). The definition concerns natural, incidental or manufactured par-
ticulate materials and focuses on the particle size. A material is a nanomaterial if 50 or more of the constituent particles (by number) have one or more external 
dimensions in the size range 1 to 100 nm. It has been realized that the reliable detection, characterization and quantification of nanomaterials – as raw material 
as well as in final products – is one of the greatest challenges in the implementation of nanospecific regulatory provisions. The presentation highlights current 
applications of nanoparticles in food and agriculture and reviews analytical methodologies needed to support the implementation of the EU nanomaterial 
definition. This includes the need for testing/reference materials as well as the way forward as proposed in the FP7 EU project NanoDefine. 

Plenary 8

2:40 pm - 3:20 pm CRMs – A Future Perspective
 Derek Craston

 LGC, UK

CRMs play a critical role in Quality Assurance/Quality Control and in underpinning regulation and international trade. However, in our fast developing world 
measurement is not just required to support existing products and regulations but also to assist the process of innovation and new technology development. 
With many conventional markets seeing greater levels of global competition, and with the continued increase in available scientific knowledge, many countries 
are looking to new emerging markets to fuel future economic growth. Thus, for example, the current UK industrial strategy that was launched in 2013 has sup-
ported emerging technologies as one of its five key themes, and this is now being backed-up by major investments in big data, space, robotics and autonomous 
systems, synthetic biology, regenerative medicine, agri-science, advanced materials and energy. This presentation will highlight the importance of measurement, 
and the need of certified reference materials, in emerging technologies and markets and give examples of where standardisation and reference measurement/
materials will play an important role in facilitating development and underpinning future technology transfer and regulation. Areas covered will include cell 
therapy, stratified medicine, nanomaterials, imaging and disease diagnosis.

Closing Remarks

3:20 pm - 3:45 pm  Steve Wise, NIST, USA

3:45 pm - 5:00 pm Social Event in Cherry Blossom Ballroom 
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Poster Sessions
Posters will be on display throughout the organized sessions, Monday, October 12 at 8:30 am through Thursday, October 15 at 3:45 pm. Authors will be present for Poster 
Session 1 on Tuesday and Poster Session 2 on Wednesday at 2:30 pm - 4:00 pm.

Poster Session 1 - Accreditation, Proficiency Testing, and Use of Reference Materials  

Tuesday, October 13  

1 The role of reference materials in the frame of flexible scope accreditation to ISO/IEC 17025 for GMO testing laboratories
 S. Trapmann1, P. Corbisier1, I. Sitaras2, and H.Emons1

1EC-JRC-IRMM, Belgium, 2Hellenic Accreditation System(ESYD)-National Quality Infrastructure (ESYP), Greece

Accreditation to ISO/IEC 17025:2005 is mandatory in several analytical areas for testing laboratories which would like to be appointed for regulatory controls. 

For example, EU legislation concerning the quantification of GMOs in food and feed products demands that official control laboratories are accredited. To fulfil 

this requirement despite the rapidly increasing number of GMO events, laboratories opt for a flexible scope accreditation, allowing to expand the scope of 

accreditation in a timely manner. Testing laboratories struggled to obtain a flexible scope accreditation for GMO quantification despite the fact that reference 

materials and PCR quantification methods for GMO events authorised in the EU are available. Main reasons are the diverse interpretations of ISO/IEC 17025 

by different laboratories and accreditation bodies and the lack of a harmonised specific guidance for the flexible scope accreditation and its assessors. The 

JRC-IRMM developed, together with other experts in the GMO area, detailed specific guidance including the correct and efficient use of reference materials. 

The document has been approved by the European co-operation for Accreditation (EA) after an extensive commenting phase as an official EA guidance doc-

ument, establishing flexible scope accreditation for official GMO testing laboratories as a new benchmark in Europe. The published guidance document has 

evolved to be a reference for other analytical areas requiring flexible scope accreditation. This poster outlines at which levels a flexible scope accreditation for 

GMO testing could be granted and highlights the specific role of reference materials in this process.

3 Proficiency Testing: Getting the Right Answer Counts
 Kathleen Kiefer and James Walbridge

 Supelco/Sigma Aldrich, USA 

Periodic proficiency testing is required for accredited laboratories manufacturing Certified Reference Materials (CRM). Acceptable performance must be 

demonstrated prior to accreditation being granted and for ongoing accreditation of CRM manufacturers. PT is one of the key tools used to assess laborato-

ry competence. A proficiency testing plan assists the laboratory by revealing problems in testing methodologies, instrument or analysts performance. The 

laboratory results need to accurately represent the true value and offer objective evidence of laboratory competence. For these reasons it is important that 

the laboratory gets the right answers. Getting the answer right supports consumer confidence that this CRM is what it states. PT techniques differ depending 

on the type of the test item, the method being utilized, and the number of laboratories contributing. PT can assist in recognizing any trends that suggest 

unreliable data is being generated. Customers have a greater level of confidence when the CRM manufacturer is maintaining its ability to carry out a test 

method in a manner that produces valid results when proficiency testing is employed. This presentation will define PT testing, what a proficiency plan requires, 

why laboratories should participate in PT testing, requirements and limitations of PT, how to organize a PT program, and what the responsibilities are of PT for 

manufacturers of CRMs.

5    Reference materials for ensuring analytical quality assurance in Europe through EURL-NRL networks
 Håkan Emteborg, Beatriz De la Calle, James Snell, Ioannis Fiamegkos, Fernando Cordeiro, and Piotr Robouch

 IRMM, Belgium 

The European Union Reference Laboratories (EURLs) aim to ensure high-quality, uniform testing in the EU and support European Commission activities in 

the area of laboratory analysis for food and feed as concerns measured levels of, for example, regulated compounds in food commodities. Regulation (EC) No 

882/2004 on official controls defines tasks, duties and requirements for all the EURLs. The EURLs are organised to cover different fields of applications, for exam-

ple EURLs have been set up for residues, pesticides, feed additives, GMO and food contact materials. Quality assurance is disseminated through the operation 

of the EURLs that coordinate proficiency testing and support national reference laboratories (NRLs). Many aspects of the work of the EURLs rely on access to 

appropriate reference materials in particular, their use for proficiency testing schemes (PTs). The EURL for Heavy metals in feed and food performs two to three 

PTs annually for the determination of the toxic and regulated analytes As, Cd, Pb, Hg, inorganic As and/or Methyl-Hg in matrices belonging to food of non-ani-

mal origin, feed or wild-caught fish. This poster will describe general features of the EURL network and display some specific examples of reference materials in 

recent PTs.

7 Authentication of Reference Materials for Forensic Analysis
 Sara Driscoll

 US Drug Enforcement Administration, USA 

Forensic laboratories require reference materials to identify and quantitate evidentiary materials. Before a forensic laboratory can use a reference material it has 

obtained, it must ensure that it is the correct compound, establish its purity, and ensure it has not degraded over time. This is accomplished through a process 

called authentication. DEA’s authentication process uses a variety of techniques to confirm the identity and purity of all reference materials in its collection prior 

to use in forensic analysis. Through the use of confirmatory analytical techniques including Nuclear Magnetic Resonance Spectroscopy, Mass Spectrometry, and 

Infrared Spectroscopy, the structure of every reference material is either elucidated or confirmed against scientific literature. The purity and associated uncertainty 

value is then determined to ensure that the material meets established DEA criteria. A Certified Reference Material (CRM) is further characterized by statements of 

metrological traceability, uncertainty at a stated level of confidence, and stability.
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9 Assessing NIST primary pH measurement capability through 70 years of pH SRMs
 Kenneth W. Pratt

 NIST, USA

This poster assesses the NIST pH Standard Reference Material® (SRM) buffer program through a long-term (up to 70 years) meta-analysis. Each SRM issue 

(renewal) represents a realization of the primary measurement of pH at NIST at the date of its certification. The meta-analysis is based on the quantity ΔpH(S), 

defined as the difference between the certified pH, pH(S), of each SRM issue and the mean pH(S) for all issues of the SRM, each at a given Celsius temperature, 

t. The ΔpH(S) values are calculated as a function of the SRM issue and t. As confirmed by buffer theory, batch-specific deviations from the nominal base:acid 

amount (mole) ratio of a buffer yield t- independent, constant shifts in ΔpH(S). The deviation of a given batch of buffer (i.e., SRM issue) from its nominal base:ac-

id amount ratio is readily calculated from its mean ΔpH(S). In contrast, changes in the equipment, personnel, materials, and methodology of the pH(S) mea-

surement yield variations of ΔpH(S) with t. The standard deviation of ΔpH(S) characterizes such changes. In certain cases, the graph of ΔpH(S) as a function of t 

displays a monotonic trend. Such a trend indicates a systematic variation in the realization of the primary method for measurement of pH for that specific SRM 

issue. This work complements the time specific, multi-institution results of pH key comparisons administered by the Consultative Committee for Metrology in 

Chemistry and Biology (CCQM) of the International Bureau of Weights and Measures (BIPM).

11 Interlaboratory Studies for Dietary Supplements: Fundamentals for Understanding Supplement Composition
 Catherine A. Rimmer1, Melissa M. Phillips1, Laura J. Wood1, and Joseph M. Betz2

1NIST, 2ODS-NIH, USA 

The Food, Drug, and Cosmetic Act was amended in 1994 by the Dietary Supplement Health and Education Act (DSHEA), creating a regulatory category 

for dietary supplements and giving FDA authority to write and enforce current Good Manufacturing Practices (cGMPs). Compliance with cGMPs requires a 

manufacturer to evaluate the identity, purity, and composition of every ingredient and finished product using scientifically valid methods. One way to evaluate 

both scientific validity and accuracy of methods is through participation in quality assurance programs. In 2007, the NIH Office of Dietary Supplements (ODS) and 

the National Institute of Standards and Technology (NIST) established a Dietary Supplements Laboratory Quality Assurance Program (DSQAP) to assist laboratories 

in evaluating their testing methods. This program offers the opportunity for laboratories to assess their in-house measurements of nutritional and toxic elements, 

contaminants, fatty acids, fat- and water-soluble vitamins, and active or marker compounds in foods and botanical dietary supplement ingredients and finished 

products. Participating laboratories request samples for those studies in which they require competency, and are provided with samples and basic information 

such as a storage and sample protocol, all at no cost to the participant. Results are submitted directly to NIST, where the data from all participating laboratories is 

analyzed and summarized in detailed reports and certificates of participation, which are provided upon completion of the study. Lessons learned about dietary 

supplement ingredient and product analysis will be presented along with suggestions for quality control improvement in the dietary supplement community.

Poster Session 2 - Accreditation, Proficiency Testing, and Use of Reference Materials  

Wednesday, October 14  

2 The Proper Use of Certified Reference Materials for Analytical Instrumentation Qualification 
 Paul Boother1, Annette Marshall1, and Peter Jenks2

1Jaytee Biosciences, 2Sigma-Aldrich, UK

Certified Reference Materials (CRMs) are commonly used as part of analytical workflows, predominantly for method validation, instrument calibration and as 

part of QA protocols. Currently however in the ISO 17025 environment little attention is paid to the instrumentation which has generated the results. Labora-

tories calibrate their balances to comply with ISO 17025 quality systems but rarely is the analytical instrument validated after it has been first installed. This pre-

sentation will argue that Instrument Qualification should be an essential component of any ISO 17025 Quality System. Without proper Instrument Qualification 

it is impossible to be certain that results are valid and validating a method using a non-validated instrument is pointless as, for example, the absorbance of a 

CRM used to calibrate a system will be biased if the wavelength at which the machine is measuring is inaccurate. We will show that the proper and structured 

use of CRMs as simple single component solutions, used on a regular basis, will provide evidence of the continued correct performance of an analytical sys-

tem. At the most basic level wavelength and absorbance performance on UV Visible Spectrophotometers can be checked before and after all analytical runs, 

and when anything has been changed, such as replacing a lamp or performing intrusive repairs. Conclusion: The use of CRMs to verify instrument performance 

provides a solid foundation from which other CRMs can be used with confidence for calibration, method validation and ongoing quality control. 

4 Consumer Beware: Is Your Certified Reference Material Really Certified?
 Kathleen Kiefer and James Walbridge

 Supelco/Sigma Aldrich, USA 

When a consumer purchases a standard they need to know it is accurate. The function of Certified Reference Materials (CRM) is to confirm the user’s measure-

ment result. That is why there is an increasing demand for dependable certified reference materials. CRMs are used for method validation or calibration. How 

do you know if the CRM you purchased is certified? This presentation will define a certified reference material and what characteristics are necessary for a CRM 

standard according to Guide 34 and ISO/IEC 17025.

Poster Sessions
Posters will be on display throughout the organized sessions, Monday, October 12 at 8:30 am through Thursday, October 15 at 3:45 pm. Authors will be present for Poster 
Session 1 on Tuesday and Poster Session 2 on Wednesday at 2:30 pm - 4:00 pm.
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 Poster Session 2 - Accreditation, Proficiency Testing, and Use of Reference Materials   

Wednesday, October 14  

6 Proficiency Testing in Food Control – Added Value by Offering Traceability to SI-units? 
 Joachim Polzer, Manfred Stoyke, and Petra Gowik

 Federal Office of Consumer Protection and Food Safety, Germany

In Europe, laboratories performing analyses within the framework of official food control have to be accredited according to ISO 17025. One of the requirements of 

ISO 17025 is that test results should be traceable preferably to SI-units. The reference laboratory system for food control in the EU requires the EURLs and NRLs to 

regularly organise PTs for the official residue control labs (and requires these to participate) in order to harmonise residue control and to prove the performance of 

the laboratories. Even though these PTs help to prove (or improve) the comparability of measurements in this community, the question of the traceability of test 

results to SI units is not touched upon. A potential added value for PT participants could arise from linking proficiency testing to the traceability to SI units by using 

a traceable test material in a regular proficiency test for the residue control laboratories. For this purpose an incurred sample material was produced by treating 

a pig with chloramphenicol. Blood samples as one of the most frequently used control matrices were collected, plasma samples were produced and lyophilised. 

The material was aliquoted in amber glass vials and tested for homogeneity and stability using a CMC data base -based test method. A reference value and the 

associated uncertainty were calculated for the material. This material was used in a proficiency test for the German residue control labs. The proficiency test was 

evaluated using different approaches, a classical consensus value evaluation with z-scores as well as an evaluation based on a reference value. The results of this 

study are discussed and conclusions for future comparisons are drawn. 

8 Certified Reference Materials as Essential Tools for Data Quality Control in the U.S. Dietary Supplement Ingredient Database (DSID)
 Karen W. Andrews1, Sushma Savarala1, Phuong-Tan Dang1, Pavel A. Gusev1, Fei Han1, Pamela R. Pehrsson1, Johanna T. Dwyer2, Leila G. Saldanha2, Joseph M. Betz2, 

 Rebecca B. Costello2, and Reagan L. Bailey2

 1US Department of Agriculture, 2Office of Dietary Supplements, National Institutes of Health, USA   

The DSID reports national estimates for the ingredient content in dietary supplements (DS) based on chemical analysis. DSID is a collaborative project of 

the Nutrient Data Laboratory (NDL), U.S. Department of Agriculture, the Office of Dietary Supplements, National Institutes of Health and other government 

agencies. The third DSID release (http://dsid.usda.nih.gov) provides estimates of ingredient content in non-prescription prenatal multivitamin/mineral (MVM) and 

omega-3 fatty acid DS for the first time. DSID-3 also updates the ingredient estimates for adult and children’s MVM. NDL identifies and samples representative DS 

and pre-qualifies laboratories for DS testing. Quality assurance and quality control (QC) plans utilize certified reference materials, in-house control materials and 

product duplicates to ensure accuracy and precision of measurements. Analytical retests were conducted to check unusually high or low results, high variability 

among DS lots and questionable data in batches where QC results showed a bias. National Institute of Standards and Technology (NIST) Standard Reference 

Material (SRM) 3280 (an MVM matrix with certified values for vitamins and minerals) was sent in most MVM sample batches. For the omega-3 fatty acid study, 

SRM 3274-1 (borage oil), SRM 3274-3 (flaxseed oil) and/or SRM 1588c (fish oil) were sent. Final laboratory data were statistically evaluated by regression analysis. 

Predicted mean estimates and variability information were reported by ingredient and product category across a range of label levels. The analytically verified DSID 

estimates can be used to improve the accuracy of ingredient intake assessment in studies evaluating relationships between intakes from foods and DS and health.

12 A Soil Reference Material Used In APLAC Proficency Testing T066
 Xiaoru Xing, Xiaoshuang Ma, Zheng Qiu, and Ping He

 Institute for Environmental Reference Materials, China

Heavy metals contamination not only directly affects soil physical and chemical properties, but also poses a serious threat to human health by entering into food chains 

and to environmental security by leaching into ground water. The proficiency testing programme (APLAC T066) coordinated by Institute for Reference Materials of State 

Environmental Protection Administration (IERM, an accredited PTP) and China National Accreditation Service for Conformity Assessment (CNAS) was to evaluate the 

competence of analytical laboratories for quantitative testing trace heavy elements (namely Arsenic, Cadmium, Chromium, Copper, Nickel, Lead and Zinc) in soil. A total 

of 58 laboratories from 32 different economies of the Asian Pacific Area enrolled in the programme and 48 of them returned their results to the organizer. The test sample 

used in this programme is a certified reference material (CRM) from IERM. The homogeneity test results showed that the RSDs of homogeneity test were all lower than 0.3 

of the Robust Standard Deviation calculated according to ISO 13528. The robust statistic results showed that the consensus values of the participants were closer to the 

certified values of the CRM used in this PT programme. The percentages of labs with satisfactory performance ranged from 77.1 (Hg) to 95.8 (Cu) in this PT programme.
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118 Stability Testing of Certified Reference Materials
 Sara Allison

 Supelco/Sigma Aldrich, USA

ISO Guide 34 dictates that the stability of any certified reference material must be assessed and established. The two forms of stability that need to be evaluated are 

the stability of the material under transport conditions, or short term stability, and the stability of the material to the reported expiration date under specified stor-

age conditions, or long term stability. The statistical evaluation of stability is governed by ISO Guide 35. By following the guidelines set out by ISO Guide 34 and 35, 

a reference material producer will be readily able to provide evidence on how the quality of their product may or may not vary with time and storage conditions.

Poster Session 1 - Challenges in Reference Materials Preparation  

Tuesday, October 13  

13 Selection of Internal Standards for LC-MS/MS Applications 
 M. Rettinger, U. Sreenivasan, I. Dilek, J. Cooper, S. Aijaz, R. Orugunty, and D. Johnson

 Cerilliant Corporation, USA

Internal standards are utilized across a wide range of clinical mass spectrometry applications including therapeutic drug monitoring, newborn screening, en-

docrinology, and pain management testing. The ability of an internal standard to improve the accuracy of analyte quantitation depends upon proper internal 

standard selection and critical assessment and mitigation of the challenges that arise due to internal standard use. Examples will be presented to illustrate the 
importance of label placement, isotopic distribution and purity, impact of natural isotope abundance, cross talk, and scrambling.  

15 Comparison of Derivatization and Non-Derivatization Gas Chromatography Techniques to Develop Certified Reference Materials for Sterols, 
 Fatty Acids, and Triglycerides 
 Philip Pryor

 Supelco/Sigma Aldrich, USA

A frequent obstacle in the field of gas chromatography is the analysis of compounds that are either nonvolatile or produce poor resolution and efficiency. In 
such cases, different derivatization techniques may be employed in order to improve resolution and stability of difficult analytes. Techniques such as acylation, 
alkylation, and silylation utilize a plethora of reagents to help analyze various types of analytes. These techniques regrettably have the added disadvantages 
of producing results that may be difficult to reproduce and typically have leftover reactants that lead to inaccurate quantification and poor chromatography. 
The guidelines to develop Certified Reference Materials require that standards are able to generate reproducible results and thus the technique employed for 
analysis is paramount. Specialized columns have been produced to analyze different types of compounds such as sterols, fatty acids, and other large molecular 
structures without the use of derivatization. Research into these new and emerging techniques is fast-evolving and column selection is vital when using gas 
chromatography for analysis. This poster seeks to compare different derivatization and non-derivatization techniques across multiple classifications of high 
molecular weight compounds to help improve reproducibility for developing Certified Reference Materials. 

17 Development of a semi-automated system for the spiking of thermal desorption sorbent tubes with volatile organic compounds for subsequent   
 use as proficiency test or reference material samples 
 Veronica Brown, Owen Butler, Ian Pengelly, and Neil Plant

 Health and Safety Laboratory, UK

Thermal desorption (TD) gas chromatography is a widely used analytical method for measuring airborne concentrations of volatile organic compounds (VOCs) 

collected using sorbent tube samplers. The technique has greatly improved sensitivity over classical solvent desorption, which allows TD samplers to be used 

for passive (diffusive) sampling, even in scenarios where concentrations are likely to be very low. The technique is now widely used in the ambient, fence line, 

indoor and workplace air monitoring environments. Calibration and internal quality control check samples are generally prepared by end user laboratories by 

spiking individual sorbent tubes with microliter quantities of VOCs in a carrier solvent such as methanol. Given the minute quantities involved this can be an 

error-prone step resulting in biased results. Historically certified spiked sorbent reference materials were available from IRMM but these stocks are now virtually 

exhausted. At the Health and Safety Laboratory (HSL), we have developed a standard atmosphere system based upon requirements set out in ISO 6145 part 4 

which is capable of loading up to 60 replicate sorbent tubes simultaneously with a between lot precision of 0.5 . Development of this system will be described 

in this poster. 

Poster Sessions
Posters will be on display throughout the organized sessions, Monday, October 12 at 8:30 am through Thursday, October 15 at 3:45 pm. Authors will be present for Poster 
Session 1 on Tuesday and Poster Session 2 on Wednesday at 2:30 pm - 4:00 pm.
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19 Challenges in Reference Material Preparation for Chemical Analysis
 Trinette Spratley

 USDOJ, Special Testing and Research Laboratory, USA

Reference materials used for the forensic analysis of controlled substances are authentic chemical drug substances used in comparison to unknown drug 

submissions to determine the identity (qualitative analysis) and purity (quantitative analysis) of that unknown. Once a reference material has been synthesized 

a finished product is yielded in the form of a powder or oil. That powder or oil may be a base, acid salt, ester, hygroscopic, isometric, etc., and may be supplied 

suspense in a liquid solution. Due to their structural complexity and/ or medium, a reference material may pose a challenge during its preparation for chemical 

analysis. This poster highlights the challenges encountered during the chemical analysis of controlled substance reference materials and an approach to com-

bat those challenges. 

21 HP-IC Protocol for Certifying Reference Materials 
 Therese Butler

 NIST, USA

NIST has developed a suite of SRM Anion Standard Solutions (the 3180 series) consisting of fluoride, nitrate, phosphate, bromide, sulfate and chloride anions. 
This program was established to provide traceability for commercially produced reference materials to NIST standards for chemical measurements. The anion 
solutions are directly traceable to the International System of Units (SI) which ensures their comparability and make these standards important to the world 
community. At NIST we have developed a high-performance technique that originally was used for inductively-coupled plasma optical emission spectros-
copy. This technique has been successfully translated to ion chromatography (IC). The experimental design consists of the following: an internal standard to 
compensate for short-term noise, runs consisting of five injections per solution and spiked solutions completed in random order, use of drift correction to 
compensate for the effects of long-term instrument drift and careful gravimetric dilutions. The expanded uncertainties at the 95 confidence level are approxi-
mately one to two parts per thousand. In this presentation, data will be used to illustrate the use of high-performance IC in the certification and stability checks 
for the SRM Anion Standard Solutions.

23 NORM and TENORM Materials in Europe Industry
 Monika Mazanova and Vlasta Zdychova

 Czech Metrology Institute, Czech Republic

The European Association of National Metrology Institutes (EURAMET) represents and supports the European Metrology Research Programme (EMRP) annually. 

The EMRP is a long-term program for research and development, with high quality in the metrological community in Europe. One of the supported projects 

is The European Research Project MetroNORM “Metrology for Processing Materials with High Natural Radioactivity”, contract identifier JRP IND57. Naturally 

occurring radionuclides are present in many natural resources. Industrial activities that exploit these resources may lead to enhanced potential for exposure 

to Naturally Occurring Radioactive Materials (NORM) in products, by products, residues and wastes. One of the aims of this project is to develop new refer-

ence materials for NORM industry. Demanding tasks require proper evaluation of NORM materials for protection of health and minimization of economic and 

ecological burden. This project includes 9 industry sectors: extraction of rare earths, niobium/tantalum ore processing, TiO2 pigment production, phosphate 

industry, building materials, tin, lead and copper smelting, water industry, recycling industry and oil and natural gas processing. For each of these sectors were 

selected candidate NORM materials. All materials were evaluated and inter-laboratory compared. Available data sets were used for creation of the four real ref-

erence materials needed for NORM industry. This project will help to increase the production effectiveness and improve and optimize production technology 

in NORM and TENORM industries. The EMRP is jointly funded by the EMRP participating countries within EURAMET and the European Union.

25 An incurred cookie material with defined amounts of a milk protein containing standard reference material for allergen determination 
 M. Lacorn, T. Weiss, M. J. Benzinger, J. Flannery, and S. Haas-Lauterbach

 R-Biopharm AG, QLaboratories Inc., Germany

Standardization of methods to determine allergens is absolutely necessary in the near future to fulfil the requirements of the food industry and sensitized 

consumers. To relate the results of different test kits to each other and to possible threshold values in the future, an “analytical anchor” is needed. It was the aim 

of this study to not only produce such a material but also mimic a natural milk contamination in a heat treated product as realistic as possible. Therefore, wheat 

flour was thoroughly mixed with a MoniQA skim milk powder reference material with known protein content to different levels. Afterwards other ingredients 

mainly sugar, egg yolk and margarine were added to the contaminated wheat flours with different milk protein contents. Cookies were formed, baked, dried 

and grinded. Milk protein contents were 0, 5, 10, and 30 mg/kg. These materials were produced and used independently by a commercial laboratory in course 

of the AOAC Performance Tested MethodSM Program to check the RIDASCREEN®FAST Milk ELISA (R-Biopharm AG, R4652). Samples were blinded before analysis, 

extracted five times for each level and analysed. Later on, samples were also checked with test kits of different manufacturers to characterize the overall suit-

ability of this kind of material.
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14 Infrared Thermography for Monitoring or Freeze-Drying Processes
 Håkan Emteborg, Jean Charoud-Got, Katharina Teipel, and John Seghers

 IRMM, Belgium

It has recently been demonstrated that infrared thermography can be a promising tool for contact-free temperature monitoring of freeze drying processes 

with high spatial resolution. The first instrumental set-up was limited to vertical straight-down monitoring of materials subjected to freeze-drying. By using 

custom-made cuvettes with one side made in IR-transparent germanium and an IR mirror, lateral viewing has now been made possible. This new feature is an 

important improvement since drying is taking place at the so-called sublimation front which is gradually moving downwards through the materials that are 

dried. IR images of freeze drying processes of human serum and mannitol solutions will be displayed and discussed. Both matrices are common in the pharma-

ceutical industry, but also as matrix reference materials for validating measurements of various parameters in clinical chemistry. Special attention will be given 

to the description of the effects of the presence of Pt-100 temperature monitoring probes placed directly in the materials.

16 Innovation in nature matrix reference material preparation 
 Maria Alice Cabral de Goes

 Centre for Mineral Technology - CETEM, Brazil

A CRM must be stable for its intended use, so that end users can rely on the certified value, within the measurement uncertainty specified, for a period of time 

during which the CRM producer warrants its stability, provided the CRM is handled and stored in accordance with instructions given in the certificate. For most 

natural matrix CRMs such as ores, minerals, rocks, sediments and soils, a CRM unit consists of 50 -100 g of powder material packaged in a glass bottle. Usually, it 

is recommended to prevent contamination and store the CRM unit in a cool and dry environment away from light and fumes. Depending on the mechanisms 

affecting the stability of the material, its preparation may involve treatments such as sterilizing and packing the material in an inert atmosphere to prevent 

oxidation. However, after opening the bottle, if re-use is permitted, it is important to consider stability under storage at the end user´s premises. Having this in 

mind, the preparation of CETEM´s hard rock RM included a division of each sample of around 100 g of powder material into eight subsamples of approximately 

12 g and subsequent vacuum sealed in a PETaluminumPE lined sachets. In order to avoid contamination and ensure that all sachets contain a representative 

portion of the material, a rotary sample divider was specially adapted for sachet use. The aim is to allow end users to have a sufficient amount of material to 

perform analyses and keep the rest of it under the producer’s storage conditions. 

18 Linking and Decoupling Homogeneity and Stability Tests
 Wolfram Bremser

 BAM Federal Institute for Materials Research and Testing, Germany

Homogeneity and stability are core issues of any reference material certification [1, 2]. Rigorous stability tests partially repeat homogeneity tests, thus the results 
are interlinked: Any stability test whatever its kind combines between-unit (in)homogeneities and over-time stabilities. For significantly unstable materials (bio 
measurands as e.g. cells or bacteria, and some organics), the inhomogeneity contribution fades behind deterioration, so no problem occurs. Seemingly stable 
materials face the problem of distinguishing inhomogeneity of different samples from the real instability effect, all overlapped by the analytical variability. The 
latter may be as small as 0.05 and as large as 20 per cent, giving an impression of which orders of magnitude have to be dealt with. Given the above boundary 
conditions, a model is proposed enabling a distinction between homogeneity and stability contributions in both an “isochronous” and a classical stability study. 
An example will be given. [1] ISO Guide 34:2009 General requirements for the competence of reference material producers, ISO, Geneva. [2] ISO Guide 35:2006 
Reference materials — General and statistical principles for certification, ISO, Geneva. 

20 Development of an Amino Acid Analysis Assay for the Accurate Quantification of Protein Certified Reference Materials: Thyroglobulin Case Study 
 James J.  Walters1, Mark Angeles1, Isil Dilek2, Uma Sreenivasan2, and Kevin Ray1

1Sigma-Aldrich, 2Cerilliant Corporation, USA 

With the emergence of mass spectrometry for the clinical measurement of proteins in biological matrices, the development of biological reference materials 

will continue to grow in importance. Certified Reference Materials with values assigned by metrologically valid procedures will be critical. As a first step towards 

development of accuracy-based protein reference materials, we developed an amino acid analysis (AAA) procedure for absolute protein quantitation. Primary 

reference standard SRM 2389, Amino Acids in HCl, was used for method calibration. SRM 927, Bovine Serum Albumin 7 Solution, was used for method valida-

tion. We measured a mean BSA concentration of 67.30 ± 0.3 g/L, which agrees well with the NIST certified concentration of 67.38 ± 1.38 g/L. This AAA measure-

ment procedure is thus accurate and metrologically traceable to higher order reference materials. CRM 457 is a primary reference material used to establish 

calibration of working reference materials employed in IVD assays for serum thyroglobulin. The certified mass concentration of CRM 457 is 324 ± 18 ug/mL as 

established by the colorimetric Lowry method, using BSA as a calibrator. Using our refined AAA method, we observe ~ 70 recovery of CRM 457, which trans-

lates to a mean mass concentration in each vial of 233 ± 0.6 μg/mL. This value is consistent with AAA values of 236 ± 33 μg/mL stated in the CRM 457 report. 

This work demonstrates that amino acid analysis as a primary reference measurement procedure for accurate quantitation of proteins should be considered as 

an approach to develop accuracy-based protein reference materials. 
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22 Effect of matrix on Cadmium estimation in low strength wastewater
 Santwana Dhongade, Akanksha Rai, Vilas Shinde, and Rita S. Dhodapkar

 CSIR-National Environmental Engineering Research Institute, India

Cadmium has shown early adverse health effects on kidney and bones at much lower levels exposure recent studies have also reported excess cancer risks at 

low-level environmental exposure to cadmium. According to Indian Standard Drinking Water Specification: IS: 10500, 2012, the desirable limit of Cadmium in 

drinking water is 0.003 mg/L. The permissible concentration demands the analysis to be accurate with less uncertainty. Moreover, the sample matrix influenc-

es the results to the level of traceability. Matrix effects influence an analytical method to qualitatively identify and quantitatively measure target compounds 

in environmental and other samples by indirectly affecting the intensity and resolution of observed signals. Our study comprises a low strength untreated 

sewage which was collected from an open sewer system of an urban city in India. The matrix of the sample was simple with COD : 28±2.29 mg/L, average TDS 

: 800±10.0 mg/L and pH (approximately) 7.9±0.5. This study focused on Cadmium analysis by ICP-OES . The sewage was sequentially spiked with increments of 

Potassium hydrogen phthalate in the range 50-225 mg/L and sodium chloride in the range 25-100 mg/L. The recoveries obtained for the sample with higher 

and lower organic content was 92 and 97, respectively. The recoveries obtained for sample with higher and inorganic interference was 123 and 122, respec-

tively. The stability of the prepared reference material was also studied.

24 Statistical Control Charts as a Tool for Monitoring the Stability of Certified Reference Materials 
 Valnei S. da Cunha, Luiz H. Leal, and Gabriel Sarmanho

 Chemical Metrology Division-Inmetro-Brazil

This paper propose using control quality charts, the key tool of Statistical Process Control (SPC), for monitoring for monitoring short and long stability phases 

involved in the production of a Certified Reference Material (CRM). It was evaluated the performance of jointly traditional Shewhart charts and also of Exponential 

Weighted Moving Average (EWMA) charts in addition to the procedures traditionally adopted by ISO/IEC GUIDE 35:2006. To validate the technical proposals, the 

methodology was applied to real data of CRM candidates produced by National Institute of Metrology, Quality and Technology (Inmetro) and also to others data 

sets in literature. The results showed that, in general, the control limits given by the expanded uncertainty overestimate the process variability and the charts visual 

appearance is useful for detecting possible changes in the measurand level over time as well as possible systematic errors due to measurement process. 

26 Method Development for Lots Preparation of Avocado CRMs Candidates to use in Quality Control of Pesticides Analysis
 G.J. Sainz Uribe1, J.A. Cervantes Chávez2, M. Arce-Osuna1, V.H. Hernández Maldonado1, L. García Soria3, E. Arizmendi Reyes1, and B. Verduzco Cuéllar2

1Centro Nacional de Metrología, 2Universidad Autónoma de Querétaroc, 3Instituto Tecnológico de Celaya, Mexico

The avocado international market is growing nearly half of all internationally traded avocados are from Mexico, with a contribution of 39 percent. One of the 
main environmental concerns is about the pesticides used in avocado harvest. The pesticides residues in the fruit and in the soil usually are measured for food 
toxicity evaluation and soil contamination control. For the quality control of this kind of measurements, there are not certified reference materials available in 
these particular matrices. This study presents the method development for producing, processing and packing a freeze dry avocado lot used as a candidate ref-
erence material for pesticides analysis, where the matrix was prepared with the avocado pulp and skin. For the contamination, the avocado trees were sprayed 
and added in irrigating deliberately with subsequent application of different pesticides (acephate, methamidophos, cis- and trans-permethrin, parathion, 
lambda-cyhalothrin, malathion, carbendazim and dimethoate). Post-harvest avocados were processed by freeze drying and powdering to a suitable particle 
size distribution of less than 300 microns to improve homogeneity. The processing efficiency was between 12 to 18 percent. For its homogeneity test, three 
pesticides were measured and their results are presented in this work.
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27 Strategies for Reducing Valibility of Vitamin D Methods
 Amit Ghoshal, Leland McClure, William Wu, David Kaleta, Deborah Faryna, and Nigel Clarke

 Quest Diagnostics, USA

Monitoring 25-hydroxy-vitamin D levels in the blood is the most common way to determine Vitamin D status. However, variability in the clinical assays compli-

cates clinical assessment. In the most recent DEQAS survey, over 25 different assays were reported by the participating laboratories and yielded intra-method 

CVs between 5 to 27. LC-MS/MS assays, considered to be the gold standard, also show considerable variability. Much of this variability can be attributed to 

variances in the preparation of calibrators and controls and the lack of suitable reference materials. Here, we describe results of a strategy implemented to 

minimize these issues. A common pool of calibrators were manufactured by Focus Diagnostics and the target values for the calibrators were assigned by 

taking the mean results from all testing sites and adjusting using National Institute of Standards and Technology (NIST) standards. This new process signifi-

cantly decreased inter-lab variability but the limited NIST target values restricted the accuracy range of the calibrators, particularly for 25-hydroxy-vitamin D2. 

Further improvements to the process included changing the matrix of the calibrators from bovine serum albumin to stripped serum to increase stability and 

thus reduce variability associated with lot changes. The spiked serum calibrators were then assigned target values by our LC-MS/MS method and confirmed 

by another CDC-certified LC-MS/MS assay. As a result of changes, the inter-lab variability of 25-hydroxy vitamin D levels was significantly decreased. However, a 

significant issue in the assessment of total 25-hydroxy-vitamin D levels is still the limited 25-hydroxy vitamin D2 traceable values of reference materials.
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29 Candidate reference measurement procedures for metalloproteins for the characterisation of future reference materials
 C. Swart1, J. Gleitzmann1, N. Tokman2, A. Raab3, E. Del Castillo4, C. Brauckmann1, S. Zakel1, C.-G. Arsene1, C. Frank1, and J. Neukammer1

1PTB, Germany, TÜBITK-UME1, Turkey, University of Aberdeen, UK3, Laboratoire national de métrologie et d’essais (LNE), France1

The comparability of results for clinical protein analysis has been an issue for decades. Various national and international directives such as the European direc-

tive 98/79/EC on in vitro diagnostic medical devices which clearly states that “the traceability of values assigned to calibrators and/or control materials must be 

assured through available reference measurement procedures and/or available reference materials of a higher order” deal with this issue. Despite these clear 

demands only a small number of protein reference materials are on the market and most of them are heavily processed. Delipidation, freeze drying etc. can 

change the matrix and the behaviour during sample preparation dramatically. Therefore, reference materials are needed with a matrix similar to the one of clin-

ical samples in routine analysis. However, for the characterisation and quantification of metalloproteins in such reference materials, measurement procedures 

are required which are sensitive and selective enough for the protein identification and quantification in human clinical samples and give results traceable 

to the SI. At present, such procedures are not available for most metalloproteins which hinders efforts to ensure compliance of the measurements with the 

directives mentioned. Within the project “HLT05 - METALLOMICS” within the framework of the European Metrology Research Programme (EMRP), candidate 

reference measurement procedures amongst other for transferrin, total haemoglobin, Cu, Zn- superoxide dismutase and ceruloplasmin were developed. The 

work of the project HLT05 is funded within the framework of the EMRP. The EMRP is jointly funded by the EMRP participating countries within EURAMET and 

the European Union. 
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28 Structure Elucidation of Reference Materials via NMR
 Charlotte A. Corbett

 USDOJ-Special Testing and Research Laboratory, USA

Before a substance can be classified as a reference material, its identity must be ascertained. In forensic drug analysis, different novel psychoactive substances 

(NPS) appear on a weekly basis. For most NPS materials, there is neither a legitimate commercial source nor a literature reference for the material, so these 

materials must undergo structure elucidation. NMR is one of the methods applied by the Drug Enforcement Administration (DEA). DEA utilizes Advanced 

Chemistry Development, Inc. (ACD/Labs) Structure Elucidator software to create molecular connectivity diagrams, build possible structures, and determine the 

best structure. Information which is not readily utilized by the software may also aid in structure determination (for example, NOE spectra are used to differenti-

ate diastereomers). A report is generated documenting how a structure is elucidated or confirmed. 
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31 Determination of vitamin C in NIST Food-Matrix Standard Reference Materials
 Jeanice B. Thomas1 and Wai In2

1NIST, 2University of Maryland, USA

Well-characterized reference materials and reliable analytical methods are needed in the food testing and nutrition communities to help facilitate compliance 

with nutritional labeling laws and improve the accuracy of nutrition information that is provided to assist consumers in making sound dietary choices. As a 

result of the Nutrition Labeling and Education Act (NLEA) of 1990, the National Institute of Standards and Technology (NIST) has developed a series of food-ma-

trix Standard Reference Materials (SRMs) characterized for nutrient concentrations. The NLEA requires food processors to provide specific nutrition information 

on labels of products distributed in the United States. Information about vitamin C content is required on nutrition labels, thereby making certified reference 

materials with assigned values for vitamin C useful. Vitamin C concentrations will be determined in three new NIST food-matrix Standard Reference Materials 

(SRMs) using a liquid chromatographic (LC)-absorbance method developed at NIST. These SRMs include SRM 3252 Protein Drink Mix, SRM 3290 Dry Cat Food, 

and SRM 2386 Avocado Powder. The procedure used to extract vitamin C from the different matrices, a description of the LC method employed, and the results 

from the measurement of vitamin C in each material will be presented.  

33 An Alternative USP Method for the Analysis of Impurities in a Certified Reference Material (CRM) of Riboflavin (Vitamin B2) Using LC-MS-MS
 Nicolas J. Hauser1, Jenna E. Milliken2, and Carmen T. Santasania3 

1RTC/Sigma-Aldrich, 2University of Wyoming, 3Supelco/Sigma-Aldrich, USA

Riboflavin (vitamin B2) is a water-soluble vitamin. It is synthesized by all plants and many microorganisms, but it is not produced by higher animals. It is a 

precursor of coenzymes that are required for the enzymatic oxidation of carbohydrates, so it is essential to basic metabolism. Riboflavin is used as an additive 

to food and feed and is also used in the fortification of baby food and cereal. The current USP method for impurity analysis in riboflavin is non-quantitative and 

requires the use of the ion-pair reagent sodium hexanesulfonate, while the EP monograph calls for the use of phosphoric acid to separate the riboflavin from 

four major impurity peaks. An alternative to USP and EP methods using LC/MS/MS to identify and quantify the riboflavin and impurities is presented. A ribofla-

vin certified reference material (CRM) was used in this study. MRM transitions for the determination of ions for the parent and four impurities were made. Three 

transitions were used for each ion. Structures for each of these major impurities were confirmed by MS. In addition to improving the specificity of the method 

with MS-MS detection, two additional goals were to decrease analysis time and eliminate the need for ion pairing reagents that are not compatible with MS. 

The analysis time was also greatly decreased by using a UHPLC column. The mobile phase was a simple 0.1 formic acid /acetonitrile gradient and no ion pair 

reagents were needed. This new proposed method is also compatible with UV-Vis detection. 

35 Development of a Reference Measurement System for Urine Albumin
 Ashley Beasley-Green, David M. Bunk, and Karen W. Phinney

 NIST, USA

Urinary excretion of albumin is a major diagnostic and prognostic marker of renal dysfunction and cardiovascular disease therefore, accurate measurement of 

urine albumin is vital to clinical diagnosis. To address urine albumin measurement precision, we have developed the following components of the urine albu-

min reference measurement system: a multiplexed candidate reference measurement procedure (RMP) that utilizes isotope dilution-mass spectrometry (ID-

MS) and multiple reaction monitoring to quantify urine albumin a primary reference material to be used as a calibrator for higher-order urine albumin methods 

and a secondary reference material to be used as a matrix-based quality control for commercially-available urine albumin assays. The candidate RMP is a 

MS-based multiplexed assay that incorporates an isotopically-labeled (15N) full-length recombinant human serum albumin material as the internal standard, 

which permits the absolute quantitation of full-length albumin in human urine. The primary reference material (SRM 2925) is used to evaluate measurement 

reproducibility and repeatability and the effect of the MRM transition/peptide measurements on the total urine albumin content. Pooled and non-pooled 

patient urine samples were analyzed to assess the influence of biological variability on the precision of the multiplexed urine albumin assay. The high degree of 

selectivity and sensitivity of the MS-based urine albumin assay coupled with the highly purified SRM 2925 calibrator will support the value-assignment efforts 

of the matrix-based urine albumin secondary reference material (SRM 3666), which can be used as a quality assessment tool for clinical laboratories or assay 

manufacturers to verify the accuracy of their urine albumin measurements.
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37 Update on certified reference materials for environmental analysis from JRC-IRMM
 M. Ricci, A. Held, and H. Emons

 IRMM, Belgium

The protection of the environment is a top priority of global concern. Therefore, many environmental policies are implemented in the EU which entail mon-

itoring of pollutants in a variety of environmental matrices. The Water Framework Directive (2000/60/EC) is probably the most challenging and overarching 

directive in the area of environmental legislation and coordinates the application of all EU water-related policies. It sets also a very distinct time scale, following 

which all European water bodies should be restored to a good ecological and chemical status by 2015. For this purpose, EU Member States are required to 

regularly monitor 45 so-called priority substances (or substance groups) for which environmental quality standards (i.e. limit values defined in the legislation) 

are set in water and/or biota (Directive 2013/39/EU on priority substances in the field of water policy). In addition, Directive 2009/90/EC requires monitoring 

laboratories to use available reference materials that are representative of collected samples which contain appropriate levels of concentrations in relation to 

relevant environmental quality standards. Especially (but not exclusively) in the case of the WFD, notable challenges are faced by reference material producers 

trying to ensure the availability of appropriate reference materials for safeguarding and, where necessary, improving the quality of required measurements. 

The poster presents recent advances in the provision of Certified Reference Materials for the Water Framework Directive and other European environmental 

legislation, covering recent releases as well as an overview of on-going efforts to close some of the gaps in the availability of CRMs. Acknowledgements (in 

alphabetical order): T. Bacquart, J. Boertz, J. Charoud-Got, E. de Vos, P. de Vos, I. Dosis, H. Emteborg, B. Koleva, R. Lava, L. Majoros, A. Oostra, R. Sanchez-Romero, A. 

Santoro, H. Schimmel, J. Seghers, J. Snell, Z. Spalt, M.F. Tumba-Tshilumba, M. Vahčič, G. van Britsom.  

39 Developments in Certified Reference Materials Production for Food and Clinical Analyses in Singapore
 Juan Wang, Pui Sze Cheow, Tang Lin Teo, and Tong Kooi Lee

 Health Sciences Authority, Singapore

The Chemical Metrology Lab was established in 2008 when the Health Sciences Authority (HSA) was designated as the institute responsible for the chemical 

metrology programme in Singapore. Since 2009, HSA has participated actively in regional and international comparisons to benchmark its measurement 

capabilities with established metrology institutes. With experience gained, HSA launched its accuracy-based proficiency testing (PT) and External Quality As-

sessment (EQA) programmes for the local testing laboratories. HSA developed and produced over 20 certified reference materials (CRMs) for use as calibrants, 

or quality control samples in routine testings. These CRMs were produced to meet the specific needs of local testing laboratories, especially in food safety and 

healthcare. The list included high purity organic compounds, matrix materials of contaminants and additives in food and beverages, as well as health status 

markers and elements in human serum. HSA‘s clinical CRMs were targetting at key biomarkers of chronic disorders such as diabetes mellitus, hyperlipidemia 

and kidney disease. With a rapidly aging population, Singapore is witnessing a high prevalence of these chronic disorders. The clinical CRMs, together with the 

EQA programme, are developed to enhance the accuracy of local clinical measurements for these disorders. Majority of HSA‘s CRMs were produced from PT 

and EQA materials, where the metrologically-traceable assigned values had been determined by isotope dilution mass spectrometry, whenever possible. This 

approach ensures the relevancy of the CRMs and reduces the production time. This presentation shares the HSA‘s experiences in the production of CRMs for 

the testing laboratories in Singapore.

41 Development of Certified Reference Materials for autoimmune antibodies
 Vanthia Monogioudi1, Gustavo Martos1, Rohan Willis2, Stefanie Trapmann1, Allan Wiik3, Pierluigi Meroni4, Joanna Sheldon5, Heinz Schimmel1, 

 Hendrik Emons1, and Ingrid Zegers1

 1JRC-IRMM, Belgium, 2University of Texas, USA, 3Statens Serum Institute, Denmark, 4University of Milano, Italy, 5St Georges Hospital, UK

The Institute for Reference Materials and Measurements of the Joint Research Centre of the European Commission collaborates with the International Fed-

eration for Clinical Chemistry and Laboratory Medicine (IFCC) within the Working Group for the Harmonisation of Autoimmune antibody Tests. The group is 

studying five autoantibodies for which the lack of comparability of the measurement results has a significant impact on patient care. The availability of suitable 

RMs would provide anchor points for the standardisation of measurement results. The first certified reference material (CRM) produced is a serum protein 

reference material certified for its anti-myeloperoxidase immunoglobulin G (anti-MPO IgG) mass concentration. The measurement of anti-MPO IgG one of 

the cornerstones of the diagnosis of small vessel associated vasculitis. The preparation of a second material containing antibodies against Apolipoprotein H 

(ApoH), the most specific biomarker for antiphospholipid syndrome, is on-going. The development of the CRMs included the initial identification of relevant 

sera, commutability and feasibility studies, processing and testing of homogeneity and stability. For the anti-MPO IgG material the characterisation was com-

pleted successfully. The measurements for the value assignment were performed by laboratories with proven competence using a highly controlled procedure 

employing routine methods. They were provided with preparations of affinity-purified IgG selective for MPO for calibration. The IgG mass concentration in 

these preparations was determined by nephelometry and turbidimetry. The CRM for anti-MPO IgG (ERM-DA476/IFCC) is already available while the anti-ApoH 

IgG CRM is in the final stage of the characterisation. 
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43 Development of a New Standard Reference Material for Inorganic and Organic Environmental Contaminants in Soil
 Stephen E. Long1, Stephen A. Wilson2 and Stuart Nagourney3

1NIST, 2NJDEP, 3USGS, USA

Soil reference materials are used worldwide for environmental and agricultural assessments, geological profiling, and contaminated waste site remediation 

activities. The National Institute of Standards and Technology (NIST) currently has three multi-element Standard Reference Materials (SRM) soil materials to sup-

port this market, namely SRM 2709a (San Joaquin Soil), 2710a (Montana I Soil) and 2711a (Montana II Soil). All of these comprise soils or contaminated waste 

from the western United States, and are certified for inorganic contaminants only. There is currently no soil material representative of the eastern United States 

which tends to have a different geo-chemical profile, or one with certified values for some established or emerging organic contaminants. NIST has collaborated 

with the New Jersey Department of Environmental Protection (NJDEP) and the United States Geological Survey (USGS) to create a new soil SRM which contains 

metals, PAHs, PCBs and dioxins/furans intended to approximate the levels found in many mildly contaminated soils. The candidate SRM is a composite of back-

ground soil and waste material collected in the New York/New Jersey area, thus having a geochemistry very different from the current NIST soil SRM portfolio. 

The development and preparation of the SRM (SRM 2706, New Jersey Soil Organics and Inorganics) as well as the chemical characterization, will be presented.

45 Determination of Polycyclic Aromatic Sulfur Heterocycles in Standard Reference Material 1597a
 Walter B. Wilson and Stephen A. Wise 

 NIST, USA

Polycyclic aromatic hydrocarbons (PAHs) comprise a complex class of condensed multi-ring benzenoid compounds originating from a wide variety of natural 

and anthropogenic sources. In addition to PAHs, incomplete combustion of organic matter leads to numerous heterocyclic compounds containing at least 

one heteroatom such as polycyclic aromatic sulfur heterocycles (PASH). The total number of possible isomeric structures for PASH is greatly increased com-

pared with the corresponding PAH because both ring arrangement and position of the heteroatom substitution within the rings give rise to unique isomers. 

Gas chromatography (GC) is the primary separation technique currently used for the detection of PASHs in complex samples. However, liquid chromatography 

(LC) is not used for analyzing PASHs even though LC is a commonly used analytical technique for PAHs. In this study, an analytical method is described for the 

separation and identification of a large number of PASHs in standard reference material 1597a. The PASHs measured in the study range in size from three to 

seven aromatic rings. Because both PAHs and PASHs occur together with a large number of possible alkyl-substituted isomers, the analytical method requires 

both an effective sample cleanup and selective stationary phase. The sample cleanup requires two normal-phase LC steps. The PASHs are isolated from the 

PAHs and then the PASHs are isolated based on the number of aromatic carbons. These aromatic ring fractions are then separated by reverse-phase LC using a 

C18 stationary phase with detection via ultraviolet-visible spectroscopy.

47 Development of a Field-Weathered Crude Oil Standard Reference Material
 Jacolin A. Murray, Stacy S. Vander Pol, John A. Bowden, Christopher M. Reddy, and Stephen A. Wise

 NIST, Woods Hole Oceanographic Institute, USA

Large amounts of crude oil are produced and transported every day. Despite great preventative measures to avoid oil from entering the environment, oils 

spills do occur. These spills can have long lasting environmental impacts. Determining the impact on the environment years after a crude oil spill requires 

knowledge of the composition of the weathered oil. The availability of a certified reference material consisting of field-weathered crude oil would be valuable 

for studies focused on assessing the impact oils spills have on the environment. Woods Hole Oceanographic Institute has supplied the National Institute of 

Standards and Technology (NIST) with a weathered oil sample for use in the development of a Standard Reference Material (SRM). The weathered oil sample 

was extracted from sand collected in August 2012 from beaches in Alabama impacted by the Deep Water Horizon oil spill in April 2010. The preparation and 

characterization of candidate SRM 2777 Weathered Gulf of Mexico Crude oil will be presented, including the quantification of parent and alkyl-substituted 

polycyclic aromatic hydrocarbons, hopanes, and steranes by using different analytical techniques including gas chromatography-mass spectrometry (GC-MS) 

and GC-MS/MS. Candidate SRM 2777, along with SRM 2779 Gulf of Mexico Crude Oil, are valuable tools to improve the quality of chemical data from oil spill 

studies. SRM 2777 and SRM 2779 were recently used in an interlaboratory study sponsored by the Gulf of Mexico Research Initiative, and the results of this 

study will provide further chemical characterization of these two materials. 
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49 Zearalenone in maize germ oil – a new CRM for food safety
 Matthias Koch, Juliane Riedel, Jochen Vogl, and Robert Köppen

 BAM Federal Institute for Materials Research and Testing , Germany 

Health requires quality, safety and confidence in foods. Food contaminants, in particular mycotoxins, are key-components for safety. About 25 of the world’s 

food crops are contaminated with mycotoxins posing a severe health risk to humans (FAO, 2008). In order to strengthen food safety and consumer protection 

the European Commission (EC) set maximum levels for priority mycotoxins in certain foods for human consumption. In 2013, the EC mandate M/520[1] was 

addressed to CEN for the standardization of analytical methods for mycotoxins in food which gained increasing relevance, e.g. zearalenone (ZEN). ZEN, an 

estrogenic mycotoxin produced by several Fusarium species, contaminates cereal crops worldwide. Due to its lipophilic nature ZEN is often found in edible 

oils (particularly in maize germ oils) derived from contaminated plants. Therefore, an European maximum level of 400 μg/kg is currently in force[2]. In order 

to control this maximum level ‘ZEN in edible oil’ is one of the mandated projects. To perform reliable food analysis a sustainable metrological infrastructure is 

of major importance enabling the quantification of priority mycotoxins. To achieve this goal an integrated approach is needed targeted at the development 

of analytical methods, calibration standards and certified reference materials (CRM) traceable to SI. The development of the first European Reference Material 

(ERM®) for ZEN in maize germ oil (ERM®-BC715) will be presented and discussed. This ERM®-project underpins the urgent need for mycotoxin-CRMs to support 

food safety and public health. References [1] European Commission (EC) Mandate M/520, 2013. [2] Commission Regulation (EC) No 1126/2007.

51 Development of Candidate Standard Reference Material® 3949 Folate Vitamers in Frozen Human Serum
 Johanna E. Camara1, Mark S. Lowenthal1, Jeanita S. Pritchett1, Yasmine C. Daniels1, Zia Fazili2, Christine M. Pfeiffer2, Karen W. Phinney1, and Lane C. Sander2

1NIST, 2CDC, USA

The National Institute of Standards and Technology (NIST) is developing a candidate Standard Reference Material (SRM) 3949 Folate Vitamers in Frozen Human 

Serum to replace SRM 1955 Homocysteine and Folate in Human Serum. The new SRM will possess three levels. To produce SRM 3949, pilot sera were collected 

from fifteen individual donors, five of which were given a 400 μg folic acid supplement one hour prior to blood draw in an attempt to increase serum levels of 

5-methyltetrahydrofolate (5-mTHF) and folic acid for the high-level material. To stabilize the folates, 0.5 (w/v) ascorbic acid was added as soon as possible after 

collection of serum. These pilot sera were screened for five folates plus the oxidation product, MeFox, at the Centers for Disease Control and Prevention (CDC) 

by isotope dilution-liquid chromatography tandem mass spectrometry (ID-LC-MS/MS). Based on these results, a blending protocol was specified to obtain the 

desired folate concentrations in each of the three SRM 3949 concentration levels. ID-LC-MS/MS analysis at the CDC and NIST will be utilized to assign values for 

folic acid and 5-mTHF, as well as several minor folates. The presence of endogenous levels of folic acid and 5-mTHF in SRM 3949, enhanced folate stability via 

ascorbic acid addition, and additional minor folate values are improvements over SRM 1955 that should better serve customers.

53 Introducing Candidate Standard Reference Material (SRM) 2378 Fatty Acids in Human Serum
 Bruce A. Benner, Jr., Michele M. Schantz, and Katherine E. Sharpless

 NIST, USA

RELEVANCE: Dietary fatty acids can be both beneficial and detrimental depending on the degree and type of saturation. Healthcare providers, the Centers for 

Disease Control and Prevention (CDC), and other organizations monitor fatty acid content of human plasma and serum as an indicator of health status and 

diet. Both the CDC and the National Institutes of Health – Office of Dietary Supplements are interested in serum fatty acids because they may be predictive 

of coronary heart disease or cancer. Candidate SRM 2378 is for use as a quality assurance sample in the analysis of serum for fatty acids, and consists of three 

different pools of serum acquired by a contracted laboratory from healthy donors who had been taking fish oil dietary supplements (at least 1000 mg per day) 

for at least one month (level 1 material), from healthy donors who had been taking flaxseed oil dietary supplements (at least 1000 mg per day) for at least one 

month (level 2 material), and from healthy donors eating “normal” diets without taking dietary supplements containing oils (level 3 material). METHODOLOGY: 

Mass fractions of fatty acids in SRM 2378 were determined using four different extraction procedures, including saponification, hydrolysis and microwave-as-

sisted digestions. Fatty acids were esterified using sulfuric acid in methanol and pentafluorobenzyl bromide for measurement by GC with flame ionization 

detection (FID) and with electron capture ionization detection, respectively. SRM 1950 Metabolites in Human Plasma was employed for quality control of the 

methods used in this study. RESULTS: Significant differences in mass fractions of specific fatty acids were observed among the different levels representing 

different supplementations (flaxseed oil and fish oil) or no supplementation. For example, the concentration of α-linolenic acid, a major component of flaxseed 

oil, was observed at two times the concentration of the level 3 material in both the level 2 and level 1 materials. In addition, the level 1 material (fish oil supple-

mented) was enriched with four times the levels of eicosapentaenoic acid and two times the concentrations of docosahexaenoic acid observed in the level 

2 and 3 materials. CONCLUSIONS: The enrichments in specific fatty acids observed in the level 2 and level 1 materials of SRM 2378 with respect to the level 3 

material (no supplementation) are consistent with donors supplementing with flaxseed oil and fish oil, respectively.
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55 Standard Reference Materials for Lipidomics
 John A. Bowden

 NIST, USA

A common problem of emerging disciplines, such as lipidomics, is a lack of standardized protocols, often leading to a large variability when comparisons are 

made between analyses and/or laboratories. Lipidomics, like other “omics” fields, is comprised of a variety of structurally different and physiologically important 

compounds and while some accepted methods and protocols of analysis do exist, there is a lack of suitable strategies available to monitor both inter- and 

intra-lab variability. One such approach would be the implementation of reference materials (RM), which are generally used to ensure instrument calibration, 

maintain and document quality control (within or between analyses) and verify the accuracy of specific measurements and/or the efficacy of developed meth-

ods. However, as varied and as widely used as reference materials have become, the concept of using RMs in the field of lipidomics has not been fully explored. 

To investigate the potential need for RMs in lipidomics, we conducted an interlaboratory comparison exercise for lipidomics using human-based serum and 

plasma Standard Reference Materials (SRMs: SRM 2378 and SRM 1950, respectively). The aim of this study was to demonstrate the potential benefit of using 

RMs in lipid analysis and to highlight its role in improving the confidence of current lipid measurements. The study helped provide insight in evaluating both 

existing and new sample types as suitable RMs for lipidomics to meet the growing list of lipid-based applications in both the clinical and environmental arena.

59 Development of the strontium-90 pine needle reference materials in China
 Yanqin Ji, Fei Chen, Biaoming Shen, Xianzhang Shao, and Liangliang Yin

 National Institute for Radiological Protection, China 

Strontium-90 is one of the most important long-lived radionuclide with high-energy β-rays as the fission products of 235U and 239Pu. Its chemical characteristics 

are very similar with calcium and deposits mainly in the bones, teeth and damaging blood-producing cells of animals by uptake from the soil, food recycle 

results. Therefore, it is essential to precise detect low-level 90Sr in environmental and biological samples for both environmental protection and emergency 

preparedness. The measurement of low-level 90Sr normally follow with a long radiochemical separation procedure. The purpose of this work is to prepare stron-

tium-90 pine needle, as the higher strontium accumulation plant, reference materials primarily for use in evaluating the reliability of 90Sr analytical methods. The 

sample of pine needles were selected in Changping protected natural forest at the same age located in the north of Beijing, China. After water cleaned, dried 

at 70 °C, jet milled and blended at 63 μm. Spiked with 90Sr diluted solution and blended uniformly, liquid nitrogen fixed, then freeze-dried directly for one week. 

Finally it was completely blended again, filled bottles and radiation sterilized. A unit of the sample consists of approximately 30 gram of pine needles powder. 

The batch experiments for the stability and uniformity performed by the Di-(2-ethylhexyl) phosphate (HDEHP) extraction chromatography separation, Yttrium-90 

precipitated and counting. It was also used as a test material for the interlaborartory comparison exercise national-wide, for the determination of 90Sr. A complete 

description of the material preparation, the results of the interlaboratory comparison and uncertainty will be presented and discussed.

61 Surrogate Post-Detonation Urban Debris (Spud) Standard Reference Material
 J.L. Mann1, M.A. Tyra1, J.L. Molloy1, S. Jerome2, J. Buscaglia3, J. Leggitt3, T.D. Kelly4, J.W. McClory1, K. Pfeuffer5, J. Dettman5, J. Hieptas5, and D. Turner5

1NIST, USA, 2NPL, UK, 3FBI, USA, 4Air Force Institute of Technology, USA, 5Oak Ridge Institute for Science and Education, USA

Post-nuclear weapon detonation urban environmental debris characterization is complicated by the high concentrations of elements like Ca, Fe, Al, and Si 

and other naturally occurring and anthropogenic materials that are entrained into the nuclear fireball from the local environment. This characterization can 

potentially identify the fuel type, weapon design, production process and date, etc. The resulting nuclear forensics data collected using these characterization 

measurements must not only be anchored by validated measurement methods, but also be accurate and precise as conclusions drawn from this data will be 

coupled with law enforcement and intelligence information to support attribution. Reference materials (RMs) establish the traceability, accuracy, and precision 

of nuclear forensic measurements and provide the ability to benchmark measurement methods essential to meeting the requirements of legal scrutiny. NIST, 

in concert with partner labs (AFIT (DoD), FBI (DOJ) and NPL) and with support from the FBI, have developed a Surrogate Post-Detonation Urban Debris (SPUD) 

Standard Reference Material (SRM). This SRM has been developed to mimic the “rubble” of a city after an Improvised Nuclear Device (IND) detonation, which 

is capable of producing fresh fission as well as activation products. We are in the process of assessing the homogeneity of the minor and trace elements in the 

material by microbeam X-ray fluorescence spectrometry and neutron activation analysis, respectively. The next stages will be to certify these elements as well as 

the U isotope composition (ICPMS). 
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62 Characterization of a New Total Nutrient Standard Reference Material: Protein Drink Mix
 Melissa M. Phillips, Laura J. Wood, Joseph F. Browning, Johanna E. Camara, Kaitlyn D. Chieh, W. Clay Davis, Grace E. Hahm, Jeanita S. Pritchett, Michele M. Schantz, 
 Katherine E. Sharpless, John R. Sieber, Lorna T. Sniegoski, and Michael J. Welch

 NIST, USA

Sports nutrition is a 24 billion dollar industry, and protein supplements are becoming increasingly common beyond bodybuilding. Sales of protein powders 

are projected to top 4.5 billion in 2015, as athletes look to increase protein intake to improve performance and non-athletes aim to improve overall health. 

Depending on how a product is marketed, protein powder content can be regulated as either a food (under the Nutrition Labeling and Education Act) or a 

dietary supplement (under the Dietary Supplement Health and Education Act). Regardless of the regulatory framework, consumers expect that the nutrient 

content of a product is accurate and that known or suspected contaminants have been screened. To support both regulation and laboratory quality assurance 

for protein powders and drink mixes, the National Institute of Standards and Technology (NIST) has developed Standard Reference Material (SRM) 3252 Protein 

Drink Mix. This material has been characterized for nutritional elements, vitamins, proximates, cholesterol, amino acids, and fatty acids, and fills a void in the 

AOAC food triangle with fat, protein, and carbohydrate content similar to foods in sector 9. In addition to supporting protein supplement manufacturers and 

testing laboratories, SRM 3252 is a suitable quality assurance material for food industry laboratories looking for such a material.  

63 Characterization of St. John’s Wort Standard Reference Materials (SRMs)
 Brittany L. Catron, Kaitlyn D. Chieh, Peter B. Howell, Stephen E. Long, Karen E. Murphy, Michael A. Nelson, Rick L. Paul, Melissa M. Phillips, Catherine A. Rimmer, 

 Lane C. Sander, Katherine E. Sharpless, Stephen A. Wise, and Laura J. Wood 

 NIST, USA

St. John’s wort (Hypericum perforatum L.) has been used as an herbal treatment for psychological disorders including depression, anxiety, and sleep disorders, 

as well as nerve pain and malaria. The flowering tops of St. John’s wort are used to prepare supplement products that are rich in flavonoids, naphthodian-

thrones (hypericin and pseudohypericin), and hyperforin. Because St. John’s wort is known to concentrate cadmium from the soil during plant maturation, 

these supplements may contain heavy metals. Standard Reference Materials (SRMs) are being produced at NIST in association with the Office of Dietary 

Supplements at the National Institutes of Health (NIH-ODS) that include powdered botanical material and a methanolic extract of St. John’s wort to support 

measurements of flavonoids, naphthodianthrones, and toxic elements in the dietary supplement community. These SRMs are intended to represent the analyt-

ical challenges encountered during the quantitative evaluation of St. John’s wort supplements. The flavonoids and naphthodianthrones were extracted into 

methanol, separated using a C18 column, and detected by absorbance at 340 nm (flavonoids) and 590 nm (naphthodianthrones) and fluorescence (naph-

thodianthrones). Heavy metals (Cd, Hg, and Pb) were determined using isotope dilution inductively-coupled plasma mass spectrometry (ICP-MS). Arsenic was 

determined using ICP-MS as well as using instrumental neutron activation analysis (INAA).

64 Using Isotope Dilution with LC/MS and LC/MS/MS to Measure Water-Soluble Vitamins in NIST Unfortified and Fortified Food-Matrix SRMs
 Melissa M. Phillips, Johanna E. Camara, Grace E. Hahm, Karen W. Phinney, Lane C. Sander, and Stephen A. Wise

 NIST, USA

The Nutrition Labeling and Education Act of 1990 requires inclusion of nutrition information on labels of processed foods sold in the US. As a result, food 

reference materials with assigned concentrations of nutrients are needed as matrix-matched controls for analytical measurements. To this end, NIST has made 

available a number of unfortified and fortified food-matrix Standard Reference Materials (SRMs). Recently released unfortified materials include whole egg 

powder, whole milk powder, soy flour, meat homogenate, and baby food, in addition to updates of existing materials including baking chocolate and peanut 

butter. Recently released fortified materials include breakfast cereal, protein drink mix, and cat food. This group of new and updated SRMs will provide support 

for the challenging measurement of vitamins in foods. Vitamins B1, B2, B3, B5, and B6 were extracted from food matrices using dilute acetic acid and quantified 

using isotope dilution with LC-MS/MS. For fortified SRMs, folic acid was extracted into a buffer solution and quantified using isotope dilution with LC-MS/MS. 

Biotin was extracted into a dilute formic acid solution and quantified using isotope dilution with LC-MS. Choline and carnitine were released from food mate-

rials using microwave-assisted acid hydrolysis and quantified using isotope dilution with LC-MS. At least ten samples of each SRM were analyzed in duplicate 

to maximize accuracy and precision and to evaluate material homogeneity. The mass fractions determined by LC-MS or LC-MS/MS were used along with data 

from collaborating laboratories in calculating the certified values for each of the water-soluble vitamins. 

71 Primary pH calibrants for seawater
 Jason F. Waters, Regina A. Easley, and Kenneth W. Pratt

 NIST, USA

Owing to ionic effects, the pH of seawater is not characterized using the activity-based definition presently applied in pH metrology. Instead, seawater pH is 

characterized using a molality-based oceanographic definition. Previous assessments of oceanographic pH are limited to systems of moderate to high salinities 

and exclude lower salinity (less than 20 g/kg) systems. Development of a pH definition and primary calibrants for lower salinity systems is critical to under-

standing how coastal regions will be impacted by global environmental change. Using cells without liquid junctions, measured pH values are reported for 

buffered artificial seawater solutions on an oceanographic pH scale, at salinities that cover ranges observed in dilute to highly saline seawater environments. 

Also, the conjugate buffer pair ratio is varied, yielding primary seawater buffers that span the typical pH range of seawater. Implications of the expanded pH 

definition and primary calibrants to lower salinity systems are considered, with special reference to the Chesapeake Bay. Additionally, an examination of the 

bias that arises from the ionic composition of the calibrant buffer in secondary measurements is presented.
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73 Determination of Iodine in Human Milk NIST Standard Reference Materials
 Brittany Catron, Jessica Reiner, and Stephen Long

 NIST, USA

Iodine is a critical element for human health and plays a major role in basal metabolic rate, glucose metabolism, lipid breakdown, as well as postnatal growth 

of neurotransmitters, and bone development. Iodine deficiency affects approximately two billion people worldwide, 29 of the world population, and is regard-

ed as a significant public health problem. To address chemical measurement needs related to iodine status, NIST in collaboration with the Office of Dietary 

Supplements at the National Institutes of Health (NIH-ODS) has developed measurement procedures for the determination of iodine content in foods, dietary 

supplements, and human urine. The natural-matrix Standard Reference Materials (SRMs) provide quality assurance of analytical measurements and validation 

of analytical methods for food materials covering the principal dietary sources of iodine in the U.S., including fortified foods and non-fortified foods. Recently 

NIST has determined the iodine content in human milk SRMs. Iodine nutrition in infants is based on the iodine content in breast milk or formula supplementa-

tion. A lack of iodine has detrimental effects on mental and physical developments in children, whereas an excessive intake can cause thyrotoxicosis (goiter). 

Accurate and reliable measurements of iodine content in breast milk are necessary to identify individuals with nutritional deficiencies and to evaluate potential 

health benefits associated with dietary supplementation. 

75 Development of a novel ID-LC-MS/MS method for fat-soluble vitamins analysis in food SRMs
 Hannah Simon, Carolyn Q. Burdette, Melissa M. Phillips, Catherine A. Rimmer, and Lane C. Sander

 NIST, USA

The simultaneous determination of fat-soluble vitamins (FSV) presents various analytical difficulties. While the structural differences between FSV from different 

groups (A, D, E, and K) are pronounced, vitamins within each group are structurally homologous, thus complicating their successful extraction, chromato-

graphic separation, and detection. In order to avoid the long runtimes often observed for FSV separations, complete resolution of vitamin homologues is often 

disregarded or more complex 2D HPLC methods have to be employed. In terms of detection, tandem mass spectrometry (MS/MS) is the method of choice for 

biological matrices, due to its additional selectivity in multiple reaction monitoring (MRM) mode. However, the limited commercial availability of isotopically la-

beled internal standards for some FSV species often makes its utilization impossible. Furthermore, MS detection is limited by the analyte concentration and re-

sponse behavior, which is why alternative detection methods such as fluorescence spectroscopy are commonly used in the determination of FSV. In this work, 

the suitability of a pentafluorophenylpropyl stationary phase for the separation of various FSV in food standard reference materials (SRM) is demonstrated. The 

unique selectivity of the bonded phase as well as the used fused-core particles lead to faster separations with better selectivity and increased resolution when 

compared with standard C18 or C30 columns. Atmospheric pressure chemical ionization MS/MS was used for the identification and quantification of FSV, with 

complementary analysis of tocopherols with fluorescence detection. 

77 Embrapa’s experience on the production and development of agriculture reference materials
 Ana Rita Nogueira, Gilberto B. Souza, Carla M. Bossu, Tatiana Verhalen, and Silmara R. Bianchi

 Embrapa, Federal University of Sao Carlos, Brazil

Embrapa Southeast Livestock is one of the 47 research centers of the Brazilian Agricultural Research Corporation. The Embrapa’s challenge is to develop a 

model of genuine Brazilian tropical agriculture and livestock. In this context, the quality of laboratory results is mandatory, increasing the demand for reference 

materials. The COMAR database has registered more than 10000 RMs for various applications produced by 25 countries, including Brazil which is represented 

by INMETRO. Otherwise, less than 150 of these samples are related with agriculture and livestock materials, none of them a Brazilian material. In order to pro-

duce reference materials aimed at sustainability of national agriculture, and consolidate a network able to perform reliable and reproducible analytical testing 

laboratory within the internationally standards required, the REPENSA project was proposed. It involved Embrapa’s research centers, agriculture research 

institutes, and universities and private laboratories. In the context of the Repensa project the reference materials were produced and are available to interest-

ed laboratories: a sample of forage plant, containing known levels of contaminants and macro and micronutrients, a sample of mineral mixing for milk cattle 

feed, a sample of contaminated soil and a sample of bovine liver. Samples of phosphate rock and a fish feed are in the final stages of evaluation. Proficiency 

tests were performed to obtain consensus values, and the results and statistical evaluations were performed with the use of software developed by Embrapa 

Southeast Livestock. The results of the obtained products are presented, as well a review of the experience will be made.
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79 Development of certified reference materials for the analysis of Hexabromocyclododecane in plastic
 Song-Yee Baek

 KRISS, South Korea

Hexabromocyclododecane (HBCD) has been mainly used to reduce the flammability of various plastics and textiles in the construction sector, upholstered 

furniture, transportation, electrical and electronic equipment. HBCD has recently been registered under Registration Evaluation Authorisation and Restriction 

of Chemicals (REACH) in 2010. In addition, HBCD might be added to RoHS2 list in the future. To enforce those kinds of regulatory measures, it is required to 

have suitable analytical methods to quantify HBCD in various polymers as well as proper certified reference materials (CRMs). To the best of our knowledge, no 

plastic matrix CRM is yet available. In this study, we developed two kinds of pellet type-plastic CRMs for the analysis of HBCD: Acrylonitrile butadiene styrene 

(ABS, KRISS CRM 113-03-008) and HIPS (KRISS CRM 113-03-009). Those CRMs were prepared based on the procedures maintained in our laboratory. The base 

plastic pellets mixed with commercial HBCD powder and other plastic additives were extruded by the extruder system. The final pellets were homogenized for 

8 hours of V-mixing. The material was bottled into 15 mL wide-bore amber bottles in 5 g per unit. The bottles were purged with argon gas and tightly sealed 

with Teflon lined caps. 195 bottles of ABS and 360 bottles of HIPS were prepared and stored at 2 °C. The certification, homogeneity, and the stability test of 

those CRMs were done by Isotope Dilution Liquid Chromatography-Tandem Mass Spectrometry (ID-LC/MS/MS) chosen as a higher-order reference method.

80 Development of a 22 chlorinated hydrocarbon
 Ning Li, Jian Du, Shuaibin Wang, Wen Tian, and Qian Wang

 Institute for Environmental Reference Materials, China

Ministry of Environmental Protection of China has issued “Ambient air - Determination of volatile halogenated hydrocarbons - Activated charcoal adsorption 

and carbon disulfide desorption/gas chromatographic method” (HJ 645-2013) as the standard method for the determination of volatile halogenated hydro-

carbons, while no corresponding gas standard mixture was developed in china until now. We prefer to develop the standard reference material containing 22 

chlorinated hydrocarbons to satisfy the urgent need. 19 chlorinated hydrocarbons of a 22 chlorinated hydrocarbon Reference Material are liquid at room tem-

perature, and may be gasified incompletely, adsorbed or inhomogeneous in the cylinders, which resulted in inaccurate or instable value of standard Reference 

Material containing 22 Chlorinated hydrocarbons. This research adopts two-step weighting method using home-made volatile organic compounds gasifying 

apparatus to prepare the standard gas of 22 hydrochloric hydrocarbons, and the relative standard deviation of preparation repeatability is less than 1.6. Those 

gas standard mixtures were determined using gas chromatography with a hydrogen flame ionization detector. Cylinder selection study indicated that the 

chlorinated hydrocarbon gas standard mixtures can be prepared by domestic treated cylinder, which significantly decreased the cost of raw materials. The 

results indicated that showed the 22 chlorinated hydrocarbon at 1 μmol/mol level with relative expanded uncertainties of 5 was homogeneous in cylinders 

and stable as long as 18 months. This study supplied the standards support for the determination of volatile chlorinated hydrocarbons in ambient air.

81 Development of a reference material for monitoring of pp’ DDT and pp’ DDE in drinking water matrix
 D.N. Ghugal, K.N. Gandhi, G.S. Kanade, and N.N. Rao

 CSIR-National Environmental Engineering Research Institute, India

Development of a reference material for monitoring of pp’ DDT and pp’ DDE in drinking water matrix D.N.Ghugal , K.N.Gandhi ,G.S. Kanade , N.N. Rao CSIR-NEERI, 

Nagpur. A reference material (RM) is a substance one or more properties of which are sufficiently established to be used for the calibration of an apparatus, the 

assessment of a measurement method ,or for assigning values to material. The reference materials for the environmental matrices, particularly water, are difficult 

to prepare due to their stability issues. The aim of present study is to prepare reference material for monitoring of pp’ DDT and pp’ DDE in drinking water matrix. 

An analytical method based on internal standard technique, is validated for determination of pp’ DDT and pp’ DDE in drinking water using Gas Chromatography 

with electron capture detector. For this purpose, fortified water samples were prepared by spiking targeted pesticides. Liquid liquid extraction was performed 

for sample preparation. The homogeneity and short term stability test of sample batch was done. Spike concentrations in the range of 0.5-2.5 μg/L gave an LOD 

of 0.24, 0.34 μg/L and LOQ of 0.80, 1.12 μg/L for pp’ DDE and pp’ DDT respectively. An average recovery of 91.8 and 85.8 and expanded uncertainty of 0.5 ±0.05 

and 0.5±0.04 was obtained for pp’ DDE and pp’ DDT respectively. Results of homogeneity test gave a standard deviation of 7.6 and 11 for pp’ DDE and pp’ DDT 

respectively. Short term stability was also observed for pp’DDT in water matrix. Further studies are being carried out to ensure the repeatable results.
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83 Development and validation of a highly reusable, in-vial standard gas generating system
 Jonathan J. Grandy, German Augusto, Gomez-Rios, Justen Poole, and Janusz Pawliszyn

 University of Waterloo, Canada

In this work, an in-vial standard analyte generator capable of producing a highly reproducible gaseous headspace is proposed. The vial is comprised of a silicon dif-

fusion pump oil spiked with an appropriate calibration compound, such as modified McReynolds probes (benzene, 2-pentanone, pyridine, 1-nitropropane, 1-pen-

tanol, and n-octane), and then mixed with polystyrene/divinylbenzene (PS/DVB) particles in a 20mL vial. The headspace concentrations of these compounds were 

found to substantially decrease in comparison to previously developed hydrocarbon pump oil based vials hence, the amount of standard loaded onto SPME fibres 

was at most, half that of the previous vial design. Depletion for all compounds after 208 successive extractions was shown to be less than 3.5 . Smaller proportions 

of standards being used at each extraction resulted in a vial that depleted slower while remaining statistically repeatable over a wider number of runs. Indeed, it 

was found that depletion could be predicted using a theoretical, mass-balance model. At a 95 level of confidence, the ANOVA test demonstrated that prepared 

vials were statistically identical, with no significant intra- or inter-batch variations. Storage stability in varying conditions such as light exposure and temperature 

was also validated over 10 weeks for vials prepared with reactive, pentafluorophenyl hydrazine in addition to the McReynolds probes. Said vials could be coupled 

with pre-existing autosampler technology for high throughput application or easily carried on-site with portable GC-MS technology, proving ideal for applications 

in instrument quality control, preparation of standard calibration sets, and stabilization of volatile derivatization agents in a usable form.

86 A Joint Research Project For The Sustainable Production Of Certified Matrix Reference Materials For Environmental Analysis
 Alper Isleyen1, Jochen Vogl2, Nicola Scrundric3, Aida Jotanovic4, Teemu Näykki5, Noora Perkola5, Milena Horvat6, Agnieszka Zoń7, Ewa Bulska8, 

 Maria Ochsenkuhn-Petropoulou9, Süleyman Z. Can1, Mine Bilsel1, Katarina Hafner4, Šemsa Suljagić4, Lejla Kovačević4, Radojko Jacimovic6, Luka Gažević3, 

 Betül Arı1, Murat Tunc1, Burcu Binici1, Taner Gökcen1, and Tsopelas Fotis9 

 1TUBITAK UME-Ulusal Metroloji Enstitusu, Turkey, 2BAM-Federal Institute for Materials Research and Testing, Germany, 3MoE-DMDM- Ministry of Economy-Directorate of 

 Measures and Precious Metals, Serbia, 4IMBIH-Institute of Metrology, Bosnia and Herzegovina, 5SYKE-Finnish Environment Institute, Finland, 6IJS-Institute Jozef 

 Stefan, Slovenia, 7GUM-Central Office of Measures, Poland, 8UWAR-University of Warsaw, Poland, 9NTUA-National Technical University of Athens, Greece 

Reliable analysis of chemical indicators in water, sediment and soil samples for the purpose of environmental pollution assessment poses one of the greatest 

analytical challenges, having in mind the complexity of sample matrix and low concentrations of pollutants. Organics (pesticides, PAHs, PFOS, etc.) and heavy 

metals (Hg, Cd, Ni, Pb and As) represent target parameters. Laboratories performing sampling and tests in this field regulated by respective EU directives [1], 

need strong support in terms of providing them with appropriate matrix CRMs enabling the process of quality control. NMIs and DIs with proven metrological 

capabilities for the production and certification of such materials are necessary for the provision of quality data. Our project is aiming to develop capacity to 

produce CRMs for environmental analysis by transferring the theoretical and practical know-how between the partners and combining their skills to focus on 

environmental CRM production in accordance with ISO Guide 34 [2]. 3 candidate certified reference materials (elements in water, elements in soil and organic 

pollutants in water) will be produced within 3 years. Inter laboratory comparison for characterisation, registered as EURAMET project is set as the ultimate 

project outcome, confirming the partners’ capabilities in applying newly acquired skills. Our project will have an impact on environmental monitoring in the 

partnering countries and on the scientific community, who will use the newly developed reference materials. Furthermore, partners will develop strategies for 

producing new CRMs either on their own or in cooperation. This will lead to regional CRM programmes serving scientific and official laboratories. References 

[1] Water Framework Directive 2008/105/EC – Annex II: Priority substances and other pollutants http://ec.europa.eu/environment/water/water-framework/

priority_substances.htm [2] International Organization for Standardization, ISO Guide 34, General requirements for the competence of reference material 

producers, ISO, Geneva (2009). 
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87 Development of volatile organic compounds certified reference materials for environmental waters analysis
 Liping Fang, Gang Yang, Yang Jiang, Haiping Liu, Bingwen Lu, Wen Tian, and Honghai Tian

 State Environmental Protection Key Laboratory of Environmental Pollutant Metrology and Reference Materials, Institute for Environmental Reference Materials of Ministry 

 of Environmental Protection, China

Volatile organic compounds (VOCs) are one of the chief issues in the environmental and their wide distribution has raised major concerns, in particular with 

environmental sciences. To ensure quality control for environmental-analysis measurements, a certified reference material (CRM) for twenty-nine VOCs has 

been developed by the Institute for Environmental Reference Materials (IERM) of Ministry of Environmental Protection in China. The objective of the paper is to 

present the results of preparation and certification studies: preparation methodology, purity study, homogeneity study, short-term stability study, long-term 

stability study, characterization study and uncertainty estimates related to characterization. Homogeneity was tested on 15 units selected by a stratified ran-

dom samplings scheme covering the whole batch, and three sub-samples was analyzed in each unit. The homogeneity was evaluated by one-way analysis of 

variance (ANOVA as described by ISO Guide 35. In the short-term stability study, the ampoules were prepared in three groups: eighteen ampoules were stored 

at 55 °C, eighteen ampoules were store at 40 °C and eighteen ampoules were stored at -40 °C. For long-term stability study, samples were analyzed duplicate 

samples from 3 randomly selected bottles from the whole batch stored in different conditions for 0, 1, 3, 6, 9, 12, and 15 months. The homogeneity and stability 

of the VOCs CRM was confirmed for all analytes and their respective properties. The certification values of VOCs CRM were assigned by nine collaborating labo-

ratories. This CRM can be used for environmental analyses to guarantee the quality of measurement results and the validation of the methods.

89 A NIST Standard Reference Material (SRM) 2373: Genomic DNA Standards for HER2 Measurements
 Hua-Jun He, Jamie Almeida, Steve Lund, Steve Choquette, and Kenneth Cole

 NIST, USA

Human epidermal growth factor receptor 2 (HER2) measurements in breast cancer provides diagnostic, prognostic and treatment information. The most 

commonly used methods are immunohistochemistry and in situ hybridization assays, however, these non-quantitative methods underscore the importance 

of developing reference materials and quantitative methods to determine HER2 status. NIST Standard Reference Material (SRM) 2373 was developed, and is 

intended primarily for use as a standard to assign values of the HER2 gene amplification in DNA samples. This SRM consists of genomic DNA extracted from 

five breast cancer cell lines with different amounts of HER2 gene amplification. The five components (A, B, C, D and E) are derived from human cell line SK-BR-3, 

MDA-MB-231, MDA-MB-361, MDA-MB-453, and BT-474, respectively. The certified ratio for each component is the average gene abundance ratio of HER2 to 

four reference genes (DCK, EIF5B, RPS27A, and PMM1). The ratios were quantified using quantitative polymerase chain reaction (qPCR) and digital PCR (dPCR) 

methods. The five components of SRM 2373 have certified ratio values of 9.7, 1.3, 6.4, 2.9 and 17.7, respectively. The copies/values of HER2 and the reference 

genes obtained from both the calibration curve based qPCR and dPCR methods are provided as information values. The utility of the reference material for 

measurement of HER2 gene amplification is also being explored using DNA sequencing methods. This SRM will be of value to the clinical molecular diagnostic 

community by providing a DNA reference material to improve the reliability and confidence of the measurement of HER2 gene copy number.

91 Two New Candidate Certified Reference Materials For Newborn Screening For The Diagnosis Of Metabolic Disorders
 Seda Damla Hatipoglu1, Murat Celik2, Alper Isleyen1, Ilker Un1, Simay Gunduz1, Nihal Zorlu1, and Ahmet C. Goren1

1TUBITAK Ulusal Metroloji Enstitusu, 2Zivak Technologies, Turkey

Metabolic diseases are associated with the synthesis or catabolism of proteins, carbohydrates and fatty acids. Phenylketonuria, Maple Syrup Urine and 

Tyrosinemia are common diseases that are generated from amino acid metabolism disorders. Some of widespread diseases are also caused by organic acid 

metabolism such as Methylmalonic, Propionic academia and Biotinidase deficiency [1]. Early diagnosis of metabolic diseases is very critical and they should be 

evaluated through reliable screening tests [2]. For the reliable quantification of amino acids and organic acids, proper calibration and quality control must be 

conducted. The use of certificated reference materials (CRM) is required to ensure the quality of these measurements. In this study, two candidate reference 

materials will be produced to certify about 50 organic acids in urine and about 50 amino acids in human plasma. These materials are intended to be used 

to control newborn screening tests and routine clinical measurements. To the best of our knowledge, the selected analytes have not been certified in single 

CRM’s and only few of these analytes were certified in limited quantities [3]. TUBITAK UME has a quality management system based on ISO/IEC 17025 [4] and 

ISO Guide 34 [5], production and the certification of the CRMs are carried out according to the technical requirements of ISO Guide 35 [6]. ID MS will be applied 

as primary method of measurement for the characterisation of the materials. References [1] Banta-Wright, S.A., Steiner, R.D., Tandem Mass Spectrometry in 

Newborn Screening, J Perinat Neonat Nurs, 18:1, 41-58, (2004). [2] Garg, U., Dasouki, M., Expanded newborn screening of inherited metabolic disorders by tan-

dem mass spectrometry: Clinical and laboratory aspects, Clinical Biochemistry, 39, 315-332, (2006). [3] NIST SRM 1950, Metabolites in Human Plasma. [4] Inter-

national Organization for Standardization, ISO/IEC 17025 General requirements for the competence of testing and calibration laboratories, ISO, Geneva (2005). 

[5] International Organization for Standardization, ISO Guide 34, General requirements for the competence of reference material producers, ISO, Geneva (2009). 

[6] International Organization for Standardization, ISO Guide 35, Reference materials – General and statistical principles for certification, ISO, Geneva (2006). 
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93 Methods Development for Calcium Certification Analysis by ICP-MS in Milk Powder CRMs Candidates to use in Milk Quality Control
 E.B. Mercado Pedraza1, M. Arce-Osuna2, F. Villaseñor Ortega1, and L. Regalado Contreras2

1Instituto Tecnológico de Celaya, 2Centro Nacional de Metrología, Mexico

The word demand for dairy products will grow faster than available supply, driven disproportionately by economic growth in emerging markets. Mexico is the 

largest market for U.S. dairy exports, accounting for about one quarter of exports. One of the main doubts in milk trade is its quality, for which high confidence 

quality control measurements are desirable. Total calcium in milk products usually are measured for food nutritional evaluation. For the quality control of this 

kind of measurements, there are some certified reference materials available in whole milk powder matrices, but the availability of more specific matrices such 

as skimmed milk powder are necessary. This study present the methods development for calcium quantification in three kind of milks powder matrices. The 

results of two methods were compare, isotopic dilution and internal standard applying for both microwave digestion and inductively coupled plasma with 

mass spectrometry detection (ICP-MS). For method validation, NIST SRM-1849 was use. The calcium content result in all matrices present good agreement with 

both method, therefore is possible to use the internal standard method as an alternative and shipper method for calcium certification purposes in these kind 

of matrices if the use of isotope dilution method is not possible or accessible.
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30 Examination of Commercial Botanical Products for the Presence of Heavy Metals by ICP-MS
 Patricia Atkins

 SPEX CertiPrep, USA

Botanicals are plants or parts of a plant that are used for their flavor, scent or therapeutic properties. The sale and consumption of botanical products has 

dramatically increased over the past two decades as consumers trend to what are perceived to be natural and high quality botanical products over other 

manufactured products. The safety of these products, especially products considered to have medicinal or therapeutic properties (i.e. supplements, nutra-

ceuticals or phytomedicines) is often in question. The primary regions of spice and tea production around the world (India, Bangladesh, Turkey, China, and 

Indonesia) are cited as having less stringent safety and quality standards in regards to consumer products. Products from these regions are often found to 

contain a variety of adulterants and contaminants including mycotoxins, pesticides, illegal additives, toxic organic compounds and heavy metals. In this study, 

commonly used spices or botanicals in the US (Cinnamon, Mustard Seed, Ginger, Paprika, Red Pepper, Black Pepper, Cumin and Turmeric) in various forms 

and preparations were studied by ICP-MS to determine the presence and level of heavy metal contamination. Many botanical products can often fall into 

multiple product categories such as spices, spice blends, teas, condiments and medicinal preparations. Botanical products were selected to cover the range of 

preparations and uses. Organic varieties when available were also compared to traditionally cultivated botanicals. The botanicals were purchased at a variety of 

locations including: farmer’s markets, ethnic markets, chain supermarkets, herbal/health food stores, online and discount stores. Samples were digested using 

microwave digestion and analyzed using ICP-MS. 

32 Development of a CRM for infant feeding: ash, water, protein, fat and carbohydrate content
 J.M Rodrigues, R.C. Scarlato, N.G.M. Miranda, R.S. Costa, and E.C.P. Rego

 Inmetro, Chemical Metrology Division, Brazil

The WHO recommends breast milk as the only complete food for the growth maintenance and good nutrition of infants during the first six months of life. 

However, the presence of women in the labor market, agalactia, the increased incidence of cases of women infected by HIV, make the administration of infant 

formula as the main or the only infant feeding source. In the Brazilian and world market, there is a great diversity of foods aimed at this segment, whose quality 

is critical to the health and the good child development. In order to support the analytical laboratories that provide results for infant formula and powder milk 

in general, Inmetro is developing a certified reference material for ash, water, protein, fat and carbohydrate content. All production is following the require-

ments of ISO Guides 34 and 35. A batch of 300 units of amber glass bottles with 80 g of infant formula was prepared. For the homogeneity, short-term and 

long term stability study the samples were measured in duplicate by calcination at 550 °C (ashes), Karl Fischer Coulometric Titration (water), Kjeldahl-nitrogen 

x 6.38 (proteins), Soxhlet extraction with previous acid hydrolysis (fat) and Lane Eynon titration (carbohydrates). The degree of heterogeneity was 1.10, 5.87, 

0.79, 4.38 and 0.33 , respectively. The short-term stability was evaluated at 4, 22 and 50 °C for 60 days (reference temperature of - 20 °C). The long-term stability 

is under evaluation at - 20 and - 80 °C and the characterization will be held through an interlaboratory comparison. For this, seventeen laboratories confirmed 

participation. Each one will analyze duplicate subsamples of a unit. For some properties, the participants will use two techniques and it is possible that the 

CRM be certified according to the methodology used.
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34 Method Development for the Determination of Nicotine and Tobacco Specific Nitrosamines in Candidate Standard Reference Material 3222, 
 Cigarette Tobacco Filler
 Jeanita S. Pritchett, Yasmine C. Daniels, Bruce A. Benner, and Lane C. Sander

 NIST, USA

As a collaborative effort with the U.S. Food and Drug Administration (FDA), Candidate Standard Reference Material (SRM) 3222, Cigarette Tobacco Filler, was 

acquired to produce a reference material for bulk tobacco in cigarettes. Levels of nicotine (NIC), tobacco specific nitrosamines N-nitrosonornicotine (NNN) and 

4-(methylnitrosamino)1-(3pyridyl)-1-butanone (NNK), and oven volatiles have been targeted for study. The desired specification for the material included NIC 

content 0.3 mg/g or less, NNN content 1000 ng/g or less, NNK content 250 ng/g or less, and less than 13 oven volatiles. Initial assessment of NIC, NNN, and 

NNK was performed using isotope dilution liquid chromatography coupled to electrospray tandem mass spectrometry (ID-LC-MS/MS) and isotope dilution gas 

chromatography (ID-GC/MS). To ensure accurate measurements, both the ID-LC-MS/MS and ID-GC/MS methods were optimized to provide high sensitivity, 

selectivity, and reproducibility for the analytes. Additionally, sample extraction efficiency from the matrix was evaluated to ensure complete extraction. Prelimi-

nary value assignment demonstrated good agreement between the two methods and a high level of measurement precision.

36 Method Development Strategies for the Analysis of NBOMe Compounds
 David S. Bell, Craig Aurand, and Carmen T. Santasania

 Supelco/Sigma Aldrich, USA

In the last two years, a number of police and regulatory agencies have reported encounters with a group of potent synthetic hallucinogens, the NBOMe com-

pounds. These compounds are all N-Benzyl-Oxy-Methyl derivatives (thus NBOMe) of previously known phenethylamines such as 2C-I and 2C-B. NBOMe com-

pounds were reported to have hallucinogenic and toxic affects by Shulgin (1). Case reports of NBOMe use have included hospitalizations and deaths which 

indicate a substantial risk of toxicity after ingestion or inhalation of limited quantities of these substances. The NBOMe series was first investigated by Heim and 

co-workers (2) as agonists for the 5-HT2A serotonin receptors that are associated with hallucinogenic activity (3). A major goal of this work was to develop an 

LC/MS method for detection of the NBOMe compounds in urine because the potential for abuse of these compounds is great. Most recently commercially 

available Certified Reference Materials (CRMs) have become available that will help in this analysis. The initial study examined the factors that affected the sepa-

ration. The NBOMe compounds are reasonably hydrophobic so a reversed-phase mode was deemed to be a good starting point. Phases evaluated in the study 

include C18, C8, RP-Amide, F5 and phenyl hexyl. Mobile phase selection was also investigated. In addition, alternate selectivity in HILIC mode was studied. In 

the second phase of this study, a sample preparation method for extraction of NBOMe compounds from human urine was developed with detection by mass 

spectrometry. Analysis of spiked human urine was conducted using a 96 well format containing HLB solid phase extraction material. Average recovery of the 

NBOMe compounds from urine was observed to be 80. Linear calibration was observed from 20 ng/mL to 300 ng/mL, 10 ng/mL was at the limit of detection 

for this method. A suitable method for the broad analysis of NBOMe compounds is presented. Both reversed-phase and HILIC modes of chromatography 

were studied. Linearity studies were performed with good results. Finally, spiked human urine samples were extracted and recovery data averaged near 80. (1) 

Shulgin A, Shulgin A. PIHKAL: A Chemical Love Story, Transform Press, Berkeley, CA, 1991. (2) Pertz HH, Heim R, Elz S. N-Benzylated phenethylamines are potent 

partial agonists at 5-HT2A receptors. Arch. Pharm. – Pharm. Med. Chem. 2000333(Suppl. 2):30. (3) Microgram Journal, Volume 9, Number 2 84-109.  

38 Preparation and certification of two bulk welding fume reference materials for use in laboratories undertaking analysis of occupational 
 hygiene samples
 Owen Butler, Darren Musgrove, and Peter Stacey

 Health and Safety Laboratory, UK

Welding is a universal endeavour. In the US, it is tabulated that there are approximately 340,000 workers engaged in welding whilst in Europe the numbers 

employed is estimated to be around 750,000 Workers can be exposed to fume arising from welding activities that contain toxic metals and metalloids. For as-

sessment purposes, sampling fume onto a filter for subsequent laboratory analysis using inductively coupled plasma-atomic emission spectrometry (ICP-AES) 

and inductively coupled plasma-mass spectrometry (ICP-MS) is often used. An inherent difficulty however with ICP-based analytical techniques is that samples 

typically require digesting before analysis i.e. dissolution of a welding fume filter sample in strong mineral acids. The increasing use of high performance closed 

vessel microwave assisted digestion systems helps but nevertheless this step does still rely heavily upon the skill and experience of the analyst involved. In 

summary, the aim of this poster is to describe the work undertaken at the Health and Safety Laboratory (HSL) to prepare and certify two new bulk matrix 

matched welding fume reference materials that can be routinely used by analysts to assess the performance of the digestion procedures that they employ in 

their laboratories when undertaking welding fume on filter analysis.
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40 Development of incurred reference material for chloramphenicol in milk powder
 E.C.P Rego1, E.F. Guimarães1, A.L.M. Santos1, J.M. Rodrigues1, A.D. Pereira Netto2

1INMETRO, Chemical Metrology Division, 2UFF, Department of Analytical Chemistry, Brazil

Chloramphenicol (CAP) is a broad-spectrum antibiotic that can cause serious hemotoxic effects in humans, which was banned for the treatment of food-pro-

ducing animals in the European Union and several other countries, including Brazil. A minimum required performance limit (MRPL) for analytical methods 

of 0.3 μg kg-1 was established for the detection of CAP residues in different food matrices, including milk. The aim of this work is the production of a new 

candidate certified reference material (CRM) for CAP in milk powder, providing a new tool for quality assurance of milk. In order to get incurred milk material, 

a cow was treated intramuscularly for one day with chloramphenicol succinate 20 mg/kg. The raw milk was pasteurized and spray-dried. The incurred milk 

powder was mixed with blank milk powder and the original fat content was also reduced 50, producing a partially skimmed milk containing CAP around its 

MRPL. The material was transferred into 350 amber glass flasks containing 2 g of milk powder. All individual flasks produced from that batch were lyophilized, 

sealed under vacuum and finally stored at -80 °C. The entire production followed the requirements of ISO Guides 34 and 35. The samples were analyzed by 

liquid chromatography with isotope dilution mass spectrometry (LC–IDMS) for CAP determination following enzymatic hydrolysis or not. The water content of 

milk powder was measured by Karl Fischer coulometric titration. Sixteen samples were used for homogeneity studies. The material showed good degrees of 

inhomogeneity for water content (4.0), free CAP (4.3) and total CAP residues (3.1). The short-term stability was evaluated at 20 and 50 °C for 60 days (consid-

ering a reference temperature of -80 °C). The long-term stability is under evaluation at -20 and -80 °C and the characterization will be performed through an 

interlaboratory comparison. 

42 Development of Certified Reference Material of Lake Sediment, NIES CRM No. 31
 A. Yamakawa, T. Sano, M. Ukachi, K. Onishi, and M. Nishikawa

 National Institute for Environmental Studies, Japan

In 2012, Ministry of the Environment Japan revised “The Methods for Sediment Surveillance.” According to the manual, the accuracy control was required for 

the analyses of complete dissolution and HCl/HNO3/HClO4 extraction. Therefore, we developed NIES (National Institute for Environment Studies) CRM No. 31 

(Lake sediment) for the determination of multi-elements in lake sediment and materials of similar matrix. The sediment was collected at Lake Kasumigaura, 

Japan in 1999. The raw sediment was dried, crushed, sieved and homogenized at NIES in Tsukuba, Japan. The final material was placed in amber glass bottles, 

and sterilized by 60Co irradiation (20 kGy). All procedures complied with ISO GUIDE 34. Homogeneity of the CRM was tested with 10 bottles selected from the 

total 560 bottles by X-ray fluorescence spectroscopy (XRF). The between-bottle variation was evaluated by a one-way analysis of variance (ANOVA), showing 

the relative standard deviations between bottles for the analytes to be 1 . The property values of the material were then statistically determined based on 

chemical analyses by 13 organizations (including 20 laboratories) using a wide range of methods. The certified and reference values were obtained for 13 and 

6 elements to the complete dissolution, respectively, and 9 and 2 elements to the HCl/HNO3/HClO4 extraction, respectively. NIES CRM No.31 was registered 

for COMAR in Feb. 2015 and provided from March 2015. NIES CRM No.31 is the first CRM adapted for “The Methods for Sediment Surveillance” of Ministry of the 

Environment, Japan. The methodology and results will be discussed in this conference.   

44 Determination of High Molecular Weight Polycyclic Aromatic Hydrocarbons in High Performance Liquid Chromatography Fractions of Standard   
 Reference Material 1597a via Solid-Phase nanoextraction and Laswer Excited Time-Resolved Shpol’skii Spectroscopy
 Walter B. Wilson, Bassam Alfarhani, Anthony F. T. Moore, Cristina Bisson, Stephen A. Wise, and Andres D. Campiglia

 University of Central Florida, NIST, USA

We present an alternative approach to the analysis of high molecular weight-polycyclic aromatic hydrocarbons (HMW-PAHs) with a molecular mass of 302 

Da in HPLC fractions from a complex environmental sample. Many isomers exist with very similar chromatographic behaviors and virtually identical mass 

fragmentation patterns. Since the carcinogenic properties of HMW-PAHs differ significantly from isomer to isomer, it is important to determine the most toxic 

isomers even if they are present at much lower concentrations than their less toxic isomers. The approach is based on Shpol’skii spectroscopy, a low-tempera-

ture photoluminescence technique long recognized for its capability in providing efficient and adequate resolution of structural isomers at the concentration 

ratios found in environmental samples. The complications of traditional methodology for low-temperature measurements are avoided by using a bifurcated 

fiber optic probe that delivers the excitation light directly into the frozen matrix. The unambiguous determination of targeted HMW-PAHs is accomplished via 

collection of 4.2K wavelength-time matrices. These data formats take advantage of the full dimensionality of fluorescence spectroscopy by combining spectral 

and lifetime information providing a selective tool for the determination of structural isomers of HMW-PAH. The analytical potential of this approach is demon-

strated with the determination of dibenzo[a,l]pyrene, dibenzo[a,e]pyrene, dibenzo[a,i]pyrene, naphtho[2,3-a]pyrene and dibenzo[a,h]pyrene in HPLC fractions 

of standard reference material 1597a. The advantages of using solid-phase nanoextraction for HPLC-fraction pre-concentration are supported with excellent 

analytical figures of merit. The accuracy of HPLC-SPNE-LETRSS is demonstrated with statistically equivalent concentrations to the certified values issued by the 

National Institute of Standards and Technology (NIST). 
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46 New CRMs for food analysis
 J. Snell, M. Dabrio, and A. Bernreuther

 EC-JRC-IRMM, Belgium

The IRMM continuously develops new certified reference materials (CRMs) for food analysis. CRMs are chosen and optimised to be as useful as possible for 

quality control and calibration of measurements made in support of EU legislation on food safety and quality. In addition, CRMs are developed to assist 

researchers with new analytical tasks in response to emerging concerns. The following new CRMs are presented: Milk Powder CRMs for the contents of 15 

elements (ERM® BD150 and BD151) and 7 vitamins (ERM-BD600). Each was tailored to match legislation for safety limits and nutritional labelling by spiking raw 

milk at the start of the processing process. By collaboration with expert laboratories, it was possible to certify this wide range of analytes with low uncertainties. 

Perfluoroalkyl substances (PFASs), which have industrial applications such as in textiles and pesticides, can have hazardous biological effects and are highly 

persistent in the environment. Their use is restricted by legislation. The CRM IRMM-427 contains certified mass fractions of four PFASs in fish tissue and CRM 

IRMM-428 contains certified mass concentrations of six PFASs in drinking water. These provide comparability and traceability of PFASs measurement results for 

food analysis. For seafood, two new CRMs, ERM CE278k (Mussel tissue) and ERM-BB422 (Fish tissue) were produced and certified for mass fractions of nutrient 

and contaminant elements. Mycotoxins are toxic fungal metabolites that may appear in agricultural crops and food products, for which legislation has set 

maximum limits. ERM®-BC717 (Maize) was further characterised to provide certified values for nivalenol and deoxynivalenol. 

48 T-2 and HT-2 toxins in oat flakes: A new certified reference material
 Robert Köppen, Karin Klein-Hartwig, Jochen Vogl and Matthias Koch

 BAM Federal Institute for Materials Research and Testing , Germany 

Plant pathogenic fungi of the genus Fusarium are predominant mycotoxin producers in moderate climate zones. Fusarium toxins occur worldwide in a wide 

variety of foods and feeds, particularly in highly consumed cereals and cereal based products. As the consumption of mycotoxin-contaminated products may 

induce acute and long-term chronic effects to human and animal health, determination and reduction of these compounds in food and feed is subject to the 

work of regulators, food business operators and researchers. The toxicologically and economically most important Fusarium mycotoxins are zearalenone (ZEN) 

as well as the type A (T-2 and HT-2 toxin) and type B trichothecenes (e.g. deoxynivalenol (DON)). While for DON and ZEN EU maximum levels are already in 

effect[1], only indicative levels for the sum of the T-2 and HT-2 toxins in food and feed were set[2]. To enforce the maximum levels and thus reduce consumer 

risks, strict controls of food and feed are of prime importance. For the sum of these reasons, certified (matrix) reference materials (CRMs) for Fusarium toxins 

are required. In the frame of the ERM® (European Reference Materials) initiative BAM has currently completed one CRM project on the field of mycotoxins 

(ERM®-BC720: T-2 and HT-2 toxins in oat flakes) based on ISO Guide 35[3] to reduce the current gap of available CRMs for mycotoxins in food. References [1] 

Commission Regulation (EC) No 1126/2007. [2] Commission Recommendation 2013/165/EU [3] ISO Guide 35 Reference materials: General and statistical 

principles for certification ISO/REMCO, 2006.

50 Use of Multivariate Statistical Techniques in the Homogenity Evaluation of a Candidate Bovine Kidney Reference Material
 Liliana Castro, Edson G. Moreira, and Marina B. A. Vasconcellos

 Instituto de Pesquisas Energéticas e Nucleares – IPEN-CNEN/SP, Brazil

Evaluation of the homogeneity of reference materials is typically performed using a one way analysis of variance approach, as described in ISO Guide 35:2006. The 

present work describes the use of multivariate techniques such as principal component analysis (PCA) and hierarchical cluster analysis (HCA) that can complement 

traditional univariate analysis for the homogeneity evaluation of a candidate bovine kidney reference material. The candidate reference material was prepared using 

35 kg of fresh bovine kidney from cattle reared under controlled conditions. The kidneys were grinded, lyophilized and sieved to achieve a material with particle size 

less than 100 micrometers. The concentration of some inorganic constituents (As, Co, Cr, Fe, K, Mg, Mn, Na, Se and Zn) was determined using Instrumental Neutron 

Activation Analysis, (INAA). Multivariate techniques take into account the correlation among many variables at the same time, and for this reason, they can provide 

much more information than univariate techniques, for example, by showing an underlying structure of data not visible by other means. On the other hand, they 

also make possible a graphical representation of a larger amount of information allowing a simpler visualization of the data set and facilitating its evaluation.

52 Certification of 24R,25-Dihydroxyvitamin D3 in NIST Standard Reference Materials
 Susan S.-C. Tai and Michael A. Nelson

 NIST, USA

24R,25-Dihydroxyvitamin D3 (24R,25(OH)2D3) is a major catabolite of 25-hydroxyvitamin D metabolism and is an important vitamin D metabolite used as a 

catabolism marker and indicator of kidney disease. The National Institute of Standards and technology (NIST) has developed serum-based standard reference 

materials (SRM 972a and SRM 2973, Vitamin D Metabolites in Human Serum) primarily for use in evaluating the accuracy of procedures for determination 

of vitamin D metabolites in human serum. It is also intended for use in validating secondary reference materials. In conjunction with the development of 

these SRMs, NIST has developed isotope-dilution liquid chromatography tandem mass spectrometry (ID-LC/MS/MS) methods for 25-hydroxyvitamin D3 and 

25-hydroxyvitamin D2 in human serum that are recognized by the Joint Committee for Traceability in Laboratory Medicine (JCTLM) as reference measurement 

procedures (RMPs) of a higher-order. SRM 972a currently has certified values for 25-hydroxyvitamin D3, 25-hydroxyvitamin D2, and 3-epi-25-hydroxyvitamin 

D3. Recently NIST has also developed a candidate RMP for the determination of 24R,25(OH)2D3 in human serum using ID-LC/MS/MS. This method was used for 

value assignment of 24R,25(OH)2D3 in SRM 972a and SRM 2973, which can serve as an accuracy base for the routine methods used in clinical laboratories.
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54 Preparation of Candidate Standard Reference Material (SRM) 2860 Restricted Substances in Polyvinyl Chloride (PVC) and Measurement of 
 Phthalates by Gas Chromatography/Mass Spectrometry
 Bruce A. Benner, Jr.1, David P. Owen2, Katherine Stahl2, Kristi Utecht2, Leena Pitkãnen1, Randy Isenburg1, and André M. Striegel1

1NIST, 2BASF, USA

INTRODUCTION: Phthalates are suspected endocrine disrupters and their use has been restricted in plastics used for children’s toys. The United States Consum-

er Products Safety Commission (CPSC) is now requiring the analysis of selected toys and child care articles for levels of six restricted phthalates including but-

ylbenzyl phthalate, dibutyl phthalate, bis(2-ethylhexyl) phthalate, di-n-octyl phthalate, diisononyl phthalate, and diisodecyl phthalate and is collaborating with 

NIST in development of an SRM for phthalates in polyvinyl chloride (PVC). Solutions of these six phthalates were prepared at mass fractions using bis(2-ethyl-

hexyl) adipate (DOA) as the main plasticizer and were formulated with PVC resin and a calcium zinc solid heat stabilizer for milling into PVC sheets resulting in 0.1 

and 2 mass fractions phthalates in the milled flexible vinyl. Aliquots of the flexible vinyl samples were extracted or dissolved and the phthalate content quantified 

using gas chromatography/mass spectrometry. Fundamental properties of the flexible vinyl and the original PVC resin, including aggregation in-solution and 

molar mass distributions, were determined using size-exclusion chromatography (SEC) with multi-angle static light scattering (MALS) and differential refractive 

index (DRI) detection. METHOD: The flexible vinyl sheets were milled using a two roll mill. The mill’s counter-rotating rollers heated at approximately 172 °C fused 

the dry blend formulation into flexible vinyl sheets of approximately 450 g each. From 5 to 7 individual flexible vinyl sheets were milled each for the 0.1 phthalate, 

2 phthalate, as well as a 0 phthalate (100 DOA) formulations. For the measurement of the phthalates in the flexible vinyl, method CPSC-CH-C1001-09.3 was 

employed using both extraction and dissolution preparations followed by GC/MS. The SEC was performed using tetrahydrofuran as both solvent and mobile 

phase, employing both MALS and DRI detection in series. Separation occurred over a column set consisting of three PLgel Mixed-B columns. PRELIMINARY DATA: 

Results from GC/MS measurements of phthalates in the milled PVC sheets suggest that the materials are nominally composed 0.1 and 2 mass fraction of the six 

phthalates, such that the PVCs could be used as quality control samples by analysts measuring these plasticizers in vinyls. SEC with multiple detectors suggested 

that PVC from the milled sheets did aggregate in solution to a small degree, with the original resin displaying no aggregation.

56 Protecting the consumer – the production of authentic meat species reference materials
 Gill Holcombe

 LGC, UK

In the UK, it is an offence under the Food Safety Act 1990 to sell food that is “not of the nature, substance or quality demanded by the purchaser” or “to falsely 

or misleadingly describe or present food”. However, in 2013 horsemeat was found in products sold in the UK described as beef, and in 2014 some lamb dishes 

from takeaway restaurants sampled from across the UK were found to contain cheaper meats such as chicken and beef. In response to these incidents, LGC 

produced six single species meat reference materials and ten mixed species meat reference materials. Testing food products for meat species can be challeng-

ing, particularly if the sample has been highly processed and contains complex mixtures of ingredients. The species reference materials have been produced as 

a tool to help laboratories validate their methods by providing samples to check their specificity and detection limit. The materials were produced using large 

cuts of meat which were surface trimmed and then the species confirmed using DNA sequencing. Samples were ground and then the responses checked 

with a PCR based method and an immunoassay method to confirm the expected meat species in the samples and the absence of possible species cross-con-

tamination. Each unit of the mixed meat materials was prepared individually to ensure the weight of each raw meat in the sample container was known. 

Future plans involve extending the number of pure meat materials. 

57 Production of a peanut quality control material to improve allergen analysis – how difficult can it be?
 Gill Holcombe1, Michael Walker1, Deborah House1, Joanna Topping1, and Clare Mills2

 1LGC, 2University of Manchester, UK

Food allergy causes detriment to the quality of life for allergic consumers, risks of fatalities by anaphylaxis and problems for businesses. Flawed allergen analysis 

hinders detection and measurement of allergens, which is important for food labelling, defining threshold levels and detecting food fraud. ELISA, DNA and MS 

can be used to detect food allergens but there are quantification problems with all three. ELISA is currently the most commonly applied technique however, 

although it can detect the presence of most protein allergens in foods, it can struggle with recovery and accurate quantification. A well characterised quality 

control material, ideally a certified reference material, has been called for by many to improve consistency in analytical results for allergens. However there are 

practical difficulties with production which are often overlooked, including ensuring sufficient homogeneity and long term stability, assessing the incurred 

quantity, and maintaining a relationship with the concentrations that affect allergy sufferers. The authors present a successful study which is a first step towards 

addressing the above problems. A prototype quality control set, (a blank material and a QC material with peanut protein added at 10 mg kg-1 level) has 

been prepared based on a EuroPrevall study matrix used to assess clinical thresholds. The homogeneity and stability of the material have been evaluated and 

assessed as satisfactory and the material is now available to the wider analytical community. This is valuable progress in addressing the lack of allergen related 

incurred reference materials to improve global allergen protein measurement.
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58 Development of a reference material for histamine in canned tuna
 Benilda S. Ebarvia, Sharlene R. Cabanilla, Alma B. Cruz, Aaron Dacuya, and Natividad R. Mamplata

 Industrial Technology Development Institute, Philippines

The characterization of a potential reference material for histamine in canned tuna was carried out using HPLC technique with fluorescence detector using 340 
nm for excitation and 445 nm for emission. Method validation was conducted using samples fortified (n=10) with 3 levels of histamine concentration. The pre-
cision (rsd) obtained for each level were acceptable and percent recoveries obtained (99-106) on spiked samples were very good. Homogeneity and stability 
tests for histamine in fish matrix were undertaken using the said method. Sufficient homogeneity was observed from the samples (n=10) after applying visual 
inspection, Cochran’s test and statistical tests. The long term stability over a period of 3 months showed no significant difference using t-test at 95 confidence 
interval. The said material was used in the proficiency testing (PT) exercise organized for the first time in the country for histamine. The reference value of the 
PT material (148 mg/kg) was obtained using exact matching isotope dilution liquid chromatography mass spectrometry (ID-LCMSMS). An estimate of mea-
surement uncertainty (14 mg/kg (K=2) at 95 confidence interval was calculated considering contributions from sample weight, precision, accuracy, linearity, 
homogeneity and stability. The standard deviation for proficiency assessment, σp, was calculated based on the modified Horwitz model (σp=11 mg/kg) and 
the participants’ performance were evaluated by z-score. The material can be a candidate certified reference material that could help improve testing laborato-
ry quality measures and performances and has the potential to help in the establishment of measurement traceability to IS.

60 Acquisition and Preparation of Candidate SRM 2983 Inorganics in Geoduck Clam Tissue (Panopea generosa)
 Amanda J. Moors, Michael B. Ellisor, Rebecca S. Pugh, Debra L. Ellisor, Jennifer M. Ness, Jennifer Trevillian, Melannie J. Bachman, and S. Lee Huntington

 NIST, USA

The National Institute of Standards and Technology (NIST) has developed a number of environmentally relevant Standard Reference Materials (SRMs) over the 

years, including whale blubber, fish and mussel tissues, human blood, house dust, sewage sludge, air particulate material, and a variety of sediments, with a 

broad range of individual organic and inorganic contaminants characterized to suit the needs of the environmental community. However, a higher order refer-

ence material was needed for quality assurance of measurements conducted for contamination assessment in matrix rich shellfish. Several agencies, including 

the National Oceanic and Atmospheric Administration (NOAA) Fisheries, Washington Department of Health, and the Southeast Alaska Regional Dive Fisheries 

Association (SARDFA) requested the production of a geoduck clam reference material containing naturally representative levels of inorganic contaminants. 

In compliance with the recent trade agreement between the US and the People’s Republic of China, individual states are now required to routinely monitor 

arsenic contamination in geoduck clams as part of NOAA Fisheries’ Seafood Inspection Program. The production of the Candidate SRM 2983 would fill this 

necessity, providing quality assurance and traceability in measurements for assessing potential health risks associated with shellfish. Additionally, Candidate 

SRM 2983 material would be used worldwide for environmental and foodstuff assessments. Approximately 40 geoduck clams were harvested from Southeast 

Alaska and the tissue from each clam was frozen, then cryogenically homogenized using the Palla VM-KT vibrating cryomill at the NIST Reference Material 

Production Facility in Charleston, SC. The production of Candidate SRM 2983 is described in detail here.
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65 Characterization of a New Total Nutrient Standard Reference Material: Dry Cat Food
Laura J. Wood, Melissa M. Phillips, Joseph F. Browning, Johanna E. Camara, Kaitlyn D. Chieh, Siva K. R. Chinthalapati, Grace E. Hahm, John Molloy, Rick L. Paul, Savelas A. Rabb,  

 Michele M. Schantz, Katherine E. Sharpless, John R. Sieber, and Lee L. Yu 

 NIST, USA

Spending over 22 billion on pet food in 2014, Americans are increasingly concerned about the safety and nutrition of commercial pet food. Pet food labeling 

is regulated at the federal and state levels, and the Association of American Feed Control Officials (AAFCO) sets standards for the content of animal foods. In 

addition, the Food, Drug, and Cosmetic Act requires pet foods to be free of harmful substances and that packaging is truthfully labeled, listing all ingredients and 

nutritional information. To support regulation and laboratory quality assurance for pet foods, the National Institute of Standards and Technology (NIST) has char-

acterized a new cat food Standard Reference Material (SRM), SRM 3290. This material has been characterized for nutritional elements, vitamins, proximates, amino 

acids, and fatty acids and fills a void in the AOAC food triangle with fat, protein, and carbohydrate content similar to foods in sector 8. In addition to supporting 

pet food manufacturers and testing laboratories, SRM 3290 is a suitable quality assurance material for food industry laboratories looking for such a material.

66 Characterization of Polyphenols in Vaccinium Berry Dietary Supplement Standard Reference Materials
 Melissa M. Phillips, Benjamin J. Place, Catherine A. Rimmer, Lane C. Sander, Katherine E. Sharpless, and Stephen A. Wise

 NIST, USA

Fruits from Vaccinium species (e.g., cranberries, blueberries, bilberries) are used in dietary supplement formulations to promote urinary tract health and to 

reduce the incidence of various cancers and cardiovascular diseases. The potential health benefits of consuming these berries are often attributed to the 

concentrations of flavonoid antioxidants such as anthocyanins. A series of berry Standard Reference Materials (SRMs) has been produced at NIST in association 

with the Office of Dietary Supplements at the National Institutes of Health (NIH-ODS). SRMs for each of the three berries are provided as suites of powdered 

plant material, extract, and finished product forms. In Vaccinium species, 15 anthocyanins of interest include the glucosides, galactosides, and arabinosides of 

cyanidin, delphinidin, malvidin, peonidin, and petunidin. These 15 compounds as well as an internal standard, pelargonidin-3-glucoside, were separated using 

a biphenyl column and detected by absorbance at 525 nm mass spectrometry was used for confirmation of analyte identity. Various mathematical quantita-

tion approaches were evaluated, including comparison to a matched calibrant, comparison to an unmatched calibrant with the same aglycone, and compari-

son to cyanidin-3-glucoside. In addition, a method has been developed for complete hydrolysis of anthocyanins to the aglycones (anthocyanidins) followed by 

separation using a C18 column and detection by absorbance at 525 nm. The concentrations of total aglycones determined by this method will be compared 

to the summed glycosides for additional quantitative information to be used in the Certificates of Analysis. The proanthocyanidin profiles of the Vaccinium 

berry SRMs have also been generated using multidimensional liquid chromatography.

67 Soy Standard Reference Materials (SRMs) for Quality Assurance in Nutrition Measurements
 Melissa M. Phillips, Laura J. Wood, Catherine A. Rimmer, Mary Bedner, Jeanice B. Thomas, Katherine E. Sharpless, Lane C. Sander, and Stephen A. Wise

 NIST, USA

Matrix-matched reference materials are critical in quality assurance for measurements made in foods and dietary supplements to adequately represent chal-

lenges in extraction, digestion, separation, and/or detection of analytes of interest. The National Institute of Standards and Technology (NIST) collaborated with 

the National Institutes of Health, Office of Dietary Supplements (NIH ODS) to produce matrix based SRMs for soy products and ingredients for quality assurance 

purposes. The creation of a suite of five SRMs which includes SRM 3234 Soy Flour, SRM 3235 Soy Milk, SRM 3236 Soy Protein Isolate, SRM 3237 Soy Protein Con-

centrate, and SRM 3238 Soy-Containing Solid Oral Dosage Form allows selection of appropriate control materials for analyses with similarly matched matrices 

and analyte levels for soy test samples. Each SRM is intended for use in method development and validation as well as for quality assurance and traceability 

when assigning values to in-house control materials. The soy flour and soy milk SRMs are located in sector 7 of the AOAC food triangle and have been charac-

terized for proximates, vitamins, nutritional elements, fatty acids, and/or amino acids. The soy flour, protein isolate, protein concentrate, and dosage form SRMs 

have been characterized for isoflavones, the estrogen-like compounds of interest in soy supplementation.

68 Certification of Thyroid Hormones in NIST Standard Reference Materials
 Brittany Catron and Stephen Long

 NIST, USA

Thyroid disease is a global issue with an estimated 200 million individuals affected worldwide, with an estimated 20 million individuals in the United States 

alone. Hypothyroidism and hyperthyroidism are loosely defined and difficult to diagnose, in part due to the current antibody-dependent, indirect hormone 

measurement methods that are prone to inaccuracies. Clinical analyses for the quantification of thyroid hormones are not SI traceable because there are no 

higher order reference methods in clinical use or a certified reference material. Such a control material would allow for the calibration of secondary standards 

and clinical assays to be normalized to a known SI traceable value. An SRM with assigned values for thyroid hormones, specifically T4 and T3, would greatly 

improve diagnostics for international thyroid hormone health. Method development for the quantification of thyroid hormones T4 and T3 has been accom-

plished by way of selective elemental detection offered by the inductively coupled plasma mass spectrometer (ICP-MS) in combination with a separation uti-

lizing micro-bore reverse phase liquid chromatography. The ICP-MS methodology at NIST is being applied to NIST SRM Human Serums, to value assign thyroid 

hormones for the delivery of traceability and calibration tools. 
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69 Development of a Human Prenatal Serum NIST Standard Reference Material
 Brittany Catron, Ashley Boggs, Stephen Long, and Stephen Wise

 NIST, USA

Prenatal serum changes drastically throughout pregnancy, by protein content and hormone levels measurement of important biomarkers in pregnant women 

is a challenge due to the increased complexity compared to non-pregnant individuals. Often the assays developed for healthy non-pregnant individuals are 

affected by these changes in serum constituents during pregnancy, which can make measurements unreliable. With this in mind the developed SRM will have 

four levels of serum to cover the wide range of serum matrices, including non-pregnant child birthing age women, and a serum to represent the midpoint of 

each trimester during pregnancy. At the forefront of this SRM development is the analysis of thyroid markers for the screening of thyroid dysfunction during 

pregnancy. During pregnancy there is an increased production of thyroid hormones not only due to the increased metabolic needs, but also to support brain 

development of the fetus. The increase in thyroid hormone production leads to an increased demand for dietary iodine making pregnant women a particularly 

high risk population for insufficient iodine status, which has been linked to cognitive deficiencies in children. An SRM for important biomarkers, including thy-

roid hormones, using trimester specific matrices will greatly improve diagnostic accuracy for international health and thyroid function throughout pregnancy, 

and thereby increase prevention of developmental cognitive disabilities.

70 Development of Meta-Cresol Purple Standard Reference Material® (SRM) for Seawater pH Measurements
 Regina A. Easley, Jason F. Waters, and Kenneth W. Pratt

 NIST, USA

The pH of seawater is a fundamental quantity that governs the carbon dioxide – carbonate system in the world’s oceans. High-precision measurements of 

seawater pH are attainable with secondary spectrophotometric measurements using an indicator dye, meta-cresol purple (mCP). Calibration of the indicator 

dye pH response is assessed through the use of an artificial seawater buffer. At present, several problems preclude the traceability of secondary spectrophoto-

metric pH measurements. Commercial mCP shows large batch-to-batch variations in composition that yield differences in the measured pH. Chromatograph-

ically-purified mCP has recently become available in limited quantities but is not traceable to primary pH (Harned cell) measurements. Previous work at NIST 

has provided a framework for primary pH measurements with multiple artificial seawater buffers that bracket the current and expected future (lower) seawater 

pH values. The lifetime of these liquid buffers ( 1 year) is too short for direct use as an SRM. NIST proposes to value-assign a set of artificial seawater buffers 

and simultaneously characterize a purified batch of mCP using these same buffers over the salinity and temperature ranges of seawater. In this way, NIST can 

leverage primary pH traceability to a long-lived, solid material suitable for direct use by oceanographic researchers. Sales of other carbon dioxide – carbonate 

oceanographic reference materials (~10,000 units annually) indicate a strong interest in a future pH SRM.

72 New Environmental-Related Reference Materials Being Produced by NIST
 John Kucklick, Steve Long, Jessica Reiner, Ashley Boggs, Kevin Huncik, Michael Ellisor, Abby Wenzel, Russell Day, and Stacy Vander Pol

 NIST, USA

The National Institute of Standards and Technology has a long history of producing and certifying reference materials for constituents of research or regulatory 
interest. The materials include those produced from bulk collection of matrices from the environment such as sediment, mussels, fish, air particulate, house 
dust, and sewage sludge and solutions of compounds of environmental interest. The needs of the environmental measurement community change with time 
and consequently NIST has responded by developing standard reference materials (SRMs) from new matrices and with new suites of analytes. Mercury has 
several naturally-occurring stable isotopes, the distribution of which in an environmental sample gives clues to mercury source or environmental processes. 
NIST has developed an Almaden (mercury ore) solution and value assigned an existing fish SRM for mercury isotopes. The use of the two materials will help un-
derpin mercury isotope measurements. NIST is currently certifying a new soil collected from highly contaminated sites in New Jersey for both trace elements 
and organic contaminants. The development of a new Great Lakes sediment material is in progress that will be certified for many inorganic and organic con-
stituents. This material will be very different from existing NIST sediment SRMs as it will be low in sulfur and, in addition to legacy compounds, will be certified 
for many contemporary compounds including flame retardants and perfluorinated compounds. Other materials in production or recent production include 
phthalate monoester metabolites in solution, phthalate metabolites and bisphenol A in urine, and arsenic species in clam tissue SRMs.

74 ID-LC-MS/MS for Vitamin D and Vitamin D Metabolite Analysis in Food SRMs
 Carolyn Burdette, Melissa Phillips, and Catherine Rimmer

 NIST, USA

Reports indicate that some vitamin D3 containing foods also contain the vitamin D3 metabolite, 25-hydroxyvitamin D3 (25OHD3). The bioavailability of 25OHD3 

may be up to 5 times that of vitamin D3, so even foods with low levels of 25OHD3 may have a meaningful impact on estimates of vitamin D intake. An isotope 

dilution liquid chromatography-mass spectrometry (ID-LC-MS) method has been developed at NIST for the measurement of vitamins D2 and D3 in fortified 

foods and dietary supplements[1], and has been used for characterization of SRM 1849 Infant/Adult Nutritional Formula, SRM 3280 Multivitamin/Multielement 

Tablets, SRM 3233 Fortified Breakfast Cereal, and SRM 1849a Infant/Adult Nutritional Formula. However, for the measurement of endogenous vitamin D in foods, 

the ID-LC-MS method is not sufficiently selective and the sample extraction is not sufficiently rigorous. With the new interest in levels of 25OHD3 in food, NIST ef-

forts are now focused on the measurement of endogenous levels of vitamins D2, D3, 25-hydroxyvitamin D2, and 25-hydroxyvitamin D3 in unfortified foods using 

ID-LC-MS/MS. Presented here is the method used to certify values in SRM 1577c Bovine Liver, and will be also used for the future certification of these analytes 

in SRMs 1546a Meat Homogenate, 1549a Whole Milk Powder, 1845a Whole Egg Powder, and 3532 Calcium Containing Solid Oral Dosage Form.

Poster Sessions
Posters will be on display throughout the organized sessions, Monday, October 12 at 8:30 am through Thursday, October 15 at 3:45 pm. Authors will be present for Poster 
Session 1 on Tuesday and Poster Session 2 on Wednesday at 2:30 pm - 4:00 pm.



81

Poster Session 2 - Developments in Reference Materials for Food, Clinical, Environmental  

Wednesday, October 14  

76 ID-LC-MS/MS for Vitamin K Analysis in Food and Supplement SRMs
 Carolyn Q. Burdette, Hannah Simon, Melissa M. Phillips, and Catherine A. Rimmer

 NIST, USA

Vitamin K is a fat-soluble vitamin found in foods derived from both vegetables and animals and is known to play an important role in the activation of hepatic 

coagulation factors and to have positive effects on bone health. Vitamin K can refer to a group of structurally similar species: phylloquinone (Vitamin K1), men-

aquinones (Vitamin K2), as well as three synthetic forms of Vitamin K (K3, K4, and K5). Present dietary reference values (DRV) for Vitamin K are entirely based on 

phylloquinone and its effect on blood coagulation. However, two stereoisomers of phylloquinone exist, with only the trans isomer showing biological activity. 

Various studies also indicate that menaquinones share the positive effect that phylloquinone has on human health. Therefore, species specific values for Vita-

min K should be included in future SRM certifications in order to meet their growing significance in human health. In this work, the development of ID-LC-MS/

MS methods for the analysis of different Vitamin K species in food and supplement SRMs is described. Efforts focused on resolution and quantification of the 

two stereoisomers of phylloquinone for the certification of SRM 3232 Kelp. Furthermore, foods potentially containing high levels of various vitamin K species 

were screened for their profile of phylloquinone and menaquinones for a future composite food SRM to be developed.

78 Development of a certified reference material (CRM) for the analysis of ochratoxin A in doenjang (Korean fermented soybean paste)
 Seonghee Ahn and Byungjoo Kim

 KRISS, South Korea

We have developed a doenjang certified reference material (CRM KRISS CRM # 108-10-018) for the analysis of Ocharatoxin A (OTA). Doenjang is popular Korean 

traditional food produced by fermentation of soybean paste. A home-made doenjang was chosen as a raw material after testing its OTA level. The material 

was freeze-dried, pulverized, sieved to obtain doenjang powder with 50 ~ 250 m particle size, and homogenized. The material was bottled in 20-g units. The 

doenjang CRMs were certified using isotope dilution-liquid chromatography/tandem mass spectrometry (ID-LC-MS/MS), which was developed and validated 

previously in our laboratory as a higher-order reference method for characterization, homogeneity studies, and long- and short-term stability studies. The CRM 

has good between-bottle homogeneity with 0.56 relative standard deviation of the measurement results among 10 selected units. The stabilities of the CRM at 

-70 °C (the storage condition in our laboratory) and at -20 °C (the possible storage temperature at user sites) were tested for up-to 8 months. No change in the 

OTA content was observed within the measurement uncertainty. The stability of the CRM at room temperature (for regular use and transportation) was also 

tested and confirmed. The certified value was (49.50 1.17) μg/kg, where the expanded uncertainty was in the confidence level of 95.

82 Qualification and quantification of carotenoids with atmospheric pressure photo ionization mass spectrometry
 Arne Stindt, Catherine A. Rimmer, and Lane C. Sander

 NIST, USA

Carotenoids usually derive from the same C40 tetraterpenoid core structure which forms the basis of a myriad of compounds. Typical modifications of this back-

bone are cyclization, oxidation and reduction, isomerization, double-bond migration, chain shortening and extension, as well as rearrangement reactions. The 

resulting chemical homology complicates liquid chromatographic (LC) separations and hinders the quantification of carotenoids in complex matrix samples. 

Quantification is usually carried out with UV/Vis absorption detection, which typically exhibits reduced sensitivity and selectivity compared with mass spec-

trometry based methods. Although mass spectrometry (MS) offers potential advantages for the analysis of carotenoids, this technology is not widely utilized 

for such applications due to limitations in ionization and due to a lack of suitable isotopically labeled reagents, needed for isotope dilution mass spectrometry 

(ID-MS). Opportunities exist to further refine and improve existing MS methodology, particularly in the approaches used in ionization. This work presents a 

novel atmospheric pressure photoionization method (i.e., LC-APPI-MS) suited for accurate quantification of a wider spectrum of carotenoid species targeted in 

future reference materials. Classical techniques like isotope dilution mass spectrometry and optical absorption spectroscopy are extended by regarding proton 

transfer probabilities in the ionization domain of the APPI source. Conveniently, specialized mobile phase solvents used with carotenoids to improve chromato-

graphic separations also serve as the reagent dopant for the photoionization process, which increases MS signal intensities by some orders of magnitude. 

84 Reference Materials for Food Traceability
 W.Y. Chum, W.Y. Ha, F.W. Lee, and W.M. Sin

 Government Laboratory, Hong Kong

DNA analysis for ascertaining food traceability has become demanding when consumers and producers are seeking for more notable foods with high quality 

guaranteed. In this context, the most pertinent DNA tests are qualitative and quantitative analysis of genetically modified organisms (GMOs), food allergens and 

species authentication. To support the enforcement of food and trade regulations in Hong Kong, the Government Laboratory (GL) has developed quantitative 

real-time polymerase chain reaction (PCR) and digital PCR systems to determine the GM content in food, as well as DNA hybridization and sequencing to authen-

ticate the species origin of upmarket culinary products and high-priced parts of animal or plants traditionally consumed as functional food by ethnic Chinese. 

However, commercial availability of reference materials poses a great challenge in the analysis, especially for those high-priced products. Without reference mate-

rials, reference DNA sequences of the targets published in public database, such as the Barcode of Life Data System, Genbank or RefSeq of National Center for Bio-

technology Information (NCBI) are widely employed for homology matching. To tackle the problem, GL has adopted a practical approach by collecting specimens 

of plants or animals, and then seek professional service from taxonomy authorities for species certification based on morphological examination. Nucleotide se-

quences of suitable DNA markers from the specimens are assessed and an in-house database is established for sequence homology matching. With this approach, 

we have built up an in-house database for the identification of abalone, shark fin, goose liver slices, dried crocodile meat, deer tendon, and coco de mer, etc.

Poster Sessions
Posters will be on display throughout the organized sessions, Monday, October 12 at 8:30 am through Thursday, October 15 at 3:45 pm. Authors will be present for Poster 
Session 1 on Tuesday and Poster Session 2 on Wednesday at 2:30 pm - 4:00 pm.



82

Poster Sessions
Posters will be on display throughout the organized sessions, Monday, October 12 at 8:30 am through Thursday, October 15 at 3:45 pm. Authors will be present for Poster 
Session 1 on Tuesday and Poster Session 2 on Wednesday at 2:30 pm - 4:00 pm.

Poster Session 2 - Developments in Reference Materials for Food, Clinical, Environmental  

Wednesday, October 14  

88 Development and Certification of the POPs CRM in Soil
 Yuepeng Feng, Liping Fang, Haiping Liu, Bingwen Lu, and Zijie Sun

 Institute for Environmental Reference Materials of Ministry of Environmental Protection, China

A new environment certified reference material(CRM) for the determination of persistent organic pollutants (POPs) in soil in China has been developed and 

certified by Institute for Reference Materials of Ministry of Environmental Protection, China, based on analyses by a network of laboratories using gas-phase 

chromatography-electrical conductivity detector(gas-phase chromatography - mass spectrometry (samplesfrom Tianjin, Hangzhou, Liyang and Zhenjiang in 

China. The CRM for 13 POPs in soil has been prepared through processing, mixing, homogenizing, stabilizing and packaging. The CRM is homogeneous by 

X-ray fluorescence method for inorganic elements included Ba, Na, Zn, V, etc. and GC-MS for the persistent organic pollutants with chlordane, BHCs, DDTs, etc. 

The minimum sampling volume is 0.50g for POPs detection analysis. Each feature component value in the CRM is well stability within 12 months by GC/MS to 

soil sample characteristics of each component of the stability test, and the forecast period is 3 years. Values of POPs in the material were statistically determined 

based on the analytical results of the participating laboratories. Thirteen certified values of the soil ware obtained, and using conventional and robust two 

statistical techniques to detect the comparative study of, given the above characteristics of certified values and the expanded uncertainty(k=2). 

90 Development of a 22 chlorinated hydrocarbon Reference Material at 1 μmol/mol in Nitrogen
 Ning Li, Jian Du, Qian Wang, Wen Tian, and Qiang Fann

 Institute for Environmental Reference Materials of Ministry of Environmental Protection, China

Volatile halogenated organic compounds have attended much attention during the past decades over those years. Ministry of Environmental Protection of 
China has issued “Ambient air - Determination of volatile halogenated hydrocarbons - Activated charcoal adsorption and carbon disulfide desorption/gas 
chromatographic method” (HJ 645-2013) as the standard method for the determination of volatile halogenated hydrocarbons, while no corresponding gas 
standard was developed in china until now. We prefer to develop the standard reference material containing 22 chlorinated hydrocarbons to satisfy the urgent 
need. 19 chlorinated hydrocarbons of a 22 chlorinated hydrocarbon Reference Material are liquid at room temperature, and may be gasified incompletely, 
adsorbed or inhomogeneous in the cylinders, which resulted in inaccurate or instable value of standard Reference Material containing 22 Chlorinated hydro-
carbons. This research adopts two-step weighting method using home-made volatile organic compounds gasifying apparatus to prepare the standard gas 
of 22 hydrochloric hydrocarbons, and the relative standard deviation of preparation repeatability is less than 1.6. The gas standard was determined using gas 
chromatography with a hydrogen flame ionization detector. Cylinder selection study indicated that the chlorinated hydrocarbon gas standard can be papered 
by domestic treated cylinder, which significantly decreased the cost of raw materials. The results indicated that showed the 22 chlorinated hydrocarbon at 1 
μmol/mol level with relative expanded uncertainties of 5 was homogeneous in cylinders and stable as long as 18 months. This study supplied the standards 
support for the determination of volatile chlorinated hydrocarbons in ambient air.

92 Production Of Certified Reference Materials For The Total Sulfur Content In Diesel
 Murat Tunç, Süleyman Z. Can, Alper İşleyen, Hatice Altuntaş, Zehra Çakılbahçe, and Ahmet C. Gören

 TUBITAK Ulusal Metroloji Enstitusu, Turkey

Sulfur compounds are present in nearly all petrochemical products, and analysis of the total sulfur content is a major part of quality control processes in 

petrochemical laboratories. Sulfur emission from the burning of fuels is one of the prominent sources of environmental pollution. Directive 2003/17/EC of the 

European Parliament and of the European Council [1] reduces the upper limit of sulfur content in gasoline and diesel to 10 mg/kg by January 2005. Laborato-

ries need to check the accuracy of their measurements for quality control purposes. There are several CRMs and RMs available in the market, but considering 

the frequency of use and short storage time of CRMs, fast and easy supply of the material is important for petrochemical laboratories in Turkey. TUBITAK UME 

has a quality management system based on ISO/IEC 17025 [2] and ISO Guide 34 [3] and the certification of the CRMs was carried out according to the techni-

cal requirements of ISO Guide 35 [4]. This study describes the production of UME CRM 1203 (Sulfur in Diesel), including the material processing, homogeneity, 

stability, commutability and reference value assignment of the material. The candidate reference material was produced in two levels with sulfur contents 

of 8 and 14 mg/kg. Double isotope dilution mass spectrometry (double IDMS) technique was used as primary method in the characterization study. Isotope 

ratio measurements were carried out using HR-ICP-MS (Thermo Element 2). NIST SRM 3154 was used to calibrate isotopic enriched standard (IRMM-646) and 

accuracy check was performed using NIST 2723b and ERM-EF674a for the method validation. References [1] Directive 2003/17/EC of the European Parliament 

and of the European Council. [2] International Organization for Standardization, ISO/IEC 17025 General requirements for the competence of testing and calibra-

tion laboratories, ISO, Geneva (2005). [3] International Organization for Standardization, ISO Guide 34, General requirements for the competence of reference 

material producers, ISO, Geneva (2009). [4] International Organization for Standardization, ISO Guide 35, Reference materials – General and statistical principles 

for certification, ISO, Geneva (2006). 
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94 Development and Analysis of Isocyanate-Di-N-Butylamine Certified Reference Materials via Chemiluminescent Nitrogen Detection High Pressure   
 Liquid Chromatography
 Cory E. Muraco and Alok Kumar

 Supelco/Sigma-Aldrich, USA

Chemiluminescent nitrogen detection (CLND) coupled with high-pressure liquid chromatography (HPLC) allows for the determination of the concentration 

of nitrogen-containing compounds, that may be at low levels, via simple quantitation. The equimolar response of the detector allows for most compounds 

containing nitrogen to be quantitated regardless of the environment. HPLC-CLND as well as a National Institute of Standards and Technology (NIST) urea stan-

dard reference material was used in the ISO/IEC 17025 certification process in developing and testing Supelco’s isocyanate-di-N-butylamine (isocyanate-DBA) 

certified reference materials (CRMs). Isocyanates are used predominantly in the production of polyurethane foams, coatings, and adhesives however, when a 

worker is exposed to isocyanates, health effects ranging from minor irritation to cerebral edema can occur. The Occupational Safety and Health Administra-

tion (OSHA) has made monitoring isocyanate exposure a high priority, thus certified reference materials need to be readily available for the myriad types of 

isocyanates workers are exposed to. Testing these mixes by HPLC-CLND resulted in low relative standard deviation (RSD) values (RSD = 2-3), linear responses 

across a range of sample concentrations (correlation values (R2) = 0.97-0.99), and distinct signals corresponding to the isocycnate-DBA analytes. HPLC-CLND is 

a chromatographic technique that offers reproducible results that could be used in testing other CRMs composed of nitrogen-containing analytes.

You can’t put  
time in a bottle.
But we can  
save it in a bag.
Based on years of study and 
data evaluation, we’re improving 
the way we deliver our quality 
products. Transpiration Control 
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control of the expiration date.

The product has not changed. It 
is a better product at NO EXTRA 
CHARGE to you.

300 Technology Drive  |  Christiansburg, VA 24073 USA
P: 800.669.6799/540.585.3030  |  F: 540.585.3012
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95 Measurement of radionuclide concentrations in Japanese fish reference materials produced in the aftermath of the Fukushima nuclear 
 power plant accident
 Jerome La Rosa and Svetlana Nour

 NIST, USA

As part of an ongoing effort to control the amount of radioactive contamination in foodstuffs, a consortium of Japanese organizations have been preparing 

and characterizing important foodstuffs with radioactive contamination to serve as key reference materials for the numerous laboratories that are responsible 

for monitoring the level of radionuclides in commercially available foods. Because the Fukushima accident impact is worldwide, the Japan Society for Analytical 

Chemistry (JSAC) wished to have validation of their CRMs through International Intercomparison Exercises (IICE) involving labs recognized worldwide for their 

accurate radioactivity measurements. NIST’s Radioactivity Group recently participated in an IICE whose objective was to ascertain the 134Cs, 137Cs and 40K 

activity concentrations in JSAC-prepared fish meat and fish bone ash as well as the 90Sr activity concentration in the fish bone ash. NIST participated in the cer-

tification of fish flesh powder and fish bone ash for their 134Cs and 137Cs activity concentrations. Both non-destructive and destructive analyses were carried 

out using low-level gamma-ray spectrometry for the quantitative measurement of these radionuclides. Comparisons with reference sources containing known 

amounts of these same radionuclides in very similar matrices and cylindrical geometries permitted the activity concentrations in the Japanese samples to be 

determined. The reference sources where prepared by spiking similar blank material with a calibrated mixture of 134Cs and 137Cs . For destructive assays, the 

original materials were decomposed (fish meat ignited in an electric furnace to burn off organic matter) and dissolved (fish meat ash residue, fish bone ash) to 

create homogeneous solutions containing the radionuclides. These solutions were measured on the same HPGe gamma spectrometer and compared with 

solutions of very similar volume and density that contained well-known amounts of the same radionuclides. The assay of 90Sr concentration in the fish bone 

ash was based on measurement of Sr-90/Y-90 beta-particle emissions. A detailed procedure for the Sr separation and fraction purification will be discussed. 

NIST’s results will be presented in comparison with the CRM values obtained by the expert Japanese laboratories and NMIs reported results. 
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96 The first CRM for stable carbon absolute isotope ratios traceable to the SI
 Gill Holcombe, Philip Dunn, and Dmitriy Malinovskiy

 LGC, UK

LGC recently released the first certified reference material for carbon absolute isotope ratios traceable to the SI (International System of Units). Historically, 

reference standards for absolute carbon isotope ratios have not been available and available materials were certified in terms of δ13C values, relative to the 

virtual carbonate standard VPDB. The new material will allow the assessment of measurement accuracy and help users gain traceability to the SI for their 

measurements. Carbon isotope ratios have applications in many sectors including pharmaceutical, fuel and food as well as assisting geochemical and forensic 

laboratories. ERM-AE672a - Glycine was produced under LGC’s accreditation to ISO Guide 34. The measurement procedure, which has accreditation to ISO/IEC 

17025, uses a novel calibration strategy based on the use of gravimetrically prepared isotope mixtures from enriched carbon isotopes for the determination 

of absolute carbon isotope ratios by multi-collector inductively-coupled mass spectrometry (MC-ICP-MS). The method has been described in two technical 

papers published in the Journal of Analytical Atomic Spectrometry and Analytical and Bioanalytical Chemistry. Confirmatory measurements were performed 

by elemental analyser – isotope ratio mass spectrometry (EA-IRMS). A homogeneity assessment was carried out by analysing randomly selected units for δ13C 

to the VPDB-LSVEC scale using EA-IRMS. The material was judged to be homogenous as the variation between sample units was not significantly greater than 

the method variation. The material will be monitored for on-going stability. Future plans involve the production of additional materials with different carbon 

isotope ratios which will allow users to construct a calibration curve. 
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97 Use of a Certified Reference Material as Inoculum for Microbiological Assay of Antibiotics
 Whitney Richter, Andy Ommen, and Nick Hauser

 RTC/Sigma-Aldrich, USA

An antibiotic’s potency can be demonstrated by its ability to inhibit microbial growth. The microbiological assay of antibiotics provides information on the po-

tency of an antibiotic beyond chemical methods. According to the United States Pharmacopeia (USP) General Chapter 81, the process of growing the organ-

isms at the prescribed concentration requires day(s) of incubation, and analysis by UV-Vis. In order to improve the time required for this organism preparation, 

a Vitroid™, a certified reference material (CRM), was hypothesized to be an alternative. The Vitroid™ is a small hydroscopic disc that contains a certified value of 

an organism that can be hydrated in as little as 100uL of water, and ready for use within an hour. Several organisms and antibiotics were analyzed concurrently 

using plates created following the USP 81 method of inoculum and plates created using a Vitroid™. The use of a Vitroid saved a significant amount of sample 

prep time and also showed comparable results against the traditional method of inoculation.  
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99 S. cerevisiae as a Control Material for Biothreat Detection Technologies 
 S.M. Da Silva, J. Filliben, and N.J. Lin 

 NIST, USA

Proficiency testing and third-party validation is nearly absent in the majority of technologies claiming to detect biothreat samples. Lack of validation and chal-

lenges in quantifying and detecting biothreats calls for investment in well-characterized microbial control materials to improve confidence in measurement 

results. To address this need, we are developing a non-threat yeast control material to safely challenge process workflows in nucleic acid-based measurements 

such as quantitative polymerase chain reaction. Saccharomyces cerevisiae BY4739 was modified to contain DNA sequence External RNA Control Consor-

tium-00095 (ERCC-00095 from NIST Standard Reference Material 2374) to convey selectivity. We previously demonstrated feasibility of the yeast as a control 

material via interlaboratory study with end users. Currently, we are characterizing homogeneity and stability of a prototype batch of lyophilized yeast pellets. 

First, two particle-counting techniques, Coulter technology and hemocytometer, were statistically evaluated to select one to characterize homogeneity and 

determine the reference value (cells/sample). We observed no statistical difference in mean value (y) between techniques however hemocytometer precision 

was significantly lower (p0.05) than Coulter. Thus, the reference value will likely be based on Coulter data with orthogonal confirmation via hemocytometer. 

Stability studies measuring DNA degradation and changes in cells quantity are underway. From a biothreat perspective, the modified S. cerevisiae minimizes 

false positives during a real response due to equipment contamination, and eliminates logistical challenges associated with using threat agents for routine 

training and proficiency testing. This control material will help increase confidence in field biothreat detection results and support a national biothreat detec-

tion capability.
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98 A Series of Fecal Coliform Bacteria Reference Materials for Microorganism Analysis in Water Environment
 Boqiang Fu, Jing Lin, Ling Zhang, and Jing Wang

 National Institute of Meterology, China

Microbiological contamination of water has long been a concern to the public. The presence of fecal coliform in aquatic environments may indicate that the 

water has been contaminated with the fecal material of humans or other animals. In China and many other countries, fecal coliform testing is one of the tests 

of water quality. The testing methods include MPN and membrane filtration, and enzyme substrates. In order to assuring the accuracy and compatibility of 

microorganism analysis in water environment in China, a series of fecal coliform bacteria reference materials were developed by NIMC. Coliforms are not a 

single type of bacteria, but a grouping of bacteria that includes many strains, Escherichia coli, Enterococcus faecalis were prepared into reference materials, 

respectively. Factors affecting the effectiveness of cryopreservation for coliforms including growth phase and rate, composition of the freezing medium, shap-

ing model, water content were optimized. The number of coliform was assigned by MPN and membrane filtration methods. The homogeneity and stability 

examination indicated that the fecal coliform bacteria reference materials are homogenious and stable for 6 months under -80 degree. The reference materials 

can be used as quality control for fecal coliform testing in water quality examination. 

100 Assessing authenticity of microbial genomic DNA as reference materials using NGS
 Seil Kim 

 KRISS, South Korea

In the genomic era, genome sequencing is becoming easier and cheaper than ever before. Currently more than 25,000 microbial genomes were available 

from public databases. Therefore the necessity of the microbial genomic DNA reference materials (RM) is increased. In modern microbial taxonomy, DNA-DNA 

hybridization method (DDH) is a gold standard to determine taxonomical position of a specific strain. However, DDH method is very laborious and time-con-

suming. It also does not produce precise and accumulative results. Although phylogenetic analysis based on 16S rRNA genes is a very convenient and easy 

alternative method, it cannot be completely replace DDH. With of the power of next generation sequencing (NGS), various identification methods based on 

whole genome are discussed among microbial taxonomists as a new gold standard. The microbial genomic DNA RM might be required for these genome 

based method. To determine criteria for assessment of genomic DNA RM, Genomic DNA from two E. coli strains and two Bacillus subtilis strains were se-

quenced using Hiseq. Various random subsets of sequence reads were assembled and the assemblies were compared to complete sequences and each other 

using QUAST and house-made Perl script. In this study, the assessing criteria for the authenticity of microbial genomic DNA RM was determined and minimum 

features of the assemblies of sequence reads were suggested. 
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101 Certified Reference Materials for the Sizing of Nanoparticles
 Thomas P. J. Linsinger, Gert Roebben, Vikram Kestens, Yannic Ramaye, Katrin Franks, Adelina Braun, and Hendrik Emons 

 IRMM, Belgium

Technical applications and legislation mandate the reliable determination of the size of nanoparticles. This requires the availability of calibration standards (for 

many methods) and quality control tools to assure a constant quality. This poster presents JRC-IRMM’s approach for a suite of certified reference materials in the 

nanorange. In the planning phase, issues such as chemical identity, shape, average particle size, broadness of the size distribution and relevant certified properties 

were considered. Based on these considerations, it was decided to first develop a suite of spherical, monodisperse CRMs covering the range between 1 nm and 

100 nm. These materials should eventually be complemented by a material containing a bimodal mixture of spherical particles as a step towards higher com-

plexity. Silica was chosen as it is one of the most widely used nanomaterials. Commercially available silica suspensions were screened for monodispersity and size 

range and three dispersions with nominal mean sizes of 20, 40 and 80 nm were selected. The suspensions were diluted to a concentration suitable for direct use 

and filled into amber glass ampoules. After testing of homogeneity and stability, the particle size was characterised in interlaboratory comparisons of laboratories 

of demonstrated competence. As particle size is a method dependent property, various equivalent diameters, each of them relevant to a specific determination 

method were assigned, leading eventually to a suite of 4 CRMs: three suspensions of monodisperse particles (named ERM FD100, ERM-FD304, ERM-FD101b) and a 

suspension of bimodal particles (ERM-FD102). This allows laboratories checking the accuracy and resolution of their methods.

 Poster Session 1 - Purity Assessment and qNMR 

Tuesday, October 13  

103 Determination of total sulfur in metal matrix by ICP-IDMS
 Pranee Phukphatthanachai, Jochen Vogl, Norbert Jakubowski, and Ulrich Panne

 BAM - Federal Institute for the Materials Research and Testing, Germany

Up to now sulfur determination in metal revealed a lack of traceability and showed inconsistent results. Solving the problems a reference procedure for sulfur 

measurement in metal is required to generate reliable reference values. Therefore, in this study a procedure was developed for the quantification of total sulfur 

at low concentration levels (low mg/kg level) in metal using inductively coupled plasma-isotope dilution mass spectrometry (ICP-IDMS). The ion exchange 

technique as well as complexing agents were applied in this procedure to separate sulfur from the metal matrix and to avoid introducing large amounts 

of metal into the instrument. Adding ammonia as a complexing agent into the sample solution reduced the sulfur-metal co-elution in the ion exchange 

chromatography. The whole separation procedure shows a high performance, which is expressed by a sufficiently high sulfur recovery ( 50) and a high metal 

elimination rate (99 ). Additionally, relative measurement uncertainties are aimed at being less than 2 while full traceability of the results directly to the SI is real-

ized. This study would establish a reference procedure for sulfur quantification in metal samples which is fit for the following purpose: certification of reference 

materials and primary pure substances as well as the assignment of reference values for inter-laboratory comparison.  

105 High-Performance quantitative 1H-NMR (HP-qNMR®) yields organic certified reference materials (CRM) with traceability 
 and low measurement uncertainty
 Alex Rueck, Christine Hellriegel, Namtso Reichlin, Fabienne Morf, Robert Sauermoser, Markus Obkircher, and Michael Weber

 Sigma-Aldrich, Switzerland

In recent years quantitative NMR (qNMR) spectroscopy has become one of the most important tools for the content determination of organic substances 

or the quantitative evaluation of impurities. Since the signal intensity is directly proportional to the number of protons contributing to the resonance, qNMR 

is considered as a relative primary method [1-3]. QNMR in combination with metrological weighing was optimized to show the power of the measurement 

method. We present a routine workflow for the certification of organic substances, as well as data to demonstrate the validity and robustness of the technique. 

It is possible to certify the purity of organic reference materials (expressed as mass fraction) with relative expanded measurement uncertainties down to 0.1 

for a 95 confidence interval (k = 2). Following well-defined selection criteria, a small number of different chemical compounds was evaluated and certified for 

the application as qNMR internal references. A larger series of compounds were developed for the intended use of chromatography, containing analytes from 

different substance classes, e.g. amino acids, polyaromatic hydrocarbons, pesticides, plasticizers, antibiotics, natural substances, fatty acids and esters. All exper-

iments were performed under ISO/IEC 17025 and ISO Guide 34 accreditation and the 1H-qNMR measurement results are directly traceable to internationally 

accepted primary reference materials, and therefore, traceability to SI units is obtained [4]. [1] Malz, Jancke, J. Pharm. Biomed. Anal. 38 (2005) 813-823 [2] Saito, 

Ihara, Koike, Kinugasa, Fujimine, Nose, Hirai, Accr. Qual. Assur. 14 (2009) 79-86 [3] De Bievre, Dybkaer, Fajgelj, Hibbert, Pure Appl. Chem. 83 (2011) 1873-1935. [4] 

Weber, Hellriegel, Rueck, Sauermoser, Wuethrich, Accred. Qual. Assur. 18 (2013) 91–98.
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102 Production of a Certified Reference Material: High Purity Melamine
 W.M. Sin, W.O. Lee, S.K. Wong, Y.C. Yip, and M.F. Lo

 Government Laboratory of Hong Kong

Melamine is commonly used to produce melamine resin, a durable thermosetting plastic by polymerization with formaldehyde. Some people have deliber-

ately added melamine to pet food and milk powder so as to boost nitrogen levels during protein test by conventional methods (e.g. Kjeldahl method), thus 

leading to a massive recall of pet food in the USA in 2007 and a number of infants poisoned by milk powder tainted with melamine in China in 2008. Since 

then, many countries have included melamine as one of the routine food safety testing parameters. In order to disseminate traceability of chemical measure-

ments to the local laboratories which need proper certified reference materials for calibration, the Government Laboratory of Hong Kong Special Administra-

tive Region initiated a new CRM production project on a high purity melamine standard (CRM Code: GLHK-01-01) in 2011. A commercial available melamine 

standard, with a purity of greater than 95 w/w, was selected as a candidate material for production. The purity of the candidate material was assessed using a 

mass balance approach, i.e. 100 - total impurities, where four main types of impurities were determined including (i) structural-related impurities (ii) inorganic 

non-volatile impurities (iii) water and (iv) volatile organic compounds. Four major structural-related impurities including ammeline, ureidomelamine, melem 

and melam were identified by HPLC-DAD and LC-MS. Insignificant amounts of inorganic non-volatile impurities and volatile organic compounds were detect-

ed by ICP-MS and headspace GC-MS respectively. A trace amount of water was detected by Karl Fischer coulometric titration. The certified value of melamine, 

using with a coverage factor of k = 2 which gives a level of confidence of about 95, was found to be 998 mg/g ± 5 mg/g.  

104 Post-column carbon IDMS for the purity assessment of organic standards
 Jorge Ruiz Encinar, Mariella Moldovan, Laura Alonso Sobrado, Sergio Cueto Díaz, and J. Ignacio Garcia Alonso

 University of Oviedo, Spain

The purity assessment of analytical standards is the first link in the traceability chain of any analytical method. Traditional procedures for purity assessment 

include percent area in chromatographic separations or total impurity analysis while more modern methods include quantitative NMR. In this presentation we 

would like to put forward another alternative for the purity assessment of organic standards with similar or even better capabilities than those of quantitative 

NMR: post-column carbon IDMS. In this alternative procedure the compound of interest is separated from its impurities by LC using a non carbon-contain-

ing mobile phase. Then, the eluent is mixed post-column with a constant flow of sodium bicarbonate enriched in 13C and the resulting flow is mixed with 

an acid and oxidizing reagent in order to convert the organic compound into carbon dioxide in a high temperature flow-through reactor. The resulting CO2 

is extracted into a gaseous flow of helium through a gas-permeable membrane and transported to the electron ionization source of an isotope ratio mass 

spectrometer. The ratio 44/45 is then measured for the whole chromatogram and the molar flow chromatogram calculated using the on-line IDMS equation. 

The integration of the peaks in the molar flow chromatogram provides directly their moles of carbon. An internal standard, potassium hydrogen phthalate, is 

employed to avoid the computation of the post-column flow of 13C. The method was applied for the certification of a glycerol standard and validated during 

an international intercomparison for the purity assessment of L-valine (CCQM-K55.c and CCQM-P117.c).
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106 TDRM/AOAC Reference Materials-Methods Database
 Donna Zink1 and Wayne R. Wolf2 

1AOAC INTERNATIONAL, AIM Research Enterprise, 2U.S. Department of Agriculture (Retired), USA

The Technical Division on Reference Materials (TDRM) of AOAC INTERNATIONAL carries out activities to educate and facilitate use of Reference Materials (RM) 

in validation, implementation and routine use of AOAC Official Methods of Analysis (OMA). TDRM has developed an online database (DB) for maintaining infor-

mation on Certified Reference Materials (CRMs) and OMA. The DB is searchable by analyte or matrix in a CRM or by selecting an OMA method to identify RMs 

matching the matrix (scope) and analytes for that method. Only essential information on the CRM and producer source is included. Specific information such 

as measurement uncertainty will be available through a link to the producers’ certificate when available. The project was developed using an Access database 

model, with input from TDRM members, and with initial funding support from the NIH Office of Dietary Supplements. In 2012 we began inviting NMIs and 

accredited RM producers to contribute their data. Initial population of a producers data set requires careful matching of the analyte as described on the certif-

icate to the analyte record in the DB. Moving forward, we will use InChi key and CAS # to the extent possible to assign the matching analyte record. Presently 

we have over 6000 RM records and all current AOAC OMA methods in the DB. The DB has been available to TDRM and AOAC members. The ultimate objective 

of the TDRM is to make this DB broadly accessible to the general public. 
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107 Development of the Certified Reference Material of Chromium in Lyophilized Bovine Blood
 Huifang Yan

 CDC, National Institute of Occupational Health and Poison Control, China

Blood chromium is one of the important biological markers of chromium, and the reference materials are needed in order to improve the quality of blood 

chromium detection. There is no producing such reference materials in China at present.  Trivalent and hexavalent chromium were spiked into Bovine blood. 

The spiked blood were homogenized, dispensed, lyophilized, then were stored at -20 °C.  The minimal sample, homogeneity test and stability inspection 

were conducted, the certified values and evalution of uncertainty were based on analysis made by five independent laboratories, using inductively cou-

pled plasma-mass spectrometric method and graphite furnace atomic absorption spectrometric method. Two levels of lyophilized bovine blood chromium 

reference materials were developed. The minimal sampling weight of the materials is 0.1mL. The results of homogeneity evaluation shows that the difference 

within bottles and between bottles was insignificant (P0.05). The lyophilized bovine blood samples were stable for more than 6 months at -20 °C, and the linear 

regression based on the stability inspection of 6 months showed that the linear trend was insignificant (P0.05). The dissolved samples can be stable for seven 

days at 4 °C or -20 °C. The certified values were as follows: low level is (4.06±0.50) μg/L, high level is (26.24±1.74) μg/L.  The reference material has been used in 

quality control for the determination of chromium content in capsules in China.  

109 Certification of reference materials for their GMO mass fraction
 Blagica Dimitrievska, Anne Marie Kortekaas, Maria Contreras, Stéphane Mazoua, Roxana Beaz Hidalgo, Philippe Corbisier, Stefanie Trapmann, and Hendrik Emons

 IRMM, Belgium

Legislation in the European Union regulates the placing on the market of any food or feed which consists of, contains or is produced from genetically modified 

organisms (GMOs). These genetically modified food and feed require authorisation and if they contain more than 0.9 of GMOs additional labelling is needed. 

However, feed may contain 0.1 of a GMO for which an authorisation process is pending, or for which authorisation in the EU has expired. These thresholds 

require validation of reliable methods for GMO quantification, and the production of certified reference materials (CRMs) for calibration or quality control of 

these methods. Up to now the Institute for Reference Materials and Measurements (IRMM) has developed and released 28 powder CRMs for various crops and 

various GM events. The CRMs were produced according to ISO Guide 34 and their certified values were obtained from the gravimetric preparations, taking into 

account the genetic purity of the two starting materials with respect to the GM event and their water mass fractions. Uncertainties of the certified values in-

clude those related to possible inhomogeneity of the mixtures produced, instability and characterisation. In order to ensure that the CRMs are correctly mixed 

and suitable for event-specific real-time PCR measurements (qPCR), which are official methods for GMO quantification in EU, quantitative PCR is applied to 

check the consistency of the CRM mixtures. This poster presents the main principles of the development of GMO CRMs and their post-certification monitoring 

according to ISO Guide 34.

111 A certified plasmid reference material for the standardisation of a leukaemia marker quantification by real time polymerase chain reaction
 L. Deprez, S. Mazoua1, P. Corbisier1, S. Trapmann1, H. Schimmel1, H. White2, N. Cross2, and H. Emons1 

1IRMM, Belgium, 2National Genetics Reference Laboratory, UK

Chronic myeloid leukaemia (CML) is associated with a chromosomal translocation which fuses two genes, c-abl oncogene 1 (ABL1) and breakpoint cluster 

gene (BCR), to BCR-ABL1. The resulting protein is a constitutively active tyrosine kinase causing uncontrolled cell division. The standard lifelong treatment of 

CML with tyrosine kinase inhibitors requires regular monitoring of the treatment response. Quantification of residual BCR-ABL1 transcripts in blood by reverse 

transcriptase quantitative real time polymerase chain reaction (RT-qPCR) is the most frequently used monitoring technique. Laboratories use various RT-qP-

CR assays leading to substantial variation in the reported results, especially when measuring low levels of the BCR-ABL1 transcript. Recent developments in 

treatment of CML have decreased the BCR-ABL1 transcript levels in blood to levels close to the limits of detection and quantification (LOD and LOQ) of several 

RT-qPCR assays. The JRC’s Institute for Reference Materials and Measurements (IRMM) has developed and produced a tailored certified reference material (ERM-

AD623) for providing anchor points of a sustainable traceability system for the diagnostics and monitoring of CML. ERM-AD623 is a set of 6 plasmid solutions 

with certified copy number concentrations ranging from 1000000 copies/μL to 10 copies/μL. It can be used to construct a calibration curve with a 5-log range 

for various qPCR assays. A suitability study including 57 expert laboratories showed that calibration with ERM-AD623 improves the agreement among the 

results obtained by different RT-qPCR assays. In addition, ERM-AD623 allows laboratories to determine the LOD/LOQ of their RT-qPCR assay and to optimize the 

assay when needed.
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115 Comparison of 1H-qNMR and LC-MS/MS as primary quantitative methods for the development of peptide reference materials
 Jeremy E. Melanson, Garnet McRae, and Donald M. Leek

 NRC, Canada

Quantitative nuclear magnetic resonance (qNMR) spectroscopy has emerged as an important tool for reference material producers for 

assigning purity values to small organic molecules. This is due to the unique ability of qNMR to achieve equal response from protons 

independent of chemical structure. Therefore qNMR can provide SI-traceable measurements when employing an appropriate internal 

standard. However, despite this unique ability qNMR has not experienced widespread use in the development of reference materials 

for biomolecules such as peptides. This could be due to the susceptibility of qNMR peptide measurements to interference by related 

peptide impurities that overlap with peptide proton signals. This potential interference would need to be assessed and corrected for, 

thereby complicating the measurement. However, a similar complication exists for the generally accepted method for peptide purity 

measurements, namely isotope dilution tandem mass spectrometry (LC-MS/MS) following acid hydrolysis. This bottom-up approach 

measures a select number of amino acids as peptide surrogates, and is thus prone to interference by related peptide impurities that 

contain these particular amino acids. All amino acid results therefore need to be corrected for their presence in these related pep-

tide impurities, as determined at the peptide level with an appropriate chromatographic method. This presentation will highlight the 

comparison of 1H-qNMR and LC-MS/MS following acid hydrolysis as primary quantitative methods for assigning peptide purity values. 

Results for the two techniques applied to a candidate reference material for Angiotensin II will be described.
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108 The Influence of Amino Acids on the Behavior NIST Reference Material 8011, Citrate-Stabilized Gold Nanoparticles
 Yasmine C. Daniels, Jeanita S. Pritchett, and William A. MacCrehan

 NIST, USA

Nanotechnology has emerged with promises of technological advancement in many sectors, including consumer products, energy, and medicine. Engineered 

nanoparticles (NPs), 1-100 nm in diameter, have highly reactive surfaces, which exhibit unique physical, chemical and biological properties. In biological 

research, NPs are being studied as vehicles for targeted drug delivery and may contribute to revolutionary cancer treatments. The use of NPs in medicine 

has raised concern over their potential toxicity and subsequent reactivity, particularly in applications involving their direct release into the body. Although 

many NP fate assessment studies have provided evidence of NP interaction with biomolecules, the need for more reliable and comparable measurements is 

necessary. NIST NP Reference Materials are the benchmark among labs studying the biological effects of nanoparticles therefore the use of NIST RM 8011 for 

the provision of reliable nanoscale measurement standards is vital. Furthermore, incorporating RM 8011 into fate assessment studies will eliminate discrepan-

cies among data generated using variable, independently manufactured gold NPs. Gold nanoparticles have been reported to show relative affinities for some 

biomolecules (amino acids, DNA) thus providing great potential for their use as biosensors. Although gold NPs functionalized with small biomolecules can 

bind DNA with high efficiency (gene delivery), the subsequent behavior of gold NPs, is highly dependent upon their chemical environment and the presence 

of other endogenous biomolecules, both of which are important considerations for biological fate assessment studies. Moreover, the ability for NPs to be func-

tionalized by naturally occurring biomolecules, in vitro or in vivo may have a considerable impact on their potential for aggregation and subsequent toxicity. 

The negative surface of citrate-stabilized gold NPs regulates amino acids-NP aggregation and can be influenced by changes in the environment.1 This study 

illustrates how the chemical signature of gold NPs changes with different concentrations of naturally occurring amino acids. NP characterization by utraviolet 

visible spectroscopy (UV-Vis), dynamic light scattering (DLS) and field emission scanning electron microscopy (FESEM) will provide evidence for changes in the 

native NP characteristics compared to post-amino acid characterizations. Liquid chromatography (LC) measurements will further demonstrate any change in 

the amino acid profile before and after interactions with gold NPs.

110 Reference Material 8323: A Proteomics Performance Reference Material
 Ashley Beasley-Green, David M. Bunk, Paul Rudnick, and Karen W. Phinney

 NIST, USA

The emergence of mass spectrometry (MS)-based proteomic platforms as a prominent technology utilized in clinical applications has increased the need 

for high-quality MS-based measurements. To address this need, reference material (RM) 8323 is introduced as a proteomics performance material for bench-

marking the pre-analytical and analytical variables that influence measurement accuracy, repeatability, reproducibility and comparability in proteomics-based 

experimental workflows. Due to the fact that the RM 8323 is composed of an extensive range of proteins (200 kDa to 14 kDa) from the well-characterized 

eukaryote Saccharomyces cerevisiae, the material can be utilized in the design and optimization of proteomics-based methodologies from sample preparation 

to data analysis. To demonstrate the utility of RM 8323 as a proteomics quality control material, the material was used in routine proteomics-based workflows 

to qualitatively assess the performance of the workflow and the influence of the pre-analytical and analytical variables on MS-based measurements. In addition 

to qualitative assessment of the workflow, we also couple the NIST MS Quality Control (MSQC) performance metrics to quantitatively evaluate the perfor-

mance of proteomics-based experimental workflows. The performance metrics represent a set of tools designed to systematically evaluate LC-MS/MS system 

performance and variability on the basis of chromatographic reproducibility, ion sampling, electrospray stability, MS and MS/MS signal intensity, and peptide 

identifications. Therefore, utilizing the NIST MSQC performance metrics, we demonstrate how RM 8323 can be used as a proteomics quality control material to 

y quantitatively assess the performance of proteomics-based experimental workflows and ultimately improve measurement quality.

112 Certified Reference Materials for ruminant-specific plasmid DNA with low copy number concentrations
 Philippe Corbisier, Janka Mátrai, Stéphane Mazoua, Anne Marie Kortekaas, Stefanie Trapmann, and Hendrik Emons

 IRMM, Belgium

Since the bovine spongiform encephalopathy (BSE) outbreak in 1996, the use of processed animal proteins (PAPs) from all kinds of farmed (terrestrial) and 

cultured (aquacultures) animals as feed ingredients is controlled and regulated within the European Union. PAPs as feed constituents have been fully banned 

since 2001 by Regulation (EC) No 999/2001. However, the occurrence of BSE cases has reached a very low level throughout the EU as a result of the BSE 

surveillance system. Hence, the full ban on PAPs became partially lifted in 2013 by Regulation (EC) No 56/2013, permitting the use of non-ruminant PAPs as 

feed constituents for aquacultures. Regulation (EC) No 51/2013 defines a method for the detection of the presence of unauthorised ruminant material in feed 

on the basis of a polymerase chain reaction (PCR). For the correct implementation of the PCR tests, calibrants are needed to determine a cut-off value at which 

positive and negative samples can be distinguished from each other. The JRC-IRMM has developed and produced a set of CRMs (ERM-AD482a, b and c) con-

taining plasmid DNA solutions at very low copy number concentrations which contain a ruminant specific target sequence. The solutions were characterised 

for their DNA copy number concentration by digital PCR. The poster describes the approaches and results for this challenging CRM development.
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Wednesday, October 14 

114 Development of Reference Materials for Measurements of Circulating Tumor DNA
 Hua-Jun He, Steve Choquette, and Kenneth Cole

 NIST, USA

Circulating tumor DNA (ctDNA) is derived from tumor cells and found in blood. The ctDNA in cancer patients can be used to non-invasively detect the genom-

ic mutations found in tumors. The measurement of ctDNA can be used to monitor the responses to therapy and has the promise for early detection of cancer. 

The reliable detection of cancer alterations present at low concentrations in a background of wild-type DNA is a significant analytical challenge. The ctDNA 

is degraded in molecular weight and present at low frequencies in the presence of wild type DNA. NIST, in collaboration with the Early Detection Research 

Network (National Cancer Institute), as recently started a project to develop reference materials for ctDNA. We are working with laboratories to develop control 

samples through an interlaboratory testing project. The goals of the project are to define the requirements for the reference materials. Model cancer muta-

tions (e.g. KRAS, EGFR and BRAF) will be used as the target analytes. The model mutations will be spiked into a background of wild-type genomic DNA at low 

concentrations. Different sources of the spike-in materials will be tested and quantitated using qPCR and dPCR assays to measure the model target analytes 

in the samples. The stability and homogeneity of the samples will be determined. The effect of the molecular weight of the DNA will be investigated. Through 

this process, reference materials will be developed to improve the reliability and confidence of the measurement of cell-free DNA biomarkers that show great 

promise for early cancer detection.

116 Development and Validation of Pathlength Absorbance Standards for Microliter Volume Spectrophotometers
 Brian Lang, Ken Cole, and Steve Choquette

 NIST, USA

The major applications for the new generation of nanoliter volume spectrophotometers are for the analysis of nucleic acids and proteins. These spectropho-

tometers generally utilize short pathlengths to reduce the volume of sample required. For any absorbance based measurement, accurate determination of the 

light path through the sample is a critical component to determining concentration. We are developing a reference material that is designed for shorter path-

lengths than currently available using solutions of tryptophan and uracil, with targeted absorbances of 0.8 AU for a 1 mm path. We have measured the absor-

bance of the uracil and tryptophan solutions from 240 nm to 340 nm at 22 °C. We then have reported the absorbance at 260 nm for uracil and the absorbance 

at 280 nm for tryptophan, using the buffer as a blank. The temperature dependence of the absorbance of the solutions was studied and will be provided to 

adjust for various operation conditions. Many of the instruments that this reference material is targeted for will typically have a fixed spectral bandwidth that 

varies from instrument to instrument. Thus the effect of varying spectral bandwidth on the absorbance of the standard solutions was measured as well. 

 Poster Session 1 - Reference Materials for Pharma and Biosimilars 

Tuesday, October 13 

117 HPLC-ELSD (Evaporative Light Scattering Detector) Method for the Quantitative Analysis of Amino Acids
 Nick Hauser and Andy Ommen

 RTC/Sigma Aldrich, USA

Amino acid assays and impurity analyses have typically been carried out via non-specific and, at best, semi-quantitative methods such as direct titration and Thin 

Layer Chromatography (TLC). The direct titration assay offers potential for overestimation as the typical impurities found within the amino acid of interest (other 

amino acids) are also titrated concurrently. Due to a lack of sensitivity, the TLC method makes quantitation of the individual impurities difficult. In order to perform 

a direct comparison against a certified standard to assign an assay value, an HPLC-ELSD method was developed. The ELSD provides an alternative detector for 

amino acids, which typically lack a chromophore and require a preparatory derivatization step in order to be detected by UV. The method employs the use of 

HILIC mode HPLC which allows for the individual retention and separation of amino acids. The HILIC mode can easily resolve the smaller more polar amino acids 

which generally make up the impurity content of an amino acid. HPLC-ELSD provides an accurate, specific, and reliable method for performing direct comparison 

chromatographic analysis as well as determining chromatographic impurities and thus enabling a valid mass balance purity assignment.
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A2LA Booth #16

5202 Presidents Court, Suite 220 Ad on Page 13

Frederick, MD 21703

A2LA is a non-profit, multi-discipline accreditation body with over 

35 years of experience providing internationally recognized accred-

itation services and quality training.  A2LA’s accreditation services 

encompass testing and calibration laboratories, medical testing lab-

oratories, inspection bodies, proficiency testing providers, reference 

material producers and product certification bodies.  Organizations 

are accredited to international standards and field-specific require-

ments developed with government and industry collaboration.  

A2LA offers both public and private on-site training programs to 

complement the various accreditation programs. 

Absolute Standards, Inc. Booth #21

PO Box 5585 Ad on Page 22

Hamden, CT 06518

Absolute Standards, Inc. is an ISO-G34 CRM and ISO 17043 PT 

Manufacturer and supported by its ISO 17025 laboratory. Absolute 

is uniquely qualified to bring both calibration grade CRM’s and 

PT’s to the work laboratory market. Technical support personnel, 

documentation, and smart designs all round out a great customer 

centric experience. 

Call Stephen Arpie, M.S., Director, 800-368-1131 for information.

ACS Publications  Booth #6

1155 Sixteenth St. NW Ad on Page 97

Washington, DC 20036

The Journal of Agricultural and Food Chemistry, published by ACS 

Publications, is the #1 most cited journal in Food Science & Tech-

nology, Agriculture, Multidisciplinary, and Applied Chemistry that 

publishes high-quality research representing complete studies 

and advances dealing with the chemistry and biochemistry of ag-

riculture and food. Visit us on the web at http://pubs.acs.org/jafc .

ANSI-ASQ National Accreditation Board/ANAB         Booth #22

500 Montgomery Street; Suite 625 Ad on Page 8

Alexandria, VA 22314

The ANSI-ASQ National Accreditation Board or ANAB (formerly 

ACLASS and FQS) provides accreditation for ISO/IEC ISO Guide 34 

reference material producers, 17043 proficiency testing providers; 

ISO/IEC 17025 testing, calibration, and forensic laboratories; ISO/

IEC 17020 inspection bodies and forensic inspection agencies; 

ISO/IEC 17021 certification bodies; and industry-specific pro-

grams. ANAB is recognized by ILAC, IAAC, and IAF as a signatory of 

mutual recognition arrangements. Our highly qualified assessors 

and staff provide trusted accreditation with a focus on meeting 

our customer’s needs.

AOAC INTERNATIONAL Booth #19

3321 Gold Mine Road Ad on Page 61

Brookeville, MD 20833

The Technical Division on Reference Materials (TDRM) was created 

in 1993 to support the AOAC INTERNATIONAL mission of promot-

ing methods validation and quality measurements. Joining this 

Technical Division gives you access to an international network of 

analytical professionals who share interest in verifying the accura-

cy of analytical measurements through effective use of reference 

materials. Stay informed about current practices and changes in 

accreditation requirements on the use of reference materials by 

submitting your membership application today!

Cerilliant Booth #24

811 Paloma Drive, Suite A Ad on Page 3

Round Rock, TX 78665

Certified Reference Materials/Custom Services-Cerilliant offers a 

catalog of standards including Drugs (pharmaceuticals, OTC, TDM, 

illicit), Phytochemicals, Nitroglycerin & by-products, and Chemical 

Warfare standards - available as parents, metabolites and stable 

isotopically labeled.  Cerilliant provides custom services including 

synthesis, analytical services, packaging & Certified Spiking Solu-

tions®. Cerilliant’s accredited to ISO Guide 34 & ISO/IEC 17025 and 

certified to ISO 13485 & ISO 9001. Our quality system is compliant 

to ISO 15194 and incorporates cGMP and GLP.  A COA is provided 

with every product. Call 512-238-9974 or visit www.cerillant.com.

Chem Service, Inc. Booth #9

660 Tower Lane Ad on Page 71

West Chester, PA 19380

For over 50 years, Chem Service has been one of the world’s 

leaders in the manufacture of analytical and certified reference 

standards. We have over 13,000 standards in our ISO Guide 34, ISO 

17025 accredited and ISO 9001 certified inventory. Our standards 

product lines include Pesticides, Metabolites, Explosives, Met-

als, Phthalates, and Azodyes to name a few. Additionally, Chem 

Service is an industry leading manufacturer of custom standards 

made to the client’s requirements.

CTQ/INSPQ  Booth #18

945 Avenue Wolfe Ad on Page 37

Quebec G1V 5B3  Canada

The Centre de toxicologie du Québec (CTQ) is a public organiza-

tion that has been offering human toxicology expertise (envi-

ronmental, clinical and occupational) to the provincial health 

network of Quebec (Canada) as well as to external clients from 

around the world since 1972. Our laboratory has ISO/IEC 17025 

and CAN-P-43 accreditation. The CTQ’s staff of 50 works in the 

fields of general and clinical toxicology, analytical toxicology and 

biomedical technology. The CTQ is part of the Institut national de 

santé publique du Québec.
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ERA, A Waters Business Booth #17

16341 Table Mountain Parkway Ad on Page 36

Golden, CO 80403

303-431-8454

www.eraqc.com

info@eraqc.com

Founded in 1977, ERA is the premier provider of Certified Ref-

erence Materials (CRMs) and Proficiency Testing (PT) products 

serving thousands of laboratories across multiple industries in 

more than 80 countries worldwide.

European Commission, JRC-IRMM Booth #8

Retieseweg 111 Ad on Page 34

Geel 2440 Belgium

As the European Commission’s in-house science service,  the Joint 

Research Centre’s mission is to provide EU policies with indepen-

dent, evidence-based scientific and technical support through-

out the whole policy cycle. The Institute for Reference Materials 

and Measurements (IRMM) is one of the 7 institutes of the Joint 

Research Centre and provides support in multidisciplinary areas 

such as: aviation security, health diagnostics, biotechnology, food 

and feed safety, food authenticity, advanced materials, nuclear 

safeguards, nuclear safety and security. 

High Purity Standards Booth #20

7221 Investment Drive Ad on Page 18

North Charleston, SC 29418

High-Purity Standards manufactures inorganic and organic Certi-

fied Reference Materials and analytical standards for ICP, ICP-MS, 

AA, IC, GC, HPLC and GC/MS.  Our standards are accompanied by 

a Certificate of Analysis specifying certified values, trace impurities 

and NIST traceability where available. We also offer industrial hy-

giene standards on filter media and reference materials in natural 

matrices.  We are ISO Guide 34, ISO/IEC 17025 accredited and ISO 

9001 registered.

Inorganic Ventures Booth #23

300 Technology Drive Ad on Page 83

Christiansburg, VA 24073

Inorganic Ventures has been manufacturing a higher class of 

analytical inorganic standards at a fair price since 1985. Our team 

of experts can create most certified reference materials for any ICP, 

ICP-MS, IC, atomic absorption, wet chemistry and QC application. 

In fat, custom standards are our specialty. This focus enables us 

to create precise standards faster and more affordably than other 

manufacturers. Our strength lies in catering to your specific needs, 

flexing to your specs.

LCGC Booth #1

485F US Highway 1 South Ad on Page 96

Iselin, NJ 08830

For more than 32 years, LCGC has been the gold standard relied 

upon by chromatographers for unbiased, nuts-and-bolts technical 

information with a practical focus. LCGC’s columns and peer-re-

viewed articles continue to bring readers practical technical 

advice from respected experts in liquid and gas chromatography, 

including hyphenated techniques; capillary electrophoresis; 

supercritical fluid chromatography; and more. 

LGC Booth #2

Queens Road Ad on Page 31

Teddington, Middlesex TW11 OLY

United Kingdom 

LGC Standards, part of LGC Group, is a leader in reference stan-

dards and proficiency testing.

A leading global producer and distributor of reference materials 

and proficiency testing schemes, LGC Standards has a network of 

sales offices in 20 countries and 30+ years experience in distrib-

uting reference materials. We offer an unparalleled breadth of ISO 

Guide 34 accredited reference material production at 4 sites in the 

UK, USA and Germany.

Our portfolio of 100,000+ products and 40+ proficiency testing 

schemes supports a wide range of sectors.

NIST/ODI/ORM Booths #3 & 4

100 Bureau Drive, Stop 2300 Ad on Page 17

Gaithersburg, MD 20899

NIST Standard Reference Materials supports accurate/compati-

ble measurements by certifying and providing over 1200 SRMs 

with well-characterized composition or properties, or both. SRMs 

are used to perform instrument calibrations as part of quality 

assurance, accuracy of specific measurements and support 

new measurement methods. Standard Reference Data provides 

well-documented numeric data to scientists and engineers for 

use in technical problem-solving, research, and development. The 

Calibration Services are designed to help in achieving high levels 

of measurements.

NSI Lab Solutions Booth #10

7212 ACC Blvd. Ad on Page 14 

Raleigh, NC 27617

Certified reference materials and proficiency testing services for 

environmental and food analytical sciences. Product categories: 

organic/inorganic standards, water/wastewater testing standards, 

food matrix standards, microbiology standards, microbiology and 

chemistry proficiency testing services. Accredited to ISO Guide 34, 

ISO 17025, ISO 9001, and ISO 17043. 
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o2si smart solutions    Booth #12

2030 Savage Road Ad on Page 9

Charleston, SC 29407

We provide innovative, cost effective, and on time smart solutions 

to meet your needs. Registered and operating under the guide-

lines of ISO 17025 Guide 34 and ISO 9001:2008, o2si provides a 

complete line of Organic and Inorganic NIST Traceable Reference 

Standards used in the Chemical, Environmental, Petroleum, 

Clinical, Food, Industrial Hygiene, and Pharmaceutical Industries. 

At the end of the day, o2si provides what you are looking for - a 

smart solution to your problem.

Reagecon, Ltd. Booth #15

Shannon Free Zone Ad on Page 78

Shannon; Clare

Ireland

Reagecon Ltd, Irish based, are a leading manufacturer of Certified 

Reference Materials, Accredited Calibration and Control Standards 

and Reagents. Provided for use with any Instrument brand. Our 

products are used in over 130 countries worldwide. Our recently 

launched series of Industry Specific Catalogues detail specific 

Standards for test methods which are targeted at Pharmaceutical, 

Food, Petrochemical and Environmental sectors as some ex-am-

ples. All available from our website  www.reagecon.com, for any 

questions or further information sales@reagecon.ie.

Restek Corp. Booth #14

110 Benner Circle Ad on Page 43

Bellefonte, PA 16823 

Restek is a leader in the development and manufacturing of GC 

and LC columns, certified reference materials (CRMs), sample 

preparation materials, accessories, and more. With unbeatable 

Plus 1 customer service, we proudly supply analysts around the 

world with top-quality products and services to monitor the quality 

and safety of air, water, soil, food, pharmaceuticals, chemicals, and 

petroleum. Restek is your first and best choice for chromatography.

Shimadzu Scientific Instruments   Booth #25

7102 Riverwood Drive Ad on Page 6

Columbia, MD  21046

Shimadzu offers a wide variety of analyzers capable of rapid, 

accurate, and precise measurements of pollutants required for 

testing. Instrument techniques include AA/ICP, UV-Vis, LC-MS/

MS, GC-MS/MS, HPLC, GC, and both laboratory and online Total 

Organic Carbon (TOC) analyzers. Shimadzu instruments are easy 

to use, rugged, with more than enough of the required sensitivity 

necessary to meet or exceed all EPA regulatory methods for which 

they are applied.

Sigma-Aldrich Corporation Booth #5

595 N. Harrison Road Ad on Page 2

Bellefonte, PA 16823

Sigma-Aldrich offers a portfolio of over 16, 000 analytical stan-

dards and Certified Reference Materials, including products for 

environmental, petrochemical, pharmaceutical, clinical diagnostic 

and toxicology, forensic, food and beverage, cosmetic and vet-

erinary analysis. We also provide OEM and custom products and 

services. All standards manufacturing sites are double accredited 

to ISO/IEC 17025 and ISO Guide 34, which is the highest achiev-

able quality level for reference material products.  

SPEX CertiPrep     Booth #11

203 Norcross Avenue Ad on Page 89

Metuchen, NJ 08840

Since 1954, SPEX CertiPrep has manufactured superior quality Or-

ganic and Inorganic Certified Reference Materials (CRM) and cali-

bration standards for a wide variety of analytical instrumentation, 

including ICP, ICP-MS, IC, AA, XRF, GC, GC-MS, HPLC and LC-MS. For 

60 years, we have provided chemists, analysts and environmental 

scientists products that exhibit quality, reliability and convenience.

Waters Corporation Booth #17

34 Maple St. Ad on Page 36

Milford, MA 01757

303-431-8454

www.eraqc.com

info@eraqc.com

Waters Corporation creates business advantages for laborato-

ry-dependent organizations by delivering scientific innovation 

to enable customers to make significant advancements. Waters 

helps customers make profound discoveries, optimize laboratory 

operations, deliver product performance, and ensure regulatory 

compliance with a connected portfolio of separations and analyt-

ical science, laboratory informatics, mass spectrometry, as well as 

thermal analysis.
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Thank You
BERM 14
Scientific Committee

Stephen A. Wise, Symposium Chair
  Hendrik Emons, IRMM, EC  

  Kate Rimmer, NIST, USA

 James Harnly, USDA, USA

  Stephen E. Long, NIST, USA

  Joseph Betz, NIH-ODS, USA

  Peter Jenks, Sigma-Aldrich, UK 

  Alan Nichols, Sigma-Aldrich, USA

  Derek Craston, LGC, UK, 

  Zoltan Mester, NRC, Canada 

 Ulrich Panne, BAM, Germany 

  Lindsey MacKay, NMIA, Australia  

  Angelique Botha, NMISA, South Africa

  Takeshi Saito, NMIJ, Japan 

  Sang-Ryoul Park, KRISS, Korea

  Eric Reiner, OME , Canada

The Organizing Committee wishes to thank the

following  Supelco/Sigma-Aldrich personnel who 

assisted with the 2015 BERM Symposium:

 Saba Alzaid   Duane Funk

 Janice Burger   Peggy Murray

 Don Cistaro   Ruth Sager

 Jay Creeger   Ron Shawley

 Dia Fornicola   Jill Thomas

Organizing Committee

  Stephen Wise, Chairman Alan Nichols

 Hendrik Emons  Bobbie Jo Seyler

 Errol Fernandes  Vickie Shawley

 Peter Jenks   Jo Ann Williams

BERM Partners

 ACS Publications  JRC-IRMM

 LCGC    Restek

 Sigma-Aldrich   Shimadzu

 LGC    Waters / ERA

 Inorganic Ventures  

Session Chairs

 Stephen Wise, NIST

 Håkan Emteborg, IRMM 

 Pearse McCarron, NRCC

 Eric Reiner, Ontario Ministry of Environment

 Marina Ricci, IRMM

 Zoltan Mester, NRCC

 Michael Weber, Sigma-Aldrich

 Takeshi Saito, NMIJ

 Alan Nichols, Sigma-Aldrich

 Hongmei Li, NIMC

 Lindsey MacKay, NMIA

 Gary Myers, AACC

 Johanna Camara, NIST

 Stephen Long, NIST

 Kerry Emslie, NMIA

 Melissa Phillips, NIST

 Ingrid Zegers, IRMM

 Byungjoo Kim, KRISS

 Peter Jenks, Sigma-Aldrich

 Dan Tholen, Dan Tholen Statistical Consulting

 Urich Panne, BAM

 Angelique Botha, NMISA

 Stephen Ellison, LGC

 Jochen Vogl, BAM

 Manfred Gröning, IAEA

 James Harnly, USDA

 Darryl Sullivan, Covance 

 Kate Rimmer, NIST

 Sarah Hill, LGC 

 Michael Ellisor, NIST

 Derek Craston, LGC

 Sang-Ryoul Park, KRISS

 Reinhard Zeleny, IRMM

 Wayne Wolf, USDA

 Joseph Betz, NIH-ODS

 Hendrik Emons, IRMM
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Thank you for attending the

The 14th International Symposium on

Biological and Environmental Reference Materials (BERM 14)


