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The National Institute of Standards and Technology

The U.S. National Metrology Institute (NMI) Non-Regulatory Federal Agency of |
and U.S. Industry’s National Laboratory the Department of Commerce ® (0

NIST’s Mission:
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NIST Products and Services

1,200 Standard Reference
Material (SRM) products

100 Standard Reference Data
(SRD) products

600 measurement services

Every year:
32,000 SRM units sold
13,000 calibrations and tests

800 accreditations of testing and
calibrations laboratories

Million-Pound Deadweight Machine Credit: NIST
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NIST Measurement Services to Support Food Quallty

Food » Reference Materials (SRMs, RMs)

Nutrition

_ * Definitive Measurements/Methods

Safety

* Quality Assurance Programs (QAPs)

/, e * continuous interlaboratory studies .
S ‘ . . - -
ooy « guidance/feedback to improve measurement - - : G IN THL‘
__d li raera NDUSTRY =g
— comparability — =
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NIST Measurement Services to Support Food Quality

Reference Materials (SRMs, RMs)

Food
Nutrition

Food P Definitive Measurements/Methods

Safety

Quality Assurance Programs (QAPs)
* continuous interlaboratory studies

Food H  i?y . . | ~ -

. » guidance/feedback to improve measurement - s : G IN THE

Security . ’ —_—
comparability D0D INDUSTRY — \

Some examples, addressing regulatory drivers...

Glyphosate in Oat RMs

-
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— Reactive Responsive Proactive —
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US Regulatory Drivers for Safe Food

U.S. FOOD & DRUG

ADMINISTRATION

* Food Safety Modernization Act of 2011 (FSMA)
* Nutrition Labeling and Education Act of 1990 (NLEA)
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US Federal Agencies

Interplay with State Regulatory Agencies

e.g., pesticides https://www.epa.gov/safepestcontrol
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US Regulatory Drivers for Safe Food
U.S. FOOD & DRUG

ADMINISTRATION

US Federal Agencies

* Food Safety Modernization Act of 2011 (FSMA)
* Nutrition Labeling and Education Act of 1990 (NLEA)

National
Marine
Fisheries
Service

Fisheries: inspections of processing plants
Interplay with State Regulatory Agencies

Food e.g., pesticides https://www.epa.gov/safepestcontrol
Safety and * Meat, somee roducts: processing plant inspections,
Inspection
Service food safety and defense, quality grades S TR : T e
oR | e N . |
X4 Cc.antersfor ] . . . : . ’D- " 0 | W 30 M“”
00 & Discase Food-borne illness: investigates outbreaks, establishes o e A Tl \
/ pzd Control an X . L. ea e e o i e R
> Prevention prevention strategies and policies ; . T
Environmental . .. . . - ' ™ “‘ =0,
Protection * Contaminants, pesticide residues: establishes e G
Agency . . . . . e — '
(EPA) enforceable tolerances, pesticide registrations with states
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Regulatory Drivers for Food Industry: Nutrition Facts

Nutrition Labeling and Education Act of
1990 (NLEA)

* Established what we know today as the
Nutrition Facts Label

* Some nutrients are required; others are
optional

* Anything that is declared must be
accurate

* Proposed changes to Nutrition Facts
Labels in 2014 are going into effect
currently

https://www.fda.gov/food/food-labeling-nutrition/changes-nutrition-facts-label

DA

Nutrition Facts

Serving Size 2/3 cup (550)
Servings Per Container About 8

Nutrition Facts

8 servings per container
Serving size 2/3 cup (559)

Amount Por Serving B
Calories 230 Calories from Fat 72 Amount per serving
~oamvawe | | Calories 230
Total Fat 8g 12% - -
Saturated Fat 1g 5% % Daily Value
Trans Fat 0g Total Fat 89 10%
Cholesterol Omg 0% Saturated Fat 1g 5%
Sodium 160mg 7% Trans Fat 0g
Total Carbohydrate 379 12% Cholesterol Omg 0%
Dietary Fiber 4g 16% Sodium 160mg 7%
Sugars 1g Total Carbohydrate 379 13%
Protein 3g Dietary Fiber 4g 14%
|
Total Sugars 12
Vitamin A 10% - dg 0 idd 35 —
Vitamin C 8% |I:1 udes 10g ed sugars 2
Calcium 0% Protein 39
% =
BOD = vitamin D 2mcg 10%
* Percent Daily Values are based on a 2,000 calorie diet. -
Your daily value may be higher or lower depending on Calcium 260mg 20%
yowroslorie neede. - ies: 2,000 2,500 Iron BITIg 45%
Total Fat Less than 65g 80g i o
o Lo Sy, 209 259 %
Cholesaterol Lessthan 300mg 300mg
Sodium Lessthan 2400mg 2.400mg * The % Daily Value (DV) telle you how much a nutrient in
Total Carbohydrate 300g 375g a serving of food contributes to a daily diet. 2,000 calories
Distary Fibar 25g 30g a day is used for general nutrition advice.
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Infant Formula SRMs

US Infant Formula Act (1980): Requires manufacturers

to include specific nutrients at tightly regulated levels

CODEX ALIMENTARIUS

INTERNATIONAL FOOD STANDARDS
D) Foos 2 it Workd Health
i Rk . 2 Organization

E-mal odexffio ofg - vk codexalmenlarksog

Codex STAN 72:
Adopted as a worldwide
standard in 1981

STANDARD FOR INFANT FORMULA AND FORMULAS
FOR SPECIAL MEDICAL PURPOSES INTENDED FOR INFANTS

CODEX STAN 721981

Adopted as a worldwide Standard in 1981.
Amendment: 1983, 1985, 1987, 2011 and 2015. Revision: 2007.

USDA ——
= m GMA

94 STAT. 1190

Sept. 76, 1980
[HLR. 6340]

Infant Formula
Act of 1950,
21 USC 301 note.

Adulterated
formulas.
21 USC 850a.

Quality control
procedures.

Testing.

PUBLIC LAW 96-359—SEPT. 26, 1980

Public Law 96-359
96th Congress

To ar
unt
ot

Be
Unit
cited

Se

“g
ated ..

PR

e Authorized FDA to adjust required levels of nutrients
based on best available scientific knowledge

*  Required manufacturers to test products and report to
FDA when specifications are not met

“(A) such infant formula does not provide nutrients as

required by subsection (g);
(B) such infant formula does not meet the quality factor
reqnlremenua prescribed by the Secretary under lhns section; or
(C) the processing of such infant formula is not in compliance
with the quality control requirements prescribed by the Secre-
tary under this section.
*(2) The Secretary may by regulation—
“(A) revise the list of nutrients in the table in subsection (g);
“(B) revise the required level for any nutrient required by
subsection (%
“(C) establish requirements for quality factors for such nutri-
ents; and
“(D) establich such quality control procedures as the Secretary
determines necessary to assure that an infant formula provides
nutrients in accordance with this section and establish require-

ments respecting the retention of records of procedures required
under this clause (including maintaining necessary nutrient

ing records).

Quality control procedures prescribed by the Secretary shall include
the periodic testing of infant formulas to determine whether they are
in compliance with this section.
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Infant Formula SRMs

US Infant Formula Act (1980): Requires manufacturers

to include specific nutrients at tightly regulated levels

CODEX ALIMENTARIUS

INTERNATIONAL FOOD STANDARDS

NIST Response:

94 STAT. 1190 PUBLIC LAW 96-359—SEPT. 26, 1980

Public Law 96-359

96th Congress lizger: }
wiea " *  Authorized FDA to adjust required levels of nutrients
T based on best available scientific knowledge
SR, aim

ama ®  Required manufacturers to test products and report to
FDA when specifications are not met

Adulterated “s
Tormulas. ated ..
21SC 550, “(A) such infant formula does not provid:
required by subsection (g);

“(B) such infant formula does not meet ctor
requirements prescribed by the Secretary under this section; or

“(C) the processing of such infant formula is not in compliance
with ‘the quality control requirements preseribed by the Secre-

ble in subsection (g);
utrient requir

ctors for such nutri-

res as the Secretary

New Formula |
(no vitamin encapsulation,
wet blended)

SRM 1849a

SRM 1849

~~~~~ i * Leverage existing food SRM capability
Codex STAN 72: * Released in 1996 as SRM 1846 (vitamins,
Adopted as a worldwide elements, proximates, fatty acids)
standard in 1981
o RIS R A 800
700
Adopted as a worldwide Standard in 195:1._
Amendment: 1983, 1985, 1987, 2011 and 2015. Revision: 2007. 600
o 500
] [
USDA rl.) — v 400 Formula |
=_‘ m GMA ‘2 300 (vitamin encapsulation,
. o : ) dry blended)
N : - 200
| v INFANT NUTRITION 100 SRM 1846
\y” COUNCIL OF AMERICA
) 0

1996 1998 2000 2002

2016

2018

2004 2006 2008 2010 2012 2014
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Pesticide Residues in Foods

US tolerance levels (akin to MRLs) established for

various pesticide residues and commodity combinations

Challenges for global measurement solutions:

* \Very few naturally-incurred matrix RMs available
*  Maximum Residue Limits (MRLs) per country may vary significantly
Drivers for product testing (e.g., organic) different from MRLs

o
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)
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Pesticide Residues in Foods

US tolerance levels (akin to MRLs) established for

various pesticide residues and commodity combinations

Challenges for global measurement solutions:

* \Very few naturally-incurred matrix RMs available
*  Maximum Residue Limits (MRLs) per country may vary significantly
* Drivers for product testing (e.g., organic) different from MRLs

Prioritization of Pesticide RM Development
* Difficult to measure pesticides

* Pesticides residues/commodities with the
highest violation and/or occurrence rates

NIST Response:

* Multiresidues representing different classes

* Launch with glyphosate in oat flour RM (low/high levels) .

Combination of two or more approaches

* Oat flour RM developed well below tolerances levels

* Applicable to US food product testing aspirated
grain fractions

TI
i

MRLs/tolerance levels for
glyphosate in oat commodities

— RM 8239 (Low)
— RM 8238 (High)

0.05 0.5 15 20 30 (data from BCGlobal MRL database) hlgher
ppm - ppm ppm ppm ppm
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Cannabis Measurement Services for a Diverse Community

Agriculture Improvement Act “Farm Bill” (2018): Regulators S

Defined hemp as Cannabis with [THC] < 0.3 % (Fed/State) " pevelopers

NIST

Forensic
Laboratories

B el Current Status of Cannabis Legalization in US

Notes:
. Legal for medical use . cannabis remains a Schedule | drug under federal law
¢ Includes laws which have not yet gone into effect
* Some local jurisdictions and Indian reservations have
decriminalization or legalization policies separate from
the states they are located in
* Cannabis is illegal in all federal enclaves (other than
D Decriminalized hemp)

D Legal for medical use
(limited THC content)

D lllegal for any use

o
o=
)

NSI- National Conference of State Legislaturgs (wwvy.nscl.or) . < triedic MAT E R | A L M E AS U R E M E N T LA B 0 RAT 0 RY ‘

Wikipedia (https://en.wikipedia.or




Cannabis Measurement Services for a Diverse Community

Agriculture Improvement Act “Farm Bill” (2018):
Defined hemp as Cannabis with [THC] < 0.3 %

Regulators Product
(Fed/State) '~ pevelopers

NIST
NIST Response:

* Launch CannaQAP to gauge capability
of community

* Develop cannabis-based RMs
(plant, hemp oils, extracts, edibles)

CannaQAP Exercise 1: A°>-THC in Hemp Oil 1

Forensic
Laboratories

/
LT
Current Status of Cannabis Legalization in US fgel ;
B Legal 0.15% .@eg !
) Notes: .15% MRS @@ﬂmv per il EXT1L
. Legal for medical use . cannabis remains a Schedule | drug under federal law @@@ v”@@W B L |
Legal for medical use Includes Iavys whlch have not ygt gone into 'effect 0.10% : Eﬂ
|:| o * Some local jurisdictions and Indian reservations have | ﬂl!H |
(I'm'ted THC Content) decriminalization or legalization policies separate from 1 |
] lllegal for any use the states they are located in . 0.05% :::
* Cannabis isillegal in all federal enclaves (other than E ' ‘ZLMMMMNM;fwg;“ﬁ;wmmmw“‘;MMMMMM N
D Decriminalized hemp) BETE88C8C 8838858885588 888E3 82288288 888E888888¢88¢%5

T22IL2LTI2TILIRIIIIILIIIIRLILIIILLIZIRILLTRI282338:83¢87¢::¢:¢%

National Conference of State Legislatures (www.nscl.org) MAT E R | A L M E AS U R E M E N T
ler Wikipedia (https://en.wikipedia.org/wiki i i .S. jurisdicti




CannaQAP: Analytical Methods and Materials

NIST reference method 1: GC-MS NIST reference method 2: LC-MS/MS i | ) ' 1 [ J‘
GCIMS A8-THC, TECA & | 1 &
@ . © CBL = I 11 ‘# l
ngpIeAOO% Y g T £ \ = CBLA o | \ | ae-me
Diluted 1:10 o 2 %;\_A % CBCA . |
f T T T T T T T T 1 i . CBDV CBGA GBD CBN AsIHo
0 & 10 15 20 25 30 35 40 45 S CBC
THoa :
.. Ty 3
z marijuana plant et “A. ; k
o extract IO é 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 %
CBDA, 9-THC, 0 . .
g NP s = LC-PDA cannabinoid
9 v a88l 5z [\E3 9 /\ g 8 - . .
u X s VXYL AN t profile of hemp oils
; : ! 1 1 I 1 1 0 5 10 15 20 25 30 35 40 45 £ 2 [ [ o [ 80 £ () [ To 75
2 3 4 5 6 T 8 9 Retention Time (min.)

Retention Time (min.)

Grinding (cryo, blender)

>
<)
>
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Per- and Polyfluoroalkyl substances (PFAS)
Exposure Pathways

PFAS in Meat

Exposure Limits/Pending Regulations: For PFOS/PFOA, Drinking Food Environment
water (fish, fruit, eggs, meat) (carpet/dust)

reference doses based on toxicity data exist; regulatory
limits for drinking water proposed in 2020.

Driven by Local (State-based) Policies
* 11 states considering policies to ban PFAS in
food packaging (2021)

e at least 19 states considering legislation to H.R.2827 - Keep Food Containers Safe from PFAS Act of 2019
restrict PFAS in water & drinking water (2021) s

BILL Hide Overview X

CONGRESS.GOV

sponsor: Rep. Dingell, Debibie [D-M1-12] (Introduced 05/17/2019)

Committees: House - Energy and Commerce

>
<)
>
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Per- and Polyfluoroalkyl substances (PFAS)
Exposure Pathways

PFAS in Meat

Exposure Limits/Pending Regulations: For PFOS/PFOA, Drinking _ .Food Environment
reference doses based on toxicity data exist; regulatory water  (fish, fruit, eggs, meat) (carpet/dust)
limits for drinking water proposed in 2020.

Driven by Local (State-based) Policies

* 11 states considering policies to ban PFAS in
food packaging (2021)

« at least 19 states considering legislation to NIST Approach:
restrict PFAS in water & drinking water (2021) * Develop matrix RMs (meat, silage, fish) to harmonize

measurements and support toxicity/monitoring studies
* Provide quality, confident data to regulatory agencies

o
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)
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Measuring PFAS in Meat Materials

Cryogenic Grindin

Modified QUEChERS

g

NIST reference method: Le-Ms/MS | IR I BT R e

¢ Compound ("::;gr; RSD(%) (“::?; RSD(%) m:;’g’; RSD(%) (not value assignment!)
FOSA <blank - <hlank - 03 20
& PFBA <blank - 15 >25 23 >25 Still under Development:
& e PFDA 2.7 7 14 6 03 25 o ileieel e rEEon
l | | ‘ﬁ H PFHpS 0.5 19  <blank = - <blank efficiency
| ol " h ll PFNA 2.5 9 1.1 4 0.2 23 « Homogeneity/stability
k '_ Nl ﬁ‘| | |" RO & 2 DA A SLOO « Calibrant feasibility/
S | G L G WA AV S i i 10 : g 6 20 Sl traceability issues
time (min) PFUNDA 0.3 15 0.3 5 0.2 22

>
<)
>
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In Summary...

* Artifact/matrix-based CRMs/RMs commonly
developed as a response to regulations

e Limited coverage across needs for food safety and quality

* Challenges persist to develop ‘fit-for-purpose’ measurement services
ahead of regulations
* Flexibility to modify RMs to support regulations as they are developed
* Partnerships with both regulators and industry are critical
* QAPs offer insight to capabilities of community and their current needs
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NIST Food Safety Workshop

HARNESSING MEASUREMENT
SCIENCE TO ADVANCE
FOOD SAFETY

* Over 150 experts (industry, regulatory
bodies, RM producers, NMls, academia)
convened in October 2019 okl

* Explored measurement challenges in four
focus areas of food safety:

v Microbiological Contaminants
v Chemical Contaminants
v Allergens

v Authenticity & Adulteration T2 fiiQI:'::ﬁ:
* Reports available online r 4 Ay
* NIST SP 1251 -
« NIST SP 1252 e 2

U.S. Department of Commerce

-
o
N
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SCIENCE TO ADVANCE g
FOOD SAFETY -

« Reference Materials « Updated Analytical Methods
o Laboratory QA/QC « Education and Training
« Global Collaboration and Harmonization

Authenticity &
Adulteration

Microbiological Chemical Allergens
Contaminants Contaminants |2 g

* Understanding what
* Incurred matrix RMs test are measuring, * Authentic materials
and PTs testing limitations * |sotope ratio CRMs

* Repositories for
validation data
e RMs for method

. . Calibration materials * Support for a suite of * Controls for rapid and
verification studies : .
(metabolites, complementary handheld monitoring
* New approaches that . . o
L isotopically labeled) approaches * Data and repositories
reduce analysis time & ; . .
RMs for metal species * Commodity and and analysis tools

cost finished product RMs

-
o
N
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Thark you!

For more information,

please contact Katrice A. Lippa katrice.lippa@nist.gov

foodsafety@nist.gov « cannabis@nist.gov

SRM Program Website: Food Nutrition and Safety Website:
https://www.nist.gov/srm https://www.nist.gov/foodsafety

Cannabis Program Website:
https://www.nist.gov/programs-projects/nist-tools-cannabis-
laboratory-quality-assurance

Quality Assurance Program Website:
https://qga.nist.gov (Click ‘Current Programs’)

Disclaimer: Certain commercial equipment, instruments, software or materials are identified in this presentation in order to specify the experimental procedure or describe the results adequately.
Such identification is not intended to imply recommendation or endorsement by the National Institute of Standards and Technology.
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