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Public Release Data Set AMDGYD | Information

This document details the Lab Protocol for testing the items listed in the following
table

File Name Variable SAS Label
Name
AMDGYD. | LBXACR Acrylamide (pmol/g Hb)
& LBXGLY Glycidamide (pmol/g Hb)
ETHOX_ LBXEOA  |Ethylene Oxide (pmolig Hb)

There have been no changes in the urine albumin test methodology or instrumentation
to date.
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1 SUMMARY OF TEST PRINCIPLE AND CLINICAL RELEVANCE

1.1 Clinical and Public Health Relevance

Acrylamide (AA) has been identified as neurotoxic (1,2), mutagenic (3), and probably
genotoxic (4) to animals and humans. It is classified as a probable carcinogen to humans
by the International Agency for Research on Cancer (IARC) and as a potential
occupational carcinogen by the Occupational Safety and Health Administration (OSHA).
People are exposed to acrylamide through certain occupational acitvities that involve
production and use of acrylamide, as well as tobacco smoke (5-8) and dry-heated food (9-
12). The actual exposure of the general population to acrylamide and possible changes in
this exposure over time are not known.

Glycidamide (GA), the primary metabolite of AA, has a higher reactivity towards
nucleophilic reagents than AA. Results from animal studies suggest that genetic damage
in somatic and germ cells is dependent upon the metabolism of AA to GA by CYP2E1 (13-
15). To obtain comprehensive information about acrylamide exposure and to assess
potential health effects related to this exposure, it is necessary to measure both AA and
GA exposures.

Ethylene oxide (EO) has been detected in tobacco smoke (16), automobile exhaust, and
some food. EO, a metabolite of ethylene, is formed endogenously in animals and humans
as a result of CYP2E1 mediated metabolic oxidation of ethylene. It is also formed in vivo
during normal physiological processes such as methionine oxidation, lipid peroxidation,
and the metabolizing activity of intestinal bacteria (17). EO has been classified as a human
carcinogen (Group 1) by the IARC (18). Information on endogenous and exogenous EO
exposure in the general population is very limited.

Information on exposure to these chemicals in the general population is needed to assess
potential health effects associated with this exposure and to monitor changes in exposure
over time.

1.2 Test Principle

This procedure describes a method to measure hemoglobin (Hb) adducts of AA, GA, and
EO in human erythrocytes. Specifically, the adduct of these chemicals at the N-terminal
valine of the Hb protein chains (N-[2-carbamoylethyl]valine, N-[2-hydroxycarbamoyl-
ethyl]valine, and N-[2-hydroxyethyl]valine for AA, GA, and EO adducts, respectively).

This method utilizes a modified Edman reaction, in which the N-alkylated amino acid forms
Edman products in neutral or alkaline conditions without changing the pH to the acidic
conditions required in conventional Edman reaction procedures (19). The reaction
principle was first described for N-terminal Hb adducts of ethylene oxide, propylene oxide,
and styrene oxide (20), but later optimized to increase yield of Edman products of these
adducts (21). This optimized method was then successfully applied to adducts produced
by other chemicals such as AA, GA, and acrylonitrile (ACN) (22-25). The method was
further refined and modified in-house to increase sensitivity and enable automation
(26,27).

3 0f49



N-terminal hemoglobin adducts of Acrylamide, Glycidamide, and Ethylene Oxide
NHANES 2015-2016

The procedure described here consists of 4 parts (Scheme 1):

e Specimen preparation
Measuring total Hb in sample solution used for Hb adduct measurements
Performing the modified Edman reaction in the sample solution
Isolating Edman products
Analysis of Edman products by High Performance Liquid Chromtagoraphy/Tandem
Mass Spectrometry (HPLC-MS/MS) and processing results

Because the results are reported in pmol of adduct per gram of total Hb present in the
sample, the amount of Hb used for the modified Edman reaction needs to be known.
Therefore, this procedure includes a measurement procedure for total hemoglobin. The
measurement is performed using a commercial assay kit based on a well-established
procedure commonly used in clinical chemistry (28). Quantitation of AA, GA, and EO Hb
adducts is performed using octapeptides with the same amino acid sequence as the N-
terminal of the Hb beta-chain but with AA, GA, and EO attached at the valine.

Scheme 1: Measurement Procedure for AA, GA, and EO Adducts in Red Blood Cells

Whole Blood Isolation of RBC and dilution Lyzed RBC’s
Sample Samples
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Total hemoglobin
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Sample Preparation
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Total Hemoglobin
Determination
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Products
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1.3 Scope
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The measurement procedure described in this document is intended to quantitatively
measure N-terminal AA, GA, and EO adducts to hemoglobin in red blood cells (RBC). It
addresses all aspects related to the measurement process (specimen collection, storage,
processing, analysis, reporting).

Specific details relating to equipment maintenance and operation can be found in the
manufacturers’ manual. Additional details are located in designated work instructions
created and maintained by the Protein Biomarker Laboratory (PBL). Further, this
document is not intended to provide information on data interpretation.

This method is intended for obtaining information about human exposure to these
chemicals. It is not intended to assess disease risk or for diagnosing certain diseases.

The method was developed for measuring hemoglobin adducts (Hb adducts) in humans
and may not be suitable for measuring Hb adducts in animals.

2 SAFETY PRECAUTIONS

2.1 General Safety

All blood specimens should be considered potentially positive for bloodbourne pathogens
including but not limited to Human Immunodeficiency Virus (HIV), hepatitis B virus (HBV),
and hepatitis C virus (HCV). HBV vaccination series is required for all analysts performing
this measurement procedure.

Universal precautions must be observed by donning in appropriate personal protective
equipment (PPE). Proper PPE includes protective gloves, laboratory coats, and safety
glasses that must be worn at all times during all tasks of this measurement procedure.
Additional information can be found in the laboratory Chemical Hygiene Plan (CHP).

Disposable bench covers must be used during sample preparation and sample handling
and must be discarded after use. All work surfaces must be wiped with 10% bleach
solution after work is finished.

Extra caution is required when removing external screw caps of sample cryovials. Always
place a Kimwipe over the screw cap to prevent any blood exposure (a face shield may
also be worn).

2.2 Chemical Hazards

All acids, bases, other reagents, and organic solvents used in this measurement procedure
must be handled with extreme care; they are caustic, flammable, and toxic. Therefore,
they must be handled only in a well-ventilated area or, as required, under a chemical fume
hood.

Glacial Acetic Acid: Do not breathe vapor. Flammable liquid and its vapors are corrosive.
Inhalation may cause lung and tooth damage. Liquid and mist cause severe burns to all
body tissue and may be fatal if swallowed.
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Ethyl acetate: Do not breathe vapor. Flammable liquid and vapors. Inhalation may cause
central nervous system depression and eye irritation. It may also cause skin irritation and
liver and kidney damage. May cause respiratory tract irritation and may be harmful if
inhaled.

Isopropyl Ether: Do not breathe vapor. Forms explosive peroxides upon prolonged
storage. Keep container in well ventilated location.

Pentafluoropenyl isothiocyanate: Do not breathe vapor. Handle only in well-ventilated
areas. Do not get in eyes, on skin or on clothing. This chemical is also referred to as the
Edman reagent.

Formamide: Avoid contact with skin or eyes. Use adequate ventilation. Wear appropriate
personal protective equipment (clothing, safety goggles, and gloves) because it is toxic to
reproduction. Store away from acids.

Methyl Alcohol (Methanol): Do not breathe vapor. Flammable and toxic, avoid contact with
skin or eyes. Danger of permanent damage through inhalation, eye, and skin contact and
if swallowed.

Sodium Hydroxide: Avoid contact with skin or eyes. Use adequate ventilation. Wear
appropriate personal protective equipment (clothing, safety goggles, and gloves). Eye
contact may result in permanent eye damage and contact with skin causes skin irritation.
May cause respiratory tract irritation. Corrosive to aluminum.

Toluene: Do not breathe vapor. Toxic and flammable liquid. Keep container in a cool, well-
ventilated area. Avoid contact with skin and eyes. Keep away from heat. Store in a
segregated and approved area. Keep container tightly closed and sealed until ready for
use. Keep away from incompatible chemicals such as oxidizing agents.

Hemoglobin Reagent Set: Do not breathe vapor. Use adequate ventilation. Irritating to
eyes, respiratory system, gastrointestinal system and skin. Contains cyanide.

Nitric Acid: Danger. May be fatal if inhaled. Causes severe eye and skin burns. Causes
severe respiratory and and digestive tract burns. Contact with other material may cause a
fire. Acutepulmonary edema or chronic obstructive lung disease may occur from inhalation
of the vapors of nitric acid. Corrosive to metal and it is a strong oxidizer.

Material safety data sheets (MSDS) for these chemicals are readily accessible as hard
copies in the laboratory. If needed, MSDS for other chemicals can be viewed at
http://www.ilpi.com/msds/index.htmlL.

CAUTION! Glacial Acetic Acid, Ethyl Acetate, Isopropyl Ether and Toluene are volatile
organic compounds. Wear gloves, safety glasses, lab coat and/or apron, and work only
inside a properly operating chemical fume hood. Keep container tightly closed and
sealed in the designated flammable cabinet until ready for use.

2.3 Radioactive Hazards
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There are no radioactive hazards associated with this measurement procedure.
24 Mechanical Hazards

There are minimal mechanical hazards when performing this procedure using standard
safety practices. Analysts must read and follow the manufacturers’ information regarding
safe operation of equipment. Avoid direct contact with the mechanical and electronic
components of any analytical equipment and instrumentation unless all power is in the
“off” state. Generally, mechanical and electronic maintenance and repair must only be
performed by qualified technicians. Follow the manufacturer’s operating instructions found
in the respective equipment manual. Manuals are located in the sample preparation area
of the Protein Biomarker Laboratory (PBL).

2.5 Waste Disposal

All solid waste generated during sample preparation (e.g., disposable plastic pipette tips,
gloves, bench diapers, caps) including residual sample material must be placed in the
appropriate biohazard auto-clavable bags and waste pans until sealed and auto-claved.

All glass pipette tips and any sharps (e.g., broken glass) must be placed in appropriate
sharps containers.

All liquid waste must be labeled and processed in accordance with Centers for Disease
Control and Prevention (CDC) policies. Waste disposal must be performed in compliance
with CDC policies and regulations. A hard copy of the CDC Safety Policies and Practices
Manual is located in the laboratory (exact location) and electronic copy can be accessed
at. http://intranet.cdc.gov/nceh-atsdr/dis/safety _manual/

Uncontaminated plastic that is coded 1 through 7 can be recycled by placing in the trash
bin located in laboratory. Uncontamined clean plastic includes empty pipette tip boxes and
inserts, and clean plastic bottles from reagents, bleach, and buffers all of which has not
come into contact with biohazardous material.

2.6 Training

Analysts performing this procedure must have successfully completed all requested safety
trainings.

Additional training requirements include, but not limited to, documented training on specific
instrumentation outlined in this procedure.

Analyst performing this procedure must be familiar with the following:
Exposure Control Plan

Chemical Hygiene Plan

Relevant Material Safety Data Sheets

DLS Safety Manual

DLS Policies and Procedures Manual

7 of 49


http://intranet.cdc.gov/nceh-atsdr/dls/safety_manual/

N-terminal hemoglobin adducts of Acrylamide, Glycidamide, and Ethylene Oxide
NHANES 2015-2016

3 COMPUTERIZATION AND DATA-SYSTEM MANAGEMENT

3.1 Software and Knowledge Requirements

This procedure requires familarity with software operated instruments such as Thermo
Finnigan LC-MS/MS (using Xcalibur 2.2 version or higher) and Tecan (using Evoware
Software version 4.11.5878 or higher). Specific training is required to properly operate
these software systems.

Calculations obtained from the LC-MS/MS software are performed via calculation
templates created in Microsoft Excel. The calculation results obtained with the Excel
templates are transferred to a database created and maintained by the Division of
Laboratory Sciences (DLS). Assessment of bench quality control (QC) results is performed
using a program created with Statistical Analysis System Institute Inc. (SAS) software and
maintained by the DLS.

The database activities and QC calculations are performed by dedicated and specially
trained staff. Initial calculations using the Excel templates are performed by the analysts
after receiving specific training from qualified staff.

3.2 Sample Information

All samples must be labeled as described in the DLS Policies and Procedures Manual.
Samples must not contain personal identifiers, and all samples are referenced to a blind-
coded sample identifier.

3.3 Data Maintenance

Information about samples and related analytical data are reviewed for transcription errors
and overall validity prior to being entered into the database. Filing of electronic and
physical files is the responsibility of designated staff. The database is maintained by DLS
staff and routinely backed up by CDC Information Technology Services Office (ITSO).

3.4 Information Security

Information security is managed at multiple levels. The information management system
that contain final reportable results are access restricted through user identification (ID)
and password security. Access to raw and in-process data requires specific knowledge on
software manipulation. Site security is provided through restricted access to individual
laboratories, buildings, and offices. Participant confidentiality is protected by blind coded
sample IDs.

4 PREPARATION FOR REAGENTS, CALIBRATION MATERIALS,
CONTROL MATERIALS, AND ALL OTHER MATERIALS;
EQUIPMENT AND INSTRUMENTATION

4.1 Equipment, Chemicals, and Consumables
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The chemicals, equipment, and other materials described below or equivalents can be
used in this measurement procedure.

4.1.1 Equipment, Chemicals, and Consumables Used for Reagent
Preparation

1. PG 403-S Delta-Range Chemical Balance (Electronic “0.000 g”, Max 410.0 g, Min 0.02g, Mettler Toledo, Columbus, OH)

2. Accumet AB 15 pH Meter with Orion Micro-Combination Electrode, pH Range 0-14, Temperature Range 0-100 °C (Fisher
Scientific, Suwanee, GA)

3. 500 mL Glass Beaker (Corning Incorporated, Lowell, MA)

4. 500 mL Pyrex Graduated Glass Cylinder, Tolerance £1.4 mL, (Kimble Chase Life Science and Research Products LLC,

Vineland, NJ)

1 mL, 2mL, 3mL, and 4mL Volumetric Glass Pipettes. (Fisher Scientific, Suwanee, GA)

15 mL Plastic Falcon Tubes (KSE, Durham, NC)

50 mL Plastic Falcon Tubes (KSE, Durham, NC)

1L Glass Bottles With Screw Tops (Wheaton Industries Inc., Millville, NJ)

9. 1000 pl Pipette (Gilson Inc., Middleton, WI)

10. 200 pl Pipette, Variable (Gilson Inc., Middleton, WI)

11. Repeater Pipette (Eppendorf, Ramsey, MN)

12. Pasteur Transfer Pipettes (Samco Scientific, San Fernando, CA)

13. Disposable Pasteur Pipets, 53/4” (Fisher Scientific, Suwannee, GA)

14. Octagonal Stirring Bars, 1 Inch Length; 0.312 Inch Diameter (Fisher Scientific, Suwanee, GA)

15. Scholar™ 5 x 5 Inch PC-171 Magnetic Stirrer (Corning Incorporated, Lowell, MA)

16. Milli-Q Water, Resistivity, 18 megaOhm-cm DI Water at 25 ° C, 18.2 (Aqua Solutions, Jasper, GA)

17. Ethyl Acetate, HPLC/ACS Grade (Fisher Scientific, Suwanee, GA)

18. Toluene, HPLC/ACS Grade, (Fisher Scientific, Suwanee, GA)

19. Isopropyl Ether, Certified (Fisher Scientific, Suwanee, GA)

20. Glacial Acetic Acid, Certified ACS Grade, (Fisher Scientific, Suwanee, GA)

21. Methanol, HPLC Grade (Fisher Scientific, Suwanee, GA)

22. Acetic Acid ACS Grade (J. T. Baker, Phillipsburg, NJ)

23. Sodium Hydroxide 0.2N Solution (Fisher Scientific, Suwanee, GA)

24. Hemo Point H2, Hemoglobin Control, (Stanbio Laboratory, Boerne, TX)

25. Hemoglobin Reagent Set (Teco Diagnostics, Anaheim, CA)

26. Standard material: Lyophilized Hemoglobin Part # HC-110LIN (Analytical Control Systems Inc., Fishers, IN)

4.1.2 Equipment, Chemicals, and Consumables Used for Calibration
Materials

PG 403-S Delta-Range Chemical Balance (Electronic “0.000 g” , Max 410.0 g, Min 0.02g, Mettler Toledo, Columbus, OH)

Water Bath- Iso Temp 3016 Regulator Apparatus (Fisher Scientific, Suwanee, GA)

500 mL Pyrex Silanized Volumetric Fasks, Tolerance +0.08 mL, (Kimble Chase Life Science and Research Products LLC,

Vineland, NJ)

4.  AA Octapeptide (AA-VHLTPEEK), (Certified Concentration with Stated Uncertainty), Purity 71.0%, FW=1022.5 g/mol, CAS No:
1608 (Bachem, King of Prussia, PA)

5. Labeled AA Octapeptide [AA-Val(*3Cs,*>N)-HLTPEEK], purity 80%, FW=1028.2 g/mol CAS No0:1739-B, (Bachem King of
Prussia, PA)

6. GA Octapeptide (GA-VHLTPEEK), (Certified Concentration with Stated Uncertainty), Purity 71.0%, FW=1038.5 g/mol, CAS No:
1660 (Bachem, King of Prussia, PA)

7. Labeled GA Octapeptide [GA-Val(**Cs,**N)-HLTPEEK], (Certified Concentration with Stated Uncertainty), Purity 71.0%,
FW=1045.2 g/mol, CAS No: 1740-B (Bachem, King of Prussia, PA)

8. EO Octapeptide (EO-VHLTPEEK), (Certified Concentration with Stated Uncertainty), Purity 73.0%, FW=996.1 g/mol, CAS No:
4051266 (Bachem, King of Prussia, PA)

9. Labeled EO Octapeptide [EO-Val(*3Cs, *N)-HLTPEEK], (Certified Concentration with Stated Uncertainty), Purity 72.0%,

FW=1002.1 g/mol, CAS No: 4051578 (Bachem, King of Prussia, PA)

wnhE

4.1.3 Equipment, Chemicals, and Consumables Used for Sample
Processing

Centrifuge 5810R, (Eppendorf, Ramsey, MN)

MultiPulse Vortexer (Glas-Col, Terre Haute, IN)

Repeater Plus Pipetter (Eppendorf, Ramsey, MN)

96 well 2 mL Square Well Plates (Seahorse Labware, Chicopee, MA)

Robotic Reservoirs, Convoluted Bottom (Thermo Scientific, Waltham, MA)

ArctiSeal 96-well Square Silicone w/ PTFE Spray Coating (Arctic White LLC, Bethlehem, PA)
Combitips Plus Pipet Tips, 10 mL (Eppendorf, Ramsey, MN)

Nogp,rowdnpE
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8. EZ-2.3 Evaporation System with Side Bridge Holders and Universal Rotor (GeneVac Inc., Valley Cottage, NY)
9. Orbitron Rotator I, Model 26250, (Boekel Scientific, Feasterville, PA)

10. Swing-Bucket Rotor (Eppendorf, Ramsey, MN)

11. 48-well, 5 mL, Rectangular Well, Pyramid Bottom, Natural Polypropylene Plate (Fisher Scientific, Suwanee, GA)
12. 96-well, Microtiter Plate, Nonbinding Surface (Fisher Scientific, Suwanee, GA)

13. 48-well, 7.5 mL Fritted Plate, with 25 um PE Frit, Long Drip (Fisher Scientific, Suwanee, GA).

14. 48-well, 7.5 mL, Rectangular Well, Pyramid Bottom, Natural Polypropylene (Fisher Scientific, Suwanee, GA)
15. 96-well, 250 pL, Uniplate V-Well Bottom Microplate (Whatman Inc., Piscataway, NJ)

16. Bulk Isolute Sorbent HM-N (Biotage, Charlottesville, VA)

17. 1000 pl, Conductive Pipetting Tips for Tecan (Molecular Bio Products, San Diego, CA)

18. 200pl, Conductive Pipetting Tips for Tecan (Molecular Bio Products, San Diego, CA)

19. 150uL, filtered MCA96 SBS pipette tips for Tecan (Tecan, Durham, NC)

20. 2 mL Polyehtylene 96-well Pattern Sealing Film (Bio Tech Solutions, Vineland, NJ)

21. Nalgene 2mL Cryovials with Ext-Tread (Fisher Scientific, Suwanee, GA)

22. HemoCue 201 Microcuvettes (HemoCue Inc, Lake Forest, CA)

23. Tecan Freedom Evo 200 (Tecan US., Research Triangle Park, NC)

24. Vortex- Genie 2 with Well Plate Adapter (Scientific Industries Inc, Bohemia, NY)

25. Precision Oven (Thelco Laboratories, Torrance, CA)

26. Eppendorf Centrifuge 5810 R V4.2 with A-4-62 Rotor (GMI, Ramsey, MN)

27. GeneVac EZ-2.3 Evaporation System with Side Bridge Holders and Universal Rotor (GeneVac Inc., Valley Cottage, NY)
28. Eppendorf 8-Channel Pipette 50-1200 pl, (Eppendorf, Westbury, NY)

29. Gilson 1000 pl Pipette (Gilson Inc., Middleton, W1)

30. Gilson 200 pl Pipette, (Gilson Inc., Middleton, WI)

31. Gilson 10 pl Pipette, (Gilson Inc., Middleton, WI)

32. Eppendorf Repeater Pipette (Eppendorf, Ramsey, MN)

33. Transfer Pipettes (Samco Scientific, San Fernando, CA)

34. Boekel Orbitron Rotator, Model Il (Fisher Scientific, Suwanee, GA)

35. Fisherbrand Octagonal Stirring Bars, 1'L x 5/16” D (Fisher Scientific, Suwanee, GA)

36. Plain Wood Applicators, 5 ¥%’L x 1/12"D (Fisher scientific, Suwanee, GA)

37. Steril Cottoned wood applicators, 5 %L x 1/12"D (Fisher Scienctific, Suwanee, GA)

38. Formamide ACS Grade (USB, Cleveland, OH)

39. Pentafluorophenyl Isothiocyanate 96 % (Alfa Aesar, Ward Hill, MA)

40. Methanol, HPLC Grade (Fisher scientific, Suwanee, GA)

41. Ethyla Acetate HPLC/ACS Grade, (Fisher Scientific, Suwanee, GA

42. Isopropyl Ether, Certified (Fisher Scientific, Suwanee, GA)

43. Toluene, HPLC/ACS Grade, (Fisher Scientific, Suwanee, GA)

4.1.4 Equipment, Chemicals, and Consumables Used for Sample
Measurement

2 mL Polyethylene 96-well Pattern Sealing Film (BioTech Solutions, Vineland, NJ)

RAPID Slit Seal 96-well Sealing Tape (Rikaken USA, Inc., Bethesda, MD)

HPLC column: Luna C18(2), 100 x 2.0 mm, 3 y, Phenomenex (Torrance, CA)

Power Wave Eon Spectrophotometer (Bio-Tek Instruments, Winooski, VT)

Finnigan TSQ Quantum Vantage with Atmospheric Pressure Chemical lonization Unit (Thermo Electron, San Jose, CA)
Accela HPLC with Auto-Sampler and Photodiode Array Detector (Thermo Electron, San Jose, CA)

HemoCue Hb 201+ (HemoCue Inc, Lake Forest, CA)

Methanol, HPLC Grade (Fisher scientific, Suwanee, GA)

Formic Acid, HPLC Grade (Fisher Scientific, Suwanee, GA)

Isopropanol, Certified ACS (Fisher Scientific, Suwanee, GA)

Deionized Water with Resistance to at least 18 megaOhm-cm and Filter Before use, using 0.45 pum Nylon Filters

RRBoo~NoOo,rwNE
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4.2 Preparation of Reagents and Solutions

4.2.1 Preparation of pH Adjusted Formamide Solution

This solution is used to dilute blood samples and adjust the pH of the sample to pH of 6.5-
7.5. Using a graduated cylinder, transfer 1L formamide to a bottle and add 1 mL glacial
acetic acid using a glass syringe. Mix well by inverting the bottle and measure pH. Make
sure pH is between 6-6.5. The prepared solution can be stored in a refrigerator (5-7°C) for
4 weeks.

4.2.2 Preparation of Tecan Solvent Wash Solution (5% Methanol)
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The pipetting system requires water to be present in the system for the liquid handling.
Wash solvent is prepared by transferring 3800 mL of 18 Ohm-cm DI water to a 4L beaker
and adding 200 mL Methanol by a graduated cylinder. Mix solution well. Store the solution
in Tecan Wash container and refill solution as needed.

4.2.3 Preparation of Hemoglobin Reagent Set (HRS) Solution

HRS is used to prepare the reagent solution for total Hemoglobin measurement. According
to the manufacutrer’s instructions, transfer the individually package containing the powder
into a 1 L volumetric flask using 18 megaOhm-cm DI water. Fill the volumetric flask up to
1 L mark and invert at least 5 times for proper mixing. The solution is stored in amber
glassware. If amber glassware is unavailable, cover completely with aluminum foil to avoid
light. Store solution at room temperature (18-26°C) for no longer than 2 years.

4.2.4 Preparation of Solution for Liquid-Liquid Extraction

This solution is used for supported liquid—liquid extraction of the analytes. Measure 500
mL isopropyl ether, 400 mL ethyl acetate, and 100 mL toluene with clean graduated
cylinders and mix them into a 1 L glass bottle, using separate graduated cylinders for each
solvent. Cap the bottle and invert several times to mix thoroughly. Solution needs to be
prepared freshly before use.

4.2.5 Preparation of Extraction Plates

Fill the “Extraction Plates” (48-well 7.5-mL plate with 25 pm PE frit and long drip) to the
top with Isolute sorbent. Tap off excess and ensure uniform distribution of solvent across
all wells. Final well volume on each plate should be filled to about 0.5 cm or ¥ inch from
the top. Extraction plates can be prepared in advance and stored in a desiccator until use.

4.3 Calibration Materials

4.3.1 Preparation of Calibrator Stock Solutions, Intermediate Stock and
Working Solutions

All glassware that is in contact with the octapeptide calibrators must be silanized.
Unsilanized glassware allows for adsorption of the peptides, resulting in inaccurate
calibrator concentrations.

The calibrator working solutions are prepared from a calibrator stock solution as indicated
in Table 1.

When preparing these stock solutions, the purity of the standard materials need to be
taken into account. Depending on the purity of the standard material, different amounts of
materials may be used to achieve the desired concentration of the stock solution. Table 1
shows an example of how current calibrator stock solutions are prepared. The example
provided in Table 1 provides sufficient volume to produce 250 vials of each calibrator level,
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which is sufficient for approximately 1,100 analytical runs, assuming use of 1 set of
calibrators for 4 calibration curves.

Calibrator | Target Concentration of Octapeptides Amount of peptide and diluent volume
Solutions (Diluant: 18 megaOhm-cm DI water)
AA GA EO

2.51 mg AA Octapeptide — 25 mL

Siltgt?gn ﬁ?ﬁgﬁl_ ﬁfnzdsﬁ fri'cﬁ/ll_ 5.77 mg GA Octapeptide — 25 mL
1.16 mg EO Octapeptide — 10 mL

Intermediate 9,369.38 | 8,520.49 N/A 1.40 mL AA Octapeptide (Calibrator Stock) — 10 mL
nmol/L nmol/L 0.60 mL GA Octapeptide (Calibrator Stock) — 10 mL

Table 1: Dilution scheme for AA, GA, and EO Octapeptide Calibrator Stock Solutions

1. Preparation of Calibrator Stock Solution
a. Remove AA-VLHTPEEK (AA octapeptide), GA-VLHTPEEK (GA
octapeptide), and EO-VLHTPEEK (EO octapeptide) material from freezer
to sit in a desicator over night.
b. Calibrate the analytical balance following the manufacturer’s instructions.
c. Weigh 2.51 (x0.001) mg of AA octapeptide on a clean aluminum foil
surface and transfer it to a 25 mL volumetric flask.
Weigh 5.77 (x0.001) mg of GA octapeptide on a clean aluminum foil
surface and transfer it to a separate 25 mL volumetric flask.
Weigh 1.16 (x0.001) mg of EO octapeptide on a clean aluminum foil
surface and transfer it to a separate 10 mL volumetric flask.
d. Add 18 megaOhm-cm DI water to just below the fill line of the volumetric
flasks
Place flasks in a water bath for at least 15 minutes to reach 20°C
Add 18 megaOhm-cm DI water to the fill line.
Mix solution well by inversion.
Aliquot each solution in separate 50 mL falcon tubes and label
appropriately.
i. Store at 2-8°C if not to be used immediately.
2. Preparation of Calibrator Intermediate Stock Solution
a. Transfer 1.400 mL AA calibrator stock solution and 0.600 mL GA calibrator
stock solution into a single 10 mL volumetric flask using a calibrated

S@ o

pipette.

b. Add 18 megaOhm-cm DI water to just below the fill line of the volumetric
flask.

c. Place flask in the water bath for at least 15 minutes to reach 20 °C.

d. Add 18 megaOhm-cm DI water (at 20 °C) to the fill line.

e. Mix solution well by inversion.

f. Transfer solution to 50 mL falcon tubes

g. Label tubes appropriately.

h. Store at at 2-8°C if not to be use immediately.

3. Preparation of Working Solutions

The calibrator working solutions are prepared as shown in Table 2.
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Calibrator Target Concentration of Octapeptides Dilution Scheme based on stock solutions described
Working (nmol/L) in Table 1

Solution AA GA EO (Diluant: 18 megaOhm-cm DI water)
pocouco | 122 | am | ses | ool Calaor et Sock souon
pocoaoo | 234 | 233 | 100 | L2 Colreor emedite Stock Sobton
pocosoo | ass | a0 | 0ss | 250U Calialr emeciate SockSauton ¢
pocooo | ss1 | msz | aer | ool Gl emedate Sook Sauton -
pocosioo | ds7e | 1nos | sser | LoookCltvator emedate Sock Sobon
porcosioo | oran | 3a08 | e7es | 2ocouh Callator ermediate Sook Saufon -
poconioo | 7ase | eais | a3sas | jooo U Calralr nemedate Sock Sauton

Table 2: Dilution scheme for AA, GA, and EO Octapeptide Calibrator Working Solution

Prepare the Calibrator Working Solutions by Performing the Following Tasks:

1.
2.

Adjust the calibrator stock and intermediate solutions to 20 °C using a water bath.
Transfer the volumes of calibrator intermediate stock solution and EO calibrator
stock solution stated in Table 1 to separate 500 mL volumetric flasks, using grade
A volumetric pipettes.

Add 18 megaOhm-cm DI water to just below the fill line of the volumetric flask.
Place flask in the water bath for at least 15 minutes to reach 20 °C and add 18
megaOhm-cm DI water to the fill line.

Aliquot solutions in 0.9 mL aliquots in appropriately labeled cryovials and store
them at -70 °C. Each vial is sufficient for four analytical runs. Calibrator working
solutions cannot be reused.

4.3.2 Preparation of Calibrator Solutions for Total Hemoglobin

Measurement

Concentrations of calibration solutions are prepared from lyophilized Hb supplied by
Analytical Control Systems Inc.. Prepare five levels of calibrators with following target
concentration: 20.4, 10.2, 5.1, 2.6, and 1.3 g/dL.

1.
2.

3.

4.

5

Add 2.5 mL 18 megaOhm-cm DI to 1 bottle of lyophilized Hb linearity control.
Place on Hematology Mixer for about 30 minutes to mix throughoutly and this is
labeled “Hb linearity control stock”.

Dilute the Hb linearity control with 18 megaOhm-cm DI water, using the dilution
scheme shown in Table 3.

Label vials appropriately

Place calibrators at 2-8°C until use.

Note: Expiration date of Hb calibrators is seven days.

Calibration Concentration Amount of Hb Amount of Total
Curve based on current lot | linearity control DI H.O Volume
Level (g/dL) stock (mL) (mL) (mL)
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1 20.4 1.20 0.00 1.2
2 10.2 0.60 0.60 12
3 51 0.30 0.90 12
4 2.6 0.15 1.05 12
5 13 0.0753 1.125 1.2

Table 3. Preparation of the Total Hb Calibration Curve

4.3.3 Preparation of Internal Standard Solutions

All glassware that is in contact with the octapeptide must be silanized.
Unsilanized glassware allows for adsorption of the peptides, resulting in inaccurate
calibrator concentrations.

Isotope labeled octapeptides AA-V(*3Cs,'°N)- HLTPEEK, GA-V(*3Cs,'>N)- HLTPEEK, and
EO- V(*3Cs,'®N)- HLTPEEK are used to prepare internal standard stock and working
solutions in 18 megaOhm-cm DI water. The internal standard stock solution, is used to
prepare the internal standard working solution. Table 4 shows an example of how current
internal standard solutions are prepared.This procedure produces 200 vials of Internal
Standard Working Solution, which is sufficient for 10,000 samples assuming use of 100
pL of internal standard working solution per sample.

Target Concentration of Isotope

Sl?;ﬁ:jna% Labeled Octapeptides (umol/L)) Amount of peptide and diluent volume (Diluant is 18
) megaOhm-cm DI water)
Solution AA GA EO
Stock 0.81 mg AA Octapeptide IS — 10 mL
Solution 77.18 128.20 75.01 1.41 mg GA Octapeptide IS — 10 mL
1.16 mg EO Octapeptide IS — 10 mL
\évoﬁlrjl;;gg 38.60 64.10 37.51 0.5 mL Internal Standard Stock Solution — 1,000 mL

Table 4: Desired Internal Standard AA, GA, and EO Octapeptide Solution

1. Preparation of Internal Standard Stock Solution

a. Remove AA-V(*3Cs,'°N)- HLTPEEK, GA-V(*3Cs,®N)- HLTPEEK, and EO-
V(*3Cs,*N)- HLTPEEK material from freezer and allow them sit in a
desicator for overnight.

b. Calibrate the analytical balance following the manufacturer’s instructions.
Take 0.81 (+0.001) mg of AA-V(*3Cs, *N)- HLTPEEK, 1.41 (+0.001) mg of
GA-V(33Cs, 15N)- HLTPEEK, and 1.16 (+0.001) mg of EO- V(*3Cs,5N)-
HLTPEEK and add all to the same 10 mL volumetric flask.

Add 18 megaOhm-cm DI water to the flask just below the fill line of the
volumetric flask.
Place flask in the water bath for at least 15 minutes to reach 20 °C and add

18 megaOhm-cm DI water to the fill line.

Mix solution.
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f. Transfer solution into a 15 mL falcon tube, label tubes appropriately and
store it in the -70 °C freezer.

2. Preparation of Internal Standard Working Solution

a. Transfer 0.5 mL of internal standard stock solution into a 1,000 mL
volumetric flask using a 1 mL calibrated pipette.

b. Add 18 megaOhm-cm DI water to the flask to the fill line of the volumetric
flask.

c. Mix solution thoroughly by inverting the flask 20 times.

d. Aliguot 11 mL solution in 15-mL falcon tubes, label tubes appropriately and
store them in the -70 °C freezer.

Note: This solution is stable for 10 years.

5 COLLECTING, STORING, AND HANDLING SPECIMENS; CRITERIA
FOR SPECIMEN REJECTION

5.1 General Specimen Requirements

For analysis of AA, GA, and EO Hb adducts, a sample of 1.0 mL packed red blood cells is
preferable to allow for repeat analyses. A sample volume of 500 uL of diluted lysed red
blood cells is required for analysis. Additional sample is needed if blood clots are present
in the vial.

No fasting or special time of day for specimen collection is required. Specimens for AA,
GA, and EO Hb adduct analysis may be fresh or frozen erythrocytes or
Ethylenediaminetetracetic acid tripotassium salt dehydrate (EDTA) whole blood. This
procedure was evaluated with EDTA whole blood and erythrocytes obtained from EDTA
whole blood. The applicability of this method for other coagulants has not been tested.

An appropriate amount (between 1.0 mL and 2.0 mL) of red blood cells is dispensed into
2.0 mL cryogenic vials with external screw caps. These cryovials must be labeled in
accordance with CDC and NCEH/DLS policies and regulations. If testing for adducts other
than AA, GA, and EO are requested to be meausured, then the sample may need to be
divided. In such a case, appropriate amounts of lysed red blood cells should be transferred
to a sterile cryovial labeled in accordance with CDC and NCEH/DLS policies and
regulations. Refer to the DLS Policies and Procedures Manual for additional criteria (29).

52 Specimen Storage

Collected specimens can be shipped at refrigerated temperatures (2-8 °C) or frozen on
dry ice. Specimens can be stored at refrigerated for up to 3 days prior to analysis. For
long-term storage, samples must be stored at -70 °C. Samples stored at -70 °C are stable
for 5 years. Two and three freeze-thaw cycles did not exhibit any changes. Multiple freeze-
thaw cycles of diluted whole blood samples possibly increase the formation of blood clots,
which complicates the analysis of the samples. Therefore, diluted whole blood samples
should not be subjected to more than 3 freeze-thaw cycles.

5.3 Unacceptable Specimens
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Specimens that have been subjected to more than 3 freeze/thaw cycles, were shipped
and/or received at room temperature, or shown evidence of leakage and/or breakage are
not to be accepted for testing.

6 PROCEDURE OPERATION INSTRUCTIONS; CALCULATIONS,;
INTERPRETATION OF RESULTS

Abiding to manufacturer’s acceptance criteria, all instruments are checked for proper
function prior to operation. Specific details related to the operating instructions,
preventative maintenance (PM), and specific file names used in the execution are
documented in the work instructions ( Appendix 8).

6.1 Specimen Storage and Handling During Testing

All vials 