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NHANES

• Ongoing CDC survey designed to 
collect data on the health and 
nutritional status of the U.S. 
population

• Conducted by National Center for 
Health Statistics

• Complex, multistage, area 
probability design: samples the 
U.S. population based on age, sex, 
race/ethnicity, income

• NHANES surveys: I (71-75), II (76-
80), III (88-94), 99-00, 01-02, 03-04, 
05-06…

 Thorough interview and physical exam, 
including blood and urine collection

 Biomarkers of exposure to 
environmental chemicals quantified in 
blood and/or urine



VOCL Methods to support 
biomonitoring act ivit ies

ACTIVE METHODS:

1) VOCs in Blood
 44 analytes
 GC/MS

2) VOC Metabolites in Urine
 30 analytes in urine
 UPLC-MS/MS

3) Aromatic Diamines in Urine
 5 analytes
 UPLC-MS/MS

ADDITIONAL METHODS:

1) Aliphatic Diamines in Urine
 4 analytes
 UPLC-MS/MS

2) Aldehydes in Serum
 19 analytes
 GC-HRMS



Volat ile Organic Compounds in Blood (VOCB)



VOCB method overview

Approach
• Blood and water samples are collected and 

prepared with a labeled internal standard – all using 
VOC-free materials and reagents

• Volatiles are concentrated from the sample 
headspace with an adsorbent (SPME), which is 
analyzed by cryogenic trapping gas 
chromatography-mass spectrometry

Blount, B. C., Kobelski, R. J., McElprang, D. O., Ashley, D. L., Morrow, J. C., Chambers, D. M., & Cardinali, 
F. L. (2006). Quantification of 31 volatile organic compounds in whole blood using solid-
phase microextraction and gas chromatography–mass spectrometry. Journal of 
Chromatography B, 832(2), 292-301.



44 Volat ile organic compounds can be measured accurately and 
precisely in human blood using  SPME-GC/MS



Volat ile Organic Compound Metabolites 
in Urine (VOCm)



VOC metabolites method overview

Metabolism pathways

VOC metabolites in urine



VOC metabolites (VOCm) method overview

Approach

• Urine samples are collected and an 
aliquot (50 µL) is combined with a labeled 
internal standard

• VOC metabolites are analyzed by 
reversed phase UPLC-ESI-MS/MS 
(negative ion)

• C18 Waters HSS T3

• 9 minute run time

• 96-well plate format for high-throughput

Alwis, K. U., Blount, B. C., Britt, A. S., Patel, D., & Ashley, D. L. (2012). Simultaneous analysis    of 
28 urinary VOC metabolites using ultra high performance liquid chromatography coupled 
with electrospray ionization tandem mass spectrometry (UPLC-ESI/MSMS). Analytica
Chimica Acta, 750, 152-160.

50 µL aliquot
+

25 µL internal 
standard

+
475 µL NH4oAc



30 Volat ile organic compound metabolites can be measured accurately 
and precisely in urine using  UPLC-MS/MS



Aromatic Diamines in Urine (ARO)



Urinary aromatic diamines method overview

Approach
• Urinary diamines are biomarkers of 

diisocyanate exposure (polyurethane-based 
products)

• Urine samples are collected and combined with 
a  labeled internal standard, then hydrolyzed 
under acidic conditions

• Post-hydrolysis SPE  (Strata  XC) is performed, 
and diamines are analyzed by reversed phase 
UPLC-APCI-MS/MS (positive ion)

• Mac-Mod ACE Excel2 SuperC18

• 5 minute run time

• 96-well plate format for high-throughput

Bhandari, D., Ruhl, J., Murphy, A., McGahee, E., Chambers, D., & Blount, B. C. (2016). Isotope 
Dilution UPLC-APCI-MS/MS Method for the Quantitative Measurement of Aromatic 
Diamines in Human Urine: Biomarkers of Diisocyanate Exposure. Analytical Chemistry, 
88(21), 10687-10692.

250 µL aliquot
+

50 µL internal 
standard

+
100 µL 6N HCl

+
600 µL H2O



Five aromatic diamines can be measured accurately and 
precisely in urine using  UPLC-MS/MS



Current Method Development Act ivit ies

 Improved urinary 
metabolite analysis:
 t,t-Muconic acid, N-acetyl-

S-(phenyl)-L-cysteine 
(benzene)

 2-Aminothiazoline-4-
carboxylic acid (hydrogen 
cyanide)

 Urinary aromatic and 
aliphat ic diamines –
combined method:
 Diisocyanate exposure 

biomarkers

 New urinary metabolites 
for:
 N-Methylpyrrolidone (paint 

and coating removal 
products)

 Furfural (found in aerosols of 
sweet-flavored e-liquids)

 5-Hydroxymethylfurfural 
(found in foods and aerosols 
of sweet-flavored e-liquids)

 Terpenes in blood/serum:
 Pinenes, limonene
 Others



VOCL supports nat ional and internat ional 
biomonitoring studies

 In FY17, VOCL reported >660K analyte results:
 NHANES: >10,000 specimens (VOCB, VOCm, ARO, ALDS)
 PATH: >11,000 specimens in FY17 (VOCm)

 Occupat ional and environmental exposure studies
 VOCL supported studies into:

• CS2 exposure
• Nail salon workers
• Gulf coast residents
• Waterpipe second-hand smoke exposure

 Internat ional collaborat ion
 Lund University (Sweden)

• Examined exposures to diisocyanates



Summary

 Biomonitoring provides useful information about 
exposure to VOCs and other harmful air pollutants

 Novel analyt ical approaches developed to better 
characterize human exposure to VOCs

 VOCL develops robust analyt ical methods to support  
biomonitoring act ivit ies worldwide
 Potential multidisciplinary collaboration
 Exchange of methodological information and materials
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Biomonitoring provides useful information 
about exposure to VOCs and other 
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For more information, please contact

Víctor R. De Jesús, Ph.D.
Chief, Volat ile Organic Compounds Laboratory
Division of Laboratory Sciences
National Center for Environmental Health
Centers for Disease Control and Prevent ion
VDejesus@cdc.gov
Phone: 770-488-7963
Fax: 770-488-0181

The findings and conclusions in this report are those of the authors and do not necessarily represent 
the official position of the Centers for Disease Control and Prevention

National Center for Environmental Health
Division of Laboratory Sciences

mailto:VDejesus@cdc.gov

	Advances in Biomonitoring Methods for Volatile Organic Compounds
	NHANES
	VOCL Methods to support biomonitoring activities
	Volatile Organic Compounds in Blood (VOCB)
	VOCB method overview
	44 Volatile organic compounds can be measured accurately and precisely in human blood using SPME-GC/MS
	Volatile Organic Compound Metabolites in Urine (VOCm)
	VOC metabolites method overview
	VOC metabolites (VOCm) method overview
	30 Volatile organic compound metabolites can be measured accurately and precisely in urine using UPLC-MS/MS
	Aromatic Diamines in Urine (ARO)
	Urinary aromatic diamines method overview
	Five aromatic diamines can be measured accurately and precisely in urine using UPLC-MS/MS
	Current Method Development Activities
	VOCL supports national and international biomonitoring studies
	Summary
	Acknowledgements
	Biomonitoring provides useful information about exposure to VOCs and other harmful air pollutants



Víctor R. De Jesús, Ph.D.

Chief, Volatile Organic Compounds Laboratory

Tobacco and Volatiles Branch

Centers for Disease Control and Prevention



March 2, 2018

Advances in Biomonitoring Methods for 

Volatile Organic Compounds



National Center for Environmental Health

Division of Laboratory Sciences





*







NHANES

		Ongoing CDC survey designed to collect data on the health and nutritional status of the U.S. population



		Conducted by National Center for Health Statistics





		Complex, multistage, area probability design: samples the U.S. population based on age, sex, race/ethnicity, income





		NHANES surveys: I (71-75), II (76-80), III (88-94), 99-00, 01-02, 03-04, 05-06…



		Thorough interview and physical exam, including blood and urine collection



		Biomarkers of exposure to environmental chemicals quantified in blood and/or urine





*









VOCL Methods to support 

biomonitoring activities

ACTIVE METHODS:



1) VOCs in Blood

44 analytes

GC/MS



2) VOC Metabolites in Urine

30 analytes in urine

UPLC-MS/MS



3) Aromatic Diamines in Urine

5 analytes

UPLC-MS/MS

ADDITIONAL METHODS:



1) Aliphatic Diamines in Urine

		4 analytes

		UPLC-MS/MS





2) Aldehydes in Serum

		19 analytes

		GC-HRMS
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Volatile Organic Compounds in Blood (VOCB)
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VOCB method overview

Approach

		Blood and water samples are collected and prepared with a labeled internal standard – all using VOC-free materials and reagents

		Volatiles are concentrated from the sample headspace with an adsorbent (SPME), which is analyzed by cryogenic trapping gas chromatography-mass spectrometry



Blount, B. C., Kobelski, R. J., McElprang, D. O., Ashley, D. L., Morrow, J. C., Chambers, D. M., & Cardinali, F. L. (2006). Quantification of 31 volatile organic compounds in whole blood using solid-phase microextraction and gas chromatography–mass spectrometry. Journal of Chromatography B, 832(2), 292-301.
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44 Volatile organic compounds can be measured accurately and precisely in human blood using  SPME-GC/MS











Volatile Organic Compound Metabolites 

in Urine (VOCm)
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Metabolism pathways

VOC metabolites method overview

VOC metabolites in urine
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Approach

		Urine samples are collected and an aliquot (50 µL) is combined with a labeled internal standard



		VOC metabolites are analyzed by reversed phase UPLC-ESI-MS/MS (negative ion)

		C18 Waters HSS T3

		9 minute run time

		96-well plate format for high-throughput





Alwis, K. U., Blount, B. C., Britt, A. S., Patel, D., & Ashley, D. L. (2012). Simultaneous analysis    of 28 urinary VOC metabolites using ultra high performance liquid chromatography coupled with electrospray ionization tandem mass spectrometry (UPLC-ESI/MSMS). Analytica Chimica Acta, 750, 152-160.

50 µL aliquot

+

25 µL internal standard

+

475 µL NH4oAc

VOC metabolites (VOCm) method overview
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30 Volatile organic compound metabolites can be measured accurately and precisely in urine using  UPLC-MS/MS











Aromatic Diamines in Urine (ARO)
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Urinary aromatic diamines method overview

Approach

		Urinary diamines are biomarkers of diisocyanate exposure (polyurethane-based products)

		Urine samples are collected and combined with a labeled internal standard, then hydrolyzed under acidic conditions

		Post-hydrolysis SPE  (Strata XC) is performed, and diamines are analyzed by reversed phase UPLC-APCI-MS/MS (positive ion)

		Mac-Mod ACE Excel2 SuperC18

		5 minute run time

		96-well plate format for high-throughput



Bhandari, D., Ruhl, J., Murphy, A., McGahee, E., Chambers, D., & Blount, B. C. (2016). Isotope Dilution UPLC-APCI-MS/MS Method for the Quantitative Measurement of Aromatic Diamines in Human Urine: Biomarkers of Diisocyanate Exposure. Analytical Chemistry, 88(21), 10687-10692.

250 µL aliquot

+

50 µL internal standard

+

100 µL 6N HCl

+

600 µL H2O
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Five aromatic diamines can be measured accurately and precisely in urine using  UPLC-MS/MS
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Current Method Development Activities

Improved urinary metabolite analysis:

t,t-Muconic acid, N-acetyl-S-(phenyl)-L-cysteine (benzene)

2-Aminothiazoline-4-carboxylic acid (hydrogen cyanide)



Urinary aromatic and aliphatic diamines – combined method:

Diisocyanate exposure biomarkers

		New urinary metabolites for:

		N-Methylpyrrolidone (paint and coating removal products)

		Furfural (found in aerosols of sweet-flavored e-liquids)

		5-Hydroxymethylfurfural (found in foods and aerosols of sweet-flavored e-liquids)



		Terpenes in blood/serum:

		Pinenes, limonene

		Others
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VOCL supports national and international biomonitoring studies

In FY17, VOCL reported >660K analyte results:

NHANES: >10,000 specimens (VOCB, VOCm, ARO, ALDS)

PATH: >11,000 specimens in FY17 (VOCm)



Occupational and environmental exposure studies

VOCL supported studies into:

CS2 exposure

Nail salon workers

Gulf coast residents

Waterpipe second-hand smoke exposure



International collaboration

Lund University (Sweden)

Examined exposures to diisocyanates
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Summary

Biomonitoring provides useful information about exposure to VOCs and other harmful air pollutants



Novel analytical approaches developed to better characterize human exposure to VOCs



VOCL develops robust analytical methods to support biomonitoring activities worldwide

Potential multidisciplinary collaboration

Exchange of methodological information and materials
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