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Human biomonitoring

Biomonitoring is defined as one method for assessing
human exposure to chemicals (TARGET) by measuring
them or their metabolites in human tissues or specimens,
such as blood or urine (CDC 2005).

Why?

-Establishing baseline values for specific groups
-Identifying populations at risk (high exposure to toxic
elements and deficiency of Essentials)
-Supporting the prioritization of government actions
(public policies)

In addition to providing information on the nutritional and toxicological conditions of a given population, several 
biomonitoring studies attempt to correlate the concentration of some chemicals or metabolites found in the body 

with several outcomes.



From Source to Exposure
Sensitivity, Cost and Accuracy
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Table 1. Some examples of the compounds and metabolites evaluated in HB studies. 

Chemical compound Matrix Method References 

Essential and toxic  elements WB and urine ICP-MS LI et al., 2014a 

Bisphenols (BP) WB and urine LC-MS/MS KOLATOROVA SOSVOROVA et al., 2017 

Other phenols Urine LC-MS/MS YE et al., 2005 

HPAs´ metabolites Urine 
GC-MS/MS 

LC-MS/MS 
LI et al., 2014b; RAPONI et al., 2016 

Polychlorinated biphenyls and 

dibenzodioxins (PCB e PCDD) 
WB and  urine GC-MS/MS ZHANG et al., 2017 

Phthalate metabolites Urine LC-MS/MS ROCHA et al., 2017 

Perfluorinated substances (PFOS) WB and urine 
UPLC-

MS/MS 
ZHANG et al., 2014 

Metabolites of organophosphate 

pesticides 
Urine LC-MS/MS REEMTSMA, LINGOTT, ROEGLER, 2011 

Metabolites of aromatic amines Urine LC-MS/MS HOLLAND et al., 2004 

Parabens WB and urine LC-MS/MS 

FREDERIKSEN, JØRGENSEN, 

ANDERSSON, 2010; KOLATOROVA 

SOSVOROVA et al., 2017 

Triclosan (TCS) and triclocarban (TCC) 

and their metabolites 
Urine LC-MS/MS PROVENCHER et al., 2014 

*WB (whole blood) 

 

Human biomonitoring

(Target Analytes)



Human biomonitoring
Target analytes
List of Priorities-ATSDR

CDC-NHANES
In each survey period, the reported chemicals or their metabolites were measured in blood, serum, and urine 

samples from random subsamples of the National Health and Nutrition Survey (NHANES)

Chemicals included in the National Exposure Report have been 
selected on the basis of:

• Scientific data that suggested exposure in the U.S. population;

• Seriousness of health effects known, or thought to result from 
some levels of exposure;

• Need to assess the efficacy of public health actions to reduce 
exposure to a chemical;

• Availability of an analytical method that is accurate, precise, 
sensitive, specific, and rapid;

• Availability of adequate blood or urine samples from the National 
Health and Nutrition Examination Survey (NHANES) survey;

• Analytical cost to perform the analysis;



Human biomonitoring

List of Priorities-ATSDR



Human biomonitoring

List of Priorities-ATSDR (CDC)



Human biomonitoring
USA

More than 300 chemicals measured
in urine and blood

New chemical data (2018)
• BPF, BPS in urine
• Flame retardants in urine 
• Cobalt, chromium in blood (40+yrs)
• DiBP, DBP metabolites in urine
• Heterocyclic amines in urine
• VOCs in blood (10 new)
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Intake below the estimated average requirement



Human biomonitoring
(representative matrices)

Where??
The knowledge of Kinetics is very important

• Whole Blood

• Plasma/Serum

• Urine

• Saliva

• Hair

• Nail

• Feces

• Adipose tissue



Human biomonitoring 

How? 

LC-MS/MS

GC-MS

ICP-MS

Predominance of three techniques
(mass spectrometry)



Advances in Analytical Instrumentation and HBS
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Advances in analytical methods allow us to measure lower and lower levels of environmental chemicals in people

Pediatric



Analytical Advances for HBS
Trends: All measured in a Sample Spot

Substances

of Priority

Lower

Sample Volumes

Lower
Sensitivity

Multi capability

high throughput

Are you thinking in method development
for human biomonitoring studies?







-Untarget 
substances
-Lifestyle and 
-Other 
environment
Factors
-Genetic

Target
Analytes

>95%

HB and Human Disease 

<5%



HB-Limitations

• Limited target analytes;

• Cross-sectional design (not take continuous 
measures); 

• National estimates: no geographical and limited 
seasonal information;

• No data for specific population groups, sources, 
or uses of chemicals;

• Most of analysis are time-consuming and 
relatively expensive;

• Few Laboratories with routine capabilities.



Going Beyond the HB: The Age of the 
Exposome

In 2005, Dr. Christopher Wild, a cancer epidemiologist, in his article 
"Complementing the genome with an exposome: the outstanding 
challenge of environmental exposure measurement in molecular 
epidemiology", proposes for the first time the term "exposome", as the 
complementary environmental component to the genome, in determining 
the risk of a particular disease. 

TARGET AND UNTARGET



Diagram of the exposome

“Cumulative measures of environmental influences and associated 
biological responses throughout the life of an individual, including 

exposures of the environment, diet, lifestyle and endogenous 
processes”(SIROUX, AGIER,SLAMA, 2016)



•Air, Water pollution

•Noise

•Humidity

•Temperature

•UV

Measuring

Environment

•Physical Activity

•Diet

•Stress

•Sleep

Measuring 
Lifestyle

•Biomarkers

•Vitamins

•Metabolites

•Bacteria

•Fungi

Measuring

Internal dose

MEASURING
YOUR EXPOSOME 
(INTERNAL AND EXTERNAL)



External Exposome (EEXP)

More accuracy

Much More Analytes

Active collection

Spot sample

Not Real Time-exposure

Limitations of Seasonal Variatons

Fixed Stations (Apps)

Costly

Traditional

Monitoring

•Personalized Systems (Colletion and
further analysis)

•Personalized Systems (collection and
Analysis)

•Near-Real Time Monitoring

•Usually Passive Collection

•Usually Less Analytes

•Cheap

•Less accuracy

Personalized
Systems

(trends)





Air Matters
Google Play



External Exposome (EEXP)
(Tracking personalized exposure)











Track your personal exposure
Flow measures real-time concentrations of
NO2, VOC, PM2.5 and PM10.



External Exposome (EEXP)
(Accuracy ????)



External Exposome (EEXP)



Challenge

• Studies regarding their accuracy or the
comparison between miniaturized sensors and
reference methods still seem to be sparse;

External Exposome (EEXP)
(Personalized Systems)



Apps
Nutrition/Diet

Lifestyle / Physical Activity Tracking
(based on data mining)



Internal Exposome (IEXP)
TARGET AND UNTARGET ANALYTES

Proteome

Metabolome

Metalome

Organic Contaminants

Drugs

Vitamins

Inflamatory markers

LC-MS/MS
and GC-MS

ICP-MS

NMR

qTOF-MS

MALDI-
MS

ELISA

Target Analytes > 1500



Internal Exposome (IEXP)
TARGET AND UNTARGET ANALYTES



Data Mining for data integration
(Internal and external exposome)



Challenges and Trends 
(IEXP)

✓High-throuput Analysis (HTAs);

✓Methods Based on Multi-Analytes Determination;

✓ Fast, sensible and easy procedures

(sample preparation and determination);

✓ Very Costly (Requires Implementation of Facilities);

✓Open possibilites for the development of point-of-
care systems (specific biomarkers);

✓Development and application of Algorithms

(Data Treatment-Data Mining-Big Data) (mandatory).







TRENDS

Target 
Analytes

HB

Untarget

Exposomics

Target 
Biomarkers

Identifying new
Biomarkers

Data Mining
Identifying fingerprints

Point-of-care systems



Biosensors and point-of-care (POC) systems
(For personalized and constant monitoring)





Commercial POC-Systems
Markers of Heart Attack

Roche- COBAS h232



Roche COBAS h232



Exposomic Perspective: 
ERA of the Smart-Health (Telehealth)
and IT: Everything in a smart-phone

Diet

Biomarkers
in a blood

spot

Air 
pollution

UV 
radiation

Physical
activity

Blood
pressure

Water
pollution
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Thank you for your attention!!!



Despite the powerful nature of 

biomonitoring (Wilhelm et al. 2004), the 

utility and interpretation of the data are 

controversial. The controversy stems in 

part from the fact that the pace at which 

biomonitoring data are being generated 

has eclipsed the development of basic 

epidemiology, toxicology, and exposure-

assessment techniques that are needed to 

evaluate



HB-Limitations



Exposomic approaches



Human biomonitoring

HBM Expert Panel-Germany

The selection of substances is based on recommendations by a 
high-ranking panel of experts from science and research, industry and 

relevant public authorities.



Human biomonitoring

HBM Expert Panel-List of priorities



The burden of major industrial chemicals on the population can be 
appraised precisely only when analytical methods are in place for 

the largest possible number of chemical substances.

It is planned to have analytical methods available by 2020 
for more than 40 of new selected substances

Human biomonitoring and 
Analytical Methods

HB Expert Panel-List of priorities

Every year new substances are selected for which HB detection 
methods are to be developed for the first time. 


