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Stationary Monitors May Be a Poor Estimate of 
Personal Chemical Exposure

The Lancet, Vol. 391, No. 10119 

Paulik & Anderson et al. 2018, Turner et al. 2017
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Tidwell et al. 2017, Donald et al. 2017, Minick et al. 2017



Your exposures. . . Fit for Purpose3

dx.doi.org/10.1021/es405022f | Environ. Sci. Technol. 2014, 48, 3327−3335

Steven O’Connell
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Methods4

Richard ScottGlenn WilsonAlan Bergmann

• OPAHs (oxygenated polycyclic aromatic hydrocarbons, eg. ketones and quinones) method 
were performed on an Agilent 7890A gas chromatograph coupled to a 5975C mass 
spectrometer under electron ionization (70 eV).

• Layshock et al, ET&C, 2010
• O’Connell, Haigh, Wilson and Anderson Anal Bioanal Chem 2013

• Pesticides Agilent 6890N gas chromatograph (GC) with dual 7683 injectors, dual columns 
and dual electron capture detectors (ECD). The GC was configured with Agilent DB-XLB 
and Agilent DB-17MS columns.

• Anderson et al Philosophical Trans B, The Royal Society Biological Science. 2014
• Flame Retardants Agilent 6890A GC coupled to a 5975C MS

• Kile, Scott, O’Connell, et al and Anderson, Envir. Res  2016
• PAHs (62) quantitatively analyzed using an Agilent 7890A gas chromatograph interfaced 

with an Agilent 7000 GC/MS-MS, Agilent Select PAH column, with correlations ≥0.99
• hydrogen self-cleaning ion source and modified 9mm extractor lens
• GC-EI/MS/MS large linear range of 1-10,000 pg µl-1 and 
• instrument detection limits of < 2 pg/µl 
• Anderson et al, J. Chrom A, 2015.

• Screened for 1530 target compounds using GC-MS (1 injection) in full-scan with 
retention time locking, automated mass spectrum deconvolution information system 
(AMDIS) and deconvolution reporting software (DRS)  

• A complete list of compounds is available at our website 
(http://fses.oregonstate.edu/methods ) 

• 50 minutes per sample instrument time
• 15 minutes chemist q-edit review time 
• Bergmann, A.J. et al, Analytical and Bioanal Chem, 2018

https://www.youtube.com/watch?v=ktuaHKdEJSE&feature=youtu.be



Transport and storage stability
n=4 for each experiment, 148 chemicals all 102%, SVOCs 104%, VOCs 99% 



Captures and Recovers Chemicals

Wide applicability of types of chemicals that can be sequestered

(octanol water partitioning coefficient)  log Kow -0.7 to 9.5

(octanol air partitioning coefficient) log Koa 5.5 to 13
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Testing in the field – a peak at a few on-going studies

Technology Highlights

¨ Over	2,000	wristbands	analyzed

¨ Wristbands	deployed	in	6	continents

¨ Over	500	different	chemicals	detected

¨ 23	papers	published	with	wristband	

technology

Measuring	Flame	Retardant	Exposure	in	Cats

Measuring	PAH	Exposure	and	Lung	Function

Measuring	Firefighter	Chemical	Exposure

Global	Assessment	of	Human	Chemical	Exposure

Measuring	PAH	Exposure	in	Pregnant	Women

Multi-class	Chemical	Exposure	in	Peru

Measuring	PAH	Exposure	Related	to	Fracking

Measuring	Pesticide	Exposure	in	Senegal



Connecting PAHs in air and the personal environment near rural natural gas 
extraction8

Blair Paulik



H. Dixon 
9

ΣPAH significantly higher in wristbands worn by participants 
closer to active natural gas extraction

overestimation

underestimation

Significant positive correlation between ΣPAH in wristbands 
and ΣPAH in air near participants homes or workplaces



Farming community

Thirty-five men, women, and children from 
farming families in Diender, Senegal were 
recruited in November 2015 (n=70)

Given two wristbands to wear for two 
separate periods of up to 5 days

acknowledging limitations of small sample size in studies 

Africa adaptable to many audiences, include many training formats10

100% compliance

Carey Donald



Intra-individual differences large
Frequency of detected pesticides by concentration

11



Inter-individual differences small
Neither the number of positive detected nor the concentrations of individual pesticides sequestered in a 
participant’s wristband were different between the two periods 
(signed-rank test, no significant p-values after Bonferroni adjustment < 0.003)12



Africa

¨ 50% of samples analyzed some type of QC

¨ 63 pesticides quantified

¨ 26 were detected in at least one wristband
¤ Log Koa ranged from 5.8 (chloroneb) to 12.5 (bifenthrin)

¤ Log Kow ranged from 0.8 (dimethoate) to 8.2 (bifenthrin)

¨ Wristbands had between 2 and 10 
pesticides from our quantitative method

¨ All pesticides reported by participants found

¨ 19 pesticides detected beyond those 
reported  

13

Carey E. Donalda, Richard P. Scotta, Kathy Blausteinb, Mary L. Halbleibb, Makhfousse Sarrc, Paul C. 
Jepsonb, and Kim A. Andersona*, Silicone wristbands detect individuals’ pesticide exposures in West 
Africa, Royal Society Open Science, 3, 160433, 2016.



Chemical exposures & adverse health effects
14

Chemical DNA Methylation Mutation Tumor Cancer= = = =
? ? ? ?DNA Damage

Vrijheid 2014

• Interventions
• To change behaviors and built environments to reduce 

exposure to chemical stressors, the external personal 
chemical environment needs to be studied 

• All chemicals do not have a clear link to an internal 
biomarker

• External measurement of chemicals in some cases 
can provide quicker link to an intervention (some 
chemicals bioaccumulate)

• Regulations and Policy
• Policy on organic chemical exposures will be based on 

the external chemical exposure level
• Due to variability in metabolism, lifestyle, and other 

personal variables, organic chemical regulations will 
not be based on biomarker concentrations



• 7-9 yr olds, n=10

• North Carolina

• Farmwork families

• Kruskal-Wallis testing,

• P<0.05 considered significant

Significant association found between number of pesticides in wristbands and 
DNA damage in hair follicles15

(A) Staining of a child participant hair with antibodies 
against 53BP1 (DNA damage) and NuMA 
(staining control). The arrowhead points to a 
nucleus with DNA repair foci. Nuclei were 
counterstained with DAPI. 

(B) Illustration of the sheath (S) and tip (T) regions 
of a scalp hair follicle plucked from a participant. 

(C) DNA damage (average number of 53BP1 
foci/nucleus cross section± SEM) in the sheath 
and tip regions

(D) DNA damage in hair sheaths or at 
hair tips, plotted against the 
number of pesticides detected with 
wristbands in each participant.

(E) Confocal images of 53BP1 staining (left) and 
DNA damage quantification (right) 
in participants with or without 
detection of pesticides described 
as carcinogenic by Cal/EPA. Individual 
values are plotted and means are indicated. 
Scale bars, 20 μm.

Carolyn Poutasse



Three times more positive, significant correlations between 
PAH and OH-PAH pairs in wristbands and urine samples than 
there were between PUFs-filters and urine samples

Continuation:

• 150 women
• Paired wristbands, backpacks, and urine
• Respiratory health of children compared 

to mother’s chemical exposures

Holly Dixon



1. Higher organophosphate flame retardant exposure 
were rated by their preschool teachers to show less 
responsible behavior and more externalizing behavior 
problems 

2. Children with higher exposure to brominated flame 
retardants were rated by their preschool teachers as 
less assertive

Built Environment: Flame retardants in wristbands associated with children’s social skills
Children with higher flame retardant exposures exhibited poorer social skills in three domains that play an important role 
in a child’s ability to succeed academically and socially

17



DISCOVERY OF COMMON CHEMICAL EXPOSURES ACROSS THREE 
CONTINENTS USING SILICONE WRISTBANDS

Two hundred and forty-seven volunteers from fifteen distinct communities 
in the U.S.A., Senegal, South Africa, and Peru 18



No Two Wristbands Have Same 
Chemical Detection Profile

400,860 chemical data points
Patterns Emerge
14 chemicals in over 50% of the wristbands 

262 Wristbands

Phthalate

Consumer Product

PAH

Flame Retardant

Industrial

Pesticide

PCB, 
Dioxin, Furan

Chemical
Frequency of 

Detection out of 262 
Wristbands (%)

Potential Endocrine 
Disruptor Chemical

diethyl phthalate 94 Yes
galaxolide 93 Yes

di-n-butyl phthalate 92 Yes
diisobutyl phthalate 85 Yes

bis(2-ethylhexyl)phthalate 84 Yes
di-n-nonyl phthalate 82 Yes

butylated hydroxytoluene 78 Yes
tonalide 76 Yes

lilial 75 Yes
benzyl salicylate 73 Yes

butyl benzyl phthalate 66 Yes
benzophenone 64 Yes

triphenyl phosphate 52 Yes
N,N-diethyl-m-toluamide 52 No

U.S. in 2008 banned these in conc. >0.1% in children toys and articles
DEET, insect repellent

Published:06 February 2019https://doi.org/10.1098/rsos.181836



The Houston Health Dept stated that "millions of contaminants" were present in floodwaters. 

Hiroko Tabuchi & Shelia Kaplan, A Sea of Health and Environmental Hazards in Houston's Floodwaters, New York Times (August 31, 2017)

Rapid Response Hurricane Harvey
chemicals exposures can not be known a priori, lots of unknowns….

Unpublished data

Data already given to 
community and 
participants

Clarisa CaballeroPete HoffmanLane TidwellDiana RohlmanHolly Dixon

Preparing wristbands
Quality control before using wristbands

“Go” travel bags
Disaster IRB in place
Trained staff

Preparation logistics

Communities



Hyperthyroid Case-Control Cat TagIn press
ES&T 2019

Poutasse C. et al, unpublished, 2018

• Tris(1,3-dichloro-2-isopropyl) phosphate (TDCIPP) concentrations were higher in hyperthyroid than 
non-hyperthyroid pet tags (adjusted odds ratio, p<0.07; Mantel-Cox, p<0.02).

• Higher TDCIPP concentrations were associated with higher fT4 and TT4 concentrations (p<0.05). 



Wristband Limitations & Considerations

¨ Time integrated

¨ Not real time

¨ Must be worn for a few hours

¨ External environmental exposures can include 
dermal

¨ Independent measure

¨ Our webpage: 

¤ http://fses.oregonstate.edu/faq-page

22

Dr. Kim Anderson
Oregon State University
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Questions?

http://cen.acs.org/articles/94/i16/simple-way-track-everyday-exposure.html

Oregon State University
Environmental & Molecular 
Toxicology

Dr. Kim Anderson
kim.anderson@oregonstate.edu

Contact:


