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About ISES

ISES works to meet humanity's needs for public health and environmental protection through a global 
community of exposure science professionals. ISES encourages the open exchange of information, 
provides opportunities for career development, acknowledges and promotes excellence in the practice of 
exposure assessments and research in the field of exposure science.  

For information on membership and to learn more about the ISES, please visit http://
intlexposurescience.org.
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Dear fellow exposure scientists,

It has been a busy few months for exposure scientists. Activities 
include efforts to create an Exposure Specialty Group within the 
Society of Toxicology, the recent International Council of 
Chemical Associations’ Long-Range Research Initiative (ICCA-
LRI)/European Commission Joint Research Centre international 
workshop on Fit-For-Purpose Exposure Assessments for Risk-
Based Decision Making, and planning for the ISES annual 
meeting.

This has also been a time to focus on consequential science – 
what should we be doing to ensure a habitable world for us and 
for future generations? For many of exposure scientists, this has 
involved advancing our understanding of direct and indirect 
effects of climate change. This aspect of exposure science has 
become more pressing with recent developments around the 
Paris Agreement. (For those interested in reading the actual 
Accord, versions in several languages are posted here: http://
unfccc.int/meetings/paris_nov_2015/items/9445.php.) To that 
end, a letter to ISES membership was sent out on behalf of the 
Board and has been re-posted here on the following page. I look 
forward to continuing to engage our community on these and 
other issues of consequence for our field and for public and 
environmental health. 

Thanks for reading,

President’s Message

Judy LaKind, Ph.D.
President, ISES

photo courtesy David Luskin
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Dear ISES Members,

Climate change threatens both humans and the environment and the science demonstrating global 
changes and humankind’s role in these changes is well-established.  The 2015 Paris Accord brought 195 
nations together in fighting this global threat that affects us all, but disproportionately affects those in 
developing countries, vulnerable populations, and our children and future generations.  Exposure 
science is essential to advancing our understanding of how climatic and atmospheric processes impact 
human health and environmental quality.  Exposure scientists are also advancing the scientific 
understanding of some of the more indirect effects, especially how climate change may affect the use, 
release, and fate of environmental stressors, as well as ways to reduce the uncertainties in exposure 
and risk predictions. 

The International Society of Exposure Science (ISES) supports the goals and ideals of the Paris Accord 
through our meetings, journal, and members’ research, education, and outreach efforts. In addition, 
ISES supports the activities of our scientists and citizens in furthering our knowledge and development 
of solutions to the environmental and health challenges posed by climate change.  Our Society journal 
– the Journal of Exposure Science and Environmental Epidemiology (JESEE) - has featured numerous 
articles addressing the direct effects that may accompany these changes.  The list is long, but four 
recent articles are listed below [1-4]. 

We, as a Society, must continue our work on understanding how climate change will affect exposures 
and health, now and into the future. Exposure science is all about linking factors, including changes in 
climate, to health and environmental outcomes to better protect health and well-being for future 
generations.  The theme from our 2015 Annual Meeting was “Exposures in an Evolving Environment”, 
in which we focused our attention on “consequential science”—doing science that matters by using 
our tools for the greater good, answering the hard questions, linking cause and effect, and finding 
solutions. I firmly believe that ISES will continue to build knowledge that will lead to creative and 
sound solutions to the seemingly intractable threats that face our world.

We join the International Society of Environmental Epidemiology (ISEE; letter of 2 June) in calling on 
our members to lead in these efforts, to “multiply your research activity and the translation of this 
activity into public information and policy” and to “mobilize and promote policies that will minimize 
the devastating effects of climate change.”  

Judy S. LaKind, Ph.D., President ISES
on behalf of the ISES Board

The views and opinions expressed by ISES are those of the Society and should not be attributed to the individual member's 
agency or organization. 

Recent JESEE articles on exposure science and climate change: 

1. Dionisio, K.L., et al., Characterizing the impact of 
projected changes in climate and air quality on human 
exposures to ozone. Journal of Exposure Science and 
Environmental Epidemiology, 2017.

2. Fisher, J.A., et al., Summertime extreme heat events 
and increased risk of acute myocardial infarction 
hospitalizations. Journal of Exposure Science and 
Environmental Epidemiology, 2017. 27(3): p. 276-280.

3. Wilson, A., et al., Climate change impacts on 
projections of excess mortality at 2030 using spatially 
varying ozone–temperature risk surfaces. Journal of 
Exposure Science and Environmental Epidemiology, 
2016.

4. LaKind, J.S., et al., Exposure science in an age of 
ra p i d l y ch a n g i n g c l i m a t e : ch a l l e n g e s a n d 
opportunities. Journal of Exposure Science and 
Environmental Epidemiology, 2016. 26(6): p. 529-538.
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ISES Annual Meeting
The 2017 ISES Annual Meeting will be held in the Research Triangle Park of North Carolina from 
October 15-19. The theme of the 2017 meeting is  Integrating Exposure Science Across Diverse 
Communities. The scientific program is now set and includes approximately 600 abstracts in 102 
sessions consisting of 64 Symposium, 34 general sessions and 3 day-long poster sessions, plus the 
Sunday evening Student poster competition, on a wide array of exposure topics.

The meeting registration is open at http://www.intlexposurescience.org/ISES2017. Early bird 
registration is open until September 5. While registering don’t forget to sign up for one of the seven 
pre-conference courses being offered on October 15. Also while registering you can choose to attend 
the Conference Dinner on Monday evening at a fun local venue which will include live music. 

There is a packed schedule of meeting and social events including the Sunday Opening Reception and 
Student Poster Competition, the Exhibitor/Technical/Committee Fair on Tuesday evening and the 
Women’s Networking Event on Wednesday. Lunches will be box or buffet to allow plenty of time for 
interaction and networking.

The meeting takes place at the Sheraton Imperial Hotel and Convention Center in Durham, close to the 
RDU airport and hotel registration is active on the meeting website. To ensure the meeting rate at the 
hotel be sure to make your reservation by September 18th.  If you are interested in sharing a hotel 
to save expenses, please select this option while registering for the meeting.

We look forward to seeing you in North Carolina in October!

Sincerely,

Jennifer Lantz, PhD
Jane Hoppin, ScD
David Balshaw, PhD
ISES 2017 Co-Chairs
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 Application for chapter membership is open to all individuals residing or working in California. Please 
contact ISESCaliChapter@gmail.com for more information about the annual meeting or for joining 
the chapter.

Laura Kwong, MS
PhD Candidate, Stanford University, Stanford, CA
lakwong@stanford.edu

Introducing the California Chapter 
of ISES

The California Chapter of the International Society of 
Exposure Science will host its first annual meeting on 
Friday, October 27, 2017, in Oakland, California.

The chapter's goals are to further understanding and awareness in 
exposure science, while promoting communication and the 
exchange of ideas and practical experiences among those in the 
exposure science field in California. All individuals from 
academia, industry, regulatory communities, and other 
professionals engaged in exposure science are welcome. Our one-
day annual meeting aims to build community and share the latest 
in exposure science conducted by researchers in California and/or 
research relating to California.

Laura studies children's exposure to fecal 
contamination in the domestic environment in 
Bangladesh and other low-income countries. She 
also explores the effect of the built environment on 
exposure to respiratory and soil-transmitted 
pathogens. Laura has a passion to increase the 
availability and use of exposure science, especially 
in low-income countries that have severe health 
challenges.
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California’s Innovative Green 
Chemistry Program Seeks 
Safer Chemicals

The Safer Consumer Products Program (SCP) was 
created to accelerate the quest for safer chemicals 
– the primary objective of California’s landmark 
2008 Green Chemistry law. The SCP regulations 
that took effect October 1, 2013 enact a four-step 
process for evaluating toxic chemicals in 
products that consumers buy and use. Product-
chemical combinations that have the potential to 
cause adverse impacts to human health, biota, or 
ecosystems are prioritized through regulations. 
Once prioritized and listed as Priority Products, 
manufacturers are required to find safer 
substitutes for the listed product-chemical 
combinations.

Product-chemical combinations are evaluated by 

SCP research scientists and products that 
potentially expose people or biota to certain 
chemicals where that exposure could cause 
harm, are “prioritized” and listed through 
r e g u l a t i o n . W h e n p r o d u c t - c h e m i c a l 
combinations are listed, they become “Priority 
Products,” triggering the search for safer 
alternatives. Possible exposure is a primary 
criterion determining what products get 
prioritized.

California has learned from past legislative 
actions banning hazardous chemicals that 
replcement chemicals with equally bad or worse 
impacts can enter the market because of 
inadequate vetting of potential hazards.
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“One-off” bans of toxic chemicals fail to ensure 
that chemical substitutes are safer. The SCP 
process was designed to mitigate the unintended 
consequences that arise from such regrettable 
substitutions. SCP’s goal is to get manufacturers 
to perform an Alternatives Analysis where 
options, such as substituting the chemical or re-
designing the product, are thoroughly evaluated 
with the aim of reducing negative impacts.

For example, SCP selected Children’s Foam-
Padded Sleeping Products containing the flame 
retardants, Tris (1,3-dichloro-2-propyl) phosphate 
(TDCPP) and Tris (2-chloroethyl) phosphate 
(TCEP), as the first Priority Product. Both TDCPP 
and TCEP are considered carcinogens by 
California's Office of Environmental Health 
Hazard Assessment. The program’s review of

research concerning these flame retardants 
showed that they are readily released into air and 
dust, and that they have been detected in dust in 
homes, offices, automobiles, and daycare centers 
worldwide. Thus dust inhalation or skin 
absorption are the typical means by which people 
are exposed. Further, these chemicals are 
developmental toxicants. In assessing this 
product, SCP considered studies that indicate that 
hand-to-mouth behavior is a significant exposure 
pathway for infants and children. Flame 
retardant dust ingestion was a primary reason 
that SCP determined that children may be at risk 
for adverse health effects from foam-padded 
sleeping products with these chemical flame 
retardants.

Manufacturers consider exposure potential when

Details of the Safer Consumer Products four-step process



The recently released Alternatives Analysis Guide outlines 
tools and approaches to help manufacturers make 

informed decisions about how to make their products 
safer.
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conducting an Alternatives Analysis to find safer 
replacement chemicals. Different alternatives 
may have different potentials for exposure which 
could be significant in the selection of a preferred 
alternative. For instance, a less volatile solvent 
may reduce inhalation exposures.

Tools to help evaluate and characterize exposure 
provide the basis for decision making throughout 
the SCP regulatory process. Exposure modeling 
can help with the screening of chemicals early in 
the prioritization process. Understanding relative 
exposures when comparing chemicals or when 
comparing a given chemical in different products 
can inform SCP’s product selection. For the 
Alternatives Analysis process to be effective in 
preventing regrettable substitutions, a detailed 
understanding of exposure pathways is needed to 
make meaningful comparisons. Thus, the future 
of exposure science is integral to SCP decision 
making.

Exposure science is evolving rapidly as evidenced 
by the emergence of exposomics approaches that 
integrate biomarker research and data mining, 
the proliferation of research using personal 
sampling devices, larger biomonitoring datasets, 
and advances in our ability to assess aggregate 
exposures. These, and other developments, 
promise to provide critical information to 
support and accelerate decision making under 
the Safer Consumer Products regulations and 
ultimately improve environmental protection for 
people and ecosystems.

Meredith Williams, Ph.D California Department of Toxic Substances Control, Sacramento, CA 
meredith.williams@dtsc.ca.gov Meredith Williams is the Deputy Director for the Safer Products 
and Workplaces Program at the Department of Toxic Substances Control (DTSC). She has 
responsibility for implementation of the state's Safer Consumer Products regulations and oversees 
DTSC's Health and Safety Branch. 

James Joelson, B.A. California Department of Toxic Substances Control, Sacramento, CA 
james.joelson@dtsc.ca.gov James Joelson is the Operations Manager for the Safer Products and 
Workplaces Program with responsibility for communications and technology tools.

ABOUT THE AUTHORS



Announcing New Awards
The International Society of Exposure Science (ISES) announces the creation of two annual 
best paper awards and a meeting award sponsored by the Journal of Exposure Science and 
Environmental Epidemiology (JESEE) for the annual meeting. More details are 
forthcoming, please visit intlexposurescience.org.

Annual Paper Awards
ISES Award for Best JESEE Paper

Annual award honoring the best paper authored by a current ISES member in the Journal of Exposure Science 
and Environmental Epidemiology (JESEE) in the prior volume year. This award recognizes innovative and creative 
exposure science research and scholarship from the ISES membership. Authors of an awarded paper will receive 
award certificates, the first author will receive a one year ISES membership.

Nominations are not restricted (self-nominations encouraged!), and must include a copy of the paper. 
Submissions are judged by an ad-hoc review committee comprised of a subset of Society members. To be 
considered for a Best JESEE Paper award, the first author must be a current ISES member.

Nominations must be sent to isexposurescience@gmail.com by August 31, 2017 for consideration.

ISES Award for Best Student Paper
Annual award honoring a student, or recent graduate, ISES member for authorship of a paper in the prior 
publication year (including ahead-of-print) that exemplifies the best student-authored work in the field of 
exposure science. Authors of an awarded paper will receive award certificates, the first author will receive a one 
year ISES membership.

Nominations are not restricted (self-nominations encouraged!), and must include a copy of the paper. 
Submissions are judged by an ad-hoc review committee comprised of a subset of Society members. To be 
considered for a Best Student Paper award, the first author must be a current ISES member and must currently be 
a student or have been a student at the time in which the published work was submitted for publication. 

Nominations must be sent to isexposurescience@gmail.com by August 31, 2017 for consideration.

Annual Meeting Award
JESEE Young Investigator Meeting Award

This award is sponsored by the Journal of Exposure Science and Environmental Epidemiology, a Springer Nature 
publication.

$500 will be awarded in reimbursement for ISES annual meeting registration and/or travel by a student or new 
researcher (researcher within 10 years of terminal degree).

The JESEE Meeting Award application for the 27th annual meeting (October 15-19, 2017 in Research Triangle, NC) 
is available at tinyurl.com/JESEE2017.

Completed applications must be sent to isexposurescience@gmail.com by August 31, 2017 for consideration.

INTERNATIONAL SOCIETY OF EXPOSURE SCIENCE
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Potential occupational hygiene concerns in the cannabis industry
by CHRISTOPHER SIMPSON, MS, PHD

Recently there has been a dramatic expansion of 
the cannabis industry in the United States (US). 
Medical use of cannabis is now legal in 29 states 
and the District of Columbia, whereas 
recreational use of cannabis is permitted in seven 
states and the district of Columbia [1]. Cannabis-
related companies now employ an estimated 
100,000 to 150,000 full- and part-time workers 
[2], and the industry is continuing to grow 
exponentially. In Washington State alone, there 
are 978 licensed producer/processors, who 
produced 410,000 pounds of marijuana flower in 
the 12 months preceding April, 2017 [3]. 

Nevertheless, cannabis production, possession 
and use remains illegal at the federal level. This 
federal prohibition has important impacts on the 
health and safety of cannabis users and workers 
in the cannabis industry. For example, federal 

OSHA is unable to engage in rule-making to 
establish PELs for the unique exposures faced by 
cannabis workers, and the USEPA is not 
permitted to register pesticides for use on 
cannabis, as they do for other agricultural crops. 
Consequently, it has been left to individual states 
to develop their own rules and guidance for this 
new industry [4, 5]. Oftentimes, states have 
adapted policies that were developed for other 
agricultural commodities, and applied them to 
cannabis.

The commercial production of cannabis in the US 
typically begins with new cannabis plants grown 
either from seed, or more commonly, propagated 
from clippings taken from a mother plant. Each 
grower is likely to produce from several strains of 
cannabis, and many growers have their own 
breeding programs that seek to select for specific 

Cannabis gown 
indoors, under a 
combination of 
LED and high 
intensity 
discharged 
lighting. 

Photo courtesy 
Trail Blazin’ 
Productions.

Something Old, Something New



Workers tending 
to young 
cannabis plants 
in a greenhouse. 

Photo courtesy 
Buddy Boy Farms.
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desired characteristics including potency, flavor/
aroma profiles, or pharmacologic efficacy. The 
young seedlings or clones are then grown to the 
desired stage of maturity in outdoor farms, in 
greenhouses, or indoors under artificial lighting. 
Additional CO2 - typically in the range 
1200-2000ppm - is added in indoor facilities to 
accelerate plant growth. Plants grown outdoors 
typically complete a single annual cycle with 
harvest in the fall, whereas for plants grown 
indoors a typical cycle from prorogation to 
harvest can be as short as 20 weeks. During the 
plant growth phase workers apply nutrients and 
pesticides to the plants, re-pot them into larger 
containers as the plants grow, and trim and stake 
the plants to ensure a consistent canopy. Changes 
in the light-dark cycle, and potentially the light 
spectrum, trigger the cannabis plant to transition 
from its vegetative to its flowering phase. The 
plant is harvested when the flower buds, which 
contain most of the THC, have reached the 
desired level of maturity. Most of the leaves are 
removed from the stems, and the flowers are 
hung indoors to dry and cure.

The dried flowers then undergo further 
commercial processing. The highest quality 
flower is trimmed, often by hand, to remove 
leaves and enhance the appearance of the flower, 
which is sold intact. The leftover trimmings and 
lower quality dried flower may be crushed and 
rolled into joints, or extracted using liquid CO2 or 
a butane/propane mix to produce concentrates 
that are rich in cannabinoids. The concentrates 
can be sold as waxes, oils, rosins, or used as 
additives in a variety of edible products. The 
concentrates can also be further processed via 
distillation to enrich specific components of 
interest, or to eliminate undesirable components. 
The pharmacologically active components of 
cannabis are the cannabinoids, the most 
i m p o r t a n t o f w h i c h i s d e l t a - 9 -
terahydrocannabinol (THC). In contrast terpenes 
(unsaturated hydrocarbons derived from the 
isoprene skeleton) contribute much of the aroma 
and flavor characteristics to cannabis products. 

Workers are exposed to a variety of potential 
hazards throughout these processes. During the 



respiratory irritation and exacerbation of existing 
asthma [9]. Similarly, respiratory symptoms have 
been reported among workers at forensic 
laboratories upon occupational contact with 
hashish or marijuana [7, 10, 11]. Washington 
State’s Department of Labor and Industries 
recently issued a hazard alert highlighting a 
possible connection between inhalation of dust 
from cannabis plants and work related asthma 
[12]. There have also been a limited number of 
case reports from individuals experiencing 
contact urticaria directly after occupational 
exposure to cannabis plants [8, 11, 13]. As part of 
an ongoing study of occupational health 
concerns within the cannabis production 
industry in Washington State, we conducted 
walk-through industrial hygiene evaluations of 
six CGOs in Washington State, and conducted key 
informant interviews with CGO owners and 
employers [14]. Respiratory health was the 
greatest concern reported among both employees 
and employers we interviewed [14]. Dermal 
allergy/irritation, exposure to pesticides, CO2 
exposure and repetitive motion injuries were also 
noted as potential concerns [14].

In conclusion, the expansion of cannabis 
production in the US will increase the numbers of 
workers impacted by the exposures associated 
with cannabis production – some of which are 
unique to this industry, and the intensity of those 
exposures will increase. Exposure scientists, 
together with other occupational health and 
safety professionals will have an important role 
to play in identifying, quantifying and mitigating 
the hazards that cannabis production workers 
encounter.

13 / intlexposurescience.org
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plant cultivation stage these exposures may 
involve both respiratory and dermal exposures to 
chemicals (pesticides and nutrients), particulate 
matter (mold, pollen, organic dust from the 
cannabis plants), and VOCs (terpenes), as well as 
physical hazards including UV light, heat and 
ergonomic hazards (e.g. lifting of heavy pots) [4, 
6]. Workers who hand trim the flowers may be at 
risk for repetitive motion injuries [6]. Dermal 
exposure to the cannabis plant may be associated 
with skin irritation or allergic reaction [7, 8]. 
Notably, much of the THC in the cannabis plant is 
present as THC-acid, which needs to be thermally 
decarboxylated to exert its psychoactive effects. 
Thus it is unlikely that dermal exposure to the 
intact plant would lead to psychoactive effects on 
workers.  There is a significant explosion and fire 
hazard associated with the preparation of 
concentrates, [4] although this risk is lessened 
through the use of appropriate commercial 
extraction equipment, compared to the home-
built devices that are often used in illegal 
production operations.

Because of its history as an illegal drug, there is 
an almost complete absence of scientific study of 
occupational health hazards within the cannabis 
industry. In a literature review we identified only 
one recent peer reviewed publication that 
evaluated potential exposures associated with 
indoor Cannabis Grow Operations (CGOs) [9]. 
NIOSH recently released a report on a Health 
Hazard Evaluation that they undertook at an 
outdoor CGO in Washington State [6]. They noted 
employee concerns about repetitive motion 
injuries associated with hand trimming. 
Exposure to aeroallergens and cannabinoids were 
also assessed; various allergenic fungi and 
bacteria were detected, and endotoxin was 
present, albeit at levels below recommended 
occupational limits. None of the four employees 
examined reported symptoms or health effects 
that they associated with their work with 
cannabis. While there have been few published 
studies on US cannabis workers experiencing 
respiratory distress, law enforcement officials 
and emergency personnel who have dismantled 
or inspected indoor grows have reported 

Dr. Simpson has a background in analytical and 
environmental chemistry, exposure science and 
industrial hygiene. His research interests involve 
the application of analytical chemistry to the 
development of techniques for assessment of 
exposure to toxic chemicals, and the subsequent 
application of those techniques to investigate 
occupational and environmental exposures.

ABOUT THE AUTHOR
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Exposure Science
Reflections from the Front Lines at EPA
by THOMAS A. BURKE, PHD, MPH

The ability to understand and characterize 
exposures is a cornerstone of the EPA mission - to 
protect public health and the environment. For 
two years I had the privilege of serving as the EPA 
S c i e n c e Adv i s o r a n d D e p u t y A s s i s t a n t 
Administrator for Research and Development. 
This experience gave me a front line perspective 
on the Nation’s most challenging environmental 
issues. As the Agency faces proposed budget cuts 
of 31 percent, it is important to recognize the 
critical roles of exposure science in identifying 
e m e rg i n g c o n t a m i n a n t s , re s p o n d i n g to 
community hazards, characterizing public health 
risks, and tracking progress in risk management.   

The Office of Research and Development (ORD) 
National Exposure Research Lab serves as a 
resource for the Agency, the states, and the 
broader scientific community, pushing the 

science forward while responding to community 
public health needs.  The past three years are rife 
with examples of community exposures 
requiring extensive commitment of ORD 
scientific resources to measure, characterize, 
respond to public health risks. From hydraulic 
fracturing chemicals and crumb rubber playing 
fields to lead and perfluorinated compounds in 
drinking water, there is an ever increasing 
demand for new methods and tools to assess 
population exposures. The Table lists examples of 
exposure issues that EPA ORD has been called 
upon to assist states and communities.

Today’s complex environmental challenges are 
driving exposure science in new directions. In 
2012, the National Academy of Sciences (NRC, 
2012) conceptualized exposure as a dynamic 
system that sets the context for informing
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toxicological studies, and improving risk 
evaluations and remediation technologies to 
reduce or prevent exposures. As such, single 
pollutant, single pathway monitoring and 
assessment is yielding to increased application of 
multipathway and cumulative risk systems 
approaches. There have been significant 
advances in technology and computational 
capabilities. Two examples are non-targeted 
analytical (NTA) methods and computational 
exposure science. In the area of analytical 
chemistry, measurement-based methods are 
extending beyond targeted analytes to include 
suspect screening and non-targeted analyses. 
This allows for exploration of chemical structures 
that can be used to characterize previously 
undetected compounds for use in chemical 
screening and exposome research programs, 
ultimately improving chemical risk assessments 
(Sobus et al).

I n t h i s e ra o f “ b i g d a t a”, a dva n c e s i n 
computational exposure science complement the 
new NTA methods (Egeghy et al). Computational 
exposure science integrates chemistry, computer 
science, mathematics and statistics, social and 
behavioral science, and new data collection 
methods with the development of rapid and 
efficient predictive exposure models. Specifically, 
the framework for computational exposure 
science relates formulation science, behavioral 
informatics, and exposure dose-modeling, 
linking inherent chemical properties and human 
decision behavior to develop rapid predictions of 
screening level population exposures and intake 
dose rates for existing and new chemicals.

In this time of uncertain funding it is important 
to reflect on the progress and challenges ahead 
for exposure science. From the early Total 
Exposure Assessment Methodology (TEAM) 
S t u d y t h r o u g h t o d a y ’s c u t t i n g e d g e 
computational modelling, EPA research has 
shaped the field of exposure science and guided 
the Nation’s efforts to understand and reduce 
harmful exposures.  More importantly, exposure 
science has become a core component of our 
national public health infrastructure, guiding 
public health decisions every day in communities 
throughout the country.

• Fracking related chemicals and pollutants on air 
and water

• Fence line community exposures to industrial 
emissions including diesel exhaust, metals and 
organic compounds

• Pesticide exposures including food residues, fence 
line drift, ground and surface water contamination

• Exposures from drinking water systems including 
lead, other metals, and disinfection byproducts

• Emerging contaminants including PFOA and PFOS 
in private wells and drinking water systems

• Fish consumption related exposures including 
persistent organic pollutants and mercury

• Harmful algal bloom exposures to cyanotoxins

• Multipathway exposures from spills, accidental 
releases, and hazardous sites

• Climate influenced exposures including wildfires, 
drought, and extreme weather events

• Fate and transport modeling of mining waste 
releases to surface waters

• Community exposures to emissions from burning 
operations for munitions disposal

• Personal exposures related to crumb rubber 
playing surfaces and athletic fields

• Indoor air exposures related to vapor intrusions 
from organic solvents

EXAMPLES OF EXPOSURE SCIENCE CHALLENGES
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Good News
about rat poison
by ANNE RIEDERER MSFS, MS, ScD
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U.S. EPA recently decided to deny a petition to 
cancel chlorpyrifos (an organophosphate 
pesticide) registrations on U.S. agricultural 
commodities (1). Some in the exposure science 
community were unhappy with this decision 
because of research that indicates the negative 
effects of this pesticide on children’s health. 
Others were happy or indifferent to the decision. 
The unrest over this decision is similar to the past 
unrest regarding rodenticide pellet products 
c o n t a i n i n g t o x i c s e c o n d - g e n e r a t i o n 
anticoagulants (e.g., brodifacoum, bromadiolone, 
difethialone, others). After similar pressure from 
outside groups concerned about risks from these 
rodenticides to non-target species (particularly 
children and wildlife), and a complicated legal 
back-and-forth, EPA issued the 2008 revised risk 
mitigation decision for rodenticide pellet 
products containing the acutely toxic second-
generation anticoagulants. EPA concluded that 
loose pellet formulations were unsafe for the 
general market and should be limited to certified 
pesticide applicators (2). A follow-up cancellation 
of the registrations for 12 d-Con® pellet 
formulations without protective bait stations was 
rendered moot when the manufacturer 
voluntarily ceased production (as of December 31, 
2014) and distribution to retailers (as of March 31, 
2015) (3).  Retailers and end users are permitted to 
sell/use the products until existing stocks are 
depleted, a process that EPA estimated would 
take approximately three months to a year (3).

The origins of the long-acting anticoagulant 
rodenticides (LAARs) go back to the 1920s USA, 
to the deaths of cattle from a spontaneous 
hemorrhagic illness traced to spoiled sweet clover 
silage, which some speculate was often fed to 
cows during the lean Depression years (4). In 
1933, University of Wisconsin Researchers Karl 
Link and colleagues, including Link’s student 
Wilhelm Schoeffel, solved the mystery using the 
uncoagulated blood of a dead cow and some 
spoiled sweet clover, items sent to Link because of 
his prior work on developing a sweeter clover by 
depleting the naturally-occurring but bitter 
coumarin (4). They identified the hemorrhagic 
agent as dicumarol--3,3’-methylenebis-(4-

hydroxycoumarin-- which is formed in silage 
w h e n o x i d i z e d c o u m a r i n i s l i n k e d t o 
formaldehyde and a second coumarin moiety in a 
reaction catalyzed by mold (Aspergillus spp., 
Penicillium spp.) (4). By the 1940s, after others 
had discovered the therapeutic potential of 
d i c u m a r o l i n h u m a n s a n d d e v e l o p e d 
syntheticanalogs, Link named the most potent of 
the synthetic compounds “WARF-arin,” after the 
Wisconsin Alumni Research Foundation that 
funded his work (4).  Warfarin was marketed for 
use as a rodenticide beginning in the late 1940s 
and as an antithrombotic agent in humans 
beginning in the mid-1950s (4). Here, it is 
impossible to resist a joke about a building a 
better mousetrap, so a better mousetrap indeed 
was built with the discovery of difenacoum and 
brodifacoum in the 1970s (4). These second-
generation anticoagulant rodenticides, or 
superwarfarins, were created by substituting the 
methyl group of 4-hydroxycoumarin with long 
phenyl side-chains, increasing potency and 
duration of action, thus overcoming resistance 
which started developing in rodents (4). For 
example, brodifacoum decreases vitamin K-
d e p e n d e n t c o a g u l a t i o n f a c t o r s — t h e 
anticoagulants’ primary mode of toxicity-- by a 
factor of 100 compared to warfarin (4). 
Brodifacoum’s lethality, wide availability, ease of 
s y n t h e s i s , a n d n o to r i o u s h i s to r y a s a 
surreptitious warfare agent (e.g., impregnated in 
clothing by the Rhodesian military, fed in food to 
human and primate subjects by the apartheid 
South African government), among other things, 
make it a chemical threat agent of concern for the 
U.S. Government (5,6,7).

In humans acutely exposed to LAARs, clinical 
signs and symptoms range from easy bruising to 
bleeding, intracranial hemorrhage, and death 
(4,6). LAARs mortality events are rare in the 
United States, and most of these are from 
intentional (i.e., suicide attempts, lacing of street 
drugs for a prolonged high) or malicious 
exposures (4). Chronic exposures are also 
possible, through consumption of contaminated 
shellfish near accidental spill sites for example, 
but data are limited to a few incidents in New 
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parents/caregivers in cases where exposures are 
s u s p e c t e d b u t n o t w i t n e s s e d . F o r t h e 
approximately one-third of cases that do receive 
treatment in a health care facility, severe 
outcomes (including death) are rare.

The American College of Medical Toxicology 
(ACMT)’s Toxicology Investigators Consortium 
(ToxIC) Case Registry is another source of data on 
severe cases, or those seen by medical 
toxicologists at >70 participating hospitals 
nationwide (some of these cases are also reported 
to PCCs and are thus reflected in the NPDS data) 
(10). From the registry’s inception in 2010 
through 2016, 17 pediatric cases involved second-
generation anticoagulants, 9 in children < 2 years 
old and 8 in children 2-6 years old. Thirteen of the 
cases involved brodifacoum, while the rest (two 
each) involved bromadiolone or difethialone.  In 
the first six months of 2017, a single brodifacoum 
case (an 11-month old baby girl) was recorded; 
ToxIC physicians and researchers are watching 
closely hoping this number soon drops to zero.

Zealand (6). 

Signs and symptoms can take several days to 
appear after an acute exposure, with severe 
bleeding events sometimes lasting months (4,6). 
Exposures are confirmed by detection of the 
specific agent(s) in blood or other tissue samples 
using high-performance liquid chromatography 
or other sensitive analytical method appropriate 
for large lipophilic molecules (4,8). In-hospital 
treatment of patients exposed to superwarfarins 
can include factor replacement with fresh frozen 
plasma and intravenous or oral loading of 
vitamin K among other things, while long-term 
follow-up monitoring and treatment with oral 
vitamin K (sometimes up to a year) can be 
necessary because of their toxicokinetic 
p ro p e r t i e s ( h i g h l i p o p h i l i c i t y, m i n i m a l 
metabolism); half-lives ranging from 20 to 56 
days and a range of non-anticoagulant toxicities 
have been reported for humans (6).

So, how effective have the recent regulatory 
actions been in protecting children from 
exposure to these highly toxic chemicals?  It is 
surely too soon to answer definitively, but data 
from the U.S. National Poison Data System 
(NPDS) on calls to U.S. poison control centers 
(PCCs) involving LAARs exposures in young 
children give reason for optimism.  Since 2001, 
when the NPDS became representative of the 
contiguous USA (9),  there has been a steady 
downward decline in these calls, from 0.63 per 
1,000 children age 0-5 years to 0.30 per 1,000 
children age 0-5 years in 2014 (Figure 1).  In 2015, 
the first year that the dangerous pellet 
formulations were off the market, there was 
another steep drop, to 0.25 calls per 1,000 
children age 0-5 years. If EPA is correct in its 
assumption that these products would be out of 
general (unrestricted) use a year or so after 
production ceased, then we have good reason to 
believe that the 2016 and 2017 NPDS data will be 
equally encouraging when they become publicly 
available.

Luckily, in any given year, approximately 2/3rds 
of NPDS LAARs-related calls are simply 
informational calls or calls from concerned 
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Figure 1. Calls to the U.S. National Poison Data System (NPDS) involving long-acting anticoagulant 
rodenticide exposures in children age 0-5 years, 2001-2015. 

Data sources: NPDS data, NPDS annual reports, available: http://www.aapcc.org/annual-reports/
Annual Reports, accessed 26 June 2017; U.S. population data, 2000-2010: National Intercensal 
Datasets: 2000-2010, available: https://www.census. gov/data/datasets/time-series/demo/popest/
intercensal-2000-2010-national.html; accessed 26 June 2017; U.S. population data, 2010-2015: 
Downloadable Dataset: Annual Estimates of the Civilian Population by Single Year of Age and Sex for 
the United States and States: April 1, 2010 to July 1, 2016; available: https://factfinder.census.gov/faces/
tableservices/jsf/pages/productview.xhtml? pid=PEP_SC-EST2016-AGESEX-CIV&prodType=document; 
accessed 26 June 2017).
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Testimonials of Women in the Field 
of Exposure Science

How they got involved
As more women attend graduate schools in math and science a potential stumbling block is the lack of 
female mentors and role models. Therefore to encourage more women to enter the field of exposure 
science I asked several female board members to speak to how they got involved in exposure science 
and what excites them about their research. 

by LISA BAXTER, SCD

“Growing up on Long Island, NY in the 
1980s-1990s, there was extensive news coverage 
about suspected cancer clusters, such as for 
breast cancer. People wondered if it was related 
to pesticides used on farmland, above-ground 
power lines, or other pollutants like 
polychlorinated biphenyls (PCBs). The lack of 
knowledge motivated me to better understand 
the role of the environment on health, and in 
particular, cancer. I was heavily influenced by my 
epidemiology and environmental health courses 
at UNC and Johns Hopkins, in which I learned 
that exposure assessment was often the “weak 
link” in connecting environmental factors to 
health outcomes. I felt advancing and improving 
methods for assessing the complex array of 
agents to which people are exposed would be 
where I could make the most impact.”

-Nicole Deziel

I was introduced to ISES and exposure science 
through some great mentors during graduate 
school and because I attended a program that 
has a strong specialty in exposure science.  My 
advisor was an active member of ISES and got 
me involved early on, and I’ve been an active 
member since! One of the things that really 
attracted me to exposure science was seeing 
how it really links the environment to health, and 
is important to many aspects of environmental 
health – epidemiology, risk assessment, and 
toxicology. I’m excited by the new data collection 
methods that we have with smart technologies, 
and the challenge of the exposome, or assessing 
exposure to the environment as a whole, not just 
as individual exposures. These are new frontiers 
for exposure science and we need to develop 
new ways of thinking about the relationships 
between exposure and health, and for analyzing 
the vast amount of data that we now have the 
possibility to collect.

-Miranda Loh
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“Growing up in rural Appalachian Ohio I always 
had a passion for the environment and how it 
influenced health.  My parents were both 
educators.  My father taught special education 
for the public school system and my mom was a 
lactation consultant for Women, Infants, and 
Children for two area counties.  I pursued Biology 
and Secondary Science Education planning to 
teach in the classroom. Thankfully, I had the 
opportunity to student teach and I streamlined 
my career to toxicology/public health/
environmental health science.  Both the 
environment and our human bodies are 
incredible; exploring how they interact is such a 
privilege!”

-Erin Haynes

“The area of study for both my MS and Ph.D. was 
Environmental Science.  I worked in a laboratory 
analyzing samples of soil, solid waste, wastewater, 
and others for contaminant levels.  It was an easy 
transition to Exposure Science when there was 
opening at the EPA in dietary exposure research.  
Food is not that different from soil or solid 
waste, analytically speaking.  I’m excited about 
the progress that exposure research has made in 
the integration of human and ecological studies.  
Although more work is needed, looking at the 
“whole” picture provides us with a better 
understanding of the impact of what we do on/to 
our world.”

-Lisa Melnyk

“My graduate study was atmospheric chemistry 
and my research involved research on particulate 
formation through the reactions of semi-volatile 
organic compounds in the atmosphere. I was 
brought to the exposure science field through a 
working opportunity at the Department of 
Environmental and Occupational Medicine, 
Exposure Science Division at Rutgers University.  
However, I did not recognize the complexity or 
challenge of conducting exposure science until I 
worked with other peers on the first large 
exposure study – Relationship of Indoor, Outdoor 
and Personal Exposure (RIOPA).  I gradually 
became fascinated with exposure science 
because I realized that exposure science, 
although is different from basic science, is an 
advanced and integrated science. To conduct 
good research in exposure science, requires an 
individual with knowledge in multiple fields, 
including but not limited to environmental 
science, environmental monitoring, public health, 
social science, etc. My personal knowledge and 
experience have expanded significantly by 
conducting exposure science research. 
Meanwhile, I appreciate the value of exposure 
science more and more because our work is 
often directly related to people’s daily life, and 
may have a direct impact on people’s health.”

-Tina Fan
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The term ‘fake news’ feels overused these days, and Journal of Exposure Science and Environmental 
Epidemiology (JESEE) is anything but fake. It is rich with interesting results from all reaches of 
exposure and epidemiologic science – from water and airborne exposure methods, to computational 
modelling, assessment of novel biomarkers, and complex and fascinating cohort results. It is your 
platform for informing your ISES colleagues, where dissemination of meaningful science is the only 
objective.

I’m often asked about how difficult it is to publish in JESEE. The answer is, of course, it depends! On 
average, around 220 manuscripts per year are submitted from all regions of the world; more than half 
come from the US, Canada, and Europe (see Figure). A submitted manuscript is passed through an 
initial quality check by the Springer Nature editorial assistant to Elaine Cohen Hubal, Editor in Chief, 
who may then assign the manuscript to one of our small army of volunteer Associate Editors (AEs). 
Like many journals, these AEs, who have expertise in most of the fields of science we encounter, also 
evaluate the work, and then may request anonymous reviews from our own Editorial Review Board, or 
may seek outside reviews (or both)! Our outstanding AEs make such an important contribution to the 
journal and Society, and do so beyond their usual work-day duties of research, mentoring, 
collaborating, teaching, grant writing, and the like. A complicated process indeed, and we are proud 
that the average time to first decision is about a month.
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We want to bring you the very best science – 
science that is meaningful to many and likely to 
have broad impact. We want JESEE to continue to 
be a journal filled with new and exciting results, 
and this is why we have recently revised our 
journal’s scope. Every two months, we deliver the 
latest findings from the research world, and if 
you’re like me, you always want to know what 
science is on the horizon.  Consider signing up for 
free JESEE e-alerts from Springer Nature to stay 
ahead of the game.

JESEE is a vital part of ISES, and provides us with 
a common platform to share our results. It’s the 
only journal that focuses on environmental 
epidemiology and exposure science, and I’m 
grateful to continue to be a part of it. We would 
love to see your work and bring it to our society 
members. JESEE is your journal – and that’s no 
fake news.

Rick Peltier is the Deputy Editor-in-Chief of JESEE and has 
been an associate editor for more than six years.  He is an 
Associate Professor in the Department of Environmental 
Health Science at the University of Massachusetts Amherst.  
Contact him anytime - to talk shop, ask a question about the 
journal, or just send a friendly hello - at rpeltier@umass.edu.
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Sensing a Change
by RICHARD PELTIER, MPH, PHD

and market products that are recreated and 
assembled using virtually any raw material and/
or product from a computer-related device [4].  
Somewhere on the order of 20 billion consumer 
products will be connected to the internet in the 
next 5 years [5].  From Bluetooth-enabled toilets 
to garbage cans equipped to send a tweet when 
full, many sensing applications appear to be a 
solution looking for a problem; though 
admittedly, this author is pretty excited about 
that activity monitor/coffee maker application.

With each day, sensor approaches to better 
understanding exposure is improving.  Low cost, 
and do-it-yourself techniques empower more 
people to become a stakeholder in sensing their 
world.  Whether it is measuring indoor air quality 
in the developing world, assessing greenhouse 
gases across the urban landscape [6] or assessing 
water turbidity (suspended sediments, [7]) in a 
drinking water source in rural tropical villages, 
there exists a remarkable range of tools available 
to support exposure research.

The sensors many of us use in our laboratories 

If there is one commonality that binds our society 
together, it is that we often need a measurement 
of something that may affect human health.  
Whether we are interested in degraded air 
quality, water contaminated with pathogens or 
chemical toxicants, food products with residual 
pesticide, or even just measuring perceptible 
changes in health status, we rely on quantitative 
measurements to indicate the presence and/or 
fluctuations of contaminants.  To acquire 
quantitative measurements, we must be 
equipped to accurately sense changes in our 
environment.

Rapid advances in consumer technology has 
opened a new world of sensing applications.  
From cell phones that help to measure air quality 
[1, 2] to an activity monitor that will recognize 
when you awake and automatically turn on the 
coffee maker [3], the ability to sense – and react – 
to our world has been enabled by lower 
t e c h n o l o g y c o s t , i m p r o v e d s c i e n c e 
communication, and the rise of the Maker 
movement.  The Maker movement is the trend in 
which individuals or groups of individuals create 



intlexposurescience.org / 26

INTERNATIONAL SOCIETY OF EXPOSURE SCIENCE

and in field studies are usually of the expensive 
and complicated variety.  A $1,000 pH meter, a 
$20,000 air pollution analyzer, or a $200,000 
nucleic acid sequencer are the typical sensing 
devices we might use in research.  Our reluctance 
to move away from these pricey tools is driven by 
our need for data, confidence in their accuracy 
and precision, but also because of our need to 
conform to certain analytical techniques with our 
peers.  There is, of course, very clear value in 
using standardized instruments and methods 
across different research teams, so these tools are 
not going away any time soon.  Moreover, there is 
a growing allure to lowering the cost of 
technology, while providing similar or improved 
measurements, with reasonable confidence in the 
data. The question is can we exploit these 
techniques to better understand human 
exposure?

As a case study, let’s look at measurements of air 
quality and exposure.  Traditional air pollution 
monitors have been available to address human 
exposure for several decades.  These range in 
price from $1,000-5,000 for small personal 
monitoring devices often used in occupational 
exposure work, to $15,000 USD and up for 
regulatory-grade instrumentation.  Over the past 
several years, inexpensive sensor platforms have 
become more prevalent, either through crowd-
source funded business opportunities, large 
instrument manufacturers looking to engage a 
wider customer base, or by individuals who 
‘tinker’ with such technologies in their 
laboratory.  

While the sensors have been available in the 
commercial marketplace for many years, it was 
only recently that user-friendly microprocessors 
and do-it-yourself how-to guides have made it 
possible for less technically-inclined individuals 
to build a platform that interfaces these low-cost 
sensors in a way that one can obtain useable data. 
Therefore, access to technology is changing 
rapidly, with low-cost air quality sensor 
approaches available to almost anyone with 
internet access and a few dollars to spare.  For 
$20USD, it is now possible to build a small photo 
sensor-based measurement of PM2.5 (that is, all 
particulate matter less than 2.5 microns in 
aerodynamic diameter).  This has great appeal to  

A user-built, very low-cost 
air pollution sensor that 

measures particulate 
matter, temperature, and 
humidity. Credit: Richard 

Peltier
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individuals who are burdened by air quality 
concerns, but feel unheard by the traditional 
research community.  

Some methods seem to have a lot of promise, and 
others, not so much.  But as exposure scientists, 
many of us are not yet equipped to understand 
the implications of this data which is now 
starting to become widely available.  This is 
particularly true when citizen scientists, who are 
a crucial, but often an unrecognized stakeholder, 
embrace these approaches.  Sometimes their 
results are convincing; other times, the data look 
quite dubious.

While it would be nice to magically develop a 
robust, precise, low-cost PM sensor that is 
absolutely comparable with established methods, 
the technology isn’t quite there yet.  Imprecision 
and inaccuracy are common, and this is 
attributed to either defective assembly of the 
sensor, or to fundamental limitations in the 
sensor technology itself; limitations and caveats 
most certainly persist.  But, all is not lost.  Even 
though the $20, user-built PM sensor doesn’t 
always compare well with a regulatory monitor, it 
is still producing data, some – or all – of which 
could be useable if we can define what it is 
measuring.  This $20 sensor may not conform to 
the prescribed definition of PM2.5, but this 
doesn’t mean the data is worthless.  It can still be 
useful for qualitative assessment or to measure 
whether an intervention approach is successful.  
Moreover, averages of dozens of identical, low-
cost sensors would be useful in assessing regional 
concentrations in a community.  Yet, it is 
important to clearly know what the data 
represents and what it does not represent. 

As a scientist, it’s easy to dismiss these novel 
sensor applications because we view them as 
partial or amateurish.  But our world has seen 
profound change, driven by the creativity of 
amateurs.  From Benjamin Franklin to Mark 
Zuckerberg, new tools and applications which 
were once thought of as useless, sometimes play 
an outsized role in our world.  As exposure 
scientists, it may be wise to keep our minds open 
to these new technologies, and how they can be 
useful in our research … especially if they involve 
faster ways to your morning coffee.
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Our next issue is planned for release in November 2017.
In the meantime…
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Thanks for reading!

Missed a past issue of the ISES newsletter? Catch up at 
https://issuu.com/exposurescience

Interested in learning more about membership opportunities with the International 
Society of Exposure Science? Check out https://intlexposurescience.org for more 

information.
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