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Progress in Highthroughput In Vitro
Toxicity Testing
By Robyn Prueitt, Ph.D., DABT
Many scientists are exploring ways to assess chemical hazards using innovative in
vitro techniques that could one day replace traditional animal toxicology studies.
Over the last decade or so, there has been increasing recognition in the
toxicology community of the need for less expensive, faster, and more robust
approaches to the evaluation of chemical safety. Technological advances in molecular
and systems biology have provided powerful new tools to probe how chemicals
interact with biological systems. These methods are increasingly in vitro, which is
Latin for “in glass,” meaning in a test tube or
…the U.S. EPA’s Tox21
petri dish rather than in the normal biological
program will likely take
context of a whole animal. High-throughput
decades to fully achieve
in vitro screening techniques are now routinely
its goals…
used to study the patterns of responses of
genes and protein pathways induced by chemical exposure that might be predictive
of adverse health effects in humans. Chemicals can simultaneously interact
with a single pathway or multiple pathways through different levels of biological
organization (see figure), and deciphering the consequences of perturbations in these
pathways can provide insight into a chemical’s mechanism of toxic action.
The in vitro techniques have many advantages compared to traditional animal
toxicology testing, such as the use of no animals, more rapid results, a greater
throughput for evaluating a large number of chemicals, lower cost, and the ability
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Letter from the Editors
May 2015
Dear Colleague,
In this issue of Trends, we look at recent
progress related to the development and
application of in vitro toxicity testing methods.
Given their speed and lower cost, in vitro
techniques are increasingly being utilized as
an alternative to traditional animal testing.
However, limitations and uncertainties still
remain, and in vitro systems can not yet fully
replace the use of animals in biomedical research.
In the first article, we discuss highthroughput, in vitro screening techniques and
key advantages and challenges compared to
traditional animal toxicology testing. The
second article examines the utility of in vitro
testing for identifying chemical hazards and
underlying causes in humans. Our third article
addresses the potential power of in vitro toxicity
testing for human health risk assessment,
focusing on the need for careful study design
and interpretation.
Gradient contributors to this issue
include Dr. Robyn Prueitt, DABT, Dr. Lorenz
Rhomberg, ATS, and Dr. Lisa Bailey. Joining
us with a guest editorial on the harmonization
of in vitro and in vivo findings for engineered
nanomaterials is Dr. Philip Demokritou, a
professor at the Center for Nanotechnology
and Nanotoxicology at the Harvard T.H.
Chan School of Public Health. Joining him
is Dr. Joel Cohen, a toxicologist at Gradient.
We hope that this issue of Trends provides
you with a better understanding of this topic.
Yours truly,
Chris Long, Sc.D., DABT and Kurt Herman, M.Eng., P.G.
clong@gradientcorp.com kherman@gradientcorp.com
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to measure potential health effects at relevant exposure levels
for humans rather than the relatively high doses used in animal
studies. Because of this, government and regulatory agencies are
shifting the assessment of chemical hazards away from traditional
animal toxicology studies toward mechanism-based biological
observations largely obtained using the new technologies. To
this end, in 2008, a collaboration of multiple federal agencies
started a program called “Toxicology in the 21st Century”
(known informally as Tox21). Tox21 is using high-throughput
in vitro assays to screen 10,000 chemicals of public health
relevance (based on their production, use, or exposure patterns)
for potential toxicity to develop a cost-effective approach for
prioritizing chemicals in need of toxicity testing.
Although Tox21 has made progress in its initial stages of
developing assays and screening a subset of chemicals, there are
several challenges in bridging the results from in vitro assays to
the prediction of adverse health effects in a whole organism.
One major issue is the lack of interacting systems in vitro, such
as a circulatory system to deliver a chemical to different organs,
or a metabolizing system
…new technologies
allow for a reduction in such as the liver to transform
chemicals into either more
the number of animals
or less toxic forms. Because
needed for toxicity
of this issue, the comparison
testing…
of the dose of a chemical in
vitro to that in a whole animal is not straightforward. Another
challenge with in vitro assays is identifying when a chemicalinduced perturbation to a gene or a pathway would lead to
an adverse effect rather than signifying a neutral or adaptive
response. Given these challenges, the U.S. EPA’s Tox21 program
will likely take decades to fully achieve its goals of understanding
the mechanisms of toxic action of chemicals in the body and of
greatly reducing the use of animals in toxicity testing (Tice et al.,
2013).
A shorter-term application of high-throughput in vitro
toxicity testing is incorporation of the resulting data into human
health risk assessment. Another collaborative program of
government agencies, “Advancing the Next Generation of Risk
Assessment (NexGen),” is doing just that. As a start, NexGen
is developing prototype health risk assessments with extensive
evaluations of high-throughput assay data for well-characterized
chemicals (i.e., those with existing, robust data from traditional
animal toxicity testing), such as ozone and bisphenol A. The
goal of each prototype is to evaluate the utility of the data from
new technologies for identifying potential adverse effects against
the best available traditional data, thus providing insights as to
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whether future risk assessments can rely more heavily on in vitro
data while maintaining quality and reliability.
Despite the benefits of high-throughput in vitro toxicity
assays for informing assessments of chemical toxicity, in vitro
systems cannot yet fully replace the use of animals in biomedical
research. Such systems are usually most effective in the early
stages of research as preliminary indicators of adverse effects;
however, they remain limited in terms of their capabilities for

Toxicity Pathways
Chemicals

Receptors/
Enzymes/Direct
Molecular
Interaction
Pathway Regulation/
Gene Expression
Cellular Processes
Tissue/Organ/Organism

Chemicals can interact with a single pathway or multiple pathways through
different levels of biological organization, and multiple pathways can lead to the
same toxic effect in the target organ.
Adapted from: U.S. EPA. 2009. The U.S. Environmental Protection Agency’s
Strategic Plan for Evaluating the Toxicity of Chemicals. EPA/100/K-09/001.

generating reliable data regarding how a chemical can affect a
complex, living organism. For example, in vitro approaches are
widely used by the pharmaceutical industry during the drug
development process in order to prioritize drug candidates in
high-throughput screens for toxicity and to allow subsequent
animal testing to focus on those candidates that are more likely
to have low toxicity. Thus, although the new technologies allow
for a reduction in the number of animals needed for toxicity
testing, researchers will continue to use animals as a primary
means for understanding how people may respond to a chemical
exposure.
The author can be reached at rprueitt@gradientcorp.com.
References:

Tice, R.R., C.P. Austin, R.J. Kavlock, and J.R. Bucher. 2013. Improving the
human hazard characterization of chemicals: A Tox21 update. Environ. Health
Perspect. 121(7):756-765.
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Causal Analysis Using In Vitro Data
By Lorenz Rhomberg, Ph.D., ATS
While progress has been made, much more research is needed
to characterize the potential in vivo toxicity of chemicals entirely
through causal pathways based on in vitro examination.
With in vivo animal testing, the primary outcomes are the
apical toxic effects themselves – the dysfunction at the wholeorganism level that is recognized in the form of defined adverse
outcomes such as tumors, malformations, or organ failures.
The traditional presumption is that any chemical toxicity will
be similar enough in
…what will it mean to
its operation among
have good predictions
mammals that effects seen
of whole-animal outin tested animals may be
comes that themselves are expected in humans as
questionable predictors of well. As our knowledge
human risks?
has increased, however,
we have more examples of agents that have dissimilar effects in
different species, or for which susceptibility to given exposure
levels differs between tested animals and humans owing to
physiological, metabolic, and biochemical differences that are
parts of the underlying mode of toxic action. We need to try
to identify the roles of such influences by tracing backward
through the causal chain, from the observed whole-animal
outcomes to their underlying physiological changes, which in
turn are produced by biochemical interactions (see figure). In
vitro methods that examine some of these processes in isolation
can be a valuable part of this process, but care has to be taken
to consider how individual mechanistic elements interact to
produce the overall apical effects being investigated.
Another approach to using in vitro testing is gaining
increasing interest, namely, the use of measurements of isolated
biochemical processes or cellular responses as the primary
observations, and then tracing their expected consequences (as
they occur in vivo and interact with one another) to produce
the ultimate adverse outcomes of concern. This reverses the
direction of inference (see figure); instead of working from frank
effects backward to their causes, this approach works from the
potentially causal effects at lower levels of organization to project
how they may act together to bring about overt adverse effects
in the whole organism. Clearly, the success of this depends on
how well the ultimate consequences of the observed biochemical
and cellular responses can be identified and understood in
dose-response terms, and we are only beginning to gain the
sophisticated insights into disease-process evolution that will
ultimately be needed.
Nonetheless, because high-throughput in vitro methods
can examine many more chemicals, dose levels, and even the
effects of chemical mixtures in a cost-effective way, the effort
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to make predictive use of such information is increasing – e.g.,
seeking patterns of response among the many simultaneous tests
in a microarray to serve as indicators of toxic mechanisms and
ultimately of the ability of the tested agent to cause frank in vivo
toxic effects in animals. This can be done in a screening mode,
but an ultimate goal, not yet realized and perhaps distant, is to be
able to identify the potential in vivo toxicity of chemicals solely
through investigation of the in vitro examination of parts of their
causal pathways.
To discover predictive patterns from high-throughput
assays, algorithms have to be “trained” by observing correlations
of patterns with in vivo whole-animal toxicity in experiments
already done. The question for this approach is that, in view of
the imperfect role of animal results in predicting human toxicity,
what will it mean to have good predictions of whole-animal
outcomes that themselves are questionable predictors of human
risks?

Levels of Biological Organization
• Direct Molecular Interaction

New
Paradigm

• Gene Expression
• Epigenetic Control
• Cells and Organelles
• Tissues
• Organs
• Organ Systems

Traditional
Toxicology

• Whole Organism
Source: Rhomberg, L.R. 2010. “Toxicity testing in the 21st century: How
will it affect risk assessment?” J. Toxicol. Environ. Health. B13:361-375.

Primary use of in vitro testing for decision-making in risk
assessment will require a high degree of reliability, with well
understood false-positive and false-negative rates and confidence
that all of the apical whole-organism impacts of concern are
captured and identified by the array of in vitro methods to be
applied. Until this happens, whole-animal in vivo testing will
have the dominant role in toxicity testing. But even now, in vitro
methods can be valuable adjuncts to identify underlying modeof-action and metabolic processes, and their dose-dependence,
for the more informed interpretation of how whole-animal data
apply to human risk evaluation.
The author can be reached at lrhomberg@gradientcorp.com.
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In Vitro Toxicity Testing: Practical
Implications
By Lisa Bailey, Ph.D.
In vitro testing holds great promise as a meaningful risk
assessment tool provided that studies are able to utilize relevant
dosing, and the data are carefully interpreted.
Since in vitro toxicity testing is inherently mechanistic,
it is becoming increasingly important in providing a better
understanding of mechanism
…it is critical that
and mode of action (MoA)
doses more likely to be in risk assessment, including
experienced by humans mechanisms of adaptive
are tested in vitro.
and adverse responses. An
understanding of the molecular basis for toxicity can inform risk
assessment by providing a strong foundation for extrapolation of
chemical toxicity to other species and prediction of the biological
plausibility of adverse effects in humans.
Incorporation of in vitro testing into risk assessment in a
meaningful way requires several important considerations. One
is that the in vitro studies need to be conducted at doses relevant
to those experienced in vivo. Different doses have different
mechanisms of action owing to adaptive and protective effects
at low doses vs. saturation of those protective mechanisms at
higher doses. For example, positive in vitro genotoxicity results
at doses higher than what can be found in vivo should logically
be considered irrelevant for risk assessment purposes. This is
because detoxification, DNA repair mechanisms, and other
adaptive responses are overwhelmed at high doses, leading
to cytotoxicity and mutations which may not reflect in vivo
responses at lower doses. Therefore, it is critical that doses more
likely to be experienced by humans are tested in vitro. Defining
No Adverse Effect Levels (NOAELs) in vitro is also important
for a full understanding of the dose-response relationship for the
mechanisms of toxicity and the basis for possible thresholds at
low doses.
Despite their high sensitivity (particularly gene expression
data), a second important consideration that can complicate
the interpretation of in vitro toxicity data involves their low
specificity as compared to whole animal data. Perturbations of
molecular pathways at low doses may very well reflect adaptive
(and not adverse) responses. Although potentially more
difficult to interpret, these data provide possible keys toward
understanding the underlying molecular motifs that regulate
adaptive cellular responses to low levels of chemical stressors.
The U.S. EPA’s Draft Framework for a Mutagenic Mode
of Action for Carcinogenicity (U.S. EPA, 2007) provides an
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example of where the informed application of in vitro data may
help resolve uncertainty regarding MoA. This framework was
recently dropped from the U.S. EPA’s agenda due to debate
within the agency regarding how to apply the age dependent
adjustment factor (ADAF) of 10 for chemicals with a mutagenic
MoA, how to define a mutagenic MoA, and whether a threshold
for mutagenesis is possible. In vitro gene expression data may
help resolve this debate since they can provide information about
what cellular defense mechanisms are operating at low doses to
protect against mutagenesis; moreover, data for higher doses can
be used to probe pathways where these protective mechanisms
become saturated and mutagenesis can occur, thus potentially
providing a stronger scientific basis to support a threshold
for mutagenesis. A recent genomics analysis for naphthalene
(Clewell et al. 2014) does just that. With this information,
adjustments for early life exposures can be based on data rather
than on uncertainties.
In vitro toxicity testing is becoming a necessary and
powerful part of the weight of evidence for chemical toxicity and
risk assessment. It is critical, however, that its use be anchored to
relevant doses and careful interpretation of the data.
The author can be reached at lbailey@gradientcorp.com.
References:

Clewell, H.J., A. Efremenko, J.L. Campbell, D.E. Dodd, and R.S. Thomas.
2014. Transcriptional responses in the rat nasal epithelium following
subchronic inhalation of naphthalene vapor. Toxicol. Appl. Pharmacol.
280:78-85.
U.S. EPA, Risk Assessment Forum Technical Panel on Mutagenic Mode of
Action. 2007. Framework for Determining a Mutagenic Mode of Action
for Carcinogenicity: Using EPA’s 2005 Cancer Guidelines and Supplemental
Guidance for Assessing Susceptibility from Early-Life Exposure to Carcinogens
[External Peer Review Draft]. EPA 120/R-07/002-A. 50p.
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By
The Way...

About 65,000 dietary supplements are
on the market, consumed by more than
150 million Americans, according to a
2013 Canadian government study.
Source: http://www.cbsnews.com/news/herbal-supplements-industrylashes-out-at-fraud-claims/.
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What’s New at Gradient
Awards and Announcements
•

•

Lisa Bailey, Laura Kerper, and Lorenz Rhomberg
tied for the Best Abstract Award for 2015 by the Society
of Toxicology (SOT) Risk Assessment Specialty
Section (RASS) for their abstract “Hypothesis-Based
Weight-of-Evidence Evaluation and Risk Assessment
for Naphthalene Carcinogenesis.”
Michael Peterson and Thomas Lewandowski were
awarded one of the Top 10 Risk Assessment Abstracts
by the SOT RASS for their abstract “Using PBPK
Modeling to Evaluate the Concurrent Effects of
Perchlorate, Other Goitrogens, and Iodine on Thyroid
Status.”

•

David Mayfield and Lorenz Rhomberg were awarded
Outstanding Presentation by the SOT Mixtures Specialty
Section for their abstract “Examination of Multiple
Dose-Response Analysis Methods for Estimating
Dermal Cancer Risks for PAH Mixtures.”

•

Kurt Herman, Ari Lewis, and Tim Verslycke have
been promoted to the position of Principal at Gradient.

•

Leslie Beyer and Kim Reid have been promoted to
the position of Principal Scientist at Gradient.

•

Dallas Wait has been appointed as Vice Chair of
the U.S. EPA’s Environmental Laboratory Advisory
Board (ELAB).

•

Lorenz Rhomberg has been appointed to the
Economy-Wide Modeling Panel, a committee of
the U.S. Environmental Protection Agency’s Science
Advisory Board.

•

Lorenz Rhomberg has been appointed to the
Editorial Board of the journal Regulatory Toxicology
and Pharmacology.

•

Matthew Mayo has been appointed to the Town of
Lancaster’s Zoning Board of Appeals.

•

Matthew Mayo is now a Licensed Professional
Geologist in the state of Louisiana.

Publications
Beck, B.D., M.R. Seeley, and E.J. Calabrese. 2014. Use
of toxicology in the regulatory process. Hayes’ Principles and
Methods of Toxicology, Sixth Edition. (Eds.: Hayes, A.W.; Kruger,
C.L.), CRC Press, Boca Raton, Florida, p35-87.
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Boroumand, A. and L.M. Abriola. 2015. On the
upscaling of mass transfer rate expressions for interpretation
of source zone partitioning tracer tests. Water Resour. Res.
DOI:10.1002/2014WR015767.
Clark, K., J. Flynn, J.E. Goodman, K. Zu, W. Karmaus,
and L. Mohr. 2015. A Response to comments by Noonan and
Miller re: Pleural Plaques and their Effect on Lung Function
in Libby Vermiculite Miners. [Letter to the Editor]. CHEST.
147(3):e124-e126, e128-e129.
Cohen, J.M. and P. Demokritou. 2014. Dosimetry for
In Vitro Nanotoxicology: Too Complicated to Consider, Too
Important to Ignore. Nanoparticles in the Lung: Environ.
Exposure and Drug Delivery. (Eds.; Tsuda, A.; Gehr, P.), CRC
Press, London, UK, p267-293.
Goodman, J.E., R.L. Prueitt, S.N. Sax, H.N. Lynch, K.
Zu, J.C. Lemay, J.M. King, and F.J. Venditti. 2014. Weightof-evidence evaluation of short-term ozone exposure and
cardiovascular effects. Crit. Rev. Toxicol. 44(9):725-790.
Goodman, J.E., S.N. Sax, S.S. Lange, and L.R. Rhomberg.
2015. “Are the Elements of the Proposed Ozone National Ambient
Air Quality Standards Informed by the Best Available Science?”
Reg. Tox. Pharmacol. DOI:10.1016/j.yrtph.2015.04.001.
Kerper, L.E., H.N. Lynch, K. Zu, G. Tao, M.J. Utell, and
J.E. Goodman. 2015. Systematic review of pleural plaques and
lung function. Inhal. Toxicol. 27:15-44.
Kondziolka, J.M. and H.M. Nepf. 2014. Vegetation
wakes and wake interaction shaping aquatic landscape evolution.
Limnol. Oceanogr. Fluids Environ. 4:106-119.
Lewis, A.S., L.A. Beyer, and K. Zu. 2015. Considerations
in deriving quantitative cancer criteria for inorganic arsenic
exposure via inhalation. Environ. Int. 74:258-273.
Long, C.M. and P.A. Valberg. 2014. Evolution of
cleaner solid fuel combustion. Cornerstone. 2:36-40. http://
cornerstonemag.net/evolution-of-cleaner-solid-fuel-combustion/.
Lutter, R., L. Abbott, R. Becker, C. Borgert, A. Bradley,
G. Charnley, S. Dudley, A. Felsot, N. Golden, G. Gray, D.
Juberg, M. Mitchell, N. Rachman, L.R. Rhomberg, K.
Solomon, S. Sundlof, and K. Willett. 2015. Improving Weight
of Evidence Approaches to Chemical Evaluations. Risk Anal.
DOI:10.1111/risa.12277.
continued on pg. 7
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Guest Editorial: Harmonizing In Vitro and In Vivo
Study Findings for Engineered Nanomaterials
By Philip Demokritou, Ph.D. and Joel Cohen, Sc.D.
More development and standardization are needed before in
vitro assays can become a reliable tool for hazard screening of nanomaterials.
With the ever-increasing number and variety of engineered
nanomaterials (ENMs) and nano enabled products (NEPs) entering the consumer market, human exposures are inevitable.
Thus, there is interest in the development of inexpensive and
accurate methods for corre…comprehensive
lating ENM properties with
guidance on how to
toxicity across their life cycle
integrate in vitro results
Currently, wholeinto nanomaterial testing (LC).
animal inhalation studies
strategies is limited.
are considered the “goldstandard” for pulmonary toxicology. Standardized guidelines for
subacute, acute, and subchronic testing (OECD Test Guidelines
403, 412 and 413) have been developed to ensure comparable
and consistent results across studies, although further refinement
is still necessary to improve the detection of acute pulmonary
effects (Landsiedel et al., 2014a).
Due to the high cost and laborious nature of in vivo toxicity studies, the variety of ENM properties and transformations
across their LC, and ethical considerations of animal welfare,
most efforts to date have focused on the use of in vitro methods
for screening nanoform powders. However, comprehensive guidance on how to integrate in vitro results into nanomaterial testing
strategies is limited. Furthermore, findings from in vitro studies
across the literature remain poorly comparable. Such discrepancies may be attributable to (1) different sensitivities of various cell
lines, (2) the influence of cell culture media on particle-particle
and particle-cell interactions, (3) variable preparation of ENM
suspensions that may influence particle agglomeration and bioactivity, and (4) lack of dosimetry considerations to account for the
time required for particles in suspension to be delivered to cells
in culture (Cohen et al., 2014).
In addition to discrepancies across in vitro studies, the
capacity for in vitro results to quantitatively predict in vivo ENM
toxicity has to date been unsatisfactory. For example, correlation
of in vitro test results with No Adverse Effect Levels (NOAELs)
from regulatory inhalation studies has so far been unsuccessful
(Landsiedel et al., 2014b). This may be partly attributed to
particle transformations in the micro-environments of cell
culture media enriched with serum proteins versus the alveolar
lining fluid of the animal lung. Future research will be necessary
to determine the extent to which the protein corona and particle
kinetics observed in an in vitro system can influence toxicity
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compared with microenvironments encountered in vivo.
Furthermore, many in vitro studies apply unrealistically high
ENM doses that are not representative of realistic exposure levels
across their LC, and moreover are often not of the same scale as
in vivo inhalation exposures (Cohen and Demokritou, 2015).
In some instances, exposure concentrations administered in
vitro in a “bolus” format would induce “overload” in vivo, where
pulmonary clearance becomes severely impaired.
Recently, in vitro and in vivo dosimetry methodologies
(Cohen et al., 2014) have been developed that enable
toxicologists to identify and achieve equivalent levels of particle
deposition in both the animal lung and in vitro cellular systems
(Cohen and Demokritou, 2015). Such methodologies can
facilitate determination of equivalent effective dose values across
these two biological systems. Meanwhile, evidence continues
to grow demonstrating that in vitro dosimetry can affect hazard
ranking for low aspect ratio ENMs (Pal et al., 2015).
In summary, it is clear that in vitro assays require further
development and standardization before they may be considered
a reliable tool for hazard screening of nanomaterials. Further
research is needed to identify relevant cell types and mechanistic
pathways, and special consideration of in vitro dosimetry is of
paramount importance in order to produce in vitro effects that
are predictive of in vivo effects.
Philip Demokritou is a professor at the Center for Nanotechnology
and Nanotoxicology at the Harvard T.H. Chan School of Public
Health in Boston. Joel Cohen is a toxicologist at Gradient. They
can be reached at pdemokri@hsph.harvard.edu and jcohen@
gradientcorp.com.
References:

Cohen, J.M. and P. Demokritou. 2015. Dosimetry for in vitro
nanotoxicology: Too complicated to consider, to important to ignore.
Nanoparticles in the Lung: Environ. Exposure and Drug Delivery (Eds.: Tsuda,
A.; Gehr, P.), CRC Press, Boca Raton, FL, p267-293.
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approach for the in vitro dosimetry of engineered nanomaterials. Part. Fibre
Toxicol. 11:20.
Landsiedel, R., L. Ma-Hock, T. Hofmann, M. Wiemann, V. Strauss,
S. Treumann, W. Wohlleben, S. Gröters, K. Wiench, and B. van Ravenzwaay.
2014a. Application of short-term inhalation studies to assess the inhalation
toxicity of nanomaterials. Part. Fibre Toxicol. 11:16.
Landsiedel, R., U.G. Sauer, L. Ma-Hock, J. Schnekenburger, and
M. Wiemann. 2014b. Pulmonary toxicity of nanomaterials: a critical
comparison of published in vitro assays and in vivo inhalation or instillation
studies. Nanomedicine. 9(16):2557-2585.
Pal, A.K., D. Bello, J.M. Cohen, and P. Demokritou. 2015. Implications
of in vitro dosimetry on toxicological ranking of low aspect ratio engineered
materials. Nanotoxicology. DOI:10.3109/17435390.2014.986670.
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What’s New at Gradient
continued from pg. 5

Upcoming Presentations
Salt Lake City, UT. May 30-June 4, 2015. American
Industrial Hygiene Conference & Exposition.

Mayfield, D.B., A.S. Lewis, L.A. Bailey, and B.D Beck.
2015. Properties and effects of metals. Principles of Toxicology:
Environmental and Industrial Applications, Third Edition. (Eds.:
Roberts, S.M.; James, R.C.; Williams, P.L.), Wiley, Hoboken,
NJ, p283-307.



“Interpretation of Risks at Exposures Above and
Below OELs.” L.A. Beyer.



“Challenges in the Derivation and Application
of OELs for Developmental and Reproductive
Toxicants.” T.A. Lewandowski.

Miere, D.W.S.A., J.M. Kondziolka, and H.M. Nepf. 2014.
Interaction between neighboring vegetation patches: Impact
on flow and deposition. Water Resour. Res. 50(5):3809-3825.



“Measuring Workers’ Exposure to Metals in Smelter
Materials Used as Fill and Assessing Potential
Risk.” L.A. Beyer, M.R. Seeley, G.I. Greenberg, B.D.
Beck, S. Thakali, and F. Melnikov.

Prueitt, R.L., H.N. Lynch, K. Zu, S.N. Sax, F.J. Venditti,
and J.E. Goodman. 2014. Weight-of-evidence evaluation of
long-term ozone exposure and cardiovascular effects. Crit. Rev.
Toxicol. 44(9):791-822.
Rhomberg, L.R. 2014. Hypothesis-Based Weight
of Evidence: An Approach to Assessing Causation and
its Application to Regulatory Toxicology. Risk Analysis.
DOI:10.1111/risa.12206.
Sidhu, M.S., K.P. Desai, H.N. Lynch, L.R. Rhomberg,
B.D. Beck, and F.J. Venditti. 2015. Mechanisms of action
for arsenic in cardiovascular toxicity and implications for risk
assessment. Toxicology. 331:78-99.
Wait, A.D., C. Ramsey, and J. Maney. 2015. The
measurement process. Introduction to Environmental Forensics,
Third Edition. (Eds.: Murphy, B.L.; Morrison, R.D.), Elsevier,
Oxford, UK, p65-97.
Wait, A.D. 2014. The Importance of Reliable Product
Chemistry Data: A Case Study. AHPA Report (American
Herbal Products Association), p9-10, October.
Zu, K., G. Tao, C.M. Long, J.E. Goodman, and P.A.
Valberg. 2015. Long-range fine particulate matter from the
2002 Quebec forest fires and daily mortality in Greater Boston
and New York City. Air Qual. Atmos. Health. DOI:10.1007/
s11869-015-0332-9.
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Denver, CO. May 31-June 3, 2015. American
Association of Petroleum Geologists Annual Convention and
Exhibition.
•

“Critical Review of Research on Potential Upward
Migration of Hydraulic Fracturing Fluid and
Brine.” M.P. Tymchak and S.A. Flewelling.

•

“Evaluation of Human Health Risks Via Drinking
Water for Spills of Hydraulic Fracturing Fluids.”
S.A. Flewelling, M. Sharma, D.E. Merrill, A.S. Lewis,
and J.T. Rominger.

Chicago, IL. July 11-14 2015. Institute of Food
Technologists Annual Meeting.
•

“Risk Assessment of Contaminated Coffee to
Determine the Need for a Product Recall.” L.A.
Beyer, M.L. Hixon, D.B. Mayfield, M.K. Peterson,
and E.M. Dubé.

To request copies of articles or presentations, or to subscribe
to Trends, please contact us at trends@gradientcorp.com.

The next issue will focus on:
Geographic Information Systems (GIS) and Data
Management
Trends is a free publication of Gradient. If you would like to be
added to the distribution list, email trends@gradientcorp.com.
Look for Trends on the Web at: www.gradientcorp.com
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