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Abstract

Federal statutes authorize several agencies to protect human populations from chemical 

emergencies and provide guidance to evacuate, clean, and re-occupy affected areas. Each of 

the authorized federal agencies have developed programs to provide managers, public health 

officials, and regulators, with a rapid assessment of potential hazards and risks associated with 

chemical emergencies. Emergency responses vary based on exposure scenarios, routes, temporal 

considerations, and the substance(s) present. Traditional chemical assessments and derivation of 

toxicity values are time-intensive, typically requiring large amounts of human epidemiological 

and experimental animal data. When a rapid assessment of health effects is needed, an integrated 

computational approach of augmenting extant toxicity data with in vitro (new alternative toxicity 

testing methods) data can provide a quick, evidence-based solution. In so doing, multiple streams 

of data can be used, including literature searches, hazard, dose-response, physicochemical, and 

environmental fate and transport property data, in vitro cell bioactivity testing and toxicogenomics. 

The field of toxicology is moving towards increased use of this approach as it transforms from 

observational to predictive science. The challenge is to objectively and transparently derive 

toxicity values using this approach to protect human health and the environment. Presented here 

are examples and efforts toward rapid risk assessment that demonstrate unified, parallel, and 

complementary work to provide timely protection in times of chemical emergency.
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Chemical risk assessment is central to the evaluation and interpretation of the effects 

of chemical exposures on the natural environment and human health. The general goal 

is to assure the public that no harm is expected or inform them what to expect from 

the exposure dose or concentration. The scope of assessment changes based on its 

purpose, be it emergency response, clean-up of contaminated sites, selection of less-toxic 

alternatives, or national-level regulatory actions. Regardless of scope, a common challenge 

in assessing risk is a lack of hazard and dose-response data to determine potential human 

health risk(s) associated with chemical exposures. As such, chemical risk assessment is 

transitioning to a more predictive science through increased incorporation of New Approach 

Methods (NAMs) based data (EPA, 2020). In emergencies, the primary objective of 

chemical evaluation is to provide timely information that guides decision-making, leading 

to protection from chemical exposures and helping people return to and reoccupy their 

communities, workplaces, or living facilities. In practical applications of risk assessment 

in emergency response, assumptions and uncertainties are integrated by necessity and 

pragmatically into the precautionary principle; a complete or comprehensive understanding 

of the toxicity and its associated biological mechanisms for the chemical of concern often is 

unknown or unavailable (Goldstein, 2001).

The need to characterize risk from chemical exposures is an intrinsic part of the mission of 

the Agency for Toxic Substances and Disease Registry (ATSDR), the U.S. Environmental 

Protection Agency (EPA); and the U.S. Department of Defense (DoD), each having a 

slightly different purpose or scope. Here we describe the similarities and differences 

associated with collecting toxicology data and developing tools to address specific 

functional chemical evaluation requirements for each agency in characterizing human health 

risks associated with environmental exposures.

ATSDR: Responding to Community Needs

ATSDR protects communities from harmful health effects related to exposure to natural 

and manufactured hazardous substances (ATSDR, 2021). ATSDR investigates environmental 

exposures to hazardous substances and recommends action(s) to reduce harmful exposures 

and their health consequences. ATSDR responds to environmental health emergencies, 

investigates emerging environmental health threats, conducts research on the health effects 

of hazardous waste sites, and provides emergency response assistance, in collaboration with 

federal, state, and local agencies.

The Office of Emergency Management (OEM) coordinates ATSDR’s response to requests 

for rapidly needed information concerning the health implications of chemical spills. 

ATSDR staff members include trained emergency response coordinators with knowledge 

and experience to identify the human health issues arising from acute releases of hazardous 

chemicals. An emergency response coordinator is available 24/7 and can be reached through 
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the Centers for Disease Control and Prevention’s Emergency Operations Center. The 

coordinator has access to toxicologists, epidemiologists, public health assessors, chemists, 

physicians, modelers, risk communicators, logisticians, and budget personnel. In the event of 

an acute release of hazardous materials, OEM works with other federal agencies and state 

and local authorities to develop the appropriate public health response under an incident 

management system, compliant with the National Incident Management System. Many acute 

exposure scenarios occur during and after hurricanes, tornados, highway accidents, train 

derailments, warehouse fires, and other unforeseen events. These events further endanger 

communities through potential exposures during and after the release of hazardous materials 

into air or water systems. OEM can assess environmental monitoring data and help develop 

site safety plans, sampling plans, fact sheets, and other communication tools for the event.

ATSDR routinely provides assessments of environmental data to the on-scene coordinator 

or incident commander managing a response and specific recommendations for community 

actions, such as evacuation or shelter in place. When OEM receives a request regarding a 

chemical incident, the time limitations and requirements of the incident are recorded. In 

the initial problem formulation stage, the emergency response coordinator documents the 

identified chemical(s), chemical structures, routes of exposure, and health effects of interest. 

Ideally, ATSDR’s response includes input from its subject matter experts. The coordinator 

asks responders about potential human exposures at the scene and might make assumptions 

based on the types of buildings near the incident (e.g., homes, industrial complexes) if 

information is not available.

A search of chemical databases and scientific literature for pre-established health guidance 

values for the event or query chemical could yield a variety of measures, including 

minimal risk levels (MRLs), reference doses (RfDs), reference concentrations (RfCs), acute 

exposure guideline levels (AEGLs), emergency response planning guidelines (ERPGs), and 

provisional peer-reviewed toxicity values (PPRTVs), with their pros and cons (EPA, 2021 a, 

b, c, d; Woodall, 2005). Three options become available for derivation of needed guidance 

values: use of existent values, de novo values, or computer (in silico) modeling (Figure 1).

For the query chemical, if guidance values are found, they may be adopted or modified 

appropriately under the incident-specific situation. Health guidance values based on a 

different route or duration of exposure, or a different form of the chemical, might not be 

appropriate.

If no health guidance values are identified for the query chemical, a literature search of the 

scientific databases is conducted to identify recent research and toxicity studies on it. If a 

new, appropriate study is identified that meets most of the requirements of an ideal evidence-

based study, the data are used to derive de novo provisional toxicity guidance values akin to 

MRLs by applying the MRL development protocol (ATSDR, 1996). Such values are derived 

based on known and assumed conditions pertaining to that specific emergency event. When 

developing de novo levels in a crisis, sufficient time often might not be available to establish 

certainty; therefore, maximum uncertainty values are used for each extrapolation.
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When definitive studies on certain chemicals are not available, the emergency response 

coordinator consults with subject matter experts in toxicology to compute appropriate values 

using in silico tools such as structure activity relationships (SAR), quantitative structure 

activity relationships (QSAR), read-across, pharmacokinetic (PK) or physiologically based 

pharmacokinetic (PBPK) modeling. Within a short period, an analysis of toxicity, potential 

toxicities, the model selection process, confidence in the estimates, and a comparison of 

results of the model with any known information are provided. The guidance values thus 

derived are not and should not be applied to other situations without a separate follow-up 

evaluation of their suitability by the professionals involved, before use in those latter crises.

If minimal data are not available or if in silico model predictions are not adequate to evaluate 

query chemical toxicity, data gaps are identified and experimental toxicity testing and 

data generation are recommended. Such testing is traditionally conducted by the National 

Institute of Environmental Health Sciences (NIEHS) and its National Toxicology Program. 

However, with the recent proliferation of rapid toxicity testing methods such as new 

approach methods (NAMs), NIEHS and EPA’s Center for Computational Toxicology and 

Exposure have invested significant resources in in vitro toxicity testing systems, which 

resulted in the Tox21™/ToxCast™ high throughput screening testing programs. These 

programs are gaining prominence among risk assessors because a tremendous volume of cell 

bioactivity data is generated across a broad chemical landscape, however the applicability of 

such data in risk-based decision-making is still at evaluation stage (EPA, 2015). Increasing 

the benefits from these data requires further understanding of the underlying mechanisms of 

toxicity and the limitations of the cell systems and assays used in these programs.

Often at ATSDR, MRLs are adopted or modified and used in emergency responses, 

much like health assessors routinely use them to derive environmental media evaluation 

guides for site-specific assessments (ATSDR, 2005b). The guides are estimated contaminant 

concentrations not expected to result in adverse noncancer health effects. They use default 

values for body weight, drinking water consumption, and soil intake for adults and for 

children. Environmental media evaluation guides, sometimes referred to as comparison 

values, allow for direct comparison of environmental concentrations to concentrations 

that would not be expected to cause harm, given conservative exposure assumptions. In 

emergencies, other parameters for values, such as body weights and ingestion rates, may 

be used to better tailor the comparison values to the populations potentially affected by the 

event. Thus, issues such as susceptible populations, exposure scenarios, and other pertinent 

issues can be considered while deriving specific environmental concentrations of possible 

concern.

Incident managers can use these types of risk analysis to inform and justify response 

decisions on-site. The available information on the substance, data gaps, and associated 

assumptions to address those gaps, and the conclusions and recommendations need to be 

understood and documented. In many ways, documentation of assumptions and decision-

making is the key to safe and effective management of responses to hazardous material 

incidents. Such incidents can be challenging, especially because many communities rarely 

have chemical spills. Therefore, individual medical personnel have limited experience in 

dealing with these incidents. Volume III of ATSDR’s Managing Hazardous Materials 
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Incidents series provides emergency medical services personnel with chemical-specific 

guidance on how to appropriately decontaminate, treat, and provide follow-up care to 

exposed persons, and measures to protect themselves (ATSDR, 2001).

EPA: Evaluating Environmental Chemicals

EPA program and regional offices make decisions affecting human health in diverse 

contexts, including emergency responses to chemical spills and releases, screening and 

prioritization of contaminated sites, and human health assessment of chemicals found in 

environmental media. Assessing and addressing the risks requires that data on potential 

exposure, hazard, and dose-response are quickly assembled and communicated.

EPA evaluates a wide range of chemicals, including legacy compounds (e.g., polyaromatic 

hydrocarbons, polychlorinated biphenyls) and emerging contaminants (e.g., per- and 

polyfluoroalkyl substances, nanomaterials), often in the context of emergency response. 

In practice, emergency response to a chemical spill typically is not a single type of 

event, but rather entails gradations of response with varied exposure scenarios and routes, 

temporal considerations, and priorities of hazards. The basic problem to consider is whether 

chemicals in the contaminated environmental media represent an immediate threat to life 

or health. If they do, then prompt evacuation and extensive risk remediation measures 

become the priority. Making that decision typically does not warrant significant or extensive 

characterization of human health effects data.

The response to other environmental emergencies entails identification of chemicals, 

characterization of potential exposure(s) and hazard(s), and selection of optimal mitigation 

approach(es) within a matter of hours up to 1–2 days. After a matter of days, 

an environmental chemical threat effectively transitions into site- or media-specific 

prioritization, screening, and assessment, as appropriate. The common factor among these 

gradations of emergency response is the need to rapidly compile human health, ecological, 

physicochemical property, environmental fate and transport, and exposure information for 

chemical evaluation.

As such in an emergency, the chemical toxicity values used by EPA program, regional, 

and state purviews can be highly variable. This can be particularly true for most novel and 

emerging contaminants and some legacy compounds that have not been formally evaluated. 

Risk assessment and remediation practitioners end up using a variety of approaches and 

methods to establish some baseline for exposure and hazard potential.

To ensure federal and state mission success, particularly for emergency response scenarios, 

the integration of existing data (albeit often limited) with NAMs data will be critically useful 

in advancing chemical evaluation and assessment. NAMs is a broadly descriptive term for 

any non-animal technology, methodology, or approach, or combination thereof, that can be 

used to provide information on chemical hazard and risk assessment (NIEHS, 2018). NAMs 

data represent a wealth of available information spanning in silico and cheminformatic 

(e.g., SAR and read-across; predicted physicochemical properties), in vitro cell bioactivity, 
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toxicogenomics, empirical or predicted exposure(s), high-throughput toxicokinetics, and 

environmental fate and transport predictions (Kavlock et al., 2018; EPA, 2020).

Systematic collection, assemblage, and review of traditional human epidemiological and 

experimental animal bioassay data, when available, and NAMs data is the basic construct 

of an integrated approach to testing and assessment (OECD, 2021). The approach draws 

hazard conclusions when supported by integrating data from different levels of biological 

organization, filling data-gaps where possible, and scoping weight-of-evidence for fit-for-

purpose application(s). Optimally, the approach results in qualitative and quantitative metrics 

that aid risk evaluation (e.g., screening, prioritization, assessment). In practice, widely 

varying datasets will be available for chemicals of potential concern. In some cases, 

sufficient hazard data is available to drive a decision, relegating NAMs data to more of 

a data-gap filling role. For data-poor chemicals, NAMs data might be the primary driver for 

hazard and dose-response interpretations.

Although collection, curation, and coherent staging of such a diverse array of available 

traditional bioassay and NAMs information seemingly might be intractable, EPA has 

committed significant resources to doing this over the past several years. The CompTox 

Chemicals Dashboard (referred to as the “Dashboard”) is a publicly available interactive 

database that provides empirical and predicted data for approximately 883,000 chemicals 

(EPA, 2021). Dashboard users can obtain information for one specific chemical if desired, 

or thousands of chemicals via batch search. Users may select discrete data elements (e.g., 

existing human health values only) or can obtain a full complement of traditional and 

NAMs data and modeled outputs across several information domains (e.g., mammalian 

toxicology, in vitro cell bioactivity, physicochemical properties, environmental fate and 

transport, exposure, product use). In an emergency response, only a relatively narrow scope 

of exposure and hazard and toxicology information (e.g., acute or short-term exposure 

durations) is typically applicable. As such, quick assembly and delivery of key values and 

data is the primary objective, versus comprehensive collection and evaluation of potentially 

voluminous, diverse, and complex data and modeled outputs.

EPA’s Office of Research and Development provides readily accessible, properly scoped 

information to emergency responders and others tasked with mitigating emerging 

contaminant threats. The Center for Computational Toxicology and Exposure in that 

office is developing decision-based workflows, collectively referred to as RapidTox, with 

EPA programmatic and regional end-user input, to fill this need (EPA, 2019). RapidTox 

workflows, for decision contexts such as emergency response, are designed to expedite 

the assembly and delivery of information specifically relevant to the end-user’s defined 

application. For example, for an emergency response, EPA partners and state and public 

agencies are tasked with mitigating chemicals in an acute exposure scenario. EPA and 

partners compile basic information on chemistry (e.g., structure, physicochemical properties, 

environmental fate, transport), acute human health (e.g., acute MRLs), or ecological 

toxicity values, acute duration hazard, and dose response (e.g., points-of-departure), on an 

aggressively short timeline. Personnel who evaluate emerging contaminants (e.g., chemists, 

toxicologists, risk assessors, ecologists, hydrologists, project managers) have specific 

information needs for their respective role(s) in risk-based decision-making. Some of these 
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needs overlap, many more are specific to application, skillset, or expertise. As such, the 

RapidTox workflows and associated CompTox Chemicals Dashboard (EPA, 2019, 2021) are 

informed by and evolving with an increased understanding between the platform builders, 

risk decision translators, and end-user practitioners, be it for emergency response or other 

chemical evaluation decision needs.

Readily accessible fit-for-purpose information via the modules within RapidTox workflows 

might revolutionize the efficiency of making critical decisions that affect human health and 

ecological viability, be it under emergency response or longer-term risk remediation decision 

contexts.

DoD: Protecting Military Personnel

Providing for our national defense is often, by definition, a risky endeavor. It requires the 

use of unique substances under special conditions required for research, testing, training, 

and warfighting. Protecting the health of military personnel and their families within the 

military while ensuring the sustainable use of testing and training ranges are critical goals in 

maintaining a ready force. We must be able to predict the effects from exposures that could 

degrade the mission, often with greater accuracy and less uncertainty.

In developing military-specific substances, such as those used as medications for 

countermeasures, insect repellants, fire extinguishing agents, warfighter gear, propellants, 

smokes, and specialized coatings, all must be shown to be safe for warfighter use and 

sustainable for use on ranges. Therefore, the toxicology requirements of the military — 

to ensure public health of its personnel, fight against unpredictable mission requirements, 

and provide new tools for winning conflicts in unconventional scenarios — are diverse and 

problem-specific.

Additional scenarios include those where military assistance is required for national 

emergency response or peacekeeping missions, including hurricanes, floods, wildfires, and 

disease outbreaks. These could result in exposures to substances in unexpected combinations 

and exposure routes. Often, toxicity data to provide field commanders with accurate 

estimates of risk from exposure are lacking. Also lacking are fast, feasible, and accurate 

means for characterizing exposure. As with first responders, military personnel often must 

use indicators of adverse effect to help determine go/no go decisions (Ciottone, 2018).

Given the variety of potential missions and interests, sound problem formulation is essential. 

Various tools are needed to characterize exposure, toxicity, and health-related risks relative 

to those of the mission (Table 1).

Constraints in toxicity data are evaluated as to the feasibility and reliability of 

getting accurate exposure information, potential health effects, and the mission. Military 

populations are relatively healthy, and considerations typically used to adjust exposure 

benchmarks for the general population might not be useful or relevant.

Optimizing the collection of toxicology data and providing that information in an 

understandable format to those developing new systems provides the most efficient means 
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of accomplishing public health and mission goals. Toxicologists work alongside system 

researchers and developers to provide data and recommendations early in the process, 

when changes or alternatives can be easily made (Eck et al. 2013). Phased approaches to 

the collection of toxicity data best occur early — parallel to designing molecules using 

computer models — and have been conducted with investigators and others.

Chemists begin with in silico models that provide specific predictions important to 

performance. Toxicologists can use other models (e.g., quantitative structural activity 

and property relationships) and read-across techniques to provide relative indications of 

toxicity in prospective uses, even before the substance is synthesized (Figure 3). When 

small quantities are synthesized, focused in vitro work can confirm quantitative structural 

activity and property relationship predictions (ASTM, 2016). Data from NAMs can augment 

computational approaches to help refine further testing and rank alternatives. When scale-

up can be demonstrated (i.e., synthesis of kilogram amounts), focused in vivo work can 

be conducted to provide data for safety data sheets and personal protective equipment 

recommendations. After confirming constituents within formulation and meeting functional 

military specifications, in vivo studies may be expanded, yet focused, based on suspected 

target of toxicity and expected exposure regimes. Testing protocols can be developed 

for expected occupational exposure scenarios, and other testing can be prescribed (e.g., 

acute and sub-chronic aquatic testing) for expected manufacturing requirements, such as 

wastewater disposal and potential for environmental release. Finally, other data gaps are 

filled, depending on expected exposure potential, release, and outcome of other tests 

(USAPHC, 2021). This approach has been used successfully in several DoD programs.

Once collected, information must be interpreted. Data are used in relative ways to ascertain 

which substances are optimal in relation to public health and the environment. Toxicity data 

must be evaluated relative to information on bioaccumulation, environmental persistence, 

and environmental fate. Toxicity data can be binned into toxicity categories such as those 

of the Globally Harmonized System (GHS, 2021). These data and interpretations are 

provided to researchers, developers, manufacturers, and users through tools such as toxicity 

assessments that also provide an evaluation and hazard assessment of other available data.

In all, 14 entities within DoD perform toxicology evaluation, research, testing, or all 

three. Seven of those entities have laboratories that collect toxicology data, each having 

different missions and areas of specialties. To enable the military to respond quickly to 

an unknowable, complex future, the Tri-Service Toxicology Consortium was established to 

help coordinate toxicology services, where appropriate. The consortium meets three times 

annually and has more than 30 coordinated projects. The consortium serves as a technical 

organization to support DoD, and participation is voluntary.

DISCUSSION

Rapid identification of data that inform decisions about exposure and toxicity of chemicals, 

individually or in mixtures, is critical for protection of human health and the environment. 

Some decision contexts involve exposure scenarios (e.g., acute, immediate) that necessitate 

delivery of relevant chemical information in a matter of hours to days. Other decision 
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contexts (e.g., long-term, sub-chronic, chronic) have the advantage of time, where greater 

breadth and depth of analysis over weeks or months is typically acceptable. A common 

theme across risk decision contexts is the challenge of evaluating chemicals that have little 

to no available toxicity data. The advent of NAMs and development of platforms to deliver 

a broader array of data streams provides tremendous future opportunity for converging 

principles and practices in chemical evaluation, regardless of application. Validated high 

throughput assays and computational models have been used in EPA’s Endocrine Disruptor 

Screening Program (EDSP) to screen 1,800 chemicals, pesticides and substances for their 

ability to cause adverse effects (EPA, 2015). In some instances, even short-term rapid 

tests such as the murine local lymph node assay (LLNA) are being used to develop more 

efficient QSAR models (Alves et al., 2016). In another study, multiple non-animal testing 

strategies incorporating in vitro, in chemico, and in silico inputs demonstrated equivalent or 

superior performance to the LLNA when compared with animal and human data for skin 

sensitization (Kleinstreuer, et al., 2018).

As shown, ATSDR, EPA, and DoD have multiple areas of mutual endeavor pertaining 

to chemical evaluation and assessment, regardless of the decision context. Emergency 

responses often represent the most complex and taxing problem for federal and state partners 

because of the inherent rapidity with which decisions need to be made for public health.

In the 21st century, toxicology testing, NAMs, and risk assessment afford opportunities 

to coordinate and collaborate in ways that are resource efficient, animal sparing, and 

complementary for chemical evaluation decisions (Figure 3). After the Deepwater Horizon 

accident, a battery of in vitro high throughput assays were used to predict real-time toxicity 

for eight commercial dispersants (Judson et al., 2010). The study focused on the estrogen 

and androgen receptors, but also included assays probing other biological pathways. No 

activity was seen in any androgen receptor assay. A few dispersants showed a weak estrogen 

receptor signal in one assay and others did not show any activity. Cytotoxicity values for 

six of the dispersants were statistically indistinguishable with median LC50 values (~100 

ppm) and two showed significantly less cytotoxic than the others (>1,000 ppm). This 

demonstrated that in certain emergency scenarios, a similar rapid screening effort could 

be used to make time-sensitive decisions based on potential hazard and risk (Carmicheal 

et al., 2012). Transcriptomic analyses and innovative methods and technology were used to 

understand mechanisms of complex toxicity resulting from environmental pollutants (Xu et 

al., 2017; Reyero et al., 2013). NAMs might help identify candidate points of departure, 

generated from various data sources, including in vitro, in vivo, and in silico, for potential 

use in the development of human health risk assessment values.

Identifying and understanding toxic effects from exposures to chemicals often involves the 

use of incomplete data, leading to extrapolations, assumptions, and associated uncertainties. 

Such incomplete data can be augmented with in vitro toxicity tests to draw rapid 

conclusions in an emergency scenario. After the accidental chemical spill of 4-methyl-1-

cyclohexanemethanol (4-MCHM) in Elk River, West Virginia, in 2014, a quantitative 

toxicogenomics approach was used that included proteomics analysis in yeast cells and 

transcriptional analysis in human cells (Lan et al., 2015). Although 4-MCHM is considered 

moderately toxic, previous limited acute toxicity evaluation indicated that its metabolites 
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were likely more toxic in yeast and human cells (Lan et al., 2015). Crude MCHM 

and its constituents cause slight to moderate skin and eye irritation in rodents. They 

are neither mutagenic nor predicted to be carcinogenic. Multiple prediction models were 

used to study the metabolite formation and their potential toxicity. (Paustenbauch et 

al, 2015). Even though several constituents were thought to be possible developmental 

toxicants, 1,4-cyclohexanedimethanol, 1,4-cyclohexanedicarboxylic acid, and dimethyl 1,4-

cyclohexanedicarboxylate did not cause developmental toxicity in rats. Collectively, the 

findings and predictions indicated that crude MCHM did not pose an apparent toxicological 

risk to humans at 1 ppm, the health advisory level set by ATSDR and the Centers for Disease 

Control and Prevention for household water.

Although NAM tools, platforms, and data are increasingly used to fill data gaps for chemical 

evaluation, use of such information as the primary basis for hazard and dose-response 

assessment is still in its infancy. An added challenge in emergency responses is the need 

for data accuracy and defensibility — the health and well-being of affected communities or 

populations might literally hang in the balance. As such, there is an inherent reliance upon 

traditional human or experimental animal assay data (e.g., duration-relevant toxicity values, 

exposure metrics) for decision-making during an emergency. Currently, NAM data are rarely 

considered by emergency response personnel because they need to be validated thoroughly 

before use. This includes, but is not limited to, lack of clarity of how non-traditional 

assay or modeling data informs hazard and dose-response in acute or short-term exposures, 

challenges with risk communication based on atypical data streams, and assumptions by 

some that NAM data are spurious or too uncertain to support emergency response decision-

making. The challenge for gaining acceptance of NAM data in emergency response and 

many other chemical evaluation contexts might be best addressed through bi-directional 

collaboration. NAM data generators and translators should engage with the intended end-

user community (e.g., field risk assessors and emergency response personnel) to develop 

consensus and better understand the issues and data needs in a rapidly evolving situation. 

Likewise, end-users should engage with NAM data developers to better understand the 

diversity of data streams and qualitative and quantitative information that can be obtained 

across the platform. They also can help inform areas where NAM data could be readily 

integrated and those that need more work to address assumptions and uncertainties that 

might preclude application. Informed public health decisions can be made as we continue to 

develop, validate, and implement different methods and tools, using insights gained from in 
vitro and in silico approaches, high throughput screening, and toxicity testing (Kavlock et 

al., 2018).

The National Toxicology Program’s work to rapidly assess hazards for classes of chemicals 

with little to no toxicological data are at the nexus between toxicological chemical 

evaluation and end-user application. This approach, called Rapid Evaluation and Assessment 

of Chemical Toxicity, or REACT, is designed to provide regulators and responders with 

hazard information on chemicals and mixtures to address environmental and public health 

challenges in a timely manner (NIEHS, 2017). The program focuses on literature-based 

rapid evidence mapping, computational methods including quantitative structural activity 

relationship and in vitro-to-in vivo extrapolation models, in vitro high-throughput toxicity 

screening, and short-term in vivo toxicogenomic studies. These tools can be used in 
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combination or individually, depending on the data needs, to support a given decision or 

response (NIEHS, 2017).

Another program that can assist in deriving provisional toxicity values is the Integrated 

Chemical Environment (ICE) (NIEHS, 2021). This web-based resource provides access to 

high-quality curated data that can be efficiently linked to sets of assay responses and model 

predictions mapped to a health outcome or toxicity endpoint. ICE currently includes in vivo 
experimental animal test data, reference chemical information, in vitro assay data (including 

Tox21™/ToxCast™ high-throughput screening data), and in silico model predictions. ICE 

also includes reference chemical lists, supporting data sets, and computational predictions 

for properties such as physicochemical parameters and clearance rates, which are often 

needed in model development. It serves as an alternative to searching and pooling data from 

a variety of disparate sources. The ICE data integrator function allows users to query high-

quality in vivo and in vitro test results by chemical and by endpoint (e.g., acute systemic 

toxicity, endocrine disruption, skin sensitization). The ICE user environment is an excellent 

example of leveraging information across different levels of biological organization and data 

streams to inform chemical evaluation across decision-making foci.

CONCLUSION

ATSDR, DoD, EPA, and other federal and state agencies have established approaches, 

protocols, and data sources for informing responses to chemical emergencies or crises 

to fit their respective mandates and public health missions. Each of the federal agencies 

have developed programs to meet their legislative mandates that can provide managers, 

public health officials, and regulators with rapid assessment of the potential hazard and 

risk associated with chemical emergencies. The activities coordinated among these federal 

agencies demonstrate unified, parallel, and complementary work that provides timely 

protection of the public in times of chemical emergency.

The field of predictive toxicology has been growing and developing rapidly in the last two 

decades, particularly in the development of ever more sophisticated in vitro assays that 

effectively reflect the properties of human organ systems in vivo. As new methods and 

approaches come into increased use, the scientific community must continue to orient to and 

foster the transition of toxicological testing from a resource-intensive and time-consuming 

observational endeavor to an animal-sparing and higher-throughput predictive science, while 

continuing to provide scientifically defensible and situationally plausible conclusions and 

recommendations.

One way to promote this transition is to integrate limited traditional toxicity data from 

epidemiological and experimental animal bioassay with in vitro and high throughput testing 

data. That will allow rapid conclusions to be drawn using multi-stream data from diverse 

levels of biological organization, while building confidence in such new data use. This 

approach will help advance the chemical evaluation and risk assessment process. Experience 

gained by repeated use of this approach will bring clarity and understanding of the 

toxicological mechanism and, in due course, can be expected to minimize uncertainty in 

the chemical evaluation process.
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Figure 1. 
The Agency for Toxic Substances and Disease Registry’s process to derive a health guidance 

value (HGV) for emergency response.
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Figure 2. 
Relationship between the minimal risk level (MRL) and target organ toxicity doses (TTD). 

An MRL is derived for the most protective critical effect and is an estimate of the daily 

human exposure to a hazardous substance that is likely to be without appreciable risk of 

adverse noncancer health effect. TTDs are derived for secondary effects other than critical 

effects (ATSDR, 1996; 2004).
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Figure 3. 
Integration of multiple data streams to inform integrated hazard assessment The U.S. 

Environmental Protection Agency is tasked with evaluating chemicals under multiple risk-

based decision contexts, including emergency response. Scoping and problem formulation 

is a key first step in determining types and volume of data needed to address a given 

decision context. The data streams may include various gradations (based on availability) of 

existent human health and/or ecological toxicity values, and hazard and dose-response from 

traditional human or experimental animal bioassays, coupled with new approach methods 
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(NAMs) (e.g., empirical or predicted physical chemistry, environmental fate, and transport; 

in vitro cell-based bioactivity and toxicokinetics [TK]; and structure-activity/read-across).
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Figure 4. 
U.S. Department of Defense conceptual framework for the development of toxicity data 

needed to evaluate relative hazard. Green and red in confidence and cost bars reflect general 

cost and confidence of hazard; green denotes relative low cost and high confidence; red is 

relative high cost and low certainty. (DEM-Val = demonstration/validation stage in weapons 

system development).
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Table 1.

U.S. Department of Defense general considerations for addressing risk to military personnel during mission 

operations of variable risk.

Conditions Exposure 
Information

Toxicity 
Information

Relative Level 
of Uncertainty

Decision Comments

Warfighting 
Operations

None-qualitative Qualitative High Go/No go Use real-time symptomology 
to mitigate risks relative to 
mission.

Peace-keeping 
Operations

Ad hoc analytical 
data

Toxicity 
benchmarks 
available for 
substances being 
analyzed.

Medium Mitigate exposures, 
medical intervention, 
if required.

Exposure data variable 
depending on time point, 
weather, analyte list and 
troop location.

Training Operations Specific analytical 
data collected.

Benchmarks 
available.

Low Mitigate exposures Use engineering controls.

System Design, 
Research, 
Development, 
Testing, and Design

Analytical 
chemistry data 
available.

Toxicology 
benchmarks 
available.

Low Evaluate chemical 
alternatives; personal 
protective equipment, 
general engineering 
controls.

Use to assist in weapon 
system design.
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