
Running head: INORGANIC ARSENIC AND AVIAN WILDLIFE 
 

 
 
 
 

 

Review of Inorganic Arsenic Toxicity on Avian Wildlife 

 

by  

 

 

 

Morgan Finley 

 

 

 

 

A Thesis Submitted to the Faculty of Social and Applied Sciences  

in Partial Fulfilment of the Requirements for the Degree of  

 

 

 

Master of Science in Environment and Management 

 

 

 

 

Royal Roads University 

Victoria, British Columbia, Canada 

 

 

Supervisor: Doug Bright 

September, 2015 

 

 

 

 

 

  Morgan Finley, 2015 



INORGANIC ARSENIC AND AVIAN WILDLIFE  2 
 

COMMITTEE APPROVAL 

 

The members of Morgan Finley’s Thesis Committee certify that they have read the thesis titled 

Review of Inorganic Arsenic Toxicity on Avian Wildlife and recommend that it be accepted as 

fulfilling the thesis requirements for the Degree of Master of Science: 

 

  Matt Dodd, PhD [signature on file] 

 

 

Final approval and acceptance of this thesis is contingent upon submission of the final copy of 

the thesis to Royal Roads University. The thesis supervisor confirms to have read this thesis and 

recommends that it be accepted as fulfilling the thesis requirements: 

   Doug Bright, PhD [signature on file] 

 

 

  



INORGANIC ARSENIC AND AVIAN WILDLIFE  3 
 

Creative Commons Statement 

 

This work is licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 2.5 

Canada License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-

sa/2.5/ca/.  

Some material in this work is not being made available under the terms of this licence: 

 Third-Party material that is being used under fair dealing or with permission. 

 Any photographs where individuals are easily identifiable.  

  

http://creativecommons.org/licenses/by-nc-sa/2.5/ca/
http://creativecommons.org/licenses/by-nc-sa/2.5/ca/


INORGANIC ARSENIC AND AVIAN WILDLIFE  4 
 

Acknowledgements 

I would like to acknowledge the support of my family during this thesis process. Several people 

also provided valuable assistance in reviewing and compiling the database; in particular Brian 

Pyper and Laura Bekar. Also deserving appreciation for their assistance are Ryan Hill, Patrick 

Allard, Cheryl Mackintosh, Beth Power, and Gary Mann. Of course, I would like to thank Doug 

Bright (my supervisor) and Matt Dodd (my supervisor committee at Royal Roads University). 

 

  



INORGANIC ARSENIC AND AVIAN WILDLIFE  5 
 

Abstract 

This study focused on the assessment of ecological risk, specifically the assessment of 

risk to avian wildlife receptors at contaminated sites. A systematic review of published 

toxicological dose-response data for inorganic arsenic, as it relates to avian receptors, was 

completed. Using data extracted from published toxicological studies, a meta-analysis was 

performed which synthesized the data into a detailed toxicity profile relating exposure, as 

internalized dose, with effect size to provide a more holistic understanding of the dose-response 

relationship. A larger objective of this study was to advance the practice of developing decision 

criteria for defining toxicological effects thresholds beyond which adverse effects might occur. 

Ecological risk assessments (ERAs) for vertebrate species focus specifically on the potential for 

adverse effects to whole organisms and population-level consequences. Published reference 

values are prescribed by regulatory agencies for the assessment of risk under the ERA process. 

The avian/inorganic arsenic toxicity profile completed in this study provided a means to 

critically review select published reference values and highlight uncertainties that are inherent in 

the derivation of reference values.  
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Introduction 

The potential for anthropogenic environmental contaminants to have adverse effects on 

wildlife is a key concern for environmental risk management. Commercial and industrial 

activities, including resource extraction and refinement, have the potential to introduce 

contaminants of potential concern (COPCs) into the environment at levels that pose risk to 

wildlife receptors and may adversely affect ecological resources and processes. Managing 

ecological risk is a far from a simple exercise. Anthropogenic influences may have beneficial 

and/or detrimental effects on wildlife and on ecological goods and services. The potential for 

adverse consequences or risk will be influenced by site specific conditions and the COPCs 

present: some COPCs are more toxic than others, different wildlife species have different 

sensitivities to contaminants, and the relative sensitivity of different taxa is different for 

different COPCs.  

The assessment of the toxicological effects that a COPC may have on receptors is 

founded on the dose-response model, which measures organism response in relation to doses of 

a contaminant as an indicator of the toxicity (Calow & Forbes, 2003, p.147). Environmental 

risk assessment is most often applied to an evaluation of site-specific risks and focuses on risks 

to ecological goods and services, human health risk assessment (HHRA), and ecological risk 

assessment (ERA). In an ERA, effects endpoint that is relevant to population or community 

status, such as growth, reproduction, or mortality, is often chosen in the assessment of dose-

response. 

ERA uses toxicological dose-response data to quantify the site-specific magnitude of 

risk to individual receptors or their populations based on contaminant exposures. This study 

reviews the relationship between avian species and inorganic arsenic toxicity, and is intended 
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to provide insight into the process of making site-specific decisions about avian wildlife risks 

from relevant dose-response data. A toxicity profile may be described as: 

A systematic review of literature-based toxicity data for a specific contaminant and 

receptor group synthesized into a database data to provide a more holistic 

understanding of the underlying dose-response relationships. 

 

This study also compared and contrasted the information provided in the toxicity profile 

with published reference values for avian/arsenic1 assessment and reviewed reference value 

derivation methods. The selected published reference values are often prescribed for use by 

regulatory agencies, and the critical review highlighted the value of having a more complete 

understanding of the relationship between contaminant exposure and receptor responses 

afforded by the toxicity profile approach. The published reference values for effects of arsenic 

on avian populations generally rely on one critical study for the underlying dose-response data. 

There are two key problems with this approach: there is potential uncertainty inherent in the 

derivation process; and there is potential uncertainty in the toxicological study that provides the 

base data. A further benefit of the toxicity profile approach is to highlight areas of uncertainty 

relating to the toxicological studies, review the uncertainty, and incorporate the uncertainty in 

the profiling of the dose-response relationship without the application of arbitrary uncertainty 

factors.  

Exposure-Dose Relationship 

Risk management is concerned with understanding the potential effects that 

contaminant exposures (expressed as an environmental concentration or internalized dose) will 

                                                           
1 Avian/arsenic is an annotated means to refer to the relationship between avian species and arsenic (specifically 
inorganic arsenic). 
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have on ROCs. ERAs involve the processes of screening or estimating risk to ecological 

receptors including invertebrates, plants, fish, and vertebrate wildlife (i.e., avian and 

mammalian species). Environmental regulatory agencies have preferred methods for reviewing 

risk, and while there will be variations by jurisdiction, from an ERA perspective the concern 

about contaminant effects is primarily focussed around the potential for decreased survival, 

impaired reproduction or growth, and critical developmental processes at the population rather 

than organism level (British Columbia Ministry of Environment (BCMOE), 2006, p.3)2.  

The dose-response relationship describes an effect on a whole organism as a function of 

contaminant exposure. It is one of the most fundamental concepts in toxicology (Calabrese & 

Baldwin, 2003, p.691) and is critical piece of the ERA paradigm. Generally, the dose-response 

model measures the effect on a test population from different doses of a toxicant (Calow & 

Forbes, 2003, p.147). Historically, most toxicological studies have reviewed mortality as the 

organism level effect by attempting to define the toxicologically relevant concentrations as 

lethal dose (LD) measurements. The LD describes the “known amount of toxicant per amount 

of body weight… [or] amount of toxicant per animal” and requires a precise measure of how a 

toxicant is internalized into an ROC whereas lethal concentration (LC) describes the “amount 

of toxicant in an environmental medium such as water, soil, or air” and precise dose is not 

generally known (Stark & Banks, 2003, p.507). These studies will normally use acute (short-

term) toxicity testing methodologies.  

Toxicant effects may also be more subtle than direct mortality and may occur over a 

longer time period (i.e., associated with a chronic exposure scenario). Growth, behavioral, and 

                                                           
2 A different level of protection may be desired for sensitive, rare, or endangered species. 
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reproduction effects are examples of receptor impacts which are still biologically significant 

endpoints, though the magnitude and significance of these effects may not be as easily captured 

in toxicological studies especially for acute exposure duration. The effects of exposure are 

usually assumed to be adverse in nature though the part of the complexity inherent in reviewing 

the dose-response relationship is highlighted when the opposite may be true; at some doses, 

particularly low doses, the dose-response may exhibit a hormesis or “U” shaped relationship 

(Calabrese & Baldwin, 2001, p.285). Hormesis may be defined as the production of positive 

outcomes for the physiological and health status of an ROC at low doses even though higher 

doses may result in manifestation of significant adverse health effects.  

It may be extremely difficult to put sublethal effects into an ecologically relevant 

population context as many toxicological studies review the effects of contaminants on 

individuals (Stark, Banks, & Vargas, 2004, p.732). Using sublethal effect data for the 

protection of individual species is complex. Associating sublethal effect data on individuals for 

population protection is more so. For example, behavioral effects may be ecologically relevant 

if the magnitude of effect is a detrimental alteration to normal behavioural responses (Scott & 

Sloman, 2004, p.369). Measures of behavioural effects may include, for example, feed 

consumption and level of alertness quantified as grams feed intake per day and time spent at 

that activity compared to a control group respectively. Unfortunately, these findings do not 

translate easily into a measure of risk for an individual, let alone for a population. The severity 

of any measured effect is not easily quantified. A reduction in feed consumption, or a lower 

level of alertness, does not necessarily equate with a decrease in population viability even if the 

exposure duration is chronic. COPCs that exert behavioural change such as the level of 

alertness could imply a reduced ability for predator avoidance, but assessing the risk associated 
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requires understanding the environmental context (e.g., predator avoidance, may not be a 

relevant measurement for apex predators whereas hunting success might be). The 

environmental context is further complicated by the potential impacts of multiple stressors 

including habitat alteration and multiple COPCs at many different temporal and spatial scales 

(Bradbury, Feijtel, & Van Leeuwen, 2004, p.466). Even though a dose may be toxicologically 

relevant in that it is associated with a statistically significant effect result, it does not mean that 

dose is ecologically relevant and associated with a statistically significant population level 

effect.  

The dose-response relationship is often used to calculate point estimates of risk, such as 

toxicity reference values (TRVs). As such, most regulatory guidance requires the use of 

endpoints that can be more easily related to population level effects (i.e., mortality, growth, and 

reproduction) (Allard, Fairbrother, Hope, Hull, Johnson, Kapustka, Mann, McDonald, & 

Sample, 2009, p.30).  

Toxicological studies often report no observable adverse effect level (NOAEL) and 

lowest observable adverse effect level (LOAEL) values for specific effects. These values have 

often been used in the derivation of point estimates of risk, however, it is unlikely that either of 

these values is a true representative of either the no observed or lowest observed effect levels. 

In reality many researchers presume there is a ‘threshold effect level’ (Kannan, Blankenship, 

Jones, & Giesy, 2000, p.191) which essentially divides the absolute lowest no effect and 

absolute lowest effect levels. Many research studies attempt to identify toxicologically relevant 

dose concentrations and assign statistical significance to the findings. However, statistical 

significance does not always confirm that finds are true (Ioannidis, 2005, p.40). Individual 

studies may present data where it is extremely difficult to estimate a threshold effect level due 



INORGANIC ARSENIC AND AVIAN WILDLIFE  13 
 

to a sparsity of administered doses and/or limits in study design (i.e., small sample sizes). 

Compiling all NOAELs and LOAELs for a specific contaminant, endpoint, and receptor 

theoretically improves the robustness of the estimation between the division of no effects and 

lowest effects. However, unless there is a plethora of toxicological dose-response information, 

the threshold effect level must be calculated and in effect is still only an estimation. Using the 

geometric mean of the NOAEL and LOAEL values provides what is arguably “the most 

conservative estimate of the midpoint between these two doses” (Kannan et al., 2000, p.191). 

Published TRVs are often derived from single study NOAEL and LOAEL values (e.g., Sample, 

Opresko, & Suter II, 1996, Toxicological Benchmarks for Wildlife) or derived from the 

geometric mean of NOAEL and LOAEL values from one or more study (e.g., United States 

Environmental Protection Agency (USEPA), EcoSSL). These values rely on the strength of 

published data. Given the sparsity of toxicological data available for most contaminants and 

wildlife receptors, it is unlikely that the data will accurately capture the ‘true’ threshold 

between NOAEL and LOAEL values. Furthermore, toxicological studies will likely use 

different design characteristics to review different endpoints for different receptors, and 

comparing data from different studies presents a serious challenge. For example, while chronic 

toxicity studies may include mortality assessments, they may also address toxicological effects 

on other biological indicators of effects including, but not limited to: “life span, weight gain, 

reproduction, cancer, and birth defects” (Stark & Banks, 2003, p.508). There is risk when 

choosing one study and presuming that this study provides the true NOAEL, LOAEL, or 

threshold value. 

When reviewing the relationship between two variables (i.e., the control [zero dose] and 

a measured dose in a toxicological study) there might be an observed correlation between the 
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two variables, however, a correlation does not mean there is causation. The methods for 

reviewing correlation include visually reviewing data in scatterplots. Scatterplots may show a 

relationship, however, it is important to note that relationships are not always easy to 

distinguish. 

A more detailed dose-response relationship provides risk managers “with a better 

understanding of the potential effects associated with a chemical stressor” and may assist in 

probabilistic modeling techniques (Bradbury et al., 2004, p.467). Toxicity profiles plot 

published toxicity information from available resources for different contaminants, both for 

individual species and species groups, and for multiple endpoints. By presenting information in 

this way, risk management decisions may be rendered using a more holistic understanding of 

not only the dose-response relationship for certain contaminants in relation to certain species, 

but also how the exposure dose relates to different receptors based on site specific conditions. 

While it is expected that the techniques and results described here will have application across 

all phases of the ERA process, the creation of toxicity profiles is assumed to have the greatest 

value in the screening assessment and risk characterization phases and that both managers and 

regulators will be better able to appreciate the risks to site receptors than is currently provided 

by relying on point estimates of risks such as is provided by published TRVs. Toxicity profiles 

also provide key insight into uncertainty.  

Ecological Risk Assessment 

The USEPA (n.d.) provides the following narrative for ERAs in relation to effects on 

wildlife: 

“Ecological risk assessment seeks to estimate the effects of environmental 

contamination on growth, reproduction, and survival of a variety of ecological 
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receptors (e.g., birds, mammals, fish, plants) that may be exposed to chemicals in 

contaminated environmental media, now or in the future.” (USEPA, n.d.) 

ROCs are those wildlife species that are potentially exposed to COPCs. The common 

route of exposure for ROCs is oral intake (FCSAP, 2012) which is quantified as a site-specific 

exposure concentration3 to be screened against species and COPC specific protection values or 

used to determine organism dose in a detailed, quantifiable, analysis of risk. The dose-response 

relationship describes the effects of different doses on the organism and is an essential feature 

of toxicology (Calabrese & Baldwin, 2001, p.285). When the level of exposure is determined 

as likely to present risk, environmental risk management will use the ERA process to examine 

the level of risk.  

ERA processes are often tiered; progressing from screening level assessments to more 

detailed risk assessment(Hill, Chapman, Mann, & Lawrence, 2000; Bradbury, Feijtel, & Van 

Leeuwen, 2004). During all levels of the ERA process, the dose (exposure level) is reviewed 

against the response (associated risk). For screening level assessments, when the exposure 

concentration is below screening values, no or negligible risk is assumed to exist. Exposure 

concentrations may be used to calculated dose for specific ROCs and thereby used in screening 

level assessments by comparing to reference values linking contaminant and receptor. TRVs 

are examples of point estimates of exposure levels below which toxicological risks to the ROC 

are deemed to be acceptably low. TRVs are often derived from no observable adverse effects 

levels (NOAELs) or lowest observable effects levels (LOAELs), potentially extrapolated from 

other species, and possibly extrapolated from acute to chronic effects depending on desired 

toxicological endpoint. As such, conservative assumptions are used to avoid type II error; a 

                                                           
3 Exposure concentration is the amount of toxicant available in surrounding environmental media. Dose is the 
amount of exposure concentration internalized by the organism and for this study will be standardized as mg of 
contaminant/kg of bodyweight/day. 



INORGANIC ARSENIC AND AVIAN WILDLIFE  16 
 

situation where risk truly exists but is not predicted when comparing TRVs to site specific 

conditions (Allard et al., 2009, p.33). TRVs are also used in the creation of hazard quotients 

(HQs). HQs are a tool to compare site specific conditions to TRVs. Food chain modeling uses 

site-specific contaminant concentrations to calculate receptor exposure from relevant exposure 

pathways; direct ingestion of prey/forage/water and incidental ingestion of soils and/or 

sediments. If the TRV/Site Specific Conditions is ≥ 1 the presumption is that risk to ROCs may 

exist and that a detailed quantitative risk assessment would be warranted. Using this 

perspective, conservative and/or poorly derived TRVs may lead to presumptions of risk where 

there is “limited insight regarding the actual probability and magnitude of potential effects” 

(Hill et al., 2014, p.3). While TRV use is most appropriate for early phases of the ERA process 

(i.e., screening level assessments), unfortunately TRVs are often used in detailed risk 

assessment to quantify risk (Hill et al., 2014, p.3). A report prepared for Environment Canada 

for guidance on site-specific TRVs (Mackintosh, Mann, Allard, Hill, & Power, 2010) 

highlights some of the limitations of published TRVs which are often used in ERAs and yet 

have “regulatory precedent in many jurisdictions”. While conservative assumptions may reduce 

type II error the same assumptions can increase the probability of type I error; driving a 

conclusion of unacceptable risk when none exists. The confidence of the HQ used in risk 

assessment will be undermined when the likelihood of type I or type II error is high 

The ERA process can be considered human centric or environmentally centric 

depending on the conceptual models that guide it. This distinction is important to 

environmental risk management. A human centric perspective measures risk as human health 

risks and/or as risks to ecological goods and services that have human value. There will be 

overlapping features between human and environmental centric perspectives; however for 
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simplicity, the environmentally centric perspective is considered to be the value of ecological 

resources not measured in terms of human value, and ecological features are valued not just for 

the benefits they provide to people. The overarching goals of environmental centric protection 

is to maintain biodiversity and ecological features and processes beyond those that only benefit 

humans, or may be of less tangible benefit over longer spatial and time scales. Both 

perspectives measure environmental sustainability. When providing guidance on environmental 

protection, regulatory agencies may not explicitly provide protection goals for wildlife and 

ecological services. For example, in deriving soil quality guidelines, the Canadian Council of 

Ministers of the Environment (CCME) acknowledges that there is an implication to provide a 

level of environmental protection that supports the sustainability of human activity. However, 

CCME also states that the maintenance of primary ecological functions is usually required to 

support human activities and that there should not be a presumption that ecological values are 

subordinate to human values (Canadian Council of Ministers of the Environment (CCME, 

2006). As such, soil quality guidelines are derived solely on toxicological information (CCME, 

1999). Protecting ecological values include protecting wildlife and maintaining ecological 

conditions to support wildlife (i.e., important habitat features). The level of risk is often a 

balance between over and under protection, where the social benefits are weighed against the 

potential risks to environmental factors including risks to wildlife (Chapman, Fairbrother, & 

Brown, 1998, p.99). Such considerations, however, are intended to inform the risk management 

decision process, which takes place subsequent to the ERA process. In theory, social benefits 

considerations should not unduly drive conclusions from ERA. 

In Canada, the Government of Canada established the Federal Contaminated Sites 

Action Plan (FCSAP) which prescribes the use of ERAs as a site management tool at federal 
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contaminated sites with the specific narrative to: “reduce the risks to human health and the 

environment, as well as to reduce the financial liabilities associated with federal contaminated 

sites” (Federal Contaminated Sites Action Plan [FCSAP], 2010). The United States 

Environmental Protection Agency (USEPA) Superfund Program has a similar narrative 

statement to: “facilitate defensible and appropriately-scaled site-specific ecological risk 

assessment… to protect public health and welfare and the environment from the release or 

potential release of any hazardous substance, pollutant, or contaminant” (USEPA, 1997). For 

both, the protection goals are aligned to reduce risk to human and environmental health with 

ERAs prescribed as a tool for the achievement of this goal.  

An evaluation of ecological goods and services and a review of HHRA is beyond the 

scope of this study. Instead this study will focus on the ERA process in general and specifically 

review the processes that are used to assess the risk to wildlife ROCs that are potentially 

exposed to site-specific COPCs. The goal of this study is to introduce a more detailed and 

holistic approach for reviewing and analyzing potential risk to ROCs by providing an in-depth 

review of published dose-response toxicological data that is specific to a receptor class and 

COPC. The toxicological data will be species and COPC specific and will be presented as a 

toxicological profile. Examples of conventional practice across several jurisdictions will serve 

to highlight the value of using toxicity profiling to more accurately inform decision makers. 

Toxicity profiling, by providing a more complete dataset of dose-response information, will 

potentially reduce uncertainty and provide a more defensible analysis of the level of protection 

afforded to ROCs at different exposure doses.  
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Ecological Risk Assessment- Frameworks 

While it is beyond the scope of this study to systematically review all ERA frameworks, 

it is beneficial to review how ERAs fit into the regulatory structure in various jurisdictions to 

provide context for the process of establishing and using toxicity profiles. The ERA process is 

intended as a tool to inform decision makers by providing details on the probability and 

magnitude of risk for ecological receptors from human-induced contaminant exposure on a 

site-specific basis.  

Environment Canada provides the following definitions of ERA:  

“[ERAs are] the process of evaluating the potential adverse effects on non-human 

organisms, populations or communities in response to human-induced stressors”;   

“[ERAs are] the process of defining and quantifying risks to non-human biota and 

determining the acceptability of those risks”; and 

“ERA helps determine whether and to what extent remediation or other risk 

management measures are needed” (Azimuth Consulting Group, 2012) 

The USEPA’s definitions of ERAs closely align with Environment Canada: 

“An ERA evaluates the potential adverse effects that human activities have on the living 

organisms that make up ecosystems” (USEPA, 2011); and 

“[ERA] evaluates the likelihood that adverse ecological effects may occur or are 

occurring as a result of exposure to one or more stressors” (USEPA, 1998) 

Hill, Chapman, Mann, & Lawrence (2000), in an earlier review of ERAs for different 

jurisdictions (CCME, 1996; European Commission, 1996; US ACOE, 1996; USEPA, 1998), 

present four main phases of an ERA which are titled the same as those provided by FCSAP 

(2012). The authors state that there is value in flexibility in the ERA process where the process 

can be tailored to meet specific problems and they caution against rigidity in published 

frameworks or guidance. A general summary of the four main phases is provided below: 
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1. The problem formulation phase describes the ERA planning stage which is generally a 

desktop process (though it may include a preliminary site investigation). 

2. The exposure assessment phase often includes a site characterization which reviews the 

mechanisms of exposure for ROCs. It is focused on site-specific investigations into 

different components that will factor into risk management and risk characterization 

including COPCs and wildlife present, the concentration of COPCs, and, possibly, their 

bioavailability.  

3. The effect assessment phase attempts to characterize effects associated with site-

specific doses. This assessment generally involves developing or sourcing a TRV for 

comparison to site-specific exposure estimates or the development of a concentration-

response (or dose-response) relationship to directly review effect levels for site-specific 

relevant exposure concentrations. 

4. Risk characterization phase is described by Hill et al. (2000) as the “assimilation phase” 

where the site-specific assessments are used to characterize risk to specific receptors. 

This characterization is synthesized into a format for use by risk managers by providing 

estimations of the probability, magnitude, and extent of risk. 

Environment Canada (2012), under FCSAP, provides a standard conceptual framework 

for ERA as it applies to contaminated sites. This framework supports a weight of evidence 

(WOE) approach where multiple lines of evidence are examined to support a characterization 

of risk. The process is intended to be iterative and has the same structure as is outlined above. 

The USEPA provides a general overview of the ERA process under the Superfund 

program which was established to address abandoned hazardous waste sites (USEPA, 2015). 

The Superfund program has similarities to the Environment Canada FCSAP program. The 

USEPA (2011), describes a framework with three phases; problem formulation, analysis 

(including characterization of exposure and characterization of ecological effects), and risk 

characterization. The Superfund ERA definition of process for ERA is consistent with the 

USEPA (1998) publication; Guidelines for Ecological Risk Assessment. While eight steps are 
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detailed in the Superfund ERA process, each step falls under one of the ERA phases4 outlined 

above.  

Avian/Arsenic Toxicity 

“Arsenic is not a well-documented element when it comes to biota and particularly to 

birds” (Sánchez-Virosta, Espín, García-Fernández, & Eeva, 2015, p.507). 

The focus of this study is to provide a more holistic understanding of inorganic arsenic 

toxicity as it relates to avian species.  

Inorganic arsenic is a commonly encountered contaminant at many sites and as such 

provides an excellent example of a COPC with which to review the methods of compiling a 

detailed database and analyzing the toxicological data gathered in a meaningful and useable 

way. While the methods presented herein will be applicable to any COPC, an added benefit of 

focusing on inorganic arsenic is that current published reference values have arguably been 

derived with a low level of confidence largely resulting from uncertainty due to the sparsity of 

inorganic arsenic toxicological data available for avian species. 

While arsenic only exists as one stable isotope with an atomic weight of 74.92, it can be 

found in five valence states (-3, -1, 0, +3, +5),  four oxidation states ( +5, +3, 0, and -3), and 

because arsenic is a metalloid, it may be present in both inorganic and organic forms. It is the 

20th most occurring trace element in the earth’s crust (Duker, Carranza, & Hale, 2005, p.632). 

Arsenic only ranks 47th out of 88 naturally occurring elements (Vaughan, 2006, p.71) and yet it 

is one of the prevalent toxic elements in the environment (Bowell, Alpers, Jamieson, 

Hordstrom, & Majzlan, 2014, p.1). Its crustal abundance is largely dependent on the 

                                                           
4 Steps one through five are generally associated with the problem formulation phase though the progression 
through these steps also includes an analysis of exposure and likely effects. 
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mineralogy of the surrounding area. Arsenic is a critical component in at least 568 known 

minerals (Bowell et al., 2014, p3). The toxicity, mobility, and fate of arsenic in the 

environment is dependent on the mineralogy, chemical speciation, and biological processes 

(Bowell et al., 2014, p1) and the valence state of arsenic will affect its behavior in aqueous 

systems (Jain & Ali, 2000, p.4304).  

Arsenic rarely exists in its elemental form (As0) and rarely as arsine (As3-) found in the 

natural environment (CCME, 1999; USEPA, 2012; Jain & Ali, 2000). Arsenic can be present 

in organic and inorganic forms. The primary inorganic forms of arsenic in soil are as arsenic 

(V) and arsenic (III) compounds (EcoSSL, 2005). Arsenic can substitute for other minerals in 

mineral structures, dependent on valence state, and concentrate in oxide minerals, particularly 

iron oxides and sulfide minerals (Bowell et al., 2014, p3; Bissen & Frimmel, 2003).  

The speciation is the individual physico-chemical forms of the element which together 

make up its total concentrations in a sample (Jain & Ali, 2000, p4306; Rakhunde, Jasudkar, & 

Deshpande, 2012), and the speciation of an element may provide key information on the 

bioavailability, metabolism and toxicity (Gong, Lu, Ma, Watt, & Le, 2002, p.77). When 

discussing the toxicological effects of arsenic we are primarily concerned with the four 

oxidation states: +V (arsenate), +III (arsenite), 0 (arsenic), and –III (arsine) (Sharma & Sohn, 

2009; Jain & Ali, 2000, 4305). Toxicity of As to aquatic organisms is highest for arsine 

(gaseous) and progressively lower for arsenite, arsenate, monomethylarsonic acid (MMAA), 

dimethylarsinic acid (DMAA), and complex organoarsenicals such as arsenobataine (CCME, 

1999; Jain & Ali, 2000, p4305; Hindmarsh, Thomas, McCurdy, & Savory, 1986). The CCME 

does not attempt to quantify the difference of magnitude in toxicity between arsenic species nor 

the likelihood of risk, and the ranking is intended as a generalization of the toxicity of arsenic 
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compounds for aquatic organisms.  Biological process can methylate inorganic arsenic 

compounds thus converting them into organo-arsenicals.  

The trivalent forms of inorganic arsenic (As(III)) are normally found under anaerobic 

conditions compared to  the pentavalent forms of inorganic arsenic (As(V)) which are more 

commonly found under oxidized (i.e., aerobic) conditions (Rakhunde et al., 2012, p.92). The 

trivalent species of arsenic (arsenites) are assumed to be more toxic than pentavalent forms 

(arsenates) (Hindmarch et al., 1986; Sharma & Sohn, 2009; Jain& Ali, 2000, p.4305; Rakhunde 

et al., 2012; Sample et al., 1996) partly because trivalent arsenic is resorbed faster in biological 

systems than pentavalent arsenic (Bissen & Frimmel, 2003, p.10). Both forms are considered 

more toxic when they are in forms that are readily dissolved in aqueous solution (Rakhunde et 

al., 2012; Sample et al., 1996). It is generally assumed that inorganic forms of arsenic are more 

toxic than organic forms for both humans and wildlife (Sharma & Sohn, 2009, p.744) though 

this does not discount the potential toxicity of organic arsenic forms. While other 

organometallic compounds may be more toxic than their inorganic counterparts, organoarsenic 

compounds are the exception to this rule (Jain & Ali, 2000, p.4304). 

New research is changing perceptions about the toxicity of different forms of arsenic 

and the mechanisms of physiological effects. The USFDA (2014) states that while organic 

forms of arsenic may not be carcinogenic for humans, recent studies have shown that organic 

forms of arsenic fed to poultry (specifically Roxarsone) can be transformed into inorganic 

forms through metabolic process increasing inorganic arsenic concentrations in tissue.  

The availability of arsenic, as a potential source of risk to biota, is related to the 

solubility of the arsenic present (CCME, 1997). The behavior of arsenic in the environment is 

tied to natural processes of weathering and arsenic is released by sulfide oxidation and 
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modified by various biogeochemical processes (Bowell et al., 2014). Arsenic can be found in 

water in a range of pH conditions, under oxidizing and reducing conditions, and hydrogeology 

and the geochemical conditions will influence the levels of arsenic present.  

Anthropogenic sources can increase the presence of arsenic in the environment thereby 

increasing the availability. Natural processes or conditions will also increase arsenic 

availability particularly if there is low redox potential, low clay content, and high pH (USEPA, 

2005). The USEPA (2012) presents three means for inorganic arsenic to enter the environment; 

it is released by volcanic activity, by the weathering of arsenic containing minerals and ores, 

and by commercial or industrial processes (USEPA, 2012, bullet 1). 

Anthropogenic sources of arsenic to the environment include the smelting of ore 

(particularly copper, nickel, lead, and zinc), burning fossil fuels, industrial processes, and 

pesticides, herbicides, and insecticides (Bissen & Frimmel, 2003, p.10). One of the main causes 

of arsenic pollution is from mining related activities (Sánchez-Virosta, Espín, García-

Fernández, & Eeva, 2015, p.507). Arsenic can be concentrated by different anthropogenic 

activities. Arsenic, particularly inorganic arsenic, has also been used extensively in agriculture 

to promote growth in livestock. Soil-plant-wildlife receptor is one of the most common 

pathways for arsenic to be mobilized (Sanchez-Virosta et al., 2015, p507) 

The form or arsenic administered in treatments, and the method of administration (i.e., 

dry in feed or dissolved in water), can affect the effective toxicity of the treatment. The 

Committee on Medical and Biological Effects of Environmental Pollutants (1976), states that 

arsenic trioxide is up to 10 times more toxic if it is administered in an aqueous solution because 

in its physical form, arsenic trioxide is not very soluble. Sodium arsenite in comparison is 

highly soluble. The toxicity of different arsenic forms/species can be different for different 
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receptors. For example, arsenic toxicity for sodium p-N-glycoloylarsanilate was 20 times more 

toxic to cats than mice, turkeys are more susceptible to toxic effects of Raxarsone than 

chickens, and even different strains of mice respond differently to arsenic trioxide (Committee 

on Medical and Biological Effects of Environmental Pollutants, 1976).  

The complexity of arsenic toxicity associated with different arsenic species highlights 

the potential for uncertainty. In reviewing toxicological data, every effort should be made to 

clearly provide the particulars of the data as reported with a clear description of receptor, forms 

of arsenic administered in treatments, methods of exposure (i.e., dry in feed versus dissolved in 

drinking water). There should not be any presumption towards excluding toxicologically 

relevant information or assumptions that findings in a study are indicative of effects for all 

forms of the contaminant for all species of receptors.  

Arsenic toxicity profile- Methods introduction 

This study is based on a meta-analysis of published scientific studies on the arsenic 

uptake and effects in avian species. A review of the existing literature initially focussed on all 

available research on avian arsenic exposures; however, formal analysis was based on 

differentiation of the available data by arsenic speciation (i.e., for inorganic arsenicals versus 

organoarsenicals) given the well documented differences in magnitude of toxicity. The 

envisioned end use of the toxicity profiles derived during the process outlined in this thesis is 

to better assess risks to birds at sites contaminated by anthropogenic activity as part of the ERA 

process. In this context, organic forms of arsenic are rarely encountered in sites with high 

arsenic concentrations that are the result of anthropogenic activity. Therefore, only inorganic 

arsenic forms were included in this review. Since bioavailability is an important determinant of 
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internalized dose, the literature review and various interpretations focussed also on 

bioavailability. 

Six steps were used in the creation of the avian/arsenic toxicity profile: 

1. Literature Search Criteria- Identifying the needs of the toxicity profile, including a 

review of the contaminant, was completed early in the process.  

2. Literary Search- Using the criteria identified in the first step, a detailed literary search 

was conducted to identify all relevant, defensible, and published toxicological studies. 

3. Literary Review- Partly as a quality assurance component, but also to further narrow 

down the data to ensure the needs of the toxicity profile can be met, this step 

summarized and reviewed studies identified for inclusion in the database or possible 

inclusion and began to assess uncertainties. 

4. Data Mining- During this step data were gathered from relevant studies and included 

into a database of key toxicological information relating to the needs of the toxicity 

profile. 

5. Quality Assurance- An important step in the creation of a toxicity profile was to remove 

sources of potential error. A review of the data retrieved helped to highlight any 

uncertainties in the database. 

6. Presentation of Data- The final step was to present the data so that it is available for 

decision makers. This step is detailed in the discussion section of this report.  
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Methods 

Step One- Literature Search Criteria 

The toxicological data to be retrieved would ideally come from all sources of 

defensible, published studies. There were several key considerations taken into account which 

defined the literature criteria guiding the literature search process. During the literature search, 

source material was screened for its value. Key variables need to be available in the studies for 

inclusion into in the database. Variables were graded as pass or fail based on several key 

criteria: 

1. The relevance of receptor- only avian species may be considered; 

2. The relevance of contaminant- the arsenic administered in the treatments must be an 

inorganic form of arsenic; 

3. The relevance of study design- study design must include a control and a field relevant 

route of exposure (i.e., oral dose from either feed or water are considered appropriate 

whereas other administration techniques such as injection are not considered 

appropriate) 

4. The defensibility of the source- the source must be a primary source and must present a 

defensible data set (i.e., published in a peer reviewed journal); and, 

5. The treatment must be in isolation from other contaminants- the inclusion of other 

contaminants (co-contaminants) will make an inference of effects associated with 

arsenic toxicity impossible. 

These criteria were purposely broad to promote efficiency in the search process and 

were used in the first tier of screening used in the derivation of the avian/arsenic toxicity 

profile. Many studies retrieved during the literature search process were quickly discarded 

since they did not meet the criteria. The process was iterative, documented, and information 

was screened in more detail until final approval for inclusion in the dataset. This early 

screening often only reviewed the title and abstract of the source material ensuring, for 

example, that the response of an avian receptor is assessed against a form of inorganic arsenic. 
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The initial screening retrieved a broad base of studies many of which did not get included in 

the final dataset.  

Step Two- Literature Search 

A balance was sought between designing the literature search in such a way that was 

not overwhelmed due to extraneous and irrelevant information, but also did not limit the 

inclusion of potential resources. The process of searching for literature was documented, thus 

providing a means to include an adaptive element where searches were refined based on 

patterns of results.  

Search techniques included reviewing the literature cited and the references sections of 

numerous publications. Secondary sources were used to track down primary sources.  

Literature Search Criteria were recorded in the tabular format using a basic pass/fail 

note form. If a pass/fail grading was not easily assigned, ‘unknown’ was entered and the study 

was marked as requiring further review. Search criteria included assessing the following: 

1. Author/Source- Studies needed to be from a reputable source. Listing the author and a 

note on the publication helped confirm the study met this criteria and to keep identify 

studies. 

2. Species- Must have referenced an avian species. 

3. Inorganic Arsenic- The arsenic form administered in the study was reviewed to ensure 

the form was inorganic. 

4. Control- Studies must have had a control treatment to calculate effect size. 

5. Exposure Route- The exposure route needed to be oral to be comparable to exposure 

pathways that are likely to exist in field conditions. Crop tubing, which describes the 

method of administering treatment directly into the crop, was considered an oral 

exposure route. 

6. Primary Source- Studies that only report the findings of other studies were not included 

as a quality assurance/quality control measure. However, those secondary studies were 

used as a means to retrieve primary source material. 

7. Relevant Endpoints- Endpoints needed to be ecologically relevant. Studies needed to 

review endpoints that may impair an individual’s or populations’ ability to survive, 
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grow, maintain, and/or reproduce. Studies that only provided data on blood, tissue, 

and/or organ contaminant concentrations were not included. 

8. Co-contaminant- For studies to be considered toxicological relevant, there must not be 

possible cofounding effects of other contaminants. As such, treatments were reviewed 

to ensure at least one was only inorganic arsenic. 

9. Further review warranted- Entering either ‘yes’ or ‘no’ encouraged efficient 

identification of studies that were reviewed later. 

10. Include/Exclude- All studies were marked as either ‘include’ or ‘exclude’ at the end of 

this process. As the process was iterative in design where data was continually 

reviewed during each step, inclusion was only an indication of which studies are taken 

forward in process. 

Step Three- Literature Review 

All studies identified in the literature search were reviewed to ensure they supported the 

data requirements for entry into the database. This process was not intended to definitively 

measure the worth of data retrieved from the studies collected, but was rigorous enough to 

identify which studies to enter into the database. Any studies that were overly deficient in 

detail, or not designed to provide appropriate toxicological effects data, were further reviewed 

and often discarded. Each study that was identified for inclusion into the database at the end of 

Step 2 required a literature review. The review summarized key study information including 

data required for determining dose as mg of contaminant/kg bodyweight/day and ecologically 

relevant endpoints. During this phase, potential areas of uncertainty were identified. The 

uncertainty associated with each study was qualitatively assessed; low, medium, or high. All 

areas of uncertainty, and the resolution for dealing with the uncertainty (i.e., the choice and 

justification for surrogate values used to meet database requirements) were identified by the 

end of this step.  

The presence of key variables within the study were identified and entered into a 

tabular format, as were potential areas of uncertainty. If the area of uncertainty could be 

defensibly addressed, then that study may still have been included in the dataset. It was decided 
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that uncertainty itself was not a reason for the exclusion of data, however, care would be taken 

to identify all uncertainty. The list of criteria provided below defines the intent for reviewing 

each variable: 

1. Author/Source- A study must be from a reputable source. This often required that the 

source was a peer reviewed journal or other publication. 

2. Species- The study must have identified which species is used in the study.  This should 

include specific breed. 

3. General Endpoint- For a toxicological study to provide useful data it must report effects 

on general biological endpoints. While not all endpoints may be considered relevant in 

the ERA process, all endpoints should be considered for inclusion in the dataset. 

4. Biological Effect- This category was to ensure that there was sufficient detail provided 

in the study related to the ‘general endpoint’ so that effect change can be measured (i.e., 

the general endpoint ‘growth’ is measured as the biological effect ‘change in weight’). 

5. Lifestage and Start Age- Realizing that different life stages may have an effect on the 

relative toxicity of a contaminant (Sample, Ospreso, & Suter II, 1996; Stark & Banks, 

2003), lifestage was identified for all studies. Start Age may be the only indication of 

lifestage. A lack of this information did not necessarily require that a study be 

discarded, however, it suggested an increased level of uncertainty. 

6. First Generation- This section was used to ensure animals introduced to exposure 

treatments were not exposed in uetro to contaminants. 

7. Duration- Duration was reviewed under the assumption that studies that did not report 

duration have an increased level of uncertainty that may warrant exclusion. 

8. Contaminant and Dietary Concentration- Studies were reviewed to ensure form and 

amount of contaminant administered in the study was reported. Contaminants are often 

administered as a compound. To determine dose by bodyweight, the amount in percent 

of the contaminant by molar weight needed to be calculated.  

9. Moisture Content of Food- For feed ingestion studies, doses needed to be standardized 

as dry weight of contaminant. Moisture content needs to be removed from feed 

administered. 

10. Ingestion Rate- Ideally toxicological studies will report ingestion rate. Each study was 

reviewed for this information. 

11. Start Body Weight and Final Body Weight- Body weight is required to accurately 

calculate dose and each study was reviewed for this information. 

12. Sample Size- Study sample size was reviewed as an important component in the 

determination of associated confidence of possible effect size calculations. 



INORGANIC ARSENIC AND AVIAN WILDLIFE  31 
 

  

Step Four- Data Mining 

To create a toxicity profile for avian/arsenic, all toxicologically relevant data available 

that supported review of the dose-response relationship for ecologically relevant effects needed 

to be compiled in a tabular database. Dose needed to be standardized as dry weight mg 

contaminant intake/kg bodyweight/day (hereto referred to as mg/kg bw/day). It was decided 

that the more complete the dataset the easier it would be for decision makers to identify 

uncertainties and to relate dose-response to unique site-specific exposure scenarios. 

The database was divided into categories of variables. While most categories used are 

self-explanatory they are briefly summarized below (Category Six was described in more 

detail): 

1. Category One- Study 

 This category provides key reference information. 

2. Category Two- Animal 

 Summarizes specifics on the group of receptor chosen (i.e., avian). 

3. Category Three- Endpoint/Effect 

 Specify endpoints assessed in the studies. General endpoints are: Growth, 

Reproduction, Survival, or Other. 

 Redundancy is recorded to highlight repetitive data provided in the same study. 

This may be expressed as: the same data for male, female, and combined; for 

different breeds and breeds combined; incremental data over the course of the 

study and final data; etc. The purpose of recording the potential redundancy is to 

ensure that the same data isn’t viewed twice in analysis and yet, the data is 

available in the database for comparison across studies. 

4. Category Four- Lifestage/Sex 
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 Key metrics of lifestage and sex of test animals. Chronic duration is assumed to 

be greater than 10 weeks (Sample et al., 1996)5,6. Lesser durations are termed 

‘subchronic’ except for LD50 which are assumed to be ‘acute’. 

5. Category Five- Contaminant Exposure 

 Identifies specific contaminant, speciation, and % arsenic calculated from molar 

mass. 

6. Category Six- Dose Calculations 

 Experiment- When applicable, record variations in experimental design if in the 

same study and for the same endpoints. 

 Dietary Concentration (as reported)- Record concentrations. 

 Study Units- Record units used for dietary concentration as reported in the 

study. 

 Analysed/Nominal/Dose- If the study provides the analysed portion of the 

contaminant present in the treatments this can be used to more accurately 

calculate the dietary concentration. If the study provides dose as mg/kg bw/day 

indicate that no dose calculations are required. 

 Dietary Concentration in mg/kg- Calculated to standardize units and to account 

for analysed vs nominal concentrations. 

 Wet or Dry (Dietary Concentrations)- Note if the study identifies if treatments 

have been converted to dry weight to account for moisture in food. If not 

identified assume wet. 

 Moisture Content of Food- Identify the moisture content of the feed as a 

proportion. If dietary concentration is ‘Dry’ record ‘1’. If ‘Medium’ is ‘Water’ 

or ‘Crop’ record ‘1’. 

 Ingestion Rate (kg/day or L/day)- Ingestion rate for food or water per day in 

either kilograms or litres. If ingestion rate is reported in the study it should be 

entered here. If ingestion rate is not provided a surrogate value must be 

calculated or used. 

 Ingestion Rate Notes- Indicate if the ingestion rate is provided in the study, 

calculated from Nagy (1987) allometric scaling, or if another source is used.7 

                                                           
5 The USEPA (2014) suggests that for screening-level risk assessments use the lowest NOAEC for 21-week avian 
reproduction tests (retrieved from http://www.epa.gov/oppefed1/ecorisk_ders/toera_risk.htm, Aug 20, 2015). 
 
 
6 The Federal Contaminated Sites Action Plan (FCSAP) (2010) defines the duration of toxicity tests as: “Acute 

testing occurs over a short period (minutes, hours, or a few days) in relation to the life span of the test organism, 

for any discernable adverse effects (lethal or sublethal)” and “chronic testing occurs over a relatively long period 

of exposure, usually a substaintial proportion of the life span of the organism (defined as 10% or more) and 

involving long term effects related to changes in metabolism, growth, reproduction, or ability to survive” 

(Federal Contaminated Sites Action Plan (FCSAP), 2010) 

 
7 The justification for using an ingestion rate formula for mallard ducks is provided in Appendix C. 

http://www.epa.gov/oppefed1/ecorisk_ders/toera_risk.htm
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 Wet or Dry (Ingestion Rate)- Indicate if the ingestion rate is provided for dry 

weight consumption per day or wet weight consumption per day. 

 Dietary Concentration (matched to IR)- Dietary Concentration is matched to 

ingestion rate. 

 Body Weight for Dose- Body weight for dose will be recorded as kilograms. If 

the study reports weights at the start and end of the study duration, then the 

average should be used for body weight. 

 Dose- The dose calculation uses ingestion rate, dietary concentration, and body 

weight to calculate a standardized dose of mg/kg bw/day for each treatment 

group. Control doses should be calculated to be zero. 

7. Category Seven- Response 

 This section provides key response variables that will be used in the calculation 

of effect relationship. 

8. Category Eight- Control 

 To calculate the effect relationship it is important to identify key variables 

related to the control treatment. 

9. Category Nine- Effect Relationship 

 This is the final category where the response is normalized to 100% to identify 

the effect relationship as a proportion. 

 

The studies are reviewed in greater detail in Table 2 and in Appendix A. The complete 

database is provided in Appendix B.  

Step Five- Quality Assurance (QA) 

Data retrieved from the toxicological studies was carefully reviewed based on 

highlighted uncertainty. It was determined that in particular, ingestion rates and bodyweights 

were rarely reported. The choice of surrogate values was carefully scrutinized and compared to 

other toxicological data. Appendix C includes a detailed review of mallard duck ingestion rates 

and bodyweight for both mallard ducks and chickens. This also provides detail for the 

justification of why certain surrogate values were used or calculated and entered into the 

database. These values were also summarized in the literature review summary phase and can 

be reviewed in    Appendix A. 
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Resources were available to assist in the QA process. The database, literature 

summaries, and review of surrogate values were provided to other researchers either as 

portions or as the whole database.  

Step Six- Data Presentation 

The completed database is available in Appendix B. Specific summary tables for 

growth, reproduction, and mortality endpoints were created. These, and a more detailed review 

of growth and mortality endpoints, are provided in Results and Discussions. 
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Results and Discussion 

A detailed literary search was conducted between December 2014 and May 2015. The 

literature search specifically targeted inorganic arsenic and avian receptors.  Different 

databases were accessed including but not limited to: Royal Roads Summons, PubMed, Google 

scholar, TOXNET, British Library Direct, Oxford Journals (Poultry Science), and ECOTOX. 

While each search engine may have required different search terms and techniques to 

efficiently access relevant publications, a general list of search terms included, but was not 

limited to: 

 Arsenic (Arsenic or arsen* or arsenite or arsenate or 7440-38-2); 

 Avian (chicken or duck* or quail or platyrhyn* or aves or avian or bird or waterfowl or 

gallus or mallard or songbird or waterbird or waterfowl or coturnix or anas or cowbird 

or hawk or passerine); and 

 Endpoint or biological effect (reproduce* or development* or growth or behave* or 

lethal* or mortal* or surviv* or diet or drinking). 

 

Secondary sources were reviewed for possible data contributions. The United States Fish and 

Wildlife Services forwarded an excerpt from one key publication.  

While many organic arsenic studies were rejected based on title/abstract alone, 55 

studies were retrieved and screened. Of these, 22 were identified for further screening and/or 

review. These studies are identified in Table 1. 

Table 1 is the tabular record of the first tier of screening completed during literature 

search process. In this process studies were screened using a broad criteria and a pass/fail 

grading system was used where failing one or more of any of the criteria often required that the 

study be discarded; failing one criteria was often sufficient to discard a study without further 

review. When it was not immediately evident if a pass or fail grade should be assigned to one 
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of the criteria then ‘unknown’ was entered and the study identified for further review. The 

rationale for using this screening system during the literature search process was to efficiently 

identify studies that may fit the required criteria for the toxicity profiling.  

All studies identified for further review in the screening process outlined in Table 1 are 

summarized in Appendix A. Not all studies were determined to meet the minimum 

requirements necessary for inclusion into the database. Justification for their inclusion or 

exclusion in the database is provided in the review in Appendix A. 

A second tier of screening was completed in conjunction with the literary review and 

recorded in a tabular format which is provided as Table 2. Care was taken during this review 

process to assess not only the presence of key variables but also the strength of the data 

provided. It was an iterative process and the screening assessment was re-visited after the 

completion of the final database as quality QA measure.  

As an example of using this QA component, one of the studies (Aggarwal, 

Naraharisetti, Dandapat, Degen, & Malik, 2008) was reviewed using this same screening 

format, but was also reviewed again after all of the data was entered into the database. 

Increased familiarity with the different criteria, coupled with re-screening the data, identified 

inconsistencies between the body weights reported in the study compared with body weights 

reported in other studies for the same or similar breeds of chicken for all treatments (including 

control). In this instance, the study reports ‘body weight gain’ as 400 grams for the control 

group and 321 grams for the group administered arsenic as sodium arsenite in water over the 

full duration of the study. While there is no reported start bodyweight, referencing other similar 

studies provided a value of 43.1 grams for day old chickens regardless of breed. The duration 

of this study was 60 days. All other studies where chicken weight is reported for an age of 
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approximately 60 days provides bodyweights that are in excess of 1 kilogram. The resulting 

action of this QA component required that the uncertainty associated with this study was 

changed from ‘low’ to ‘high’. Of the 22 studies identified for inclusion at the end of step two, 

16 were identified for inclusion into the database and six were excluded.  

Table 2 provides a visual, tabular format for reviewing study variables. Key variables 

that were required in the database for toxicity profiling are colour coded as either: blue- 

provided in the study or not applicable; or yellow- not provided in the study. Those variables 

highlighted with yellow are presumed sources of uncertainty. The qualitative assessment of 

uncertainty is also provided in Table 2. Sixteen studies were identified for inclusion into the 

database. Each of these studies was highlighted in green in Table 1. 
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Table 1 - Literature Review Screening 

Author/Source Species
Inorganic 

As
Control

Exposure 

Route

Primary 

Source

Relevant 

Endpoint
Co-Contaminant

Further 

Review 

Warranted?

Include/

Exclude

Aggarwal et al. 2008 Chicken Pass Pass Pass Pass Pass Pass Yes Include

Aggarwal et al. 2008 Chicken Pass Pass Pass Pass Pass Pass No Exclude

Albert 2006 Finch Fail - - - - - No Exclude

Ali A.Kbar Al-Timimi 1971 Turkey Fail - - - - - No Exclude

Anderson 1999 Chicken Fail - - - - - No Exclude

Arnold et al. 1972 Chicken Pass Pass Pass Pass Pass Fail No Exclude

Birge 1974 Unknown Unknown - - - - - Yes Exclude

Camardese et al. 1990 Mallards Pass Pass Pass Pass Pass Pass Yes Include

Carlson et al. 1953 Chicken Pass Pass Pass Pass Pass Pass Yes Include

Carlson et al. 1962 Chicken Pass Pass Pass Pass Pass Pass Yes Include

Czarnecki 1984 Chicken Pass Pass Pass Pass Pass Pass Yes Include

Das et al. 2009 Chicken Pass Pass Fail - Fail - No Exclude

Desheng 2006 Quail Fail - - - - - No Exclude

El-Begearmi 1981 Quail Pass Pass Pass Pass Pass Pass Yes Include

Fairbrother et al. 1994 Avocet Pass Fail Pass Pass Pass Fail No Exclude

Funk 1915 Chicken Unknown - - - - - No Exclude

Ghosh et al. 2012 Chicken Pass Unknown Pass Pass Pass Pass No Exclude

Halder et al. 2009 Chicken Pass Pass Pass Pass Unknown - Yes Exclude

Hermayer et al. 1977 Unknown - - - - - No Exclude

Hoffman et al. 1992 Mallards Pass Pass Pass Pass Pass Pass Yes Include

Holcman and Stibilj 1997 Chicken Pass Pass Pass Pass Pass Pass Yes Include

Howell and Hill 1978 Chicken Pass Pass Pass Pass Pass Pass Yes Include

Hudson et al. 1984 3 Species Pass Unknown Pass Unknown Pass Pass Yes Include

Islam et al. 2009 Duck Pass Pass Pass Pass Unknown Pass Yes Include

Jacobs et al. 1998 Chicken Pass Pass Fail - - - No Exclude

Jacobs et al. 2000 Chicken Pass Pass Fail - - - No Exclude

Janssens et al. 2003 Great Tit Pass Fail Pass Pass Pass Fail No Exclude

Kerr et al. 1969 Chicken Fail - - - - - No Exclude

Krista et al. 1961 Chicken Pass Pass Pass Pass Fail Fail No Exclude

Lopez et al. 2006 Raptors Pass Fail Pass Pass Pass Fail No Exclude

Lowry and Baker 1998 Chicken Pass Pass Pass Pass Pass Unknown Yes Exclude

Naraharisetti et al. 2009 Chicken Pass Pass Pass Pass Pass Pass Yes Include

NRCC 1978 Fowl Pass Unknown Pass Fail - - No Exclude

Nystrom 1984 Quail Pass Pass Pass Pass Fail Unknown No Exclude

Pendleton et al. 1995 Mallards Pass Pass Pass Pass Fail - No Exclude

Peterkova and Puzanova 1976 Chicken Pass Pass Fail Pass Fail - No Exclude

Puzanova 1989 Pass Pass Fail Pass Fail - No Exclude

Rana et al. 2014 Unknown Pass Fail Pass Pass Pass Fail No Exclude

Sample et al. 1996 Cowbirds Pass Pass Pass Fail Pass Fail No Exclude

Sample et al. 1996 Mallards Pass Pass Pass Fail Pass Pass No Exclude

Sapkota et al. 2006 Chicken Fail - - - - - No Exclude

Seiter 2009 Poultry Fail - - - - - No Exclude

Shan et al. 1999 Chicken Pass Pass Fail - - - No Exclude

Sharaf et al. 2013 Chicken Unknown Pass Pass Pass Pass Pass Yes Include

Stanley et al. 1994 Mallards Pass Pass Pass Pass Pass Pass Yes Include

Stibilj et al. 2003 Chicken Pass Pass Pass Pass No - No Exclude

Tanabe et al. 1983 Pass Unknown Unknown Pass Fail Unknown No Exclude

Tucker and Crabtree 1970 - - - - - - Yes Exclude

Thapar et al. 1969 Chicken Pass Pass Pass Pass Pass Fail No Exclude

Tyzzer 1923 Turkey Fail - - - - - No Exclude

USFWS 1964 Mallards Pass Pass Pass Pass Pass Pass Yes Include

USFWS 1969 Publication 74 Cowbirds Pass Pass Pass Pass Pass Unknown Yes Exclude

Van Vleet 1982 Duck Unknown - - - - - Yes Exclude

Vodela et al. 1997 Pass Pass Pass Pass Pass Fail No Exclude

Whitworth et al. 1991 Mallards Pass Pass Pass Pass Pass Pass Yes Include

This shading indicates studies that were excluded

This shading indicates studes that were included
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Table 2 - Literature Review 

Uncertainty

Author/Source Species General Endpoint Biological Effect Lifestage Start Age
First 

Generation
Duration Contaminant

Dietary 

Concentration

Moisture 

Content of 

Food

Ingestion 

Rate for food 

or water

Start 

Body 

Weight 

Final 

Body 

Weight

Sample 

Size
Level of Uncertainty

1

- Aggarwal et al. 2009

- Archives of 

Environmental 

Contamination and 

Toxicology

Chicken/Broiler Type
-Survival

-Growth

-% Survival at end of study

-Change in Body Weight
Yes Yes Yes Yes Yes Yes NA No No No Yes High

2

- Camardese et al. 2000

- Environmental 

Toxicology and 

Chemistry

Duck/Mallard

-Survival

-Growth

-Feeding

-% Survival at end of study

-Change in Body Weight

-Feed Consumption

Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Low

3
- Carlson et al. 1954

- Poutry Science
Chicken/Four Breeds - Growth -Change in Body Weight Yes Yes Yes Yes Yes Yes No No No Yes Yes Low

4
- Carlson et al. 1962

- Poultry Science
Chicken/W Leghorn -Growth -Change in Body Weight Yes Yes Yes Yes Yes Yes No No No Yes No Low

5

- Czarnecki et al. 1984

- Journal of Animal 

Science

Chicken/Broiler Type -Growth -Change in Body Weight Yes Yes Yes Yes Yes Yes No No Yes No Yes Low

6
- El-Begearmi et al. 1981

- Poultry Science
Quail/Japanese

-Survival

-Reproduction

-Reproduction

-Reproduction

-% Survival at end of study

-% Egg Production

-% Fertility

-% Hatchability

No No Yes Yes Yes Yes No No No No Yes Low

7

- Hoffman et al. 1992

- Archives of 

Environmental 

Contamination and 

Toxicology

Duck/Mallard
-Survival

-Growth

-Change in Body Weight

-% Survival at end of study
Yes Yes Yes Yes Yes Yes Yes No No Yes Yes Low

8

- Holcman and Stibilj 

1997

- Archives of 

Environmental 

Contamination and 

Toxicology

Chicken/RIR

-Growth

-Feeding

-Reproduction

-Reproduction

-Survival

-Change in Body Weight

-Feed Consumption

-Number of eggs/hen

-Egg weight

-% Survival at end of study

Yes Yes Yes Yes Yes Yes No Yes No No Yes Low

9

- Howell & Hill 1978

- Environmental Health 

Perspectivies

Chicken/Not Specified
-Survival

-Growth

-% Survival at end of study

-Change in Body Weight
Yes Yes Yes Yes Yes Yes No No No No Yes Low

10
- Hudson et al. 1984

'- USFWS Publication 153

- Duck/Mallard

- Quail/California

- Pheasant

- Survival

- Survival

- Survival

- LD50

- LD50

- LD50

No No Yes Yes Yes NA NA NA NA NA No High

11

- Islam et al. 2009

- International Journal of 

Poultry Science

- Duck/Xinding - Growth - Change in Body Weight Yes Yes Yes Yes Yes Yes NA No Yes Yes No Low

12

- Naraharisetti et al. 

2009

- Environmental 

Toxicology and 

Pharmacology

Chicken/Broiler Type
-Survival

-Growth

-% Survival at end of study

-Change in Body Weight
Yes Yes Yes Yes Yes Yes NA No Yes Yes Yes Low

13

- Sharaf et al. 2013

- Pakistan Veterinary 

Journal

Chicken/Broiler Type
- Growth

- Feeding

-Change in Body Weight

-Average feed intake
Yes Yes Yes Yes No Yes No Yes Yes Yes Yes Medium

14

- Stanley et al. 1994

- Archives of 

Environmental 

Contamination and 

Toxicology

Duck/Mallard

-Survival

-Reproduction

-Reproduction

-Reproduction

-% Survival at end of study

-% Hatching success

-Duckling weight at hatch

-% fertile eggs with deformities

Yes Yes Yes Yes Yes Yes No No No Yes Yes Low

15

- USFWS 1969

- Bureau of sport 

fisheries and wildlife, 

Publication 74

Cowbird - Survival - % Survival Yes No Yes Yes Yes Yes No No No No Yes High

16

- USFWS 1964

- Fish and Wildlife 

Service, Circular 199

Duck/Mallard -Survival -% Survival at end of study Yes Yes Yes Yes Yes Yes NA NA NA NA Yes Low

17

- Whitworth et al. 1991

- Environmental 

Toxicology and 

Chemistry

Duck/Mallard
-Survival

-Behavioural

-% Survival at end of study

-Time spent at an activity
Yes Yes Yes Yes Yes Yes Yes No No No Yes Low

*Coloured fill is included to highlight patterns of uncertainty

General Study Identifiers Provided in Study: Yes/No
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The database provided in Appendix B represents a significant level of effort. 

Toxicological studies vary greatly in design and assessment characteristics. Data provided do 

not often support endpoints ecologically relevant to wildlife. It is a complex, and at times 

frustrating, task to retrieve the data available in toxicological studies and standardize the data 

across numerous variables.  

The value of the toxicity profile database is that toxicological data retrieved from 

multiple studies can be reviewed for a variety of variables. Different bird species, endpoints, 

and contaminants can be assessed individually or in groups for the relationship between dose 

and effect size. A statistical analysis of each individual effect size is not warranted because it 

can be assumed that toxicological studies with a low level of associated uncertainty will 

provide at least some insight into the dose-response relationship. Each effect size calculation is 

retrieved from different studies and likely represents disparate data in that different study 

designs will be used, and different doses and endpoints assessed. It is also very difficult to 

draw conclusions from a single data point (Hill et al., 2014, p.8). The value of the toxicity 

profiles is that it provides a means to review all relevant toxicological data. Biologically 

significant adverse effects may be evident without being ‘statistically significant’ especially 

when there is high variability and low replications (Mayfield et al., 2014, p.362). Once the 

need for the toxicity profile is identified (i.e., when a site-specific exposure concentration has 

been determined and specific avian receptor dose has been calculated) a comparison can be 

made to key variables provided by the toxicity profile though care should be taken not to be too 

restrictive in scope. If key data is driving decision making, the toxicity profile database and 

accompanying literary review provide a means to: 1) assess not only the underlying nature of 
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the dose-response relationship suggested by this data (including its relevance); 2) any 

associated uncertainty; and 3) to assess the statistical strength of the data8.  

While a true meta-analysis would normally include a statistical analysis of the data 

(Borenstein, Hedges, Higgins, & Rothstein, 2005, p.xxi) the effect relationship provided in the 

database is, in essence, an effect size (ESx) calculation though it does not provide a statistical 

calculation of significance. This measure is normalized as a percentage value compared to 

control; a value of 0 would represent no relationship, a positive value would be associated with 

an adverse effect in comparison to control, and a negative value would be associated with a 

positive effect in comparison to control. An adverse effect is associated with a reduction of the 

biologically significant endpoint (i.e., change in growth, change in reproduction, change in 

mortality, etc.) and a positive effect is associated with an increase of the biologically 

significant endpoint.  

The overall intent of this process is to provide a more holistic understanding of the 

dose-response relationship between the toxicant and the receptor. As such, all data may 

contribute to this understanding while appreciating that varying levels of uncertainty are likely 

to exist in all studies. Existing derivation practices (e.g., Ecological Soil Screening Levels 

[Eco-SSL]) may exclude some datasets (Mayfield et al., 2014, p.360). However, deciding 

which data to enter into the database was a balancing act between including too much or too 

little. Care needed to be taken in reviewing the data retrieved for those data of very limited 

value which may only increase the ‘noise’ in the dataset without adding to overall 

understanding of dose-response effects. It also presented a challenge to defensibly provide 

                                                           
8 Data that is not statistically significant is not necessarily wrong. Given the potential sparsity of relevant 
toxicological data any effect size or correlation between effect size and dose may not be statistically strong, but 
may still be the best data available and, as such, should not be dismissed without very careful consideration. 
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surrogate values for data deficient variables (i.e., ingestion rate and bodyweight). A careful 

review of all data, and particular surrogate data, was a crucial step in the effort to reduce 

uncertainty.  

The dose-response data from toxicity profiling reviewed effect responses measured 

against the varying doses administered in the different treatments. To profile the toxicity of a 

contaminant, toxicologically relevant concentrations of the contaminant need to be understood 

in the context of ecologically relevant concentrations. As such, the dose-response relationship 

between contaminant and receptor needed to be presented in a format that would allow 

managers and risk assessors to compare contaminant concentrations as internalized dose with 

specific effect endpoints as effect size measures. While the statistical strength of this 

relationship is not calculated, ESx measures were determined to provide a means to explore the 

dose-response relationship for specific receptors and specific endpoints through the use of 

scatterplots and other inferential statistics. 

The format of the toxicity profile was designed to review the number of affected 

individuals per treatment in each study (defined as an ‘Effect Size’ in the database). As such, 

ESx values, which can be used in the derivation of TRVs and used in a definition of the level of 

protection, were the focus of this review. The sensitivity of the effect will be related to the 

endpoint being assessed (i.e., it is likely that the ES value for 20% of the test species will be a 

lower value for behavioural effects compared to mortality effects).  

The discussion that follows outlines methods for reviewing the data provided in the 

database and includes a detailed analysis of growth and mortality as ERA appropriate 

endpoints. A review of uncertainty in the derivation of the avian/arsenic toxicity profile that is 

also inherent in the use of toxicological data in general is provided in the section ‘Review of 
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Uncertainty’. In the section ‘Critical Review of Published Avian/Arsenic Reference Values’, 

the avian/arsenic toxicity profile is used to critically review published reference values. 

Tables 3-5 provide summary data for growth, reproduction, and mortality endpoints 

including ESx values which are shaded in red when > ES10 and orange when < negative ES10.  
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Table 3 - Growth Summary for Inorganic Arsenic

Study Reference
Associated 

Uncertainty
Species

Start 

Lifestage
Duration 

(Days)
Contaminant

Route of 

Exposure

Dietary 

Concentration 

in mg/kg (as 

reported)

Ingestion 

Rate (kg/day 

or L/day)

Dietary 

Concentration 

(matched to IR)

Sample Size
Start Body 

Weight (kg)

Final Body 

Weight (kg)

(Average) 

Body weight 

for dose

(kg) 

Dose

(mg/kg 

bw/day)

Response 

(at end of 

study)

Response 

Units

Effect 

Relationship 
1

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 0.0 0.1154 0.0 6 2.655 2.668 2.661 0.00 2.668 kg bodyweight 0.00

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 7.5 0.1162 5.7 6 2.655 2.620 2.638 0.25 2.620 kg bodyweight 1.78

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 15.0 0.1106 11.4 6 2.655 2.673 2.664 0.47 2.673 kg bodyweight -0.19

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 30.0 0.1194 22.7 6 2.655 2.690 2.673 1.02 2.690 kg bodyweight -0.84

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 0.0 0.0716 0.0 15 0.03205 0.555 0.294 0.00 0.555 kg bodyweigh 0.00

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 206.0 0.0572 82.5 15 0.03205 0.384 0.208 22.69 0.384 kg bodyweigh 30.81

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 0.0 0.0327 0.0 15 0.03205 0.128 0.080 0.00 0.128 kg bodyweigh 0.00

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 206.0 0.0277 79.0 15 0.03205 0.08 0.056 39.08 0.08 kg bodyweigh 37.50

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 0.0 0.1092 0.0 15 0.03205 1.14 0.586 0.00 1.14 kg bodyweigh 0.00

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 30.0 0.1084 12.4 15 0.03205 1.13 0.579 2.33 1.13 kg bodyweigh 1.32

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 100.0 0.1074 41.5 15 0.03205 1.11 0.569 7.84 1.11 kg bodyweigh 3.07

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 300.0 0.1067 124.5 15 0.03205 1.09 0.561 23.67 1.09 kg bodyweigh 4.39

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 0.0 0.0916 0.0 15 0.03205 0.83 0.431 0.00 0.83 kg bodyweigh 0.00

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 30.0 0.0879 12.4 15 0.03205 0.78 0.404 2.71 0.78 kg bodyweigh 6.63

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 100.0 0.0879 41.5 15 0.03205 0.78 0.404 9.04 0.78 kg bodyweigh 6.63

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 300.0 0.0812 124.5 15 0.03205 0.68 0.356 28.39 0.68 kg bodyweigh 18.07

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 0.0 0.1024 0.0 15 0.03205 1.01 0.521 0.00 1.01 kg bodyweigh 0.00

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 30.0 0.1024 12.4 15 0.03205 1.01 0.521 2.45 1.01 kg bodyweigh 0.00

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 100.0 0.1007 41.5 15 0.03205 0.98 0.506 8.26 0.98 kg bodyweigh 2.97

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 300.0 0.0990 124.5 15 0.03205 0.95 0.491 25.10 0.95 kg bodyweigh 5.94

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 0.0 0.0896 0.0 15 0.03205 0.80 0.416 0.00 0.80 kg bodyweigh 0.00

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 30.0 0.0844 12.4 15 0.03205 0.73 0.379 2.78 0.73 kg bodyweigh 9.38

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 100.0 0.0844 41.5 15 0.03205 0.73 0.379 9.26 0.73 kg bodyweigh 9.38

Camardese et al. (1990) Low Ducks Juvenile 35 Na₃AsO₄ Oral 300.0 0.0759 124.5 15 0.03205 0.61 0.321 29.45 0.61 kg bodyweigh 23.75

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1289 0.1 48 1.164 1.217 1.190 0.01 1.217 kg bodyweigh 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1285 9.0 47 1.164 1.242 1.203 0.96 1.242 kg bodyweigh -2.08

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1294 38.1 48 1.164 1.186 1.175 4.19 1.186 kg bodyweigh 2.53

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1293 165.0 48 1.164 1.191 1.177 18.13 1.191 kg bodyweigh 2.13

Stanley et al. (1993) Low Ducks Juvenile 7 Na₃AsO₄ Oral 0.3 0.0280 0.1 10 0.0363 0.078 0.057 0.05 0.0781 kg bodyweigh 0.00

Stanley et al. (1993) Low Ducks Juvenile 7 Na₃AsO₄ Oral 22.0 0.0279 9.0 11 0.0349 0.079 0.057 4.42 0.0788 kg bodyweigh -0.90

Stanley et al. (1993) Low Ducks Juvenile 7 Na₃AsO₄ Oral 93.0 0.0263 38.1 10 0.0337 0.064 0.049 20.38 0.0644 kg bodyweigh 17.54

Stanley et al. (1993) Low Ducks Juvenile 7 Na₃AsO₄ Oral 403.0 0.0234 165.0 10 0.0325 0.039 0.036 108.41 0.0387 kg bodyweigh 50.45

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 0.3 0.0389 0.1 10 0.0363 0.186 0.111 0.04 0.1855 kg bodyweigh 0.00

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 22.0 0.0393 9.0 11 0.0349 0.191 0.113 3.14 0.1905 kg bodyweigh -2.70

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 93.0 0.0347 38.1 10 0.0337 0.146 0.090 14.71 0.1461 kg bodyweigh 21.24

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 403.0 0.0265 165.0 10 0.0325 0.068 0.050 87.21 0.0677 kg bodyweigh 63.50

Howell and Hill (1978) Low Chicken Juvenile 21 AsCl3 Oral 0.0 0.0199 0.0 30 0.03925 0.345 0.192 0.00 0.345 kg bodyweigh 0.00

Howell and Hill (1978) Low Chicken Juvenile 21 AsCl3 Oral 50.0 0.0179 23.5 30 0.03925 0.288 0.164 2.57 0.288 kg bodyweigh 16.51

Aggarwal et al. (2008) High Chicken Juvenile 60 NaAsO2 Oral 0.0 0.0215 0.0 15 0.0431 0.4 0.222 0.00 0.4 kg bodyweigh 0.00

Aggarwal et al. (2008) High Chicken Juvenile 60 NaAsO2 Oral 3.7 0.0188 2.1 15 0.0431 0.321 0.182 0.22 0.321 kg bodyweigh 19.75

Naraharisetti et al. (2009) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.1059 0.0 6 1.9 2.89 2.395 0.00 2.89 kg bodyweigh 0.00

Naraharisetti et al. (2009) Low Chicken Juvenile 28 NaAsO2 Oral 50.0 0.0975 28.8 6 1.87 2.36 2.115 1.33 2.36 kg bodyweigh 18.34

* all growth endpoints are included regardless of potential redundancy and/or uncertainty
1 Effect Relationship is formatted to be highlighted when it is above or below 10%



INORGANIC ARSENIC AND AVIAN WILDLIFE 45
Table 3 - Growth Summary for Inorganic Arsenic

Study Reference
Associated 

Uncertainty
Species

Start 

Lifestage
Duration 

(Days)
Contaminant

Route of 

Exposure

Dietary 

Concentration 

in mg/kg (as 

reported)

Ingestion 

Rate (kg/day 

or L/day)

Dietary 

Concentration 

(matched to IR)

Sample Size
Start Body 

Weight (kg)

Final Body 

Weight (kg)

(Average) 

Body weight 

for dose

(kg) 

Dose

(mg/kg 

bw/day)

Response 

(at end of 

study)

Response 

Units

Effect 

Relationship 
1

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O3 Oral 0.0 0.0212 0.0 15 0.0813 0.3423 0.212 0.00 0.3423 kg bodyweigh 0.00

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O3 Oral 112.8 0.0210 97.1 15 0.0813 0.3362 0.209 9.76 0.3362 kg bodyweigh 1.78

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O3 Oral 262.8 0.0204 226.2 15 0.0813 0.3188 0.200 23.08 0.3188 kg bodyweigh 6.87

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O3 Oral 412.8 0.0196 355.3 15 0.0813 0.2954 0.188 37.03 0.2954 kg bodyweigh 13.70

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O3 Oral 562.8 0.0188 484.4 15 0.0813 0.2707 0.176 51.69 0.2707 kg bodyweigh 20.92

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O3 Oral 0.0 0.0212 0.0 15 0.0813 0.3423 0.212 0.00 0.3423 kg bodyweigh 0.00

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O5 Oral 130.0 0.0193 96.3 15 0.0813 0.287 0.184 10.12 0.2870 kg bodyweigh 16.16

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O5 Oral 280.6 0.0160 207.9 15 0.0813 0.1943 0.138 24.16 0.1943 kg bodyweigh 43.24

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O5 Oral 430.6 0.0141 319.0 15 0.0813 0.1446 0.113 39.74 0.1446 kg bodyweigh 57.76

Czarnecki etal. (1984) Low Chicken Juvenile 14 As2O5 Oral 580.6 0.0122 430.1 15 0.0813 0.0995 0.090 57.92 0.0995 kg bodyweigh 70.93

Carlson et al. (1962) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0175 0.0 NR 0.043 0.274 0.159 0.00 0.274 kg bodyweigh 0.00

Carlson et al. (1962) Low Chicken Juvenile 28 NaAsO2 Oral 15.0 0.0172 9.8 NR 0.043 0.264 0.154 1.10 0.264 kg bodyweigh 3.65

Carlson et al. (1962) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0165 0.0 NR 0.043 0.246 0.145 0.00 0.246 kg bodyweigh 0.00

Carlson et al. (1962) Low Chicken Juvenile 28 NaAsO2 Oral 15.0 0.0169 9.8 NR 0.043 0.255 0.149 1.11 0.255 kg bodyweigh -3.66

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0158 0.0 52 0.043 0.226 0.1345 0.00 0.226 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0166 6.6 52 0.043 0.249 0.146 0.75 0.249 kg bodyweigh -10.18

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0156 0.0 13 0.043 0.222 0.1325 0.00 0.222 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0161 6.6 13 0.043 0.235 0.139 0.76 0.235 kg bodyweigh -5.86

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0157 0.0 13 0.043 0.223 0.133 0.00 0.223 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0170 6.6 13 0.043 0.259 0.151 0.74 0.259 kg bodyweigh -16.14

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0160 0.0 13 0.043 0.231 0.137 0.00 0.231 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0170 6.6 13 0.043 0.259 0.151 0.74 0.259 kg bodyweigh -12.12

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0158 0.0 13 0.043 0.226 0.1345 0.00 0.226 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0164 6.6 13 0.043 0.243 0.143 0.75 0.243 kg bodyweigh -7.52

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0175 0.0 52 0.043 0.274 0.1585 0.00 0.274 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0175 6.6 52 0.043 0.274 0.1585 0.73 0.274 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0159 0.0 13 0.043 0.230 0.1365 0.00 0.230 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0169 6.6 13 0.043 0.255 0.14915 0.74 0.255 kg bodyweigh -11.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0175 0.0 13 0.043 0.273 0.158 0.00 0.273 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0161 6.6 13 0.043 0.235 0.13889 0.76 0.235 kg bodyweigh 14.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0189 0.0 13 0.043 0.312 0.1775 0.00 0.312 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0200 6.6 13 0.043 0.343 0.1931 0.68 0.343 kg bodyweigh -10.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.0177 0.0 13 0.043 0.279 0.161 0.00 0.279 kg bodyweigh 0.00

Carlson et al. (1953) Low Chicken Juvenile 28 NaAsO2 Oral 10.0 0.0170 6.6 13 0.043 0.259 0.151235 0.74 0.259 kg bodyweigh 7.00

Islam et al. (2009) Low Ducks Juvenile 90 As2O3 Oral 0.0 0.0426 0.0 20 0.2304 1.0012 0.6158 0.00 1.0012 kg bodyweigh 0.00

Islam et al. (2009) Low Ducks Juvenile 90 As2O3 Oral 100.0 0.0400 75.7 20 0.2268 0.8916 0.5592 5.41 0.8916 kg bodyweigh 10.95

Islam et al. (2009) Low Ducks Juvenile 90 As2O3 Oral 0.0 0.0542 0.0 5 0.2304 1.5296 0.88 0.00 1.5296 kg bodyweigh 0.00

Islam et al. (2009) Low Ducks Juvenile 90 As2O3 Oral 100.0 0.0493 75.7 5 0.2268 1.3012 0.764 4.88 1.3012 kg bodyweigh 14.93

Sharaf et al. (2013) Medium Chicken Juvenile 32 As (total) Oral 0.0 1.0000 0.0 18 0.255 1.8241 1.040 0.00 1.8241 kg bodyweigh 0.00

Sharaf et al. (2013) Medium Chicken Juvenile 32 As (total) Oral 50.0 1.0000 50.0 18 0.2498 1.5671 0.908 55.04 1.5671 kg bodyweigh 14.09

* all growth endpoints are included regardless of potential redundancy and/or uncertainty
1 Effect Relationship is formatted to be highlighted when it is above or below 10%
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Table 4 Survival Summary for Inorganic Arsenic

Study Reference
Associated 

Uncertainty
Species

Start 

Lifestage
Duration 

(Days)
Contaminant

Route of 

Exposure

Dietary 

Concentratio

n in mg/kg 

(as reported)

Ingestion 

Rate (kg/day 

or L/day)

Dietary 

Concentratio

n (matched 

to IR)

Sample Size
Start Body 

Weight (kg)

Final Body 

Weight (kg)

(Average) 

Body weight 

for dose

(kg) 

Dose

(mg/kg 

bw/day)

Response 

(at end of 

study)

Response 

Units

Effect 

Relationship 
1

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 0.0 0.1154 0.0 6 1.79 1.803 1.796 0.00 100 % Survival 0.00

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 7.5 0.1162 5.7 6 1.79 1.755 1.773 0.37 100 % Survival 0.00

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 15.0 0.1106 11.4 6 1.79 1.808 1.799 0.70 100 % Survival 0.00

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 30.0 0.1194 22.7 6 1.79 1.825 1.808 1.50 100 % Survival 0.00

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 0.0 0.0716 0.0 15 0.03205 0.555 0.294 0.00 100 % Survival 0.00

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 206.0 0.0572 82.5 15 0.03205 0.384 0.208 22.69 100 % Survival 0.00

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 0.0 0.0327 0.0 15 0.03205 0.128 0.080 0.00 87 % Survival 0.00

Hoffman et al. (1992) Low Ducks Juvenile 28 Na₃AsO₄ Oral 206.0 0.0277 79.0 15 0.03205 0.08 0.056 39.08 47 % Survival 45.98

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 0.0 0.1059 0.0 30 0.03205 1.075 0.554 0.00 100 % Survival 0.00

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 30.0 0.1055 12.4 30 0.03205 1.0675 0.550 2.39 100 % Survival 0.00

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 100.0 0.1042 41.5 30 0.03205 1.0425 0.537 8.05 96.67 % Survival 3.33

Camardese et al. (1990) Low Ducks Juvenile 70 Na₃AsO₄ Oral 300.0 0.1030 124.5 30 0.03205 1.02 0.526 24.37 96.67 % Survival 3.33

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1306 0.1 12 1.094 1.147 1.120 0.01 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1304 9.0 12 1.094 1.172 1.133 1.04 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1309 38.1 12 1.094 1.116 1.105 4.51 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1308 165.0 12 1.094 1.121 1.107 19.50 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1262 0.1 12 1.234 1.287 1.260 0.01 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1256 9.0 12 1.234 1.312 1.273 0.89 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1269 38.1 12 1.234 1.256 1.245 3.88 100 % Survival 0.00

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1268 165.0 12 1.234 1.261 1.247 16.77 83.33 % Survival 16.67

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 0.3 0.0389 0.1 11 0.0360 0.186 0.111 0.04 82.5 % Survival 0.00

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 22.0 0.0393 9.0 11 0.0347 0.191 0.113 3.14 79.7 % Survival 3.39

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 93.0 0.0347 38.1 8 0.0337 0.146 0.090 14.71 82.4 % Survival 0.12

Stanley et al. (1993) Low Ducks Juvenile 14 Na₃AsO₄ Oral 403.0 0.0263 165.0 7 0.0309 0.068 0.049 88.06 43.3 % Survival 47.52

* all survival endpoints are included regardless of potential redundancy and/or uncertainty
1 Effect Relationship is formatted to be highlighted when it is above or below 10%
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Table 4 Survival Summary for Inorganic Arsenic

Study Reference
Associated 

Uncertainty
Species

Start 

Lifestage
Duration 

(Days)
Contaminant

Route of 

Exposure

Dietary 

Concentratio

n in mg/kg 

(as reported)

Ingestion 

Rate (kg/day 

or L/day)

Dietary 

Concentratio

n (matched 

to IR)

Sample Size
Start Body 

Weight (kg)

Final Body 

Weight (kg)

(Average) 

Body weight 

for dose

(kg) 

Dose

(mg/kg 

bw/day)

Response 

(at end of 

study)

Response 

Units

Effect 

Relationship 
1

Whitworth et al. (1990) Low Ducks Juvenile 63 Na₃AsO₄ Oral 0.0 0.1059 0.0 4 0.03205 1.075 0.554 0.00 100 % Survival 0.00

Whitworth et al. (1990) Low Ducks Juvenile 63 Na₃AsO₄ Oral 30.0 0.1059 12.4 4 0.03205 1.075 0.554 2.38 100 % Survival 0.00

Whitworth et al. (1990) Low Ducks Juvenile 63 Na₃AsO₄ Oral 100.0 0.1059 41.5 4 0.03205 1.075 0.554 7.94 100 % Survival 0.00

Whitworth et al. (1990) Low Ducks Juvenile 63 Na₃AsO₄ Oral 300.0 0.1059 124.5 4 0.03205 1.075 0.554 23.82 100 % Survival 0.00

Howell and Hill (1978) Low Chicken Juvenile 21 AsCl3 Oral 0.0 0.0199 0.0 30 0.03925 0.345 0.192 0.00 93.40 % Survival 0.00

Howell and Hill (1978) Low Chicken Juvenile 21 AsCl3 Oral 50.0 0.0179 23.5 30 0.03925 0.288 0.164 2.57 83.40 % Survival 10.71

Aggarwal et al. (2008) High Chicken Juvenile 60 NaAsO2 Oral 0.0 0.0215 0.0 15 0.0431 0.4 0.222 0.00 100.00 % Survival 0.00

Aggarwal et al. (2008) High Chicken Juvenile 60 NaAsO2 Oral 3.7 0.0188 2.1 15 0.0431 0.321 0.182 0.22 100.00 % Survival 0.00

Naraharisetti et al. (2009) Low Chicken Juvenile 28 NaAsO2 Oral 0.0 0.1059 0.0 6 1.9 2.89 2.395 0.00 100 % Survival 0.00

Naraharisetti et al. (2009) Low Chicken Juvenile 28 NaAsO2 Oral 50.0 0.0975 28.8 6 1.87 2.36 2.115 1.33 100 % Survival 0.00

USFWS (1964) Low Ducks Juvenile 78 NaAsO2 Oral 0.0 na 0.0 85 na na na 0.00 84.7 % Survival 0.00

USFWS (1964) Low Ducks Juvenile 154 NaAsO2 Oral 250.0 na 34.0 25 na na na 19.608 88.0 % Survival -3.89

USFWS (1964) Low Ducks Juvenile 154 NaAsO2 Oral 500.0 na 86.0 25 na na na 49.598 40.0 % Survival 52.78

USFWS (1964) Low Ducks Juvenile 13 NaAsO2 Oral 1000.0 na 293.0 25 na na na 168.979 8.0 % Survival 90.56

USFWS (1964) Low Ducks Adult 128 NaAsO2 Oral 0.0 na 0.0 80 na na na 0.000 98.8 % Survival 0.00

USFWS (1964) Low Ducks Adult 128 NaAsO2 Oral 100.0 na 8.0 26 na na na 4.614 100.0 % Survival -1.27

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 0.0 0.0179 0.0 40 0.163 0.163 0.163 0.00 100 % Survival 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 15.0 0.0179 9.8 40 0.163 0.163 0.163 1.08 100 % Survival 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 30.0 0.0179 19.7 40 0.163 0.163 0.163 2.16 100 % Survival 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 0.0 0.0179 0.0 40 0.163 0.163 0.163 0.00 100 % Survival 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 15.0 0.0179 9.8 40 0.163 0.163 0.163 1.08 100 % Survival 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 30.0 0.0179 19.7 40 0.163 0.163 0.163 2.16 95 % Survival 5.00

Hudson et al. (1984) High Ducks Adult 14 NaAsO2 Oral na na na 12 na na na 323.00 50.000 % Mortality 50.00

Hudson et al. (1984) High Quail Adult 14 NaAsO2 Oral na na na 12 na na na 47.60 50.000 % Mortality 50.00

Hudson et al. (1984) High Pheasant Adult 14 NaAsO2 Oral na na na 12 na na na 386.00 50.000 % Mortality 50.00

* all survival endpoints are included regardless of potential redundancy and/or uncertainty
1 Effect Relationship is formatted to be highlighted when it is above or below 10%
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Table 5 Reproduction Summary for Inorganic Arsenic

Study Reference
Associated 

Uncertainty
Species

Start 

Lifestage
Duration 

(Days)
Contaminant

Route of 

Exposure

Dietary 

Concentratio

n in mg/kg 

(as reported)

Ingestion 

Rate (kg/day 

or L/day)

Dietary 

Concentratio

n (matched 

to IR)

Sample Size
Start Body 

Weight (kg)

Final Body 

Weight (kg)

(Average) 

Body weight 

for dose

(kg) 

Dose

(mg/kg 

bw/day)

Response 

(at end of 

study)

Response Units
Effect 

Relationship 
1

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 0.0 0.1154 0.0 6 1.79 1.803 1.796 0.00 17.2 eggs/hen LSM 0.00

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 7.5 0.1162 5.7 6 1.79 1.755 1.773 0.37 17.3 eggs/hen LSM -0.58

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 15.0 0.1106 11.4 6 1.79 1.808 1.799 0.70 15 eggs/hen LSM 12.79

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 30.0 0.1194 22.7 6 1.79 1.825 1.808 1.50 17.7 eggs/hen LSM -2.91

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 0.0 0.1154 0.0 6 1.79 1.803 1.796 0.00 56.5 g average egg weight LSM 0.00

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 7.5 0.1162 5.7 6 1.79 1.755 1.773 0.37 58.2 g average egg weight LSM -3.01

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 15.0 0.1106 11.4 6 1.79 1.808 1.799 0.70 55.1 g average egg weight LSM 2.48

Holcman & Stibilj (1996) Low Chicken Adult 19 As2O3 Oral 30.0 0.1194 22.7 6 1.79 1.825 1.808 1.50 59.5 g average egg weight LSM -5.31

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1289 0.1 24 1.164 1.217 1.190 0.01 16.0 days between pairing and first egg 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1285 9.0 24 1.164 1.242 1.203 0.96 16.0 days between pairing and first egg 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1294 38.1 24 1.164 1.186 1.175 4.19 16.0 days between pairing and first egg 0.00

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1293 165.0 24 1.164 1.191 1.177 18.13 25.0 days between pairing and first egg -56.25

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1289 0.1 11 1.164 1.217 1.190 0.01 91.4 % Hatching Success 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1285 9.0 11 1.164 1.242 1.203 0.96 91.7 % Hatching Success -0.33

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1294 38.1 8 1.164 1.186 1.175 4.19 90.8 % Hatching Success 0.66

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1293 165.0 7 1.164 1.191 1.177 18.13 74.5 % Hatching Success 18.49

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1289 0.1 11 1.164 1.217 1.190 0.01 36 grams weight ducklings at hatch 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1285 9.0 11 1.164 1.242 1.203 0.96 34.7 grams weight ducklings at hatch 3.61

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1294 38.1 8 1.164 1.186 1.175 4.19 33.7 grams weight ducklings at hatch 6.39

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1293 165.0 7 1.164 1.191 1.177 18.13 30.9 grams weight ducklings at hatch 14.17

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1289 0.1 11 1.164 1.217 1.190 0.01 100 % not deformed ducklings 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1285 9.0 11 1.164 1.242 1.203 0.96 100 % not deformed ducklings 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1294 38.1 8 1.164 1.186 1.175 4.19 98.1 % not deformed ducklings 1.90

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1293 165.0 7 1.164 1.191 1.177 18.13 97.1 % not deformed ducklings 2.90

Stanley et al. (1993) Low Ducks Adult 115 Na₃AsO₄ Oral 0.3 0.1289 0.1 11 1.164 1.217 1.190 0.01 10.3 # ducklings alive at 14days for nests ≥1 duckling 0.00

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 22.0 0.1285 9.0 11 1.164 1.242 1.203 0.96 10.1 # ducklings alive at 14days for nests ≥1 duckling 1.94

Stanley et al. (1993) Low Ducks Adult 117 Na₃AsO₄ Oral 93.0 0.1294 38.1 8 1.164 1.186 1.175 4.19 11 # ducklings alive at 14days for nests ≥1 duckling -6.80

Stanley et al. (1993) Low Ducks Adult 128 Na₃AsO₄ Oral 403.0 0.1293 165.0 7 1.164 1.191 1.177 18.13 1.6 # ducklings alive at 14days for nests ≥1 duckling 84.47

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 0.0 0.0179 0.0 40 0.163 0.163 0.163 0.00 75 % egg production 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 15.0 0.0179 9.8 40 0.163 0.163 0.163 1.08 87 % egg production -16.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 30.0 0.0179 19.7 40 0.163 0.163 0.163 2.16 71 % egg production 5.33

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 0.0 0.0179 0.0 40 0.163 0.163 0.163 0.00 91 % fertility 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 15.0 0.0179 9.8 40 0.163 0.163 0.163 1.08 93 % fertility -2.20

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 30.0 0.0179 19.7 40 0.163 0.163 0.163 2.16 93 % fertility -2.20

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 0.0 0.0179 0.0 40 0.163 0.163 0.163 0.00 80 % Hatching Success 0.00

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 15.0 0.0179 9.8 40 0.163 0.163 0.163 1.08 77 % Hatching Success 3.75

El-Begearmi (1981) Low Quail Adult 112 NaAsO2 Oral 30.0 0.0179 19.7 40 0.163 0.163 0.163 2.16 77 % Hatching Success 3.75

* all reproduction endpoints are included regardless of potential redundancy and/or uncertainty
1
 Effect Relationship is formatted to be highlighted when it is above or below 10%
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Using the Avian/Arsenic Toxicity Profile 

For each toxicological study assessed, reported findings for individual endpoints were 

normalized against control values. The response was measured as: Treatment response/control 

response. This provides an effect size value denoted as ESx where ‘x’ is the percent effect size. 

Certain endpoints such as growth, where there is presumed greater variation in control response 

across studies (Hill et al., 2014, p.5), will likely exhibit ESx that are both positive and negative. 

A negative ESx suggests an improved response compared with control.  

The toxicity profile method allows for a better appreciation of the dose-response 

relationship than most conventional assessments. Different endpoints can be reviewed 

individually but also compared across studies and by avian species. Endpoints were categorized 

as “mortality, growth, reproduction, and other” in the avian/arsenic database provided in 

Appendix B. Mortality and growth do not have associated subset endpoints as each can be 

standardized as ‘% survival’ and ‘kg bodyweight change’ respectively and reviewed as such. 

Reproduction cannot easily be standardized as one endpoint and can be reviewed as multiple 

subset endpoints. Those endpoints categorized as ‘other’ generally refer to changes in behaviour 

(e.g., time spent at an activity or feed consumption) and likewise can be reviewed as multiple 

subset endpoints. Reproduction and ‘other’ are included in the database but are not reviewed in 

greater detail in this discussion. 

Each endpoint, or relevant subsets, can be plotted as a scatterplot. These scatterplots 

provide an important visual reference relating dose to effects. The dose values are provided on 

the x-axis and the response (normalized against control response) are measured on the y-axis. 

The same process may be used to fit a regression line to the plotted data with the caveat that the 
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individual data plots are calculated based on toxicological data provided in the reviewed studies 

and that there is no analysis of statistical strength (significance). 

Growth 

Figure 1 is a scatter plot of dose and effect relationship for growth normalized against 

control. The complete growth dataset is provided in Table 3. Studies that were excluded from 

analysis are those associated with high uncertainty. In Figure 2 the higher dose data has been 

removed as has the zero dose (control) data to increase resolution for low dosage treatments. 

Figure 1 – Growth as kg Bodyweight Change 

 

  



INORGANIC ARSENIC AND AVIAN WILDLIFE  51 
 

Figure 2 – Growth as kg Bodyweight Change (increased resolution) 

 

In Figures 1 and 2, toxicological ESx values have been plotted relative to treatment doses 

for a variety of studies and/or study subsets (i.e., single studies that report data for different 

experiments). Those studies that are provided without additional descriptors are for kg 

bodyweight change reported for both males and females combined.  

Plotting the data in this manner provides insight into the effects of arsenic on avian 

species. A negative effect concentration is associated with an increase in growth over control. 

The studies by Holcman & Stibilij (1997), Carlson et al. (1954), and Carlson et al. (1962) show 

evidence that low dose treatments may be associated with improved growth and that this may 

indicate a hormesis dose-response relationship. However, there is also a certain amount of 
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variability in growth effects at low doses and “detecting subtleties in dose-response such as 

hormesis is challenging” given the general sparsity of wildlife toxicological data (Hill et al., 

2014,p.9). 

Camardese et al. (1990) provides data for female and male ducks individually and at 

weekly intervals on juvenile ducks from one day of age throughout the study up to 70 days. As 

such, it was possible to plot both genders individually as though the study was 35 days in 

duration (half the total duration) and 70 days in duration. This allows for a comparison of how 

lifestage may influence the toxicological effects of inorganic arsenic on avian receptors. It also 

encourages discussion on the importance of subchronic exposure versus chronic exposure.  

This data is presented in Figure 3. Comparing the two sets of data from this one study 

show that during the first 35 days, when the test animals were youngest, the reported effect size 

(represented by the ESx values) was more pronounced across all treatment groups than was 

apparent for the full duration data which averages the change in bodyweight over 70 days in 

contrast to 35 days. Furthermore, it appears that during earlier life stages, female ducklings are 

more susceptible to effects from arsenic.  

  



INORGANIC ARSENIC AND AVIAN WILDLIFE  53 
 

Figure 3 – Growth as kg Bodyweight Change for Camardese et al. (1990) 

 

The Camardese et al. (1990) study highlights the importance of fully appreciating the 

potential impact of exposure duration when reviewing toxicological data and when assessing 

site-specific exposure scenarios. This example also highlights the difficulty of fitting regression 

lines to data from individual toxicological studies due to the critical roles data extraction and 

interpretation play when comparing dose to effect. There is a four to five fold difference between 

each plotted dose/ES relationship depending on which study data is used (i.e., half duration or 

full duration). This study appears to suggest that while growth effects associated with arsenic 

exposure may be quite pronounced at early lifestages, over a more chronic long-term exposure 

scenario, and assuming that there is no associated mortality related to the early life stage growth 
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effects, the same animals may not show any, or only limited, adverse growth effect from arsenic 

exposure. 

Another interesting insight gleaned from the data presented in   Figure 3 comes from 

using different bodyweights in the calculation of dosing results at different dosing levels. When 

using the bodyweight averaged over half study duration compared to bodyweight averaged over 

the full study duration, doses are assumed to be greater for the half study duration. This is easily 

visualized in Figure 3 where the highest dose values do not lie over each other when comparing 

half and full study durations. 

In part, the value of using the toxicity profile approach is highlighted by this review of 

the Camardese et al. (1990) study. A more holistic understanding of the dose-response 

relationship between inorganic arsenic and avian receptors is rendered by the ability to explore 

data from toxicological studies in more detail. A further review of growth in the avian/arsenic 

database in Appendix B and summarized in Table 3, shows that most of the studies that provide 

growth information are on juvenile (early life stage) animals and that most are fairly short in 

duration (i.e., subchronic). Intuitively it makes sense that evidence of growth effects would be 

reduced once the test animal reaches maturity, however, it also highlights a potential issue when 

assessing growth as an endpoint: Difference in bodyweight (measured as change in bodyweight) 

will appear to be small when bodyweight is larger (i.e., when test animals are at adult 

bodyweight). However, a priori assumptions regarding expected outcomes should not be 

included in the assessment of dose-response information. One of the values of using the toxicity 

profile process is the greater level of dose-response detail providing a deeper appreciation of the 

relationship between contaminant and receptor. Possible variations in data interpretation can also 

be assessed. Prescriptive reference values, particularly those that are point estimates, suffer from 
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assumptions that the analysis of data, and the models applied in interpretation, are sufficient to 

provide a defined level of protection. This is despite the potential that a more detailed 

examination of the dose-response data may show unexpected results such as hormesis. 

The review provided here of the dose-response relationship applied to arsenic and growth 

suggests that growth is not always a suitable endpoint for assessing any potential associated 

effect from arsenic exposure.  

Mortality 

Mortality is the fundamental endpoint in toxicology and thus is useful both for 

assessment of effects at the individual level and the broader population level, given that survival 

and reproduction are the essential elements of population stability. Figure 4 is a scatterplot of 

mortality data presented as ESx normalized against control for the data available in the 

avian/arsenic database in Appendix B. In Figure 4, the higher dose data has been removed as has 

the zero dose (control) data to increase resolution and, as such, several high dose results are not 

plotted. Values below the ES0 response line (the x axis) represents study data where control 

groups suffered higher mortality than the corresponding exposure treatments. Mortality in zero 

dose (control) animals serves to highlight a potential area of uncertainty in the interpretation of 

toxicological studies and to provide a cautionary example of the dangers of making blind 

assumptions that reported findings are correlated with administered doses.  

Most mortality data is on the x axis which translates to no mortality over the duration of 

the exposure. Five data points are above the x axis. Two of these points are above the ES10 

reference line. Furthermore, mortality does not appear to be limited to high doses. The exposure 

dose of 2.2 mg/kg bw/day is associated with an EC5 and the exposure dose of 2.6 mg/kg bw/day 

is associated with an EC10.71. The 2.2 mg/kg bw/day dose was derived from data reported in a 
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study on adult Japanese quail over a 112 day period (El Begearmi, Ganther, & Sunde, 1982). The 

2.6 mg/kg bw/day dose was derived from data reported in a study on juvenile chickens over a 21 

day period (Howell & Hill, 1978). Only one other quail study is referenced in the avian/arsenic 

database in Appendix B; a LD50 value of 47.60 mg/kg bw in an acute study (Hudson, Tucker, & 

Haegele, 1984) 9. 

Figure 4 – Percent Mortality  

 

Exposure scenario- 3 mg/kg bw/day. 

The value of using a toxicity profile in assessment of risk under the ERA process is the 

ability to access a more comprehensive dose-response dataset. This information may be tailored 

                                                           
9 This data was not included in analysis due to a high uncertainty ranking. 
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to meet site-specific needs, a notion that is supported by Mayfield et al. (2013): “TRV 

determinations can move beyond simple point estimates… to tailor the toxicological thresholds 

to the specific needs of the contaminated site” (p.368). Evidence of this is provided in the 

analysis of different endpoint effects, species effects, and chemical speciation effects. For 

example, if the site-specific exposure scenario was concerned with an ES10 for As(III) for a 

species of bird more closely related to mallard ducks, the toxicity profile would allow a 

customized review of ES10 values for multiple individual endpoints and combined endpoints for 

As(III) or both As(III) and As(V). “For a risk characterization to be useful to risk managers, it 

must be transparent, clear, consistent, and reasonable” (USEPA, 2014). Likewise, if the 

calculated exposure concentration was, hypothetically, used to calculate a 3 mg/kg bw/day dose 

for an avian receptor, this value could be reviewed in the context of different endpoints.  

In Figure 5 the ES10 is shown as a horizontal line. The hypothetical dose of 3 mg/kg 

bw/day is shown as a vertical line. These two lines (and corresponding values) bound the 

analysis of potential risk. While this figure is only displaying data for growth as kg bodyweight 

change, the methods for review is the same regardless of endpoint assessed. The two lines create 

a quadrant effect. Any data points that fall into the upper left quadrant exceeds the acceptable 

level of associated risk as defined (in this case ES10) for doses that are less than the dose of 3 

mg/kg bw/day. Any data points in the lower left quadrant would still have an associated level of 

associated risk though this would be below the level as defined.  
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Figure 5 – Growth as kg Bodyweight Change (3 mg/kg bw/day exposure) 

 

 

It does not, however, provide a definitive assessment of risk given the inherent 

uncertainties in the toxicological studies, in the data extraction process, and in the analysis of 

data. Any data point near the exposure dose line would warrant further review. In particular, any 

data point that is on the left of the line suggests that a dose lower than the exposure dose may be 

associated with an adverse effect (assuming the value of the data point is positive). Furthermore, 

this would only be a review of growth as an endpoint.  

Growth as an endpoint may not be easily applied to population level effects. A more 

detailed assessment of avian/arsenic growth data is provided in the section on growth above. 
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Using the example of an exposure scenario where the dose is calculated as 3 mg/kg bw/day, 

Figure 6 provides the opportunity to use the same methods to visually assess mortality as an 

endpoint using the EC value for context. 

Figure 6 – Percent Mortality (3 mg/kg bw/day exposure) 

 

 

Review of Uncertainty- Body Weight and Ingestion Rate 

The database as provided in Appendix B and subsequent data analysis should not 

introduce ambiguity, but rather reduces uncertainty by highlighting deficiencies in the dataset 

and toxicological studies. 
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The CCME (2006) cites the work of Suter et al. (1993) in the assessment of uncertainty 

in ERA: 

1. The inherent randomness in the world (stochasticity); 

2. Imperfect or incomplete knowledge of things that could be known (ignorance); and 

3. Mistakes in execution of assessment activities (error). (CCME, 2006) 

The first source of uncertainty listed above is not addressed in this study. The goal in the creation 

of a toxicity profile is to address the second source of uncertainty by providing a tool to better 

understand the dose-response relationship for a specific contaminant and receptor group. The 

third source of uncertainty may be found in the ERA process at any level, but can also be found 

in the creation of a toxicity profile. Incomplete data from varying toxicity studies have to be 

standardized to provide accurate dose and effect measures. The toxicological studies which 

provide the data rarely report calculated dose and effect size, or even the variables required for 

calculation. “Published studies often do not include enough data to reconstruct a dose-response 

curve” (Allard et al., 2009, p.32). In the derivation of TRVs, variation in derived values, a source 

of inherent uncertainty, are attributed to the use of alternative studies10, the use of uncertainty 

factors, and variability in the methodology in the calculation of dose values (Mayfield & 

Fairbrother, 2013, p.114). 

Table 2 indicates  missing variables highlighted in yellow. Thee missing variables 

represent areas of uncertainty; i.e., areas where there may be mistakes in the execution of 

assessment. The most common sources of uncertainty identified in the derivation of the 

avian/arsenic toxicity profile are due to incomplete datasets and include: moisture content in 

food; ingestion rate; and body weight. 

                                                           
10 This is particularly relevant when using a single, “best” study to determine NOAEL and LOAEL values. 
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Moisture content 

Moisture content in food describes the percent portion of feed that is water. This variable 

represents the least critical source of uncertainty and does not require consideration if treatments 

are administered in drinking water or via crop tubing. If ingestion rate uses a “dry” weight value, 

the dietary concentration needs to be adjusted to match. This requires removing the moisture 

content of the feed. Four of the studies assessed in the creation of the avian arsenic toxicity 

profile provide percent moisture content of feed: 0.06, 0.10, 0.1315, and 0.1315. The variation 

between moisture contents is considered quite small. A surrogate value of 0.12% was chosen for 

those studies that do not provide moisture content. 

Ingestion rate 

The ingestion rate is required to accurately estimate dose when contaminants are 

administered in feed or water. If the ingestion rate is not recorded in the toxicological study, then 

a surrogate value must be used. In 1987, Kenneth Nagy published “Field Metabolic Rate and 

Food Requirement Scaling in Mammal and Birds”. Nagy used free-living or field metabolic rates 

in the calculation of ingestion rate as allometric correlation equations for birds and mammals 

based on bodyweight (Nagy, 1987). While these equations may not always be appropriate for 

laboratory bred and raised animals, in the absence of more specie specific data, the Nagy 

equation provides a means to determine what are commonly accepted ingestion rates (USEPA, 

1993). 

A qualitative review of the Nagy (1987) formula suggests that it appears to provide a 

good approximation of ingestion rate using bodyweight for two of the bird species assessed in 
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the completion of a toxicity profile for arsenic; chicken and quail11. A review of how well the 

Nagy equation computes mallard duck feeding rates suggested that using the Nagy equation to 

calculate mallard duck ingestion rate by body rate created uncertainty by providing very low 

estimates of feed consumption.  

Appendix C provides a detailed review of uncertainty related to ingestion rate particularly 

related to mallard ducks. This appendix also includes a detailed review of published mallard 

duck ingestion rates for toxicological studies. The correlation between ingestion rate and 

bodyweight was examined and a quadratic regression equation was calculated for use in place of 

the Nagy (1987) equation. 

Bodyweight 

The bodyweight for test organisms plays a critical role in the determination of dose and 

possibly ingestion rate (if ingestion rate is not provided then a surrogate value must be chosen or 

calculated; the ingestion rate is therefore a function of bodyweight). A key consideration, and a 

source of uncertainty, is that bodyweight may change dramatically over the duration of a 

toxicological study particularly when a study uses juvenile organisms. As such, it represents a 

challenge to select a representative bodyweight to assess dose. Options include, but are not 

limited to, start weight, end weight, or mean weight. Mean weight was selected as the default 

bodyweight in the avian/arsenic toxicity profile.  

The discussion on growth above and Appendix C provides more detail in the review of 

uncertainty related to bodyweight. 

                                                           
11 Pheasant was not assessed as it was only reviewed in one lethal dose study (Hudson et al., 1984). 
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Reference Values: Derivation Methods and Published Values 

A suitable context for the avian/arsenic toxicity profiling completed in this study is to 

assess how providing a better understanding of the dose-response relationship benefits the ERA 

process. There is always a desire to streamline ERA processes (Bradbury et al., 2004, p.463), 

however, this must be measured against the challenge to “create ways to efficiently and credibly 

predict toxic potency [and exposure levels]” (Bradbury et al., 2004, p.464). Ideally risk 

assessments will review the exposure estimates for site-specific receptors against known dose-

response effects to predict the probability of adverse effects and the magnitude of any effects. 

Regulations may not require this level of effort, particularly at lower tiers of the ERA process, 

and this level of effort is beyond the scope of many ERAs. As such, point estimates of exposure 

are commonly measured against benchmarks that meet the desired level of protection. 

Benchmarks are often published reference values12, and though they are usually derived 

for screening purposes, they are often used throughout the ERA process (Hill et al., 2014, p.3; 

Mayfield & Fairbrother, 2013). The value of the toxicity profile process is that it is not limited to 

assisting in the derivation of TRVs or other reference values, as toxicity profiles provide a deeper 

understanding of the underlying mechanisms of toxicity and physiological differences between 

species (Allard et al., 2009, p.32). However, TRV derivation, and published reference values, 

provide a context through which to assess some of the value of the toxicity profile process, not 

                                                           
12 Reference Values – In the ERA process, site-specific exposure factors for relevant COPCs are compared to 

calculated threshold dose levels which provide a presumed level of protection from adverse effects. The protective 

dose levels may be provided by regulatory agencies as standardized values or may be derived de novo under the 

ERA process. The naming conventions for these values may differ by region or agency. A common accepted term is 

“toxicity reference value” (TRV), but may alternatively be refer to as “threshold values”. Throughout this report 

TRV, threshold value, and reference value will be used interchangeably. 
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the least of which is because reference values or thresholds are favored by regulatory agencies 

(Hope, 2009, p.3). 

From a risk management and regulatory perspective there is often a desire to be 

prescriptive in assessing level of risk. As such, regulatory agencies often support the derivation 

or use of thresholds or benchmarks as point estimates of exposure concentrations that act as a 

dividing line below which risk of adverse effect are considered negligible and above which are 

more likely to occur (Azimuth Consulting Group, 2012). The measurement of adverse effects is 

compared to a specific desired level of protection. Benchmarks or thresholds are often valued by 

regulatory agencies in the evaluation of risk especially in screening level assessments. 

Benchmark or threshold values below which no adverse effects are selected for classes of ROCs. 

Those reference values are often point estimates of risk to receptors and are often presented as 

toxicity reference values (TRVs) or benchmark doses. Mayfield and Fairbrother (2013) provide 

the following two definitions for toxicity reference values: 

The term toxicity reference value (TRV) is used to describe threshold values that indicate a level 

of exposure where the measured response is not statistically different from a control group 

A TRV may represent an exposure dose or concentration above which ecologically relevant 

effects might occur in wildlife species and below which it is reasonably expected that such effects 

will not occur 

The benefit in the reference value approach is a reduced level of effort; the ERA process 

is expedited across phases without an excessive use of resources. The downside of using TRVs, 

particularly in more detailed quantitative phases of risk analysis, is that TRVs are often 

conservative and may have uncertainty factors incorporated in their derivation (Allard et al., 

2009, p.31). There are inherent complications in the application of applying uncertainty factors 

including a generalized inconsistency in their application (Duke & Taggart, 2000, p.1675). 

Furthermore, the TRV approach may not include a detailed review of the underlying mechanisms 
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of toxicity and the dose-response effects that are ecologically relevant in the context of site-

specific conditions including routes of exposure, COPCs present, and physiological variance in 

exposed species.  

Unfortunately there is not a standardized method for the derivation of reference values 

and, as such, different jurisdictions may prescribe different methods for the derivation of TRVs. 

In a review of 50 large scale ERAs conducted in the US, Mayfield and Fairbrother (2013) 

identified significant variability between TRVs used despite efforts from the USEPA to provide 

standardized published TRVs (i.e., EcoSSL). For avian arsenic TRVs the range of NOAEL and 

LOAEL TRVs was from 0.691 to 20 mg/kg/day to 4.5 to 71 mg/kg/day respectively (Mayfield & 

Fairbrother, 2013). This variability indicates substantial ramifications for consistent decision 

making.  

Several key compendiums of TRV values are published and available for use. These 

include, but are not limited to, EcoSSL, ORNL (Benchmarks), CCME, CEAEQ, and USEPA 

Region 9. Table 6 provides a summary of key published avian/arsenic reference values for and 

the methods used in their derivation.  
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Table 6 - Compilation of Published Arsenic TRVs 

Source 

(Agency or Group)

Reference 

Year

Reference 

Value
Method Summary Arsenic Form Species Endpoint

Uncertainty 

Factors Applied?
Source Reference

mg/kg/day

USEPA EcoSSL 2005 2.24 NOAEL As2O3 Chicken Reproduction/Growth No Holcman and Stibilj 1997

Navy/USEPA Region 9 2009 5.5 Unknown Na₃AsO₄ Mallard Reproduction Unknown Stanley et al. 1994

ORNL (Sample et al.) 1996 2.46 NOAEL Cu(C2H3O2)2·3Cu(AsO2)2 Brown-Headed Cow Bird Mortality No USFWS 1969

ORNL (Sample et al.) 1996 5.14 NOAEL NaAsO2 Mallard Mortality No USFWS 1964

ORNL (Sample et al.) 1996 7.38 LOAEL Cu(C2H3O2)2·3Cu(AsO2)2 Brown-Headed Cow Bird Mortality No USFWS 1969

ORNL (Sample et al.) 1996 12.84 LOAEL NaAsO2 Mallard Mortality No USFWS 1964

CCME 
1 1997 12 

1 Weight of Evidence Unknown Unknown Unknown Unknown Unknown

CEAEQ 2012 4.4 EC20 As2O5 Chicken Growth Yes Czarnecki 1984

1 The CCME value is not a TRV, but is a soil quality guideline value.
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Critical Review of Published Avian/Arsenic Reference Values 

TRVs, and other reference values, are fundamental tools used in the ERA process. Many 

decisions are rendered using reference values across all phases of the ERA. TRVs are intended to 

be protective of wildlife receptors by providing a threshold level below which adverse effects 

will be less than those prescribed by the regulatory agency, risk assessor, or other decision 

maker. The defensibility of published TRVs is critical for informed decision making. The 

information available in the avian/arsenic toxicity profile derived for this study has been used to 

review the published reference values. 

Review of published reference values 

Several different approaches and methods are applied in the derivation of the published 

reference values. Table 6 provides a reference to the methods used in the “method summary” 

column13. While different agencies may favour one approach, the choice of approach applied 

may be data dependent. The sparsity of toxicological data available for an assessment of 

avian/arsenic dose-response required that all of the published reference values used some form of 

a “critical study approach” (USEPA, 2003). This approach uses one critical study result for each 

COPC and from this extrapolation and/or uncertainty factors are used to derive a reference dose 

applicable to different avian species (USEPA, 2003)14. One of the greatest pitfalls of the critical 

study approach is the assumption that the findings reported in the study are true. Even studies 

that report statistically significant ‘true’ findings may in reality be false. Study power and bias 

                                                           
13 It is beyond the scope of this study to provide a full detailed review of reference value methods. As such, this 
study provides a summary review to provide context. 
14 Note that not all sources used uncertainty factors. 
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are examples of key issues related to study design (Ioannidis, 2005, p.40). A further issue is that 

it assumes the interpretation of the data provided in the study is correct.  

Critical review of avian/arsenic EcoSSL 

The USEPA prefers to calculate a geometric mean for growth, reproduction, and 

mortality when calculating a TRV. The sparsity of the dataset used in the derivation of the 

avian/arsenic TRV meant that this approach was not appropriate. Four of the five studies sourced 

provided information on growth and mortality and one for reproduction. LOAEL effects were 

only available for growth effects for three of the studies. The USEPA EcoSSL preferred TRV 

derivation method requires three NOAEL values from growth and/or reproduction. There is only 

one reported NOAEL for reproduction and one for growth. There were no bounded LOAEL and 

NOAEL values for growth, reproduction, or mortality15 for comparison. As indicated, there was 

insufficient data to calculate a geometric mean. As such, the lowest NOAEL for either growth, 

reproduction, or mortality is chosen as the TRV. 

The USEPA favours the ‘weight of evidence’ approach in TRV derivation. 

Unfortunately, the avian/arsenic TRV does not support the use of this approach because of the 

sparsity of relevant toxicological studies and the limited data extracted from them. As such, the 

USEPA essentially uses the ‘critical studies’ approach in the derivation of an avian/arsenic TRV.  

This lowest value is taken from Holcman and Stibilj (1997) which reports effects for 

growth, reproduction, and survival. This study was reviewed in the creation of the avian/arsenic 

toxicity profile outlined in this report and is summarized in Appendix A and included in the 

avian/arsenic database in Appendix B. The Holcman and Stibilj (1997) study was designed 

                                                           
15 A bounded LOAEL and NOAEL requires a LOAEL with a corresponding NOAEL for a single study. 
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primarily to assess the increase of arsenic concentration in eggs for chickens fed varying 

concentrations of arsenic in feed. The doses administered in this study were low and the effect 

relationship calculated in the arsenic toxicity profile database provides mostly small negative and 

positive effects. Sample size was 6 animals per treatment. Treatment values, as reported, were: 0, 

7.5, 15, and 30 mg of As2O3 /kg feed. The only potential adverse effect relationships as provided 

in the avian/arsenic database were 4.16 % for change in feed intake and 12.79 % for number of 

eggs laid per hen. Both were for the 15 mg/kg feed groups. Feed consumption is not an endpoint 

that is easily translated into meaningful population or individual level effects. Number of eggs 

per hen is a difficult endpoint to translate into meaningful population or individual effect 

especially given that this effect is measured on a very small sample size. A more detailed review 

of the avian/arsenic toxicity profile database indicates that both the amount of feed intake and 

number of eggs laid per hen were greater than control for the highest arsenic treatment; 30 mg/kg 

feed group (these are negative values in the arsenic avian toxicity database). 

Critical review of Sample et al. (1996) avian/arsenic benchmarks 

Sample, Opresko, and Suter (1996) summarized key studies for mammalian and avian 

wildlife receptors for numerous COPCs and calculated lowest observed effect concentrations 

(LOEC) and no observed effect concentrations (NOEC) values based on dose for 1 kg body 

weight. The Toxicological Benchmarks for Wildlife: 1996 Revision, and the studies cited 

therein, provides a valuable resource and has been used extensively in the derivation of TRVs. 

Sample et al. (1996) provide benchmark doses for avian/arsenic based on two ‘critical’ studies. 

The authors do not set a TRV and only report NOAEL and LOAEL values. The assumption that 

NOAEL and LOAEL values can be used in a definitive assessment of risk at any level in the 

ERA process is fraught with issues including: The likelihood that these are true representations 



INORGANIC ARSENIC AND AVIAN WILDLIFE  70 
 

of NOAELs or LOAELs; the difference between the two is relatively large; and there is no 

assessment of magnitude of effects where the LOAEL values may, in reality, represent no risk to 

receptors in an ecologically relevant way. There is no context provided to the dose-response 

relationship, and in this instance the only endpoints assessed are mortality which does not 

provide detail on toxicologically relevant concentrations for other endpoint effects. However, in 

regard to the avian arsenic information as presented by Sample et al. (1996), there are also 

several errors in transcription from one of the studies and there are presumed limitations in the 

application of the other study.  

The authors present information on two arsenic studies; one using sodium arsenite on 

mallard ducks, and the other on copper(II) acetoarsenite and cowbirds. They made assumptions 

for key metrics if they weren’t reported including ingestion rate (i.e., calculated using the Nagy 

equation) and body weight (i.e., citing a published value for the same species animal). The 

studies that are cited were experiments on mortality from the US Fish and Wildlife Services  

(USFWS) (1964 & 1969 respectively).  

The USFWS 1964 study (as cited by U.S. Fish and Wildlife Service. 1964. Pesticide-

wildlife studies, 1963: a review of Fish and Wildlife Service investigations during the calendar 

year. FWS Circular 199. ), used sodium arsenite on mallard ducks of different ages. That study is 

valuable especially given that there are limited arsenic studies on avian receptors and this study 

in particular focused on the effects of relatively high concentrations of inorganic arsenic 

administered in feed over a chronic study period. This study is summarized in Appendix A and 

key data is available in Appendix B.  

One of the most challenging issues with the information as presented by Sample et al., 

(1996) is that the authors made errors in interpreting and transcribing the information as 
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presented by the USFWS (1964). The details from the USFWS (1964) are summarized in detail 

in Appendix A. The key discrepancies between the two publications are that Sample et al. (1996) 

provide the information as though the study was only conducted on adult mallard ducks, that the 

duration of the studies were 128 days for all treatments, and that there was no control. The 

USFWS (1964) presents most of the study data for young ducks (approximately one day old) for 

three of four treatments with study durations ranging from 13 to 154 days, and information is 

provided for several control (no dose) treatments for both the duckling and adult duck studies. 

These variables have important ramifications for the accurate assessment of dose and effects 

including mortality for control treatments of both adult and juvenile ducks. 

Sample et al. (1996) determined that the NOAEL dose was for the 100 ppm study and 

calculated to 5.135 mg/kg/day based on a 1 kg bird. That value closely aligns with the calculated 

daily dose for the 100 ppm study in the avian/arsenic database provide in Appendix B. The 

authors determined the 250 ppm study on juvenile ducks was the chronic LOAEL and calculated 

the dose as 12.8375 mg/kg/day based on a 1 kg bird. The value calculated in the avian/arsenic 

database using the USFWS (1964) provided dose calculation is 19.608 mg/kg/day. There was no 

positive (adverse) ESx relationship associated with that dosage in the avian/arsenic profiling 

completed in the study because the mortality was higher in the control group for young mallards. 

Using a negative (possibly an improvement over control) as the NOAEL dose in risk assessment 

seems counter intuitive. 

The USFWS 1969 study (as cited in U.S. Fish and Wildlife Service. 1969. Bureau of 

sport fisheries and wildlife. Publication 74, pp. 56-57.), used copper(II) acetoarsenite and 

cowbirds. That study was designed to assess the possible effects of repeated exposure to Paris 

Green (copper(II) acetoarsenite) which was used over large marsh areas for mosquito control. 



INORGANIC ARSENIC AND AVIAN WILDLIFE  72 
 

This publication was reviewed in Appendix A, but was ultimately excluded. Paris Green is a 

synthetic arsenical with a high copper content and is classified as an inorganic insecticide 

(Benson, 1969, p.8). The concentration of a co-contaminant (copper) calls into question which 

contaminant is causing any observed effects or even if it is a combination of the two chemicals 

that is causing adverse effects. The USEPA in the derivation of EcoSSLs, calculates TRV values 

for avian receptors of 2.24 and 4.05 mg/kg bw/day for arsenic and copper respectively. Paris 

Green was administered in feed to cowbirds at treatments ranging from 25 to 675 mgs in feed.  

Critical review of the CEAEQ avian/arsenic TRV 

The Centre d’Expertise en Analyse Environmentale du Quebec (CEAEQ) (2012), 

calculates a TRV of 4.4 mg/kg bw/day using information provided in a study by Czarnecki, 

Baker, and Garst (1984). This study is summarized in Appendix A and the toxicological 

information is provided in the avian/arsenic database in Appendix B of this report. In the study, 

groups of five juvenile male chicks were administered different concentrations of As2O3 and 

As2O5 to assess the effects on growth over a two week period. Interestingly, the effect 

relationships showed more adverse effects associated with As2O5 contrary to the general 

assumption that As(III) is more toxic than As(V) (see section 1.1.1). It is assumed that this 

dataset is the one used by CEAEQ (2012). The endpoint assessed is growth. This in itself is a 

potential issue; please see the discussion in the section above. 

The Czarnecki et al. (1984) dataset provides valuable toxicological data regarding the 

effects on growth of arsenic on juvenile chicks during early life stages. The study was only 

conducted over a short duration. The CEAEQ (2012) applied an uncertainty factor to the 

calculated effect concentrations (EC) to account for the short duration. This uncertainty factor 

reduced the calculated EC20 value by half (from 8.70 mg/kg/day down to 4.35 mg/kg/day).  One 
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of the problems with using growth as an endpoint for inorganic arsenic and avian species, is that 

adverse effects appear to be most pronounced at early life stages, and assuming no mortality or 

other impairments, the effects of a longer duration exposure to low doses of arsenic appear to be 

buffer the initial early, more pronounced, life stage effects. By using an uncertainty factor in this 

instance, the CEAEQ may be making a false assumption regarding the severity of effects of 

acute vs chronic exposure.   

The CEAEQ (2012) approach attempts to plot effect concentrations for individual 

studies16. However, as the distributions are not combined across studies, the subsequent plots are 

used to calculate specific ECx values for each study. The CEAEQ uses the Weibull model to fit a 

regression line of best fit for a specific endpoint to individual toxicological studies and calculates 

the EC20. The values are compared and the lowest EC20 are selected. This approach requires only 

using the dose-response data from one study though the data has been compared to other studies; 

in this case seven studies. The approach suffers from the same uncertainties apparent in the 

‘critical study approach’. The uncertainty is increased by the use of predictive modeling in sparse 

data situations. The Weibull model “attempts to make predictions about the life of all products in 

the population by fitting a statistical distribution to life data from a representative sample of 

units” (www.weibull.com, n.d.). However, there is assumed uncertainty when sample sizes are 

small which is most commonly associated with statistical power. The number of treatments in 

the study used by the CEAEQ (2012) is four, where one is a control. One of the issues with 

statistical power analysis is that it is not limited to the statistical power applied to inferences 

made from data taken from a toxicological study, but also to the statistical power available in the 

                                                           
16 An individual study refers to endpoint assessments in that one publication may provide information for two 
endpoint assessments thereby providing two individual studies. 

http://www.weibull.com/
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original study (Hedges & Pigott, 2001). The sample size in the toxicological study assessed is 

five animals per treatment.  

It is tempting to take the dose-response data from the complete avian/arsenic dataset, pool 

the data from different studies, and to fit regression line models to the data to predict specific 

dose-effect relationships17. However, this method is not appropriate, due partly to differences in 

study design, and there “is no rigorous statistical basis for fitting a model to… pooled data” (Hill 

et al., 2014, p.9). 

Sparse Datasets 

The reference values reviewed above are point estimate doses or concentrations that are 

intended to be protective of wildlife species. This critique of the published reference values is not 

intended to disparage the efforts expended in their derivation. However, given the relative 

sparsity of data for an avian/arsenic assessment, it does not appear appropriate to provide a TRV 

or threshold dose as a means to assess potential risk. Instead the available dose-response 

information should be reviewed in its entirety and the sparsity of the data should be identified as 

a potential data gap. With each published reference value assessed, it appears that there are 

issues evident in the derivation process. It is likely that sparse datasets increase uncertainty. The 

reference value selected has a great influence on HQ calculations (Sample, Schlekat, Spurgeon, 

Menzie, Rauscher & Adams, 2014, p. 376). Ideally, unique site-specific exposure information 

should relate dose and receptor to the dose-response data in the context of the level of protection 

prescribed under the problem formulation. This might be different depending on the stage of the 

ERA; i.e., screening level vs detailed quantitative assessment. 

                                                           
17 There is no evidence that the CEAEQ used this approach in their derivation of the avian/arsenic TRV. 
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For example, a detailed review of avian/arsenic growth toxicological data is summarized 

in the section above on growth, and more specifically in Figures 1 and 2. The CEAEQ uses a 

growth endpoint study in their derivation of a TRV. The variability in growth response, and the 

apparent difference of growth response between adults and juveniles, suggests that it is difficult 

to use growth as an endpoint in an assessment of dose-response and risk for avian/arsenic 

exposure scenarios. Though the toxicological dataset available for dose-response effects 

pertaining to growth is relatively limited, it appears that in the absence of other effects (i.e., 

mortality), should an avian receptor reach maturity the effects on growth will be much different. 

Data on growth from the Camardese et al. (1990) study is summarized in Figure 3 above. That 

study appears to show effects on duckling growth which are quite pronounced for ducklings at 

35 days of age (start age for this study was 1 day old) with a calculated range of values of EC18 

to EC24 for male and female ducks respectively. Yet, at day 70, the calculated values were EC4 

and EC6. This example serves to highlight the importance of reviewing the toxicological dataset 

for a COPC and receptor group in its entirety and that growth may not always be an appropriate 

endpoint to assess for avian/arsenic reference values. 

The review of the EcoSSL avian/arsenic TRV suggests that the EcoSSL methodology 

may have shortcomings when the dataset is particularly sparse. The avian arsenic dataset 

available to the USEPA was certainly sparse. The USEPA also calculated a LOAEL for growth 

that is less than the TRV value of 2.24 mg/kg bw/day. This TRV is based on a NOAEL for 

reproduction suggesting the use of the lowest NOAEL value may not be appropriate.  

Some of the published reference values provided in Table 6 have been included in 

Figures 7 and 8. The hypothetical exposure value of 3 mg/kg bw/day is also included on the 

figures. That allows for comparison to the data provided by the avian/arsenic toxicity profile 
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which is the focus of the present paper. Only growth and mortality are assessed here. The method 

provides a visual review of the available toxicological data and is a superior method for 

reviewing exposure scenarios to a defined level of protection compared to a hazard quotient 

approach. Food chain modeling uses site-specific contaminant concentrations to calculate 

receptor exposure from relevant exposure pathways; direct ingestion of food and water and 

incidental ingestion of soils or other contaminated media. If the site-specific dose/TRV is ≥ 1 the 

presumption is that risk to ROCs may exist and that a detailed quantitative risk assessment would 

be warranted. This is the hazard quotient (HQ) approach which is simply written as HQ = 

dose/reference value.  

Using a hypothetical dose of 3 mg/kg bw/day and the published reference values 

provided in Table 4, HQs were calculated for USEPA, EcoSSL, CEAEQ, and USEPA Region 9 

as 1.34, 0.68, and 0.55, respectively. 

For growth, shown in Figure 7, the EcoSSL TRV of 2.24 mg/kg bw/day, which is the 

lowest, provides more protection than either of the other two and yet does not bound all potential 

effects, even those that are > ES10. The USEPA Region 9 TRV does not bound five potential 

effects that are > ES10. Admittedly growth is not assumed to be a reliable endpoint for 

avian/arsenic assessment particularly at low doses, however, it is more than adequate as an 

example for assessing potential issues related to published reference values. 

For mortality, the EcoSSL TRV appears to protect against effects while the other two do 

not. Furthermore, when the USEPA EcoSSL TRV is used to calculate an HQ, it is the only TRV 

out of the three assessed that suggests there is risk associated with a dose of 3 mg/kg bw/day yet 

two ES calculations are positive for mortality at < 3 mg/kg bw/day and one is > than ES10. 
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Figure 7 – Growth as kg Bodyweight Change (TRV review)   
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Figure 8 – Percent Mortality (TRV review) 

 

 

These two examples serve to highlight the potential danger of using published reference 

values, particularly in instances when there is a sparsity of data for the derivation process. 

Arguably, prescriptive guidance that recommends threshold values will be most valuable in the 

screening level stages of risk assessment in that reference values must be conservative when 

providing organism or population level protection to account for potential uncertainties inherent 

in the derivation process and possibly in the ERA process itself. However, while TRVs are 

commonly used in the screening level assessments, they are also commonly used in analysis of 

risk itself (Mayfield & Fairbrother, 2012; Hill et al., 2014). Conservative assumptions are used to 
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avoid type II error; a situation where risk exists but is missed when comparing TRVs to site 

specific conditions (Allard et al., 2009, p.33). Conservative and/or poorly derived TRVs may 

lead to presumptions of risk where there is “limited insight regarding the actual probability and 

magnitude of potential effects”(Hill et al., 2014, p.3). While conservative assumptions may 

reduce type II error the same assumptions can increase the probability of type I error; driving a 

conclusion of unacceptable risk when none exists. The confidence of the HQ used in risk 

assessment will be undermined when the likelihood of type I or type II error is high. 
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Conclusion 

A systematic literary review following the methods outlined in this report identified 16 

studies for inclusion for entry into a meta-analysis styled database. Those studies were ‘mined’ 

for relevant toxicological data to calculate daily dose and ESx. Possible areas of uncertainty were 

identified during the literary review and data mining processes. That culminated in 207 lines of 

data which related different endpoints for different avian species to different daily doses as 

mg/kg bw/day. This data is available in the master database and summarized in Tables 3-5. Each 

of those lines of data was used to calculate ESx specific to the administered doses.  That provided 

the basis for a detailed toxicity profile for an avian/arsenic dose-response assessment. 

Using the avian/arsenic database, different biologically relevant endpoints were reviewed 

using inferential statistical techniques; predominantly in the form of scatterplots. Using those 

techniques, the toxicity profile dataset was used to review two key endpoints; growth and 

mortality. Growth was determined to probably be an inappropriate endpoint to assess 

avian/arsenic effects possibly due to a sparsity of data and the apparent evidence of improved 

growth response at low doses. This data review was also used to critically examine published 

reference values for avian/arsenic assessment. The review highlighted deficiencies in the 

published values which are likely in part due to the sparsity of data. That suggests there is 

uncertainty associated with published avian/arsenic reference values, and that the prescriptive 

use of those values may be inappropriate.  

Advancements in the science of wildlife toxicology will ideally lead to a deeper 

understanding of the dose-response relationship for specific containments which will be 

incorporated into the derivation of TRVs (Mayfield et al., 2014; Sample et al., 2014). The 

complexity inherent in natural systems makes it a challenge to put site-specific observations into 
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the context favoured by conventional models. The goal of this research is to provide a means to 

gaining a more holistic understanding of the underlying dose-response relationship between 

contaminant and wildlife receptors. Reference values, and in particular published reference 

values, rarely review the broader context of dose-response relationships and are unlikely to 

explore any associated uncertainties. Furthermore, conventional models tend to make 

assumptions that toxicological studies provide results that directly measure dose-response effects 

without accounting for possible unobserved or unanticipated factors possibly relating to 

“uncritically examined presuppositions” (Lissack, 2015, p.3).  The relationship between COPCs 

and site-specific influences on toxicological effects (i.e., mixtures of COPCs and physical 

parameters including pH, DOC, temperature, and a host of other key variables), are complex as 

is the assessment of the toxicological dose-response of COPCs and ROCs. In later stages of the 

ERA process the definition of “adverse effect” and “acceptable risk” is likely to be refined to 

meet the desired level of protection identified in the problem formulation phase.  

The dose-response model, which is a foundation of toxicology, is a critical element of 

ERAs. Deeper understanding of the relationship between toxicant and receptor will improve the 

ability of environmental managers in their decision making ability. By not limiting the selection 

of endpoints used in the toxicity profiling process, toxicologically relevant concentrations of the 

contaminant may be identified with greater confidence. Using the toxicity profile approach in the 

assessment of associated effects of site-specific exposure concentrations of COPCs on ROCs, 

allows and encourages managers to better appreciate not only the potential for adverse effects, 

but to appreciate the complexity inherent in understanding the full impact of those effects. 

Further value of the toxicity profile approach is apparent when a more detailed review of specific 
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endpoints, contaminant forms18, or species is warranted. This value is applicable to the ERA 

process, especially given the uniqueness of site-specific variables. The toxicity profile allows for 

decision making that better meets site-specific expectations.  

The complexity that is inherent in ecological systems, coupled with added complexity 

introduced by anthropogenic activity, makes it extremely difficult to provide a definitive level of 

protection that is applicable to all ecological receptors under assessment as part of an ERA. 

Complex pathways for exposure, physiological differences between receptors, exposure 

scenarios that include complex mixtures of chemicals, the relatively poorly understood impact of 

emerging contaminants, that receptor populations and exposure sources are rarely spatially or 

temporally explicit, and even predicted, but difficult to model, changes to physical conditions 

associated with climate change creates complexity and, in turn, uncertainty. Reference values 

which strive to provide a prescribed level of protection applicable to generalized receptor groups 

and generalized exposure scenarios, tend to include an element of conservatism to account for 

uncertainty in derivation process, uncertainty in the underlying toxicological information used in 

the derivation process, and/or uncertainty in the application of the reference values especially 

given the complex variability inherent in what are often unique site-specific conditions. As such, 

I suggest that in the ERA process, risk assessors should not blindly compare site-specific 

conditions to published reference values in the assumption that they afford a specific level of 

protection because of the inherent uncertainty. Instead, risk assessment should review specific 

problems in the context of the whole dose-response relationship. 

                                                           
18 Unfortunately reported, site-specific arsenic concentrations will rarely differentiate arsenic 

speciation partly because difficulties abound in determining the speciation of arsenic in samples 

as analytical techniques, while steadily improving, may be limited in their ability to detect 

speciation (Jain & Ali, 2000, p.4307; Sample et al., 1996). 
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It is apparent that there is value in being able to customize the ERA process to review the 

effects of contaminant exposure concentrations on receptors in a more site-specific context. 

Toxicity profiles provide a means to a more holistic understanding of dose-response relationship 

between contaminant and receptor. Though the process ultimately requires a large outlay of 

initial effort, the resultant output (the complete toxicity profile) provides a means to reduce 

uncertainty and, in turn, conservatism in the ERA process by allowing environmental managers, 

decision makers, and risk assessors to use the resultant ecotoxicological understanding in a 

customized manner to meet the requirements of the ERA process based on site-specific 

conditions, variables, and expectations. 
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Appendix A 

Summary of Literature 

This appendix provides a summary of all studies that are included in the database provided in 

Appendix B. Summaries include a short description of the study, key variables that are relevant 

for determining dose as kg/mg bw/day and biologically relevant effect sizes, and identifies 

uncertainty associated with the study. Where potential issues of uncertainty have been identified, 

the summaries identify the justification for using surrogate values as appropriate. A qualitative 

assessment of uncertainty is included as low/med/high. 

Holcman, A., & Stibilj, V. (1997). Arsenic residues in eggs from laying hens fed with a diet 

containing arsenic (III) oxide. Archives of environmental contamination and toxicology, 32(4), 407-

410. 

Summary 

Rhode Island Red (RIR) hens, 49 weeks of age, were fed for 12 days using one control treatment 

and three exposure treatments of arsenic (III) oxide. The study focus was on arsenic residues in 

eggs, however, the authors also present data as least square means (LSM) recorded for feed 

consumption (g/day), laying eggs per hen in the trial, change of bodyweight in the trial (g/hen), 

and average egg weight (grams) in table 5 (p.409). That “no animals died or showed symptoms 

of arsenic troxicity” (p. 409) is also identified in the study.  

The ingestion rate for this study is presented in table 5 (p.409). It was converted from LSM g/day 

to kg/day and was used for the different treatments. 
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Uncertainty - Low 

The study does not include a moisture content for the feed used in the study. A conversion of 

0.12 is used to account for moisture content. A qualitative review of other values for moisture 

content in feed from other studies in this Appendix suggests that the value of 0.12 is within the 

range of values presented in other studies. These values range from 0.06 to 0.1315 percent 

moisture. 

The study does not provide information on initial or final bodyweight. The average increase in 

bodyweight over the duration of the treatment period is provided. The species of hens used in 

this study vary in weight. A detailed review of bodyweight is provided in the main body of the 

report in section XX. Grey literature sources report much higher bodyweights than those reported 

in toxicological studies. However, it was assumed that weights taken from toxicological studies 

would be more appropriate. Six studies were assessed providing eight data points of varying age. 

All birds were considered adult aged. The average value was 1.79 kg. 

Hoffman, D. J., Sanderson, C. J., LeCaptain, L. J., Cromartie, E., & Pendleton, G. W. (1992). 

Interactive effects of arsenate, selenium, and dietary protein on survival, growth, and physiology 

in mallard ducklings. Archives of environmental contamination and toxicology, 22(1), 55-62. 

Summary 

Concern over high concentrations of arsenic and selenium found in irrigation water prompted 

this study into the interactive effects of the two toxicants. Treatments administered in feed was 

fed to mallard ducks at one day of age. The duration of the study was four weeks. Arsenic was 

administered as sodium arsenate to three groups of five ducks at 200 ppm pure arsenic and at 

varying concentrations with selenium. One control treatment was also used. Mean values are 

provided for all three groups combined. To account for possible influences of restricted but 

isocaloric dietary protein that might be found in natural irrigations systems, two experiments 
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were run congruently with the same treatment amounts but with different dietary protein 

concentrations.  

Data is available for survival and bodyweight endpoints for the control and pure arsenic 

treatments. Liver and spleen weight and tarsal length are also provided, however, these endpoints 

were not included in the data that was taken from this study. Co-contaminant treatments that 

included both selenium and arsenic were not included. Both low protein and adequate protein 

dietary treatments were included as separate treatments (i.e., survival and growth endpoints are 

presented twice). The low protein dietary treatments may not be acceptable because of potential 

cofounding effects, however, it was felt that this information could be included during the initial 

screening of the available data.  

Uncertainty - Low 

Initial bodyweight for the ducklings is not provided. Different studies that do report body weight 

at day one were reviewed and the value presented in Kear (1965) was considered suitable.  

Ingestion rate is not reported. A review of the allometric equation provided by Nagy (1987) is 

provided in the main body of the report in section XX. An alternative equation was calculated 

using data extracted from multiple toxicological studies using mallard ducks. This equation, 

provided in the main body of the report, is used to calculate ingestion rate based on bodyweight. 

The potential cofounding effects of arsenic and the low protein diet need to be viewed with 

caution. 
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Camardese, M. B., Hoffman, D. J., LeCaptain, L. J., & Pendleton, G. W. (1990). Effects of arsenate 

on growth and physiology in mallard ducklings. Environmental Toxicology and Chemistry, 9(6), 

785-795. 

Summary 

This study reviewed the effects of three different treatments of arsenic and a zero treatment 

(control) on mallard ducklings. Day-old ducklings were placed into groups of 10 and then 

combined into sets of three before being administered sodium arsenate in feed for 10 weeks. The 

moisture content of the feed is provided as is the weekly consumption rate over the course of the 

study. The weekly change in growth for both females and males is reported starting at week one. 

Both ingestion rate (Figure 3, p.791) and bodyweight change (Figures 1 and 2, p.788-789) is 

only presented in graphs with poor resolution on the Y axis and unfortunately values for the 

different treatments have to be extracted from the graphs. Only the total number of ducks used in 

each treatment, and in turn for the entire study, are presented in the report; the number of female 

vs male ducks is not reported. Data is reported to characterize arsenic accumulation in blood and 

tissue. The endpoints chosen from this study are survival (p.788), bodyweight change for each 

sex, and ingestion rate.  

The bodyweight change for female and male and ingestion rate are graphed weekly over the 

duration of the study. The ingestion rate is calculated as the mean value over the duration of the 

study for the control treatment. The statistical significance is not reported for the change in 

growth for the different treatments. The growth curves for females were reported as different 

from controls in all treatment groups. A visual assessment of the growth curves for both female 

and male ducklings show a divergence in the middle weeks based on treatment concentration. 

There appears to be a statistical difference between control treatment and the highest dietary 

concentration of arsenic at the fifth week for female mallards, however, this difference does not 
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appear to be evident near the end of the study period (i.e., at week 10). The difference in growth 

rate based on treatment is not as evident for male ducklings. There also appears to be a difference 

between the feed removed by the ducklings for different treatments at different times in the 

study. The authors report that there were two periods of differences in food consumption without 

reporting the statistical significance. It was felt that to be consistent throughout the database the 

average of start bodyweight (from Kear, 1965) and final bodyweight (for each sex reported in the 

study) should be used. There is a potential issue with using this value as the bodyweights at the 

fifth week (midway through the study duration) are higher than the values derived from 

averaging the start and end bodyweights. To account for this potential issue, the values for 

bodyweight at week five were entered into the database (available in Appendix B) as separate 

endpoints for a separate duration for all three treatments for both sexes. The ingestion rate was 

adjusted from the information provided in the study to the mean ingestion rate up until, and 

including, week five. Entering the data in this way provides an indication of sub-chronic effects 

on early life stages for mallard ducklings. 

Uncertainty – Low 

Initial bodyweight for the ducklings is not provided. Different studies that do report body weight 

at day one were reviewed and the value presented in Kear (1965) was considered suitable  

Stanley Jr, T. R., Spann, J. W., Smith, G. J., & Rosscoe, R. (1994). Main and interactive effects of 

arsenic and selenium on mallard reproduction and duckling growth and survival. Archives of 

Environmental Contamination and Toxicology, 26(4), 444-451. 

Summary 

Stanley et al. (1994) completed an in-depth study into the main and interactive effects of arsenic 

and selenium at varying concentrations on adult mallard ducks. A large sample size was used to 

assess multiple endpoints. The treatments were run congruently with one control, three 



INORGANIC ARSENIC AND AVIAN WILDLIFE  99 
 

concentrations of pure sodium arsenate, and four selenium treatments. The analyzed values for 

actual arsenic dietary concentrations is presented in the study, however, this is only available as 

“pooled” data but it was felt that it provided a better representation than the nominal values 

presented in the methods section of the study. Data is presented for adult birds and for their 

offspring. Endpoints for growth, mortality, and reproduction are all presented in the report. 

Hatching success, embryo deformities, duckling weight at hatch, duckling mortality, duckling 

production, and survival are considered to have no co-contaminants. Survival is provided in the 

text for both female and male ducks (p.447).  

Data is also provided for “dosed-offspring” from hatch up to two weeks of age. 

Uncertainty – Low/Medium 

Unfortunately some endpoints are presented for “pooled” data only (where the pure arsenic and 

the selenium arsenic results have been combined). Though the “pooled” data endpoints have 

been included in the dataset, it was felt that these rows should be excluded from analysis and 

these rows have been flagged ‘exclude’. 

The study does not include a moisture content for the feed used in the study. A conversion of 

0.12 is used to account for moisture content. A qualitative review of other values for moisture 

content in feed from other studies in this Appendix suggests that the value of 0.12 is within the 

range of values presented in other studies. These values range from 0.06 to 0.1315 percent 

moisture. 

Initial bodyweight is not reported. The USEPA provides adult mallard bodyweights in the 

Wildlife Exposure Factors Handbook, Volume II (United States Environmental Protection 

Agency, 1993a). These values are taken from numerous toxicological studies and were deemed 
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appropriate. Average values were calculated for male, female, and male/female combined. These 

values have been used in the database in Appendix B. 

Ingestion rate is not reported. A review of the allometric equation provided by Nagy (1987) is 

provided in the main body of the report in section XX. An alternative equation was calculated 

using data extracted from multiple toxicological studies using mallard ducks. This equation, 

provided in the main body of the report, is used to calculate ingestion rate based on bodyweight. 

Dosed-offspring is included in the database, however, these data have been excluded from 

analysis. 

Whitworth, M. R., Pendleton, G. W., Hoffman, D. J., & Camardese, M. B. (1991). Effects of dietary 

boron and arsenic on the behavior of mallard ducklings. Environmental toxicology and 

chemistry, 10(7), 911-916. 

Summary 

One-day old mallard ducklings were used to assess the possible effects of boron, selenium, and 

arsenic at varying concentrations on duckling behavior. Arsenic was administered at 0, 30, 100, 

and 300 ppm sodium arsenate in duck starter mash for a total of nine weeks. There were three 

replicates (pens of birds) for each treatment group and four randomly selected birds per pen were 

color-marked for behavioral analysis. Seven behavior activities were recorded based on the 

activity schedule of the four colour-marked birds where each of the four birds were viewed for 

five minute. The average duration of each observed activity was calculated as was the number of 

minutes each activity occurred per pen. The data are presented for three different time periods 

over the course of the study period. It is not clear how relevant this endpoint will be for 

population level effects. 
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Data for the arsenic treatments were presented in Table 1 (p.914) of the study. Ducklings on the 

300 ppm diet spent significantly (p<0.05) more time resting and less time alert than controls. For 

alert behavior, the effect was more pronounced during the study progression (i.e., as the birds 

aged). This data is presented in Figure 2 (p.913) of the study. It has not been incorporated into 

the dataset. If this data is to be included, the duration will have to be adjusted to account for the 

fact that the study data is presented in “periods” of time which are averages from sets of weeks. 

The number of samples could be viewed as the number of viewings over the study duration but 

could also be presented as the number of ducks per treatment group which is only 4. 

Table 1 (p.914) has been used as the source for the data entered into the dataset.  

Survival is reported on page 915 as “none of the focal animals observed in the behavioral study 

died” and has been assumed to refer to a sample size of four. 

Uncertainty - Low 

There are no bodyweight values available in this study. Start body weight is from Kear (1965) 

and end bodyweight is taken from the Camardese study for control duckling weight at 10 weeks 

of age averaged between male and female weights.  

Ingestion rate is not reported. A review of the allometric equation provided by Nagy (1987) is 

provided in the main body of the report in section XX. An alternative equation was calculated 

using data extracted from multiple toxicological studies using mallard ducks. This equation, 

provided in the main body of the report, is used to calculate ingestion rate based on bodyweight. 

Moisture content is reported as 12.1 to 14.2% (p.912) which is the same value reported in the 

Camardese study. Not all of the behavior endpoints presented in Table 1 (p.914) have been 

included.  
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Some of the behavioural components of this study are included in the database though the value 

of these endpoints is questionable. While these may show toxicologically relevant 

concentrations, it is difficult to equate these with ecologically relevant concentrations. As such, 

the behavioural endpoints are excluded from analysis though they are included in the database. 

Howell, G. O., & Hill, C. H. (1978). Biological interaction of selenium with other trace elements in 

chicks. Environmental health perspectives, 25, 147. 

Summary 

This study introduced day-old chicks to selenium, tellurium, tin, lead, and arsenic as arsenic 

trichloride for 21 days. While the focus of this study was on how the biological effects of 

selenium could be modified by other elements. An arsenic treatment was administered without 

any co-contaminants as a control for the arsenic/selenium portion of the study. The endpoints 

assessed are weight gain in grams and mortality in percent for a zero treatment (control) and 

arsenic trichloride at 50 ppm. The 21 day mean weight gain is provided for three lots of 10 birds.  

Arsenic at 50 ppm is described as “slightly toxic” for weight gain though statistical significance 

is not reported.  

Uncertainty - Low 

Initial bodyweights are not reported. Though species is not provided, the variation in weights for 

day old chicks is considered to be minimal. Start bodyweight is taken from Singh 2006 and final 

bodyweight is calculated as start bodyweight plus mean weight gain for each treatment over the 

course of the study. 

Ingestion rate is not reported. The allometric equation provided by Nagy (1987) for all birds is 

used for ingestion rate.  
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The study does not include a moisture content for the feed used in the study. A conversion of 

0.12 is used to account for moisture content. A qualitative review of other values for moisture 

content in feed from other studies in this Appendix suggests that the value of 0.12 is within the 

range of values presented in other studies. These values range from 0.06 to 0.1315 percent 

moisture. 

Aggarwal, M., Naraharisetti, S. B., Sarkar, S. N., Rao, G. S., Degen, G. H., & Malik, J. K. (2009). 

Effects of subchronic coexposure to arsenic and endosulfan on the erythrocytes of broiler 

chickens: a biochemical study.Archives of environmental contamination and toxicology, 56(1), 

139-148. 

Summary 

Day-old broiler chicks were fed a treatment of 3.7 ppm arsenic as sodium arsenite in drinking 

water for 60 days. A control, and the arsenic treatment without any co-contaminant, were 

administered in water to groups of 15 birds each. This study was designed to assess the possible 

effects of the co-exposure of endosulfan and arsenic in drinking water on chickens. While the 

endpoints are mostly for the induction of oxidative stress and certain membrane-bound enzymes, 

survival and weight gain is reported as “no mortality of birds with any of the treatments” and 

“none of the treatments caused any significant changes in absolute body weight or body weight 

gain, except arsenic given alone caused reduction in weight gain by 19.65% after 60 days” 

(p.142). It is also noted that feed intake was not altered appreciably. 

Uncertainty - High 

Initial weight and final bodyweight are not reported. Initial body weight is taken from Neto et al. 

(2013) which reports mean body weight for randomly selected, n=360, day-old broiler chicks as 

43.1 grams. Neto et al. (2013) also reports body weight at 21 days and 42 days for the same 

study as 799.6 and 2381.4 grams respectively. Naraharisetti et al. (2009) report body weight for a 
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58 day old broiler chick as 2890 grams. The authors of this study provide a graph outlining 

weight gain for each of the four treatment groups in the study. This graph shows a maximum 

final body weight at 60 days that is approximately 400 grams. It is unclear why there would be 

so little weight gain in broiler chickens over the course of this study.  While it is possible that the 

recording of data did not commence when the chicks were 1 day old the text in the study does 

not support this assumption. Alternatively there are other unknown factors which increase the 

likelihood of suspected uncertainty. Regardless, without reporting start and end bodyweight, and 

without a definitive timeline for the treatments, the level of uncertainty is high. 

Ingestion rate is not reported and the daily drinking water ingestion rate for avian species from 

the USEPA Wildlife Exposures Factors Handbook, Volume I (United States Environmental 

Protection Agency, 1993b), formula is used to derive daily ingestion rate. A potential issue for 

this ingestion rate is that the Kentucky Poultry Federation reports daily drinking water ingestion 

rates for several species of chicken including broiler chickens 

(http://www2.ca.uky.edu/poultryprofitability/Production_manual/Chapter12_Water_quality/Cha

pter12.pdf, nd). The values provided in this source range from 0.160 L per day for growing birds 

to 0.249 L per day for mature birds. The USEPA equation, using average bodyweight, provides a 

value of 0.0718 L per day. Using the USEPA derived value gives a smaller dose. The change in 

bodyweight is reported as statistically significant; it is important to confirm daily water 

consumption rates.  

Sodium arsenite can be either AsNa3O3 or NaAsO2. Arsenic % would be 39.0442 % or 57.6719 

% respectively. Currently the higher percent version (NaAsO2) is used in the database. 
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Naraharisetti, S. B., Aggarwal, M., Ranganathan, V., Sarkar, S. N., Kataria, M., & Malik, J. K. (2009). 

Effects of simultaneous repeated exposure at high levels of arsenic and malathion on hepatic 

drug-biotransforming enzymes in broiler chickens. Environmental toxicology and 

pharmacology, 28(2), 213-218. 

Summary 

This study examined the simultaneous effects of arsenic and malathion on broiler chicks. Day-

old broiler chicks were raised for one month before being fed 50 ppm arsenic as sodium arsenite 

for 28 days via drinking water. Control and one arsenic treatment are administered without co-

contaminants. Start weight and final bodyweight are provided in the study. The focus endpoints 

for this study are drug-biotransforming enzymes in the liver, however, organ weight (table 2, p. 

215) and body weight change/weight gain (table 1, p. 215) is also provided. Mortality is 

presented as “none of the birds exhibited any clinical signs of symptoms of toxicity during the 

course of the experiment” (p. 215). 

Uncertainty - Low 

Sodium arsenite can be either AsNa3O3 or NaAsO2. Arsenic % would be 39.0442 % or 57.6719 

% respectively. Currently the higher percent version (NaAsO2) is used in the database.  

Ingestion rate is not reported and the daily drinking water ingestion rate for avian species from 

the USEPA Wildlife Exposures Factors Handbook, Volume I (United States Environmental 

Protection Agency, 1993b), formula is used to derive daily ingestion rate. The same breed of 

chicken is assumed to be used in this study as was used in the Aggarwal et al. (2009) study. The 

daily water ingestion rate may have an important effect on the daily dose concentration values 

provided in the dataset. 
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US Fish and Wildlife. Pesticide-Wildlife Studies, 1964: A review of Fish and Wildlife Services 

investigations during the calendar year. Circular 199. Washington, 1964.  Relevant section is 

“Toxicity tests on birds” by James B. DeWitt, Calvin M. Menzie, James W. Spann, Clyde Vance. 

Summary 

In 1963, the US Fish and Wildlife service completed numerous toxicological dose-response 

studies to assess the potential effects of pesticide exposure on avian wildlife. The USFWS 

exposed several different bird species, specifically captured wildlife species or pen reared 

species considered representative of wildlife species, to numerous COPCs in controlled 

experiments at the Patuxent Wildlife Research Center. Sodium arsenite was administered to 

young mallard ducks at three different concentrations of 250, 500, 1000 ppm on birds 1 or 2 days 

old and administered to adult birds at 100 ppm (p. 78). There were approximately equal 

representation of the sexes in the studies. Data is provided for study duration and number of 

birds per pen/treatment. Mortality was the only endpoint assessed, and data is provided for 10 

days, 30 days, 100 days, and at end of test. Only end of test is presented in the database. Control 

treatments are listed as controls number 14 – 14e for the adult study and 19 – 19b for the 

duckling study. Control values for the duckling and adult studies are averaged across all control 

values for each group. Dose is calculated for each treatment as mg/kg and is provided for daily, 

to mortality, and end of test. All values are assumed to be mean values. The daily feed consumed 

values provided in the study are used in the database. 

Mortality in the young mallard studies was reported as a percentage: 12, 60, and 92. There was 

also a high mortality percentage for three control groups that are paired with the young mallard 

study: 0, 8, and 31. 

There was 0% mortality rate for adult birds and, generally, 0% mortality for control groups 

except for one which experienced a 6% mortality rate. 
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Uncertainty - Low 

There are no initial bodyweights and no final bodyweights. Average daily food ingestion rate 

was measured but is not reported. However, the study reports the toxicant consumed in mg/kg of 

body weight per day so that bodyweight for dose and ingestion rate is not required as the dose by 

mg/kg of bodyweight per day is provided. The dose values presented in the study have been used 

in the database after adjusting for % arsenic in form of arsenic administered in the studies. 

Czarnecki, G. L., Baker, D. H., & Garst, J. E. (1984). Arsenic-sulfur amino acid interactions in the 

chick. Journal of animal science, 59(6), 1573-1581. 

Summary 

Studies were conducted to determine why cysteine exacerbates Roxarsone toxicity. While 

Roxarsone is an organic arsenical, five male, crossbred chicks (New Hampshire X Columbian 

broiler-type) were fed different treatments of trivalent and pentavalent inorganic arsenic alone or 

with cysteine to assess the potential for cysteine to increase toxicity of inorganic arsenicals of 

different speciation. Arsenic was added to a basal diet as either As2O5 or As2O3 at 

concentrations of 120.6, 280.6, 430.6, or 580.6 mg/kg diet As2O5 and 112.8, 262.8, 412.8, or 

562.8 mg/kg diet As2O3. It is not clear if these values are nominal or analyzed. The control did 

not contain arsenic or cysteine. The study duration was from day 8 to day 22. The endpoints that 

were assessed were on changes in weight over the course of the study presented as gain in grams 

for triplicate groups of five male chicks. 

Initial bodyweight is reported as 81.3 g (p. 1576). Final bodyweight is not reported, however, 

final bodyweight can be calculated from adding the mean weight gain to initial bodyweight for 

each treatment. The gain in grams is presented in table 3 (p. 1576) and no statistical significance 

is reported for the inorganic arsenicals compared to the control.  
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Uncertainty - Low 

Ingestion rate is not reported. The allometric equation provided by Nagy (1987) for all birds is 

used for ingestion rate.  

The study does not include a moisture content for the feed used in the study. A conversion of 

0.12 is used to account for moisture content. A qualitative review of other values for moisture 

content in feed from other studies in this Appendix suggests that the value of 0.12 is within the 

range of values presented in other studies. These values range from 0.06 to 0.1315 percent 

moisture. 

El-Begearmi, M. M., Ganther, H. E., & Sunde, M. L. (1982). Dietary interaction between 

methylmercury, selenium, arsenic, and sulfur amino acids in Japanese quail. Poultry 

Science, 61(2), 272-279. 

Summary 

This study reviewed the effects of arsenic and its potential detoxifying properties for selenium in 

Japanese quail. Forty to forty six birds were used per treatment with a control (zero treatment) 

and arsenic as 15 and 30 ppm NaAsO2 for up to 16 weeks duration. It is reported that weight 

gain and feed consumption was recorded and that none of the experimental diets had a 

statistically significant weight gain, however, the data is not present in the copy of the report that 

is available. Reproduction endpoints are provided as percent egg production, fertility, 

hatchability, and abnormality. Mortality is provided as % survival for both males, females, and 

their offspring, and is provided in table 2 (p. 275).  
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Uncertainty - Low 

Start age is not reported. It assumed that the quail were raised up to sexual maturity. Page 273; 

“Statistical analysis of weight gain per day during the growing period (up to 4 weeks of age”. As 

this study is focuses on reproductive effects, assumed lifestage is ‘adult’. 

There is no start or final bodyweight reported. Four toxicological studies that provided 

bodyweights for Japanese quail were reviewed. Forty to forty five day mean and median values 

are 163 and 160 grams respectively. The greater value of 163 grams is chosen for this study. 

However, the reported difference between bodyweight for Japanese quail is varied likely because 

this breed of quail is receptive to breeding for increased bodyweight given the short time 

between generations.  

Ingestion rate is not reported. The allometric equation provided by Nagy (1987) for all birds is 

used for ingestion rate.  

Carlson, C. W., Guenthner, E., Kohlmeyer, W., & Olson, O. E. (1954). Some effects of selenium, 

arsenicals, and vitamin B12 on chick growth. Poultry Science, 33(4), 768-774. 

Summary 

Concern over the adverse effects associated with feeding young chicks diets high in seleniferous 

grains prompts this study into chicken reproduction and growth. There was interest in whether or 

not inorganic arsenicals would help protect against early lifestage growth effects associated with 

higher selenium diets. Sodium Arsenite was administered to 4 different breeds (or crosses of 

breeds) and compared to a control group. Thirteen male chicks were used per treatment group 

and the weight at four weeks is provided for each breed and for the average across all breeds. 

Each breed is entered as a separate endpoint in the database in Appendix B. The average across 
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all breeds is also used in the database. Care should be taken in choosing which data to use in any 

analysis of bodyweight effects so that this dataset is not over-represented. 

Two experiments were conducted to assess the effects of different basal diets. Each experiment 

included a treatment of Sodium Arsenite at 10 ppm and a control (zero treatment). 

Uncertainty – Low 

Initial body weight is taken from Neto et al. (2013) which reports mean body weight for 

randomly selected, n=360, day-old broiler chicks as 43.1 grams.  

Ingestion rate is not reported. The allometric equation provided by Nagy (1987) for all birds is 

used for ingestion rate.  

Carlson, C. W., Guss, P. L., & Olson, O. E. (1962). Selenium content of chick tissues as affected by 

arsenic. Poultry Science, 41(6), 1987-1989. 

Summary 

To assess the extent that arsenic may have a corrective effect on the selenium content of chick 

tissues, day-old Single Comb White Leghorn cockerels were fed varying concentrations of 

arsenic and selenium in a four week trial. Arsenic, as NaAsO2, was fed in a basal diet at 15 ppm 

without selenium and there was a control treatment with no arsenic or selenium. The only 

endpoint provided was for average final bodyweight. Two experiments were conducted 

congruently with different variations of basal diet to also explore the effects of selenium content 

in tissue related to the content naturally occurring in the ingredients (particularly wheat) in the 

diet. These are entered separately into the dataset and assessed individually.  
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Uncertainty - Low 

Initial body weight is taken from Neto et al. (2013) which reports mean body weight for 

randomly selected, n=360, day-old broiler chicks as 43.1 grams and the end bodyweight is 

derived from combining start bodyweight with mean weight gain.  

The study summary is sparse and sample size and statistical significance is not reported.  

Sharaf, R., Khan, A., Khan, M. Z., Hussain, I., Abbas, R. Z., Gul, S. T., ... & Saleemi, M. K. (2013). 

Arsenic induced toxicity in broiler chicks and its amelioration with ascorbic acid: Clinical, 

hematological and pathological study.Pak Vet J, 33, 277-281. 

Summary 

This study was identified for review during the initial literature review process. Concerns over 

the contaminant form used in the study required a more detailed review. 

One day old broiler type chickens were used in this study on the potential of vitamin C to 

ameliorate toxic effects associated with arsenic (specifically toxicity lesions). Four treatments 

were administered as part of this study including an arsenic treatment and a control. Blood, 

tissue, and organ samples were taken at set periods throughout the 32 day experimental period. 

Feed intake and body weight are also provided at ages 0 days, 1 days, and 32 days as average 

(mean ± SE) per treatment group. Arsenic was administered daily through crop tubing as 50 

mg/kg bodyweight. 

Uncertainty – Medium 

Unfortunately the authors do not identify which form of arsenic they use in the experiment. It is 

assumed that the 50 mg/kg bodyweight treatment refers to total arsenic, however, it is not 

possible to identify speciation (As III or As V) nor is it possible to determine the form of arsenic 



INORGANIC ARSENIC AND AVIAN WILDLIFE  112 
 

used in the study (i.e., organic vs inorganic). Based on the text it is assumed that inorganic 

arsenic is used, however, without confirmation there is uncertainty associated with this study. 

This study will be included in the database. 

Islam, M. S., Awal, M. A., Mostofa, M., Begum, F., Khair, A., & Myenuddin, M. (2009). Effect of 

spirulina on toxic signs, body weight and hematological parameters in arsenic induced toxicities 

in ducks. International Journal of Poultry Science, 8(1), 75-79. 

Summary 

This study was identified for review during the initial literature review process. Concern over the 

study design and methods used prompted a more in-depth review. This study was published as 

the second of two studies in the International Journal of Poultry Science. The first article, 

entitled; “Effect of Spirulina on Biochemical Parameters and Reduction of Tissue Arsenic 

Concentration in Arsenic Induced Toxicities in Ducks” focuses on blood, tissue, and organ 

arsenic concentrations and was excluded from further review. 

Arsenic was administered to Xinding day old male ducklings in drinking water as 100 mg/L of 

arsenic trioxide. There was a control (zero treatment). Thirty five ducklings were used per 

treatment group for 90 days. Five ducks from each treatment group were sacrificed every two 

weeks as part of this study reviewed different hematological parameters. Body weight was also 

recorded. The change in bodyweight over the course of the study provides interesting insight into 

the growth rate of ducklings. Sample sizes would need to be adjusted to take into account the 

removal of five ducks every two weeks. Only the half study duration (at day 60) and the final 

mean values (at day 105) are taken from Table 1 (p.77) in the report and entered into the 

database. 
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Uncertainty – Low 

It is unclear how many birds were weighed each two weeks but it is assumed that all ducks that 

were left in the sample groups were measured. For day 60 it is assumed there was a sample size 

of 20. For the final day 105 mean values entered into the database it is assumed that there were 

only 5 birds left in each treatment. Sample size is assumed to be 20 and 5 respectively. 

Ingestion rate is not reported. It is assumed that the water is provided ad libitum and the daily 

drinking water ingestion rate for avian species from the USEPA Wildlife Exposures Factors 

Handbook, Volume I (United States Environmental Protection Agency, 1993b), formula is used 

to derive daily ingestion rate. 

Hudson, R. H., R. K. Tucker, and M. A. Haegele. 1984. Handbook of toxicity of pesticides to 

wildlife. U.S. Fish and Wildl. Serv. Resour. Publ. 153. 90 pp. 

Summary 

This study was identified for review during the initial literature review process. There were 

concerns over the sparsity of the study information provided, that this is possibly a secondary 

source, and that there is no control reported.  

The USFWS has conducted numerous toxicological studies at the Patuxent Wildlife Research 

Center in Laurel, Maryland. Concern over the potential for adverse effects from 

anthropogenically introduced contaminants has encouraged the USFWS to review many 

contaminants including those used in pesticides. This publication is the second edition of the 

“Handbook of Toxicity of Pesticides to Wildlife” with the stated goal of providing a compendia 

of pesticide toxicity data to allow, in the least, for a comparison of one pesticide with another. 

The primary method for reviewing pesticide toxicity in this volume is to provide median lethal 

dose values (LD50). This requires that acute toxicity testing is carried out on a specified number 



INORGANIC ARSENIC AND AVIAN WILDLIFE  114 
 

of test organisms at varying doses in a controlled setting. From the data retrieved through this 

testing process, the LD50 value is calculated. The level of statistical confidence is dependent on 

the number of test organisms and the number of varying doses administered. 

The USFWS used three avian species to test sodium arsenite toxicity: mallard ducks, California 

quail, and pheasants. It appears from the summary information provided on page 73 that 12 test 

subjects were used per treatment. Doses were administered via gelatin capsules (crop tubing) so 

dose calculations are assumed to be standardized for mg/kg bodyweight. Observation periods 

lasted up to 36 days though final mortality counts were generally made 14 days after 

administration. Test animals were randomly assigned to treatment groups to ensure a random 

spread of body weights. 

Uncertainty – High 

The age of the birds used in this study is not provided. “Healthy pen-reared or captivity-

conditioned animals were used for all determinations” is the only reference to age. It is assumed 

that adult subjects were used in the tests, but uncertainty remains high. 

Range-finding doses were used to determine up to four dosage levels to calculate the LD50 

values. The number of test subjects ranged from two to seven. This general methodology 

information is not paired well with the sodium arsenite information provided on page 73 and it 

isn’t possible to determine how many doses were administered nor is it possible to determine 

how many birds were used for each treatment. Though the sodium arsenite study refers to 12 test 

subjects, this section is left blank in the database as the LD50 values calculations cannot be 

verified and uncertainty remains high. 

There is no evidence that a control is used in this study. 



INORGANIC ARSENIC AND AVIAN WILDLIFE  115 
 

Lowry, K. R., & Baker, D. H. (1989). Amelioration of selenium toxicity by arsenicals and 

cysteine. Journal of animal science, 67(4), 959-965. 

Summary 

This study was highlighted for review during the initial literature review process. The study 

included inorganic arsenic treatments and focused on growth endpoints as weight gain. Concerns 

over selenium toxicity was the justification for completing four experiments on male New 

Hampshire X Columbian chicks. The initial review of this study suggested that inorganic 

arsenicals were administered to the chicks in experiments 2 and 3 based on the data presented in 

Tables 3 and 4 in the study. However, a detailed review of the text in this study and a subsequent 

review of the tables mentioned above, made it clear that arsenic treatments were only ever 

administered in conjunction with selenium.  

The uncertainty regarding the potential effects associated with cofounding contaminants is very 

high. As such, this study is excluded from the database. 

US Fish and Wildlife Service, 1969. Bureau of sport fisheris and wildlife. Publication 74, pp. 56-57 

Summary 

This study was highlighted for review during the initial literature review process. There are only 

sparse details available for this study.  

Paris green (copper acetoarsenite) was used as a pesticide for mosquito control. The USFWS 

conducted toxicity tests on cowbirds using Paris Green. Four treatments were administered on 

groups of 10 young of the year males: 25 ppm, 75 ppm, 225 ppm, and 675 ppm (no control group 

is used in this study). Paris green was introduced to feed and treatments were run for three 

months or until death. Higher doses had high mortality while the lowest dose did not. The 
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experiments were continued for an additional four months where birds were sacrificed at 

monthly intervals to determine arsenic tissue contamination.  

This study used a form of contaminant that contains a high portion of copper. Avian wildlife is 

susceptible to copper toxicity at high concentrations ((Canadian Council of Ministers of the 

Environment (CCME), 1999). The USEPA provides Eco-SSL values for copper and avian 

receptors and calculates an avian TRV for copper as 4.05 mg copper/kg bodyweight/day 

(USEPA, 2007). The CCME provides environmental soil quality guidelines for limiting 

pathways as 63 mg/kg (Canadian Council of Ministers of the Environment (CCME), 1999). It is 

beyond the scope of this study to provide a detailed review of the TRV for copper provided by 

the USEPA (2007) or the soil guidelines from the CCME (1999). Copper concentration in Paris 

Green is approximately 25% by molar mass. High treatment groups likely contain a portion of 

copper that would be expected to have adverse effects. Low treatment groups may experience 

cofounding effects from the portion of copper in the administered contaminant. It would not be 

possible to associate any observed effects solely with arsenic. 

This study is excluded from the database.  

Halder, G., Mondal, S., Roy, B., & Samanta, G. (2008). Change in minerals  bioavailability in chronic 

arsenic toxicity with or without methionine and betaine supplementation in layer chicken. The 

Indian Journal of Animal Sciences,78(3). 

Summary 

This study was highlighted for review during the initial literature review process. This study was 

primarily concerned with showing the increase in arsenic concentrations in blood, tissue, and 

organs in layer chickens. Inorganic arsenic was administered in drinking water. A review of this 

study confirmed that all endpoints measured were based on arsenic concentrations in blood, 

tissue, and organs and that no other endpoint was reviewed. Without associating arsenic 
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concentrations in blood, tissue, and organs with adverse effects, particularly endpoint effects that 

have ramifications for population level effects, are not considered valuable for providing a better 

understanding of dose-response. 

This study is excluded from the database. 
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Appendix B 

 

This appendix is available upon request –  
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Appendix C 

Analysis of Uncertainty: Ingestion Rate and Bodyweight 

Review of Mallard Duck Ingestion Rates 

In the data presented by Camardese et al. (1990), the ingestion rate graph provided in the study 

shows a general trend toward increasing feed consumption over the course of the study19. The 

evident correlation between increasing age and increasing feed consumption is more likely a 

correlation between increasing feed consumption and increasing weight correlated to increasing 

age. To provide the best representation of the feed ingestion rate for the ducklings in this study, it 

was decided that comparing the mean and median values for the control group over the full 10 

weeks duration of the study would provide valuable insight into mallard duck ingestion rates. 

Careful interpretation of the graph (labeled Figure 3 in the published paper) provided weekly 

values for feed removed over a 24 hour period per bird. It is assumed that the values in the graph 

are for grams of food per bird per day. Camardese et al. (1990) state that “food consumption was 

measured over a 24-h period each week and was expressed as grams of feed removed per bird 

per day” (p786). The descriptive text at the bottom of Figure 3 states that the food weight is 

“measured as food removal over 24 h per pen” (p.791), and while this may be interpreted as 

representing the value of food weight consumed by 10 ducks (the number in each pen) that 

would suggest that the feed consumption per duck is 10 times lower which would be well below 

any reported feed consumption rates.  

                                                           
19 Only the control (no dose) treatment data was reviewed. 
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For the ingestion rate, the values for each week over the 10 week study duration for the control 

treatment were taken from the graph and the median and mean values were compared. The 

values were the same; 106.5 grams. 

To confirm that this value was a correct interpretation of the data presented in the study, the 

values were compared to the values provided by using the allometric equation provided by Nagy 

(1987) and presented in the USEPA Wildlife Exposures Factors Handbook, Volume I (1993)20. 

A bodyweight of 1.075 kg21 was used to calculate an ingestion rate of 61 grams. The differences 

between the reported ingestion rate in the Camardese et al. (1990) study (which was an average 

of juvenile ingestion rate and adult ingestion rate) and the ingestion rate derived from the Nagy 

formula using bodyweight data from the same study, highlighted that additional research was 

required to review feed rates per day for mallard ducks.  

Unfortunately the actual feed consumption for mallard ducklings, and/or mallard ducks in 

general, is not reported in many articles or in other sources. While this issue presents challenges 

in finding a defensible ingestion rate value for mallard ducks at different life stages, there is 

further uncertainty in that there are likely differences between feed consumption rates for wild vs 

farm-raised ducks. Feed rate is largely a function of daily chaloric requirements  related to the 

“metabolizable (useable) energy in [the] food” (Nagy, 1987, p. 122). The feed rate for wild 

ducks will vary depending on the different feed types available for foraging ducks. The 

Department of Environment, Food, and Rural Affairs (2002) report estimated daily food 

requirements for different bird species in the UK. For wild mallard ducks the feed rates range 

from a low of 280 grams to a high of 846 grams for an adult bird depending on the type of forage 

                                                           
20 The Nagy (1987) equation as provided by the USEPA is 0.648*(grams bw^0.651) or 0.0582*(kg bw^0.651). 
21 This value is the average 10 week bodyweight for females and males provide by Camardese et al. (1990). 
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available. The BCMOE (2001) produced a report which compares values obtained from the 

allometric equation provided by Nagy (1987) to actual ingestion rates for a variety of avian (and 

mammalian) species (http://www.env.gov.bc.ca/wat/wq/reference/foodandwater.html). The 

authors present an ingestion rate for adult mallard ducks of 250 grams per day for a 1.2 kg bird 

(assumed to be for a wild bird). The allometric equation provides an ingestion rate of 55 -65 

grams per day. Gary Heinz provides a consumption value of 119 grams of feed/kg bodyweight of 

mallard/day for control animals used in a laboratory study on the effects of mercury (Heinz, 

1974). 

Potential discrepancies between ingestion rate values have consequences for accurate dose 

calculations. As was highlighted above, a search of the grey literature (internet search) provides 

many conflicting values for daily feed consumption for mallard ducks. Much of the grey 

literature provides information on farm-raised mallard ducks and it appears that feed 

consumption depends on the feed type, age of duck, and even genetic variation in that some 

farm-raised ducks reportedly grow to a larger size than wild ducks. It is likely that ducks that are 

fed a carefully managed diet in a farm-raised setting will consume a different daily ration of food 

than wild foraging ducks; a notion supported by Nagy (1987): “It is difficult to apply metabolic 

rate data from captive or domestic animals to free-living animals, which are responding to 

variation in food supply, food quality, predation, reproductive status, weather, and other 

circumstances that captive animals may not experience” (p. 111). Another potential issue when 

reviewing ingestion rates is that ducks that are farm-raised are likely to be the progeny of 

multiple generations of farm-raised ducks where selective breeding to support certain genetic 

traits, such as accelerated growth or maximum attainable body weight, will influence 

physiological factors including daily feed rate. 

http://www.env.gov.bc.ca/wat/wq/reference/foodandwater.html
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To provide the most defensible ingestion rate for mallard ducks, it was determined that only 

laboratory studies that report bodyweight paired with ingestion rate would be assessed. Studies 

would ideally report those two variables over different lifestages. Nine studies were identified 

that either provided bodyweight and age, or bodyweight and ingestion rate for control (no dose) 

treatments. Thirty four lines of data were generated from the 9 studies. Twenty four sets of these 

data relate bodyweight with ingestion rate. This dataset is provided in Table X7. 

A review of the data suggests that the data provided in the Albers et al. (2006) study is a 

probable outlier and that by removing this one data point the statistical correlation between the 

two variable is high (0.898 Pearson Correlation) to a p-value of < 0.000. A quadratic regression 

model for a response variable “ingestion rate (kg)” and predictor variable “bodyweight (kg)” for 

fitted line is provided as figure X1. The fitted line generally makes intuitive sense with a curve 

that suggests ingestion rate slows as mallard ducks reach a mature bodyweight. The resulting 

quadratic equation for prediction of ingestion rate (kg) is: 

 IR (kg) = 0.01561 + 0.2222 BW (kg) – 0.1067 BW (kg) ^ 2 

Table X7 also provides a comparison of the above ingestion rate equation to the Nagy (1987) 

equation and to the study reported ingestion rates. Visually, the ingestion rate calculation 

provided above is a much closer fit than the Nagy equation which undervalues ingestion rate for 

all studies with the exception of Albers et al. (2006) (please see Table X7). 
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Figure 9 – Mallard Ducks: Bodyweight (kg) paired with Ingestion Rate (kg)   

 

  



INORGANIC ARSENIC AND AVIAN WILDLIFE  124 
 

Table 7 - Review of Mallard Duck Ingestion Rate and Bodyweight 

Study Gender
Age 

(Days)

Bodyweight 

(kg)

Ingestion Rate 

(kg)

Ingestion Rate Using Quadratic Equation 

IR (kg) = 0.01561 + 0.2222 BW (kg) – 0.1067 BW (kg) ^ 2

Nagy (1987) Equation

IR (kg) = 0.0582*(BW in kg^0.651)

1 Albers et al. (2006) M 182 1.355 0.066 0.121 0.071

2 Camardese et al. (1990) M 7 Average 0.107 - -

3 Camardese et al. (1990) F 7 Average 0.107 - -

4 Camardese et al. (1990) M&F 7 0.08 0.028 0.033 0.011

5 Camardese et al. (1990) M&F 14 0.225 0.073 0.060 0.022

6 Camardese et al. (1990) M&F 21 0.46 0.095 0.095 0.035

7 Camardese et al. (1990) M&F 28 0.63 0.105 0.113 0.043

8 Camardese et al. (1990) M&F 35 0.815 0.098 0.126 0.051

9 Camardese et al. (1990) M&F 42 0.925 0.125 0.130 0.055

10 Camardese et al. (1990) M&F 49 1.035 0.143 0.131 0.060

11 Camardese et al. (1990) M&F 56 1.045 0.131 0.131 0.060

12 Camardese et al. (1990) M&F 63 1.085 0.119 0.131 0.061

13 Camardese et al. (1990) M&F 70 1.075 0.145 0.131 0.061

14 Heinz (1976) M&F 1.000 0.119 0.131 0.058

15 Heinz (1988) M&F 7 0.100 0.035 0.037 0.013

16 Heinz (1988) M&F 14 0.285 0.070 0.070 0.026

17 Heinz (1988) M&F 21 0.490 0.095 0.099 0.037

18 Heinz (1988) M&F 28 0.680 0.145 0.117 0.045

19 Heinz (1988) M&F 35 0.850 0.135 0.127 0.052

20 Heinz (1988) M&F 42 0.930 0.140 0.130 0.056

21 Hienz (1989) M 365 1.181 - 0.129 0.065

22 Hienz (1989) F 365 1.046 - 0.131 0.060

23 Hienz (1989) M&F 0 0.033 - 0.023 0.006

24 Hienz (1989) M&F 6 0.072 - 0.031 0.010

25 Kear (1965) M&F 1 0.035 - 0.023 0.007

26 Lokemoen (1990) M&F 1 0.032 - 0.023 0.006

27 Lokemoen (1990) M 56 0.817 - 0.126 0.051

28 Lokemoen (1990) F 56 0.740 - 0.122 0.048

29 Nebeker (1991) M&F 1 - 0.005 - -

30 Nebeker (1991) M&F 34 0.770 0.120 0.123 0.049

31 Nebeker (1991) M&F 23 0.373 0.090 0.084 0.031

32 Nebeker (1991) M&F 24 0.379 0.075 0.084 0.031

33 Stanley et al. (1993) M&F 0 0.036 - 0.023 0.007

34 Stanley et al. (1993) M&F 7 0.078 - 0.032 0.011  

Bodyweight 

A review of mallard bodyweight was conducted during the review of mallard duck ingestion 

rate. It is felt that these values will provide the most appropriate bodyweight as they are reports 

of farm raised mallards in a controlled laboratory setting. A descriptive review of the dataset 

shows that, as might be expected, bodyweights increase with age following a curved distribution 

with weights reaching a relatively stable value in adulthood. Adult weights appear to be reached 

between 50 and 70 days. Three sources provide bodyweights for ages ≥ 70 days. The 

bodyweights at ≥ 70 days are 1.046 kg (female), 1.010 kg (female), 1.140 kg (male), 1.181 kg 

(male), and 1.355 kg (male). There would be expected bodyweight differences between male and 

female ducks, especially during breeding and laying season22, the average bodyweight for adult 

                                                           
22 Seasonality is likely an important factor for wild populations in particular. 
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male and female ducks is calculated as 1.225 kg and 1.028 kg respectively. Combined the 

average is 1.127 kg. For ducklings the assumed weight for one day old ducklings, regardless of 

gender, is 0.035 kg (Kear, 1965). 

Bodyweight appears to be strongly correlated with age. Figure 2 for mallard ducks has been 

included to show this correlation (adult weights > 70 days are not included to provide better 

resolution for early life stages). A quadratic regression highlights the strength of fit for the 

curved line. In the calculation of dose, a high bodyweight decreases the assumed exposure doses 

while a smaller bodyweight increases the assumed exposure doses. If an artificially low exposure 

dose is associated with an adverse effect the assumptions will be conservative in nature. If an 

artificially high exposure dose is associated with an adverse effect the assumptions will 

underestimate the potential severity of the dose. One of the areas of greatest potential uncertainty 

is the bodyweight to assign for calculations of dose and ingestion rate where required. The 

chance of error is highest when a study assesses organisms across lifestages (i.e., from juvenile 

through to adult); if start bodyweight is selected then the calculated dose will be higher than if 

the final bodyweight is selected then the calculated dose will be lower.  

One of the most commonly used avian species in toxicological studies is the chicken. A review 

of chicken bodyweights highlighted that no standard bodyweight for ‘chicken’ is appropriate and 

that breed, and possibly regional differences for breeds, require a more thorough review of which 

weights to use as a surrogate value if the bodyweight is not reported. 

Calculating a surrogate value for chickens, the other most common bird species assessed in 

avian/arsenic toxicological studies, is complicated by bodyweight variations from different 

breeds. Holcman and Stibilj (1997) assess Rhode Island Red chickens. A search of grey literature 

(internet sources) provides adult weight values ranging from 1.482 kg (Wardecka et al., 2002) to 
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a maximum of 4.309 kg (Cacklehatchery, n.d.). Finding a surrogate value for ‘chicken’ is not 

considered appropriate. As such, the weights for different breeds of chicken were assessed as 

appropriate. Surrogate values and the justification for their use in the toxicity profile database are 

detailed in Appendix A: Literary Review. 

For this toxicity profile, bodyweight for dose has been calculated as an average of start 

bodyweight and final bodyweight. The underlying assumption behind this decision is that it will 

not be possible to assign study effect findings to any bodyweight unless it is reported (i.e., if the 

study reports the onset of effects at a certain age and/or bodyweight). While the organism was 

exposed initially at a higher dosage, the effect is reported only after the entire duration of the 

study, and so the effect may need to be assumed an accumulative effect. As such, the effect 

relationship should reflect that it is neither the highest dose nor the lowest dose that should be 

associated with the effect but the study duration dose. Using an average bodyweight partly 

offsets the complexity inherent in understanding the dose-response relationship over the duration 

of the study. A more detailed review of the Camardese et al. (1990) study, which reports 

bodyweight over the full duration of the study, is provided in Section X.  

A potential further source of uncertainty related to bodyweight is when studies report an increase 

in bodyweight in grams or kilograms as an endpoint without reporting either start or end 

bodyweight. For a hypothetical example of a study with a control and one exposure dose, if the 

difference between two changes in bodyweight was reported to be 100 grams the effect size 

would be very large if the bodyweight was only 100 grams. If the bodyweight was 10000 grams 

the effect size would be very small. 
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Figure 10 – Mallard Ducks: Bodyweight (kg) paired with Age (days)  

 

 


