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Abstract

EPA guidance for ecological risk assessment lists sensitivity of species to contaminants as one of several criteria to be considered
when selecting assessment endpoints. Although sensitivity or insensitivity of some taxa to contaminants is known (e.g., mink
and starlings), data concerning sensitivity of many avian and mammalian taxa to environmental contaminants are lacking. To
address taxonomic sensitivity, residuals from allometric scaling regression models for over 200 chemicals representing alkaloids,
carbamates, chlorinated and non-chlorinated hydrocarbons, cyclodienes, anilines, pyridines, inorganics, and organophosphates
were analyzed. Positive residuals indicate that measured toxicity for the test species is underestimated relative to other species
in the model and the species is insensitive. Conversely, negative residuals indicate that measured toxicity is overestimated
relative to other species in the model and the species is sensitive. The frequency with which residuals were positive or negative
was tabulated and tested using one-tailed binomials tests, with the null hypothesis being “if a species is neither sensitive nor
insensitive, the likelihood of over- or underestimation is 0.5". Analyses were performed across and within chemical classes by
taxonomic groups (e.g., order, family, genera, species) as data permitted. Sensitive avian and mammalian orders included
Anseriformes, Columbiformes, Passeriformes, Carnivora, and Primates. Insensitive orders included Galliformes, Psittaciformes, Artiodactyla, and Lagomorpha.
Sensitive bird taxa included ducks (family Anatidae), common pigeons (family Columbidae), and blackbirds (family Icteridae). Although patterns of sensitivity were
generally constant across chemical classes for mammalian taxa, sensitivity of some avian taxa varied across chemical classes. Additional taxa appeared to be
either sensitive or insensitive, but limited sample sizes for some taxonomic groupings and chemicals precluded statistical significance.

Introduction

Biological diversity and the absence of comparative data preclude evaluation of potential risks from environmental contaminants to all species that may potentially
occur at a contaminated site. To be protective of most species at a site, ecological risk
assessments generally focus on what are believed to be the most sensitive species. This is
consistent with EPA guidance for ecological risk assessment, which lists sensitivity of species
to contaminants as one of several criteria to be considered when selecting assessment
endpoints (EPA 1997, EPA 1998). Although sensitivity or insensitivity of some taxa to
contaminants is known (e.g., mink and starlings), data concerning sensitivity of many avian
and mammalian taxa to environmental contaminants are lacking. As a consequence, uncertainty
concerning the relative protectiveness provided by representative receptors is unknown.
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for endrin in mammals.

natural-log transformed acutely lethal doses (LDso in mg chemical/animal) on natural-log
transformed body weight (in kg; Sample and Arenal 1999). Separate regression models were

developed for each chemical.

To address taxonomic sensitivity, residuals (e.g., difference between the measured value
and the value estimated by the regression model) from the allometric scaling regression models
were analyzed. Positive residuals indicate that measured toxicity for the test species is
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study investigating
interspecies scaling of
toxicity data, we have
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database of acute toxicity
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models for extrapolation
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underestimated relative to other species in the model and the species is insensitive. Conversely,
negative residuals indicate that measured toxicity is overestimated relative to other species
in the model and the species is sensitive. Examples of allometric models and residuals are
presented for the cyclodiene, endrin (Figures 1 and 2), the organophosphate, ethyl parathion
(Figure 3), and the inorganic, arsenic trioxide (Figure 4).

Ethyl Parathion

Mammals : In (dose) = 2.798+1.007(In[BW]); r *

The frequency with which residuals were positive or negative was tabulated and tested using
one-tailed binomials test (Zar 1984), with the null hypothesis being “ if a species is neither
sensitive nor insensitive, the likelihood of over- or underestimation is 0.5". Analyses were
performed across and within chemical classes by taxonomic groups (e.g., order, family, genera,
species) as data permitted. Because sample sizes were small for some groups, differences
were considered significant if p<0.1.
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Results

Sensitivity of birds and mammals was evaluated for all chemicals in the database and for
each of twelve chemical groups. The frequency of observed residuals over and under the
regression line and likelihood of observed frequencies are presented in Table 1. A summary
of avian and mammalian taxa identified as significantly (p<0.1) sensitive or insensitive is
presented in Table 2. A list of chemicals included in the scaling database is presented in Table
3.
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Figure 3. Allometric scaling regression and residuals

for ethyl parathion in mammals.

For all chemicals pooled, sensitive avian and mammalian orders included Anseriformes, Columbiformes, Passeriformes, Carnivora, and Primates; insensitive
orders included Galliformes, Psittaciformes, Artiodactyla, and Lagomorpha.

Sensitivity of avian taxa was not constant across all chemical classes. For example, galliforms (quail, chickens, and pheasants) were found to be insensitive to
alkaloids, carbamates and organophosphates, while being sensitive to chlorinated hydrocarbons; columbiforms (pigeons and doves) were insensitive to chlorinated
hydrocarbons and pyridines, while being sensitive to organophosphates (Table 1).

In contrast to birds, patterns of sensitivity among mammalian taxa across chemical classes were fairly constant. House mice, primates (represented by humans),
and carnivores were consistently sensitive, while Artiodactyla (even-toed hooved mammals), rabbits, and hamsters were consistently insensitive.

Although additional taxa appear to be either sensitive or insensitive, limited sample sizes for
some taxonomic groupings and chemicals preclude statistical slgnlflcance

Arsenic Trioxide

Mammals : In (dose) = 2.874+0.874(In[BW]); r *=0.92

Discussion

Overall, our sensitivity results were in agreement with the available published literature. Some
mechanisms presented in the literature that explain differences in sensitivities among species
include differences in (1) anatomy, (2) metabolic kinetics of the contaminant, (3) site of action,
(4) enzyme catalytic function, (5) non-enzymatic chemical activity (e.g., antioxidants, mutagens),
and (6) membrane regulation. The following are some examples related to these mechanisms.

1. Anatomy - Anatomical structures can minimize or dilute exposure.
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Sterner et al. (1998) reported that the alkaloid strychnine was much less toxic to bobwhite
quail than to mallard ducks. The authors listed physical differences in crop structure

between quail and duck as a possible mechanism for the differences in susceptibility.
Quail have a unilateral sac for temporary food storage and a thick epithelium sac which

may slow strychnine deposition into the gizzard. o
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Figure 4. Allometric scaling regression and residuals
for arsenic trioxide in mammals.

2. Metabolic kinetics of the contaminant - Some species have an ability to efficiently convert
or rapidly metabolize a chemical that affects its toxicity.
Cats were determined to be the most sensitive to nitrogen-containing hydrocarbon

dimethylnitrosamine (DMN), compared to guinea pigs, rats, monkeys, lizards, and birds, in order of decreasing susceptibility.
This difference was attributed to the cat’s high rate of DMN metabolism compared to the slower rates of DMN metabolism
in the other test species (Maduagwu and Bassir 1980).

The pyridine, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is most toxic to humans and other primates. Rats

are resistant and mice show intermediate resistance. Riachi et al. (1988) found that the rat’s resistance was due in part
to its ability to efficiently convert MPTP to its inert metabolite MPP*, while mice were less efficient and humans least
efficient at making this conversion. In contrast, hamster resistance to 1,3-dinitrobenzene exposure was likely due to the
hamster’s inability to form this hydrocarbon’s toxic metabolites (Obasaju et al. 1991).

3. Site of action - Species may differ in the site of toxic action.

American kestrels were found to be highly sensitive to carbofuran, despite lower levels of brain cholinesterase (ChE)
inhibition in dead kestrels compared to dead eastern screech-owls. Vyas et al. (1998) suggested that ChE activity/inhibition
at critical neuromuscular junctions was an important factor in explaining kestrel sensitivity to carbamates. In comparison
to kestrels, the screech-owls showed little indication of ChE inhibition at neuromuscular junctions.

4. Enzyme catalytic function - Functional differences in enzymes across species often result from species-specific differences in
the receptor enzyme, such as charge interactions on the enzyme or structure-activity hindrances (e.g., steric), which can inhibit
binding.

Differences in the electronegativity of the binding site on the enzyme was indicated as a factor in the greater sensitivity of birds and mammals to
OPs compared to fish. Thus the strong nucleophilic center of rat and chicken acetylcholinesterase (AChE) confers a greater affinity for the OP
oxygen analogue than the weak nucleophilic center of trout AChE (Wallace and Kemp 1991). Wallace and Kemp (1991) further indicated that
differences in rat and chicken OP sensitivity were determined by differences in steric hindrance at the AChE binding site.

Huan et al. (1998) compared the toxicity of Pyrrolizidine alkaloid plant toxins in 8 mammals and 2 birds, and concluded that species differences
appeared to be dependent on the individual species’ hepatic microsomal enzymes catalytic capability. Similarly, differences in the sensitivity of
several bird species to OP insecticides were attributed to species-specific catalytic properties (Fossi et al. 1996).

Inter-species differences in Ah receptor affinities for TCDD and coplaner PCBs may partly account for species differences in susceptibility (Brunstrom
and Halldin 1998).

5. Non-enzymatic chemical activity - These may included species-specific differences in antioxidant and mutagenic activities.

Many chlorinated and non-chlorinated hydrocarbons and some inorganics cause lipid peroxidation resulting in animal toxicity. The high resistance
of pig heart tissue and red blood cells to lipid peroxidation compared to rats, quail, and rabbits was likely a reflection of greater tissue reserves of
non-enzymatic antioxidants (e.g., vitamin E) relative to the other species (Godin and Garnett 1992).

Graves et al. (1995) described the mechanism of susceptibility in mice to methylene chloride. In contrast to resistant rats, hamsters and humans,
mice exposed to this chlorinated hydrocarbon suffer many DNA single strand breaks which lead to carcinogenesis.

6. Membrane regulation - Differences in membrane permeability can affect toxicity.

Gingell and Wallcave (1974) observed the hamster to be particularly resistant to the toxic effects of DDT compared to mice, despite no species
differences in absorption, hepatic or bacterial detoxification, or excretion. They concluded that differences were associated with differences in the
permeability of the blood/brain barrier which regulated brain DDT concentrations.

Conclusions

This analysis indicates that acute toxicity data may be used to evaluate the sensitivity of avian and mammalian taxa to contaminants. The results obtained are
generally in agreement with, and supported by, research linking differing mechanisms to expressions of toxicity. Availability of information
such as that presented in this poster should facilitate selection of more appropriate assessment endpoints in ecological risk assessments.
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Mammalia RodentiaMuridae House mouse 67 127 0.00001 099999 2 7 0.08984 0.98047| 12 26 001678 0.99307| 1 6 00625 099219 2 7 008984 0.98047| 1 2 05 0875 14 7 0.96082 o0o0s462] anticholinesterase activity. Chem Res Toxicol 4:41-49.
Mammalia RodentiaMuridae Peromyscus  Peromyscus spp. 25 5 099997 0.00016 4 1 0.96875 0.1875} 2 0 1 1 0 i Y 2 0 1 0.25) 9 3 0.98071 0.073] X - 3 .

Mammalia RodentiaMuridae Rattus Rattus Spp. 133 16 0.87303 01553} 6 4 0.82812 0.37695| 16 25 010551 0.94136| 4 4 063672 0.63672| i 2 0.98047 0.08984] 4 4 063672 0.63672] 15 24 0.0998 oo4s04| Zar, J.H.1984. Biostatistical Analysis. Prentice-Hall, Inc.
Mammaiia RodentiaMuridae Rattus Rat 107 93 0.85559 0.179) 5 3 0.85547 0.36328 16 25 0.10551 0.94136 4 4 063672 063672 6 2 0.96484 0.14453 2 2 06875 0.6875) 8 14 014314 09331 Englewood Cliffs, NJ. 718 pp.

Mammalia RodentiaMuridae Rattus Norway rat 8 1n 0.3238 082036 1 1 075 0.75) 1 0 1 05} 0 2 025 1 1 6 0.0625 0.99219

Mammaiia RodentiaMuridae Rattus Black rat 1 2 099829 001123 1 0 1 05} 4 1 0.96875 01875}

Mammaiia Rodentia Sciuridae 7 4 088672 027441 1 0 1 05} 4 1 0.96875 01875}

Mammalia California ground squirrel 7 2 0.98047 0.08984 1 0 1 05| 4 1 0.96875 0.1875)




