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Toxicity data are not available for all contaminants or wildlife species that may be
considered in an ecological risk assessment. Consequently, extrapolation of toxic responses
observed in avian and mammalian test species to the wildlife endpoint species of interest is
necessary. Allometric scaling is one commonly employed extrapolation approach. It is based
on the observation that many biological properties vary directly with body weight or a power
of body weight (Davidson et al. 1986), such that: A = a(BW)b , where A= biological
attribute, a = intercept, BW = body weight, b = allometric scaling factor. Allometric scaling
factors that have been applied in toxicology include: BW0.66 (equivalent to body surface
area [Pinkel 1958]), BW0.75 (equivalent to metabolic rate [Travis and White 1988]), and BW1

(simple body weight scaling [Travis and White 1988]). EPA (1992) recommends the
application of a 0.75 scaling factor for extrapolation of carcinogenicity data from test
animals to humans. For wildlife risk assessment, Sample et al. (1996) applied scaling factors
of 1 and 0.75 to avian and mammalian toxicity data, respectively. If a toxicity value for a
given test species (At), an allometric scaling factor (b), and the body weights of the test
species and a selected wildlife species (e.g., BWt and BWw, respectively) are known, then
the unknown toxicity value for a particular wildlife species (Aw) may be estimated (Sample
et al. 1996):

Despite widespread use, the basis for the application of a given scaling factor is weak. The
mammalian data are based primarily on Frierich et al. (1966). These data have been re-
analyzed by multiple authors resulting in scaling factors of 0.66 to 0.75 (Travis and White
1988; Goddard and Krewski 1992; Travis and Morris 1992; Watanabe et al. 1992). Mineau
et al. (1996) have conducted the only study on extrapolation factors in avian species, and
reported variable scaling factors for 37 pesticides (primarily organophosphate and carbamate
insecticides) with a mean of approximately 1.2. Previous research concerning allometric
scaling of acute toxicity data has focused on anti-cancer drugs (e.g., Frierich et al. 1966) or
pesticides (e.g., Mineau et al. 1996). Information concerning allometric relationships for
chemicals likely to be encountered in ecological risk assessments at hazardous wastes sites
(e.g., metals and other inorganics, chlorinated and non-chlorinated solvents, phthalates, etc.)
are lacking. In addition, no studies have compared the allometric responses of birds and
mammals for the same chemicals to determine if they differ. Therefore, the purpose of this
study was to investigate the allometric relationships for acute avian and mammalian toxicity
data across a wide variety of chemicals, to determine the applicability of existing allometric
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scaling factors, and to determine if allometric relationships differ between birds and
mammals.

MATERIALS AND METHODS

Acute avian and mammalian toxicity values were obtained from published and unpublished
studies from the Denver Wildlife Research Center, and from the NIOSH Registry of Toxic
Effects of Chemical Substances (RTECS) database. Original sources cited in RTECS were
obtained to verify toxicity values. Criteria for selection of data for analyses generally
followed those described by Mineau et al. (1996). Data were restricted to oral exposure;
other exposure routes (dermal, subcutaneous, inhalation, etc.) were excluded. Body weights
of test species were obtained from each study, or from Silva and Downing (1995), Dunning
(1993) or EPA (1988). Analyses were based on median values if: body weights or toxicity
values were reported by sex, or LD50 was reported as a range. Median LD50 and body
weights were used if multiple observations per species per chemical were obtained. LD 50

values reported as open-ended ranges were rejected. Simple linear regression models of ln-
L D50 (mg/animal) of each analyte on ln-body weight (kg) were developed for birds and
mammals (as data permitted) where the number of species was ≥ 3. Analyses were
performed using SAS PROC REG (SAS 1988). Student’s t-tests were performed to
determine if the slope or scaling factor (b) differed significantly from 0, 0.66, 0.75, and 1.
For those chemicals for which adequate data were available, avian and mammalian
regression models were compared using the F-test procedure for comparing regression lines
outlined in Draper and Smith (1966). All differences were considered significant if p ≤ 10.05.

RESULTS AND DISCUSSION

A total of 2853 acute avian and mammalian toxicity values were obtained, representing 194
and 167 chemicals, 72 and 81 species, 23 and 24 families, and nine and eight orders for
birds and mammals, respectively. One hundred and thirty eight and 94 chemicals (for birds
and mammals, respectively) had toxicity values for ≥ 3 species. The median number of
animal species tested per chemical was six for birds and five for mammals. Mean (± SE)
chemical-specific scaling factors were 1.19 ± 0.052 (range - 1.16 to 3.09) for birds and 0.94
± 0.029 (range -0.15 to 1.69) for mammals. For most chemicals, body weight accounted for
much variability in acute toxicity. Mean (± SE) r2 values were 0.76± 0.02 for birds and
0.89± 0.02 for mammals. Allometric scaling factors, grouped by chemical categories, are
presented in Table 1. Student’s t-test results indicate that many chemical-specific scaling
factors (b) did not differ significantly fromconventional scaling factors (e.g., 0.66, 0.75, and
1; Tables 1 and 2), with most not differing from 1. For example, chemical-specific scaling
factors did not differ significantly from 1 for 57.9% of chemicals for birds and 70.2% for
mammals. In contrast, 37.6% of chemicals for birds and 56.4% for mammals differed from
0.75 and 28.9% of chemicals for birds and 41.5% for mammals differed from 0.66. Among
chemicals for which adequate data were available to compare models for both birds and
mammals, approximately 2/3 showed no significant difference between the classes (Table

1).

Our mean avian scaling factor, which includes alkaloids, inorganics, organochlorines, and
drugs, is similar to that reported by Mineau et al. (1996) for organophosphates, carbamates,
and several miscellaneous pesticides. This suggests that a scaling factor of 1.2 may be
appropriate for avian inter-species extrapolations for many chemicals. We found no papers
with scaling information specific to mammalian wildlife, however our results suggest that
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Table 1. Allometric scaling factors based on acute avian and mammal oral toxicity data for
selected chemicals.
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Table 1. (Cont.)
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1 A = avian; M = mammalian.

Table 1. (Cont.)

2 Results of t-tests to determine if scaling factors (b) differed significantly (p ≤ 0.05) from 0, 0.66,
0.75, and 1. A: b not different from any value; B: b different from all values but >0 and <1; C:
b significantly>1; D: b not different from 0 and b ≠ 0.66, 0.75, or 1; E: b not different from 0.66
or 0.75 and b ≠ 0 or 1; F: b not different from 0.66, 0.75, or 1 and b ≠ 0; G: b not different from
0.75 and b ≠ 0, 0.66, or 1; H: b not different from 0.75 or 1 and b ≠ 0 or 0.66; I: b not different from
1 and b ≠ 0, 0.66, or 0.75.
3 Results of f-test comparing avian and mammalian regression models. NA = insufficient data to
compare class; NS = classes not statisically different (p>0.05); p ≤ 20.05 = classes statistically
different.

Table 2. Summary of t-test results to determine if scaling factors (b) differed significantly
(p<0.05) from 0, 0.66, 0.75, and 1.

Result
(H0: b=0, 0.66, 0.75, or 1 )

Percent of Chemicals

Birds Mammals

b significantly different from 0 but not from 0.66, 0.75, and 1. 27.5% 31.9%

b significantly different from 0, 0.66, and 0.75 but not from 1. 21.7% 23.4%

b not significantly different from 0, 0.66, 0.75, or 1. 30% 7.4%

b significantly>l. 11% 7.4%

b significantly different from 0 or 0.66 but not 0.75 or 1. 8.7% 14.9%

b significantly different from 0 and 1 but not 0.66 or 0.75. 1.4% 9.6%

b significantly different from 0.66, 0.75, and 1 but not 0. 0.7% 1.1%

b significantly different from 0, 0.66, and 1 but not 0.75. 1.1%

b significantly different from all values but >0 and <l 3.2%

scaling factors of 0.66 or 0.75, while suitable for anti-cancer drugs, are not broadly
applicable to all chemicals classes. Our results indicate that on average, a scaling factor of
0.94 is most appropriate for mammals.
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Figure 1. Scatterplot of mammalian acute toxicity data for chlorinated organics.
Regression model fit to all data.

Despite preliminary results which indicate that birds and mammals have similar scaling
factors for a majority of the chemicals evaluated, extrapolations between birds and mammals
should be approached with extreme caution. For example, although scaling factors did not
differ between classes for the majority of chemicals, we found no clear pattern for
differences based on chemical categories. Our results, therefore, do not support
extrapolations between classes. Similarly, Luttik and Aldenberg (1997) developed safety
factors for birds and mammals based on the number of LD50 values available for particular
chemicals and concluded that there is a real difference between birds and mammals
precluding extrapolations between these two classes.

To achieve the maximal reduction in uncertainty associated with inter-species extrapolation
of toxicity data, use of a chemical-specific scaling factor is recommended. Scaling factors
however, are not available for all chemicals. Despite many chemical-specific scaling factors
being not statistically different from 1 (Table 2), we believe that due to the variability of
observed chemical-specific scaling factors, that the mean (±SE) scaling factor provides a
better representation of the scaling factor for an unknown chemical and will result in
toxicity estimates with lower associated uncertainties than would a default scaling factor
based simply on statistical significance (e.g., a scaling factor of 1). Therefore, in the absence
of a chemical-specific scaling factor, scaling factors of 1.2 and 0.94 should be used for birds
and mammals, respectively. As an alternative to chemical-specific scaling or relying on
mean scaling factors over many diverse chemicals, scaling based on groups of like chemicals
could be employed (e.g. Fig.1). To address the limitations associated with application of a
single scaling factor for all chemicals or relying on the limited number of chemicals with
chemical-specific scaling factors, future work will focus on developing and evaluating
scaling factors based on broader groupings (e.g., chemical classes, mode of action, and
taxonomic groupings).
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Finally, it should be noted that the scaling factors presented here are most appropriate for
acute toxicity data. Their applicability to chronic toxicity data is unknown. The modes of
action for acute and chronic effects differ for many chemicals. As a consequence, it is likely
that scaling factors based on chronic toxicity data will also differ from those based on acute
toxicity data. Because ecological risk assessments rely primarily on chronic toxicity data,
allometric scaling factors for chronic data need to be developed to reduce the uncertainty
associated with applying acute scaling factors to chronic data.

Acknowledgments. Support of this research was provided by the U.S. Department of Energy,
Environmental Management Science Program to Oak Ridge National Laboratory, managed
by Lockheed Energy Research Corp. for the U.S. Dept. of Energy under contract number
DE-AC05-96OR22464. We are grateful to Ed Schafer and Walt Bowles for making their
voluminous toxicity test data available for our use, and to Glenn Suter and Rebecca
Efroymson for comments on earlier drafts.

REFERENCES

Davidson IWF, Parker JC, Beliles RP (1986) Biological basis for extrapolation across
mammalian species. Regul Toxicol Pharmacol 6:211-237.

Draper N, Smith H (1966) Applied regression analysis. John Wiley &Sons, New York.
Dunning JB (1993) CRC handbook of avian body masses. CRC Press, Boca Raton.
EPA (U.S. Environmental Protection Agency) (1988) Recommendations for and

documentation of biological values for use in risk assessment. U.S. EPA Office of
Research and Development. EPA/600/6-87/008.

EPA (U.S. Environmental Protection Agency) (1992) Draft Report: A cross-species scaling
factor for carcinogen risk assessment based on equivalence of mg/kg¾/day; Notice.
Federal Register 57(109)24152-24173.

Freireich EJ, Gehan EA, Ral DP, Schmidt LH, Skipper HE (1966) Quantitative comparison
of toxicity of anticancer agents in mouse, rat, hamster, dog, monkey, and man.
Cancer Chemotherapy Repts 50:219-244.

Goddard MJ, Krewski D (1992) Interspecies extrapolation of toxicity data. Risk Analysis
12:315-317.

Luttik R, and Aldenberg T (1997) Extrapolation factors for small samples of pesticide
toxicity data: special focus on LD50 values for birds and mammals. Environ
Toxicol Chem. 16:1785-1788.

Mineau P, Collins PT, Baril A (1996) On the use of scaling factors to improve interspecies
extrapolation of acute toxicity in birds. Reg Toxicol Pharmacol 24: 24-29.

Pinkel D (1958) The use of body surface area as a criterion of drug dosage in cancer
chemotherapy. Cancer Res 18: 853-856.

Sample BE, Opresko DM, Suter, II GW (1996) Toxicological Benchmarks for Wildlife:
1996 Revision. ES/ER/TM-86/R3. Oak Ridge National Laboratory, Oak Ridge,
Tennessee.

SAS (1988) SAS/STAT User’s Guide. Release 6.03. SAS Inst. Inc., Cary.
Silva M, Downing JA (1995) CRC handbook of mammalian body masses. CRC Press, Boca

Raton.
Travis CC, Morris JM (1992) On the use of 0.75 as an interspecies scaling factor. Risk

Analysis 12:311-313.
Travis CC, White RK (1988) Interspecific scaling of toxicity data. Risk Analysis 8:119-125.
Watanabe K, Bois FY, Zeise L (1992) Interspecies extrapolation: a reexamination of acute

toxicity data. Risk Analysis 12:301-310.

663


