
The residue studies were conducted as standard magnitude of the residue trials, with crop 
commodities being harvested at maturity.

Key toxicity values for birds include an avian acute oral toxicity value >2250 mg/kg, and an 
avian reproduction NOEC of 600 ppm.  For mammals, the acute oral toxicity value is >5000 
ppm, and the reproduction NOEL/NOEC is 85 mg/kg/day (1700 ppm).

Several scenarios of the T-REX model were run for pesticide uses that involve direct 
application to soil, rather than foliage.  The application rates evaluated using the T-REX 
model include four applications at 2.0 lb a.i/A with a 14-day interval between applications 
(total of 8 lb a.i./A applied), and single applications at rates of 30 lb a.i./A and 60 lb a.i./A.

Results and Discussion
Results of estimated residue 
concentrations in the various different 
feed item categories based on T-REX 
modeling are provided in Table 2 for a 
single applications at 30 lb a.i./A.  The 
T-REX  model predicts concentrations 
ranging from 450 ppm to 7200 ppm for a 
single application at 30 lb a.i./A. 

Table 3 provides a summary of the 
maximum residues measured in various 
crop commodities for total applications 
ranging from 7.5 lb a.i./A to 60 lb a.i./A.  
The majority of these uses listed in Table 3 
represent single applications to soil at 30 or 
60 lb a.i./A.  The general T-REX feed items 
groups that these crop commodities fall 
into are either the broadleaf plants or the 
seeds (fruits, seeds, and pods) categories.  
Measured residues in these crop 
commodities range from approximately 
0.03 ppm to 0.5 ppm.  These measured 
values range from more 25,000-fold to 
approximately 200,000 fold less than the 
model-predicted concentration for broadleaf plants, and from 4500-fold to 15,000-fold lower 
than the model-predicted concentration for seeds for an application rate of 30 lb a.i./A. 

Table 4 provides dietary-based chronic 
avian and mammalian risk quotients 
calculated by T-REX.  Chronic avian risk 
quotients range from 0.75 for seeds to 
12.0 for short grass, with an RQ of 6.75 

for broadleaf 
plants.  Chronic 
mammalian 
dietary-based RQs calculated by T-REX range 0.26 for seeds to 4.24 
for short grass, with an RQ of 2.38 for broadleaf plants.  All of these 
RQs, except those for seeds, exceed EPA’s level of concern (LOC) 
for adverse chronic effects on birds and small mammals.

Table 5 provides dietary-based chronic 
avian and mammalian RQs calculated 
using the maximum residues measured 
in the MOR studies.  All of these RQs 
are well below EPA’s LOC for adverse 
chronic effects on birds and mammals. 

Table 6 provides dose-based chronic 
mammalian RQs calculated by T-REX.  
Overall, these RQs range from 0.23 
for seeds as a feed item for the 1000 g 
mammal to 36.75 for short grass as a 
feed item for the 15 g mammal.  All of the 
chronic dose-based RQs calculated by 
T-REX exceed EPA’s LOC for adverse 
chronic effects except those calculated 
for seeds as a feed item.

Table 7 provides chronic dose-based 
mammalian RQs for a 15 g mammal 
calculated using the maximum residue 
values measured in the MOR studies.  All 
of these RQs are well below the LOC for 
adverse chronic effects.
 
The comparative results for EECs (Tables 
2 and 3) and RQs based on either model-
estimated residues on feed items or actual measured residues on feed items result in very 
divergent evaluations of potential risks to birds and small mammals.  RQs based on the 
modeled EECs suggest chronic risks to both birds and mammals for all categories of feed 
items except seeds.  In contrast, RQs based on measured residues in plant commodities 
are well below EPA’s level of concern for chronic risks to birds and mammals, indicating 
no signifi cant risks to animals that may ingest feed items grown in soils treated with this 
pesticide.

These results indicate that when evaluating risks to birds and mammals for soil-applied/
soil-incorporated products, the estimated exposure of non-target birds and mammals should 
be based on actual measured residues in various plant commodities rather than modeled 
residues refl ecting foliar uses. 
 
Conclusion
Soil incorporation of pesticides signifi cantly alters the exposure scenario for non-target 
terrestrial vertebrates.  The standard nomogram models that are based on residue data for 
foliar pesticide applications are not applicable to these types of use patterns.  Instead, actual 
residue data for crops grown in treated soils provides the appropriate data for estimating 
potential exposure of non-target terrestrial vertebrates that may ingest crops, weeds, or parts 

of crops or weeds (e.g., seeds, leaves) grown in 
treated soils.

Risks to non-target vertebrates calculated 
using residue data are much lower than those 
calculated using the T-REX or T-HERPS models 
because residues in/on feed items are much 
lower for soil-incorporated pesticides than for 
foliarly-applied pesticides.

Abstract
The USEPA currently uses a revised version of the Hoerger and Kenaga nomogram (Fletcher 
et al, 1994) as the basis for evaluating exposure and risk to birds and mammals through 
modeling with its T-REX model.  The underlying data for the T-REX model is a portion of the 
data (Day 0 and Day 1 residue data) from the UTAB database.  These data underlying the 
T-REX model represent Day 0 and Day 1 downward-directed or airblast foliar applications to 
a variety different types crops, and some non-crops, such as golf courses.  However, these 
data are not applicable to pesticide products that are applied preplant, at-plant, or as side 
dressings to soil and then are incorporated into soil during or following application.  These 
types of products may be formulated as granular products, wettable powders, or liquid 
formulations that may be broadcast applied followed by incorporation, may be applied banded 
with incorporation, or applied in-furrow.  While the EPA has a methodology for estimating 
acute exposures and risks for granular soil-incorporated products, there is no methodology 
for estimating chronic exposure and risk, and no methodology for evaluating other soil-
applied formulations (e.g., ECs, WPs, SCs).  Residues of these products in plant tissues 
or invertebrates that may be feed items for birds or small mammals are due to uptake from 
soil.  Some of these products are systemic, and some are not, so predictive estimates are 
highly uncertain and erroneous.  Rather than using modeling estimates that are based on an 
incorrect application scenario, a more appropriate methodology is to rely on residue data for 
the product.  These data can also provide a valuable index to longer-term exposure of birds 
and mammals.  Data are presented for a high application rate non-systemic soil fungicide and 
are contrasted with model estimated exposures.  Results based on residue data indicate that 
estimated exposures based on T-REX modeling overestimate actual residues in plant tissues 
by two to three orders of magnitude. 
 
Introduction
The USEPA assesses risks from pesticides to terrestrial vertebrates (mammals, birds, 
reptiles, and terrestrial-phase amphibians) by using a nomogram to estimate exposure of 
these organisms to food items that may contain pesticide residues.  EPA uses two similar 
models, T-REX and T-HERPS, to estimate exposure and risks of terrestrial vertebrates to 
pesticide residues on various types of possible feed items.   These models are based on 
a compilation of residue data for several different general categories of feed items.  The 
categories of feed items primarily consist of plant-type feed items, and are divided into short 
grass, long/tall grass, broadleaf plants, seeds, and arthropods.

The nomogram consists of residue unit doses (RUDs) for each of the feed item categories.   
RUD values represent the estimated pesticide residue for a 1 lb a.i./A application.  Residues 
in/on feed items following a pesticide application are estimating by multiplying the RUD for 
each feed item category by the pesticide application rate.  The resulting estimated residues 
on different general categories of feed items are then used to calculate risk quotients for 
terrestrial vertebrates for each use of a pesticide that is being evaluated. 
 
The residue data base that underlies these two models primarily consists of magnitude of 
the residue trials that were conducted by applying pesticide to the foliage of the treated crop, 
with crop samples then being collected and analyzed at various time points after application.  
Therefore, these models are applicable to pesticide use patterns that involve pesticide 
applications to the foliage of crops (and certain non-crops, such as turf).  However, these 
models are not applicable to pesticide uses that are directly applied to soil, rather than the 
crop.  This paper compares estimated exposures generated with the T-REX model to actual 
residues in crops for pesticide uses that involve applications to the soil rather than foliage.
 
Materials and Methods
The pesticide product used as an example is a fungicide that is applied to directly to soil 
to control soil-borne fungal diseases that can affect the treated crops.  For these uses, 
the product is formulated as a wettable powder or as an emulsifi able concentrate; both 
formulations are applied to soil in water at rates of 10 to 50 gallons per acre.

Application rates for these uses ranged from 
7.5 lb a.i./A to 60 lb a.i./A for uses on different 
crops.  Product was applied either as a broadcast 
application or a banded application, with the 
pesticide then being incorporated into the soil 
to depths ranging from 2 inches to 10 inches, 
depending on the crop.  For a majority of the crops, 
a single application was made either preplant or at-
plant, but multiple applications were made to some 
of the crops.  These consisted of preplant or at-

plant treatments followed by later applications at the base of the plants.  Key aspects of these 
magnitude of the residue (MOR) studies are summarized in Table 1.  Total rates of pesticide 
applied in these trials ranged from 7.5 lb a.i./A to 60 lb a.i./A.  A majority of the trials involved 
single applications of the pesticide to soil at rates of either 30 lb a.i./A or 60 lb a.i./A.

Crop Formulation Application Method Application Rate 
(lb a.i./A)

Commodity 
Sampled

EFED 
Feed Item Category

PHI 
(days)

Broccoli 75WP Broadcast
Banded
Transplant solution

30
30
60

Heads,stems
Heads,stems
Heads,stems

Fruits, 
pods;
Broadleaf plants

58-123

Broccoli 75WP Broadcast
Banded
Transplant solution

30
20-22.5

4.5 lb a.i./100 gal

Heads,stems
Heads,stems
Heads,stems

Fruits, 
pods;
Broadleaf plants

64-83

Cabbage 75WP Broadcast
Banded
Transplant solution

30
30
60

Leaves Broadleaf plants 70-134

Collards 75WP Preplant 
incorporated

30
60

Leaves Broadleaf plants 42-80

Dry Beans 2E
75WP

Broadcast,
Banded, base of 
plants

1.5 + 2.0 + 2.0 + 
2.0

Beans Fruits, pods, seeds 41-64

Kale 75WP Broadcast
Banded

30
60

Leaves Broadleaf plants 45-54

Potatoes 75WP Banded 30
60

Tubers NA NA

Snap 
Beans

2E
75WP

Broadcast,
Banded, base of 
plants

1.5 + 2.0 + 2.0+ 
2.0

Beans Fruits, pods, seeds 7-20

Table 1.  Summary of MOR study designs for soil-incorporated uses

Risk Assessment for Terrestrial Vertebrates from Soil-Incorporated Pesticides
Clifford Habig, Compliance Services International

Feed Item Category Residue Concentration (ppm)
Short Grass 7200
Tall Grass 3300
Broadleaf Plants 4050
Fruits, Seeds, Pods 450
Arthropods 2820

1Estimated residues calculated for one application at 30 lb a.i./A.

Table 2.  Residue concentrations estimated by T-REX1

Crop Rate
(lb a.i./A)

Commodity Max. Residue
(ppm)

T-REX 
Feed Item 
Category

Broccoli 30 Heads, stems 0.05 Broadleaf 
plants

Broccoli 30
60

Heads, stems 0.03
0.05

Broadleaf 
plants

Cabbage 30
60

Leaves 0.02
0.05

Broadleaf 
plants

Collards 30
60

Leaves 0.15
0.23

Broadleaf 
plants 

Dry Beans 7.5 total Beans 0.10 Seeds

Kale 30
60 

Leaves 0.24
0.52

Broadleaf 
plants

Snap Beans 7.5 total Beans 0.03 Seeds

Table 3. Summary of maximum residues in soil-incorporated 
MOR studies

Feed Item Category Avian Chronic 
RQs

Mammalian Chronic 
RQs

Short Grass 12.0 4.24
Tall Grass 5.50 1.94
Broadleaf Plants 6.75 2.38
Fruit, Seeds, Pods 0.75 0.26
Arthropods 4.70 1.66

Table 4.  Avian and mammalian dietary-based chronic risk 
quotients calculated using T-REX

Crop Max PCNB 
Residue 
(ppm)

Avian RQs Mammalian RQs

Broccoli 0.05 <0.00 <0.00
Cabbage 0.05 <0.00 <0.00
Collards 0.23 <0.00 <0.00
Dry Beans 0.10 <0.00 <0.00
Kale 0.52 <0.00 <0.00
Snap Beans 0.03 <0.00 <0.00

Table 5.  Dietary-based chronic avian and mammalian risk 
quotients based on maximum crop residues for soil-applied uses

Feed Item Category Mammal weight (g)
15 35 1000

Short Grass 36.75 31.39 16.83
Tall Grass 16.84 14.39 7.71
Broadleaf Plants 20.67 17.66 9.46
Fruits, Pods 2.30 1.96 1.05
Arthropods 14.39 12.29 6.59
Seeds 0.51 0.44 0.23

Table 6.  Mammalian dose-based chronic risk quotients calculated 
by T-REX

Crop Max PCNB Residue
(mg/kg/day)

RQs1

Broccoli 0.027 <0.00
Cabbage 0.015 <0.00
Collards 0.094 <0.00
Dry Beans 0.098 <0.00
Kale 0.178 <0.00
Snap Beans 0.028 <0.00

1Calculated for a 15 g mammal ingesting 95% of its body weight daily

Table 7.  Dose-based chronic mammalian risk quotients based on 
maximum crop residues
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