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Factors to be Considered in the Evaluation of the 
Toxicity of Pesticides to Birds in Their Environment 

E. E. Kenaga 

Agricultural Department, The Dow Chemical Company, Midland, Michigan 48640, USA 

Summary. The most useful toxicological unit for evaluating pesticide effects 
on birds is the milligrams of pesticide intake per kilogram of body weight 
per day. Since data used for the calculation of one or two terms of this unit 
are often unknown, the principles necessary for estimating the amount of 
daily food consumption by birds, the body weight of representative species 
or ages of birds and the level of pesticide residues on wildlife food are 
summarized. 

Representative data related to food consumption and body weights of diffe
rent species and ages of birds are tabulated. Based on the wide range of body 
weights and species feeding habits, the smallest birds may consume at least 
ten-fold more food in terms of milligrams per kilogram of body weight per 
day than the largest birds. Considering also the variation of pesticide residues 
on different types of plants as representatives of bird food particles, the daily 
dietary intake of pesticide by birds (expressed as mg/kg/day) may vary at 
least 1 00-fold in environments treated with the same dosage of pesticide. 

Evaluation of the toxicity of pesticides in the food of birds is most realistic 
if the results of subacute or chronic dietary feeding studies are available. The 
above information and the physical, chemical and biological properties of the 
pesticide are important factors which are related to the quantity and type of 
residues in the environment and to the type of toxicological tests needed to 
properly simulate or interpret environmental exposure of birds to pesticides 
under use conditions. 

Zusammenfassung. Dieser Beitrag behandelt bedeutende okologisme The
men hinsichtlim der Bewertung der Auswirkungen von Pestiziden auf Vogel. 
Die Definition der Higlichen Aufnahme einer Verbindung mit der Nahrung, 
die ohne Gegenwirkung toleriert werden kann, entspricht klassismen toxi
kologischen Untersuchungen an Tieren. Auf Vogel iibertragen beziehen sim 
die Einheiten notwendiger Informationen auf mglkg/Tag, d. h., die Menge 
eines Pestizides in Milligramm, die ein Vogel entsprechend seinem Korper
gewimt pro Tag vertragen kann. Der Vergleich zwischen dem Pestizidanteil, 
den ein Vogel in Laboruntersuchungen aufnimmt, und demjenigen, den er 
in der freien Natur vertragt, liefert die Grundlage, urn die Wahrscheinlim
keit abschatzen zu konnen, ob ein Pestizid Vogeln schaden konnte oder 
nicht. 
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Introduction 

This paper deals with some of the more 
important ecological segments which re
late to evaluation of the effect of pesti
cides on birds. Definition of daily dietary 
intake of a compound which can be tole
rated without adverse effect represents 
the classical approach to animal toxicolo
gical studies. Translated to birds, the key 
units of needed information relate to the 
milligrams of pesticide consumed per 
kilogram of body weight of the bird per 
day. This term is commonly expressed as 
mg/kg/day. Comparison of the level of 
pesticides tolerated by birds in laboratory 
studies with the level expected in field 
situations provides a basis for estimating 
the probability of whether or not a pesti
cide might be harmful to birds. 

An examination of the pesticide literature 
regarding bird toxicity shows that the test 
method criteria are oftenincompleteorun
reported. In tests run in the laboratory, a ty
pical report of results of a dietary feeding 
study is often given in terms of the ppm 
of pesticide necessary to obtain an LC50 

(a concentration in the diet resulting in 
50 Ofo mortality of the organism) without 
giving the daily ingestion rates or weights 
of the bird. A typical field test may show 
that X number of pounds of pesticide 
were applied per acre with a given ob
served bird mortality rate. In the above 
laboratory example, two of the three re
quired criteria stated above for deter
mining mglkg/day are missing, and in the 
field example all of them are missing! 

The scope of this paper is therefore con
cerned with the more important parti
cular ecological factors which relate to 
defining the mglkg/day consumed by ter
restrial birds in field and forest environ
ments. The purposes of this paper are: 

1) To provide information from which 
the body weight of particular birds and 

the related daily dietary intake of food 
and pesticide residues can be estimated. 

2) To define with a degree of quantita
tiveness the level of pesticide residues 
on various categories of plants. With 
this quantitative base, the level of pe
sticide residues for specific plants or 
insects can be estimated with an accep
table degree of accuracy. 

3) To define the types of food represen
tative of various sizes and shapes of 
those consumed by birds in a way that 
reasonable estimates of the resultant 
dietary ingestion of pesticide residues 
can be made. 

4) To emphasize the importance of con
ducting toxicological studies with 
birds which simulate the levels and 
changes in levels of pesticides which 
occur in the environment. 

5) To illustrate the principles in evaluat
ing the probability of pesticide resi
dues being a hazard to birds. 

Relationship of Food Consumption 
to Body Weight of Birds 

Body Weights of Various Ages 
and Species of Birds 

The size and weights of the more than 
600 species of birds in North America 
as well as those around the world are 
extremely variable. The smallest species 
of adult hummingbird weighs around 
3 grams while small song birds such as 
warblers, vireos, chickadees. finches, and 
small sparrows weigh 10-::?5 grams. In
termediate sized species of adult song 
birds such as some fringillids, thrushes, 
and blackbirds weigh 25- i 5 grams. Lar
ger birds such as the jays, doves, robins, 
starlings, and grackles weigh 7 5-150 
grams. Small predatory birds, many 
aquatic birds and small upland fowl such 
as small hawks and owls, teal, some quail, 
and some shorebirds weigh 150-400 
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grams. Certain ducks, some grouse, large 
hawks ~md owls weigh 400-1000 grams. 
The large species of birds such as some 
herons, Jucks, grouse, geese, eagle~•. and 
turkeys weigh over 1000 grams. Thus, 
adult bi1 ds have about a 1000-fold varia
tion in body weight. Examples of varia
tions in body weight of species of adult 
birds arc shown in Tables 1 and 2 (Nice 
1939, Kcndeigh 1969a, b). 

Table I Relation of food consu::nption to body 
weight (a:tcr Nice 1939) 

Bird Species 

Blue Tit 
(Parus cacruleus) 
Great Tit 
(Parus major) 
Europea1. Guldfinch 
(Carduclos carduelis) 
Robin (E,ropean) 
( Erithacu s ru becula) 
Chaffinch 
(Fringella coelebs) 
Mournint; Dove 
(Ze.naidr. macroura) 
Song Thrush 
(Turdus f.hilomelos) 
Dun! in 
( Erolia a! ['ina) 
Bobwhite (Co/inus v. 
virginian us} 
Lapwing 
(V anellu5 ~·anellus) 
Kestrel 
(Falco tiJ::11mculus) 
Blackbirc' (European) 
(Turdus ;ncrula) 
Little Owl 
(Athenc noctua} 
Tawny Owl 
(Strix aluco} 
Common Buzzard 
(Buteo buteo) 
Domestic Fowl 
(Gallus,!( mnticus) 

Adult 
Weight 
(Grams) 

11 

18 

13 

16 

22 

100 

89 

114 

170 

195 

200 

118 

Food 
Eaten 
f'n day 
(Grams) 

S.3 

-4.4 

2.3 

2.35 

2.9 

l 1.2 

8.8 

8.9 

15.2 

15.3 

15.4 

8.4 

Per cent 
of Body 
Weight 
Eaten 
Per day 

.30.01 

26.01 

17.52 

14.7 

13.22 

8.51 

8.82 

7.7 

7.3 

164-172 9.1- 9.4 5.5 

442-475 ~2.1-23.7 5.0 

855-900 38.5-50.0 4.5 

1800 o1 
1 Dry W< ';;ht (estimated as 40 per ce11t of the 
weight o: d1c mcalworms used as food). 
2 Seeds "'·J grains. 

-' 

There are also variations in the adult 
weights of individuals of the same species 
depending upon sex, breeding status, cli
mate, length of daylight, availability of 
food and other factors. However, the 
greatest difference in weights within a 
species is the result of growth. 
The young of large precocial species of 
birds such as the bobwhite (Colinus vir
ginianus) are as light in weight as adults 
of many small species of altricial birds. 
Altman and Dittmer (1964) show the 
hatching weights of bobwhite, Pekin duck 
( Anas platyrhyndzos domesticus), grayleg 
goose ( Anser anser ), domestic chickens 
(Gallus domesticus), and domestic tur
keys ( Meleagris gallapavo) to be 4, 59, 77, 
32-37, and 45-50 grams, respectively. 
Many other examples are available. 
Weights of some precocious species such 
as game and domestic fowls may increase 
40-27 5 times over their natal weights 
(calculated from Altman and Dittmer 
1964). 
These differences in weights are obvious 
when brought to one's attention, however, 
in much of the literature concerning the 
toxicity of chemicals to birds, body 
weights are not given. Body weights are 
needed in order to determine standard 
toxicological measurement units such as 
LD 50 data in terms of mglkg and the ac
ceptable daily intake (ADI) of pesticides 
or other dietary additives in terms of 
mglkg/day. If weights of birds are not 
given it is usually possible to estimate 
their weights quite closely if their age 
and species are kno.wn, on the basis of the 
published literature. 

Quantity of Food Consumed by Birds 
of Various Ages and Species 

The food consumption rates of birds in 
the laboratory are rather easily measured 
when they are eatii:Ig standardized mash 
food or grain. However, many species of 
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Table 2 Relationship of food consumption to body weight (below about 35 °C) (after Ka1deigh, 1969a, b) 

Bird Species Weight Grams Food Per cent Per cent 
(Grams) Eaten per Day,. of Body Increase in 

(Hrs Photo- Weight Existence 
period) Eaten Metabolism 

per Day at0°C 
OverS0°C 

Yell ow-bellied Seedeater 9.3 5.58 {15) 60.0 162 
(Sporophila nigricollis) 4.41 (12) 47.5 
Blue-blad< Grassquit 9.4 4.69 (15) 49.9 137 
(V olatinia jacarina) 3.98 (12) 42.4 
Variable Seedeater 10.7 5.30 (15) 49.5 122 
(Sporophila aurita) 4.71 {12) 44.0 
Zebra Finch 12.1 5.44 (12) 45.0 172 
(Taencopygia castanotis) 
Field Sparrow 13.2 ~ 4.84 {15) 36.7 
(Spizella pusilla) 4.38 (10) 33.2 
Field Sparrow 13.90 4.97 (15) 35.8 116 
(Spizella pusilla) 4.65 (1 0) 33.5 
Common Redpoll 14.0 4.98 {7) 35.6 71 
(A canthis /lammea) 
Hoary Redpoll 15.0 4.99 {7) 33.2 96 
( Acanthis horncmanni) 
Tree Sparrow 19.0 7.11 (15) 37.4 81 
(Spizclla arborea) 5.95 (10) 31.4 
House Sparrow 25.2 7.39 (15) 29.3 54 
(Passer domesticus) 7.09 (10) 28.2 
White-throated Sparrow 27.4 7.91 {10) 28.9 98 
(Zonotrichia albicollis) 
Dickcissel (Spiza americana) 29.6 ~ 9.45 (15) 31.9 143 

7.89 (10) 26.7 
Did<cissel (Spiza americana) 31.60 9.24 {15) 29.2 

8.39 (10) 26.5 
Green-balked Sparrow 37.0 10.14 (15) 27.4 125 
( Arremoonops conirostris) 9.79 (12) 26.5 
Blue-winged Teal 309 ~ 32.33 (12) 10.46 121 
( Anas discors) 3630 35.33 {12) 9.73 132 

* Calculated from information furnished by Dr. S. C. Kendeigh and based on kcal energy used per 
bird day multiplied by a metabolic conversion factor of 67-80%, depending on the species, then 
divided by 4.35 kcallg food value to get gross weight of food eaten per day of chid<ex: mash. 

birds have never been reared in the labo
ratory. Wild birds eat a variety of spe
cies of plant and animal foods in their 
daily diet, and the proportion of these 
foods vary with season and location of 
the bird. The total weight of food eaten 
by wild birds is difficult to determine 
even though the variety of species of or
ganisms eaten is sometimes known. The 
lack of such data makes it necessary to 
have a method of estimating these intake 

rates as accurately as possible, for calcu
lating mg/kg/day data to be used with 
various species of birds. 
Smail birds eat less than large birds, how
ever, in general the smaller the bird, 
the greater the amount of food it eats (by 
dry weight) on the basis of percent of its 
body weight. This is in keeping with the 
increased energy output related to heat 
loss, necessary because of the increased 
surface area to body weight ratio of the 
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smaller bird. Small birds also often eat 
smaller food particles than large birds 
and so must find and eat more of tb.em. 
Examples of the amounts of food eaten by 
birds of different species and their food 
habits, based on weight of the bird, have 
been studied by various people. These 
data include song birds, game birds, pas
serine and non-passerine, insect eaters, 
seed eaters, carrion eaters and pr·edators. 
Nice's (1939) data (Table 1), when plot
ted on log-log graph paper using body 
weight versus percent of body weight 
eaten per day, form the basis for a rea
sonably close fitting straight line (Fig. 1). 
The amount of food, on a dry weight 
basis, consumed by birds weighing 20, l 00, 
or 1,000 grams is 18, 9.2 or 3.6 percent 
of body weight, respectively, based upon 
this line. 
Kendeigh (1969a) assembled data from 
the literature concerning the food energy 
requirements of a number of species of 
birds, comparing the effect of tempera
ture changes. Kendeigh ( l969b) also fur
nished existence metabolism data on birds 
feeding during different lengths of photo 
periods as well as a formula for conver
ting these data to grams food eaten per 
day. From this food consumption infor-

:E 
·~ 100 
~ 

i 50~~~---r---r~~-----~~ 

Fig. 1. 

doily food• consumption I os perce~l of body weight I 
• dry weigh! baSIS 

mation, Table 2 has been constructed 
which gives the percent of body weight 
eaten per day for various species of caged 
birds. These data when plotted on log-log 
graph paper (Fig. 1) result in a line pa
rallel to that of Nice's, however, the va
lues are about tv,ro times greater. For 
example, using data derived from Ken
deigh's converted caloric intake informa
tion, a bird weighing 20, 100, or 1,000 
grams wold eat 33, 17, and 6. 7 percent 
of its body weight per day. The length 
of daylight (photo period) decreases or 
increases these values slightly, depending 
on whether the photo period exposure 
time is shorter or longer. A fairly signi
ficant increase in existence metabolism at 
0° C compared to 30° C is noted in va
rious species of birds, independent of 
size. The greatest increase occurs with 
tropical birds. Data with northern frin
gillid species such as redpolls show that 
the increase in energy necessary to main
tain birds in winter versus summer is 
nearly two-fold. The food habits of diffe
rent species of birds vary considerably. 
Larger species of birds which have an 
abundance of food, may be able to en
gorge themselves on occasions and have 
a more variable daily intake than smaller 
species whose metabolism require them to 
search more constantly for food. Small 
passerine birds that feed on small insects 
and seeds must eat fairly regularly 
througout the day because they often pass 
food through their digestive system in less 
than one hour and thus cannot fast for 
long after their alimentary canal is 
em~~ • 
It is recognized that a two- or three-fold 
difference in the daily rate of food con
sumption could occur in the diet of a bird, 
depending on the moisture content and 
the caloric and nutritive values of its 
food. Most of the food consumption va
lues reported in the literature have been 
for dry food (not over 10-15 percent 
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moisture) or have been corrected for 
moisture or caloric content. There are 
few if any data available on the weight 
of the total diet of wild insectivorous 
species of birds. Birds eating a high per
centage of food with a high moisture con
tent may consume greater quantities of 
pesticide than birds with diets containing 
a low moisture content because of the in
creased bulk needed for equivalent nutri
tive value. Individual variation in tlie 
daily rate of food consumption in the 
field may be due to weather conditions 
or lack of food. Even under laboratory 
conditions, Stickel et al. ( 1965) found that 
woodcocks ( P hil-ohela minor) ate a mean 
value of 68 to i 7 percent of their body 
weight per day in earthworms (wet 
weight). Individual woodcocks in the 
group varied from 11 to 143 percent. Such 
large differences might occur for a few 
days, but would probably average close 
to the mean over a period of a week. 
Since earthworms may contain 83 per
cent water by weight (French et al. 1957), 
the variation in percent of food eaten in 
dry weight per day would be about 1.9 
to 24.3 percent, or a mean of 12 to 13 
percent over several months. 
Caution must be used in calculating the 
amount of food eaten by pen reared birds 
such as ducks and pheasants since they 
will waste a considerable amount. The 
food wastage must be either measured or 
prevented to get accurate consumption 
data. 
Birds of each species change weight rapid
ly as they grow from nestlings to adults. 
A high energy conversion bird such as 
the domestic turkey decreases its con
sumption rate from 13.6 to 4.0 percent 
of body weight per day between hatching 
and 28 weeks of age (Table 3). Similar 
data on the bobwhite are also given in 
Table 3. Many passerine species complete 
their entire weight growth in two weeks. 
In all cases, the growing bird decreases 

Table 3 Relationship of food consumption to 
body weight and age in the Bobwhite and the 
Broad-Breasted Bronze Turkey 

Age Average Per cent of 
(Weeks) Weight Body Weight 

(Grams) Eaten per Dar 

Bobwhite! 
0-1 11.2 26.3 
I- 2 18.6 23.4 
2- 2.5 31.7 I5.i 

Domestic Turkeyz 
0-1 88 13.6 
1- 2 184 13.1 
2- 3 338 11.3 
3-4 . 533 9.1 
4-8 1,315 7.8 

12-16 4,944 5.6 
16-28 7,507 4.0 

1 From a report of'The Dow Chemical Company. 
1 Modified from the Salisbury Poultry Product 
Use Guide, Salisbury Literature. Charles City, 
Iowa. 
3 Turkey mash not corrected for dry weight. 

its food intake when measured as percent 
of its body weight. Data on various spe
cies and sizes of birds illustrate the prin
ciple that there is a general linear rela
tionship within and between species of 
birds based on the weight of the bird and 
dry weight of the food consumed. The 
dry weight of the food in itself is not im
portant except as an indicator of the calo
ric and nutritive value of the food whim 
all birds need for growth, reproduction 
and existence. While actual food con
sumption rates are desirable for calcula
tion of pesticide intake, it is helpful to 
have a method for making an approxi
mation for the many species of birds for 
which the consumption rates are un
known. The data in Tables 1 and 2 fur
nish a working basis, where the species 
or weight of the bird is known, for esti
mating the percent of their body weight 
eaten in food per day. In general, on a 
dry-·weight basis, the daily food eaten 
by large species is less than 10 percent 
of their weight, compared to small spe-
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cies or small immature individuals of a 
large species, which eat up to 40 percent. 
By use of the data of Nice and Kendeigh 
these food-body weight relationships can 
be estimated within approximately a two
fold factor (Fig. 1). 

Size, Shape, and Variety of Foods 
Eaten by Birds 
Birds show varying degrees of preference 
to specific foods in their diet. A species· 
which is so adapted to its diet that it is 
restricted to a very few food items, or to 
one, is said to be stenophagous (Welty, 
1963). If a species eats a wide variety of 
foods it is called euryphagous or omni
vorous. These terms are relative. A bird 
may be stenophagous at a certain stage 
in its life history, or at a certain time of 
year, and euryphagous at other times. 
These changes may be related to such 
things as food availability, migration, 
weather, age, health, and sex. Birds may 
be arbitrarily divided into phyllogenetic 
groups on the basis of their principle food 
source. Examples are as follows: 
Feeding Habits Birds (examples) 
Stenophagous Certain hawks, 
Predaceous on owls, kingfisher, 
vertebrate animals 
Flower nectar 
Specific kinds of 
snails 

Euryphagous 
Invertebrates, 
such as a large 
variety of insects 

Seeds of many types 

Invertebrates and 
seeds 

Hu:nmingbirds 
Everglade Kit-e 
(Rostrhamus socia
bilis) 
Certain warblers, 
vireos, flycatchers, 
swallows, swifl:s, 
nighthawks, shore
birds 
Many sparrows, 
doves 
Certain blackbirds, 
thrushes, mimics, 
grouses, fringil.lids, 
waxwings, wood
peckers, upland 
game birds 

Invertebrates, 
vertebrates, and 
plants 

Certain ducks, 
herons, gulls, crows 

The necessary protein in the diet of many 
species comes mostly from various insects 
and other invertebrates; from vertebrates 
such as fish, frogs, and mammals; and 
from plant seeds. Few birds eat the fo
liage of plants as a large portion of their 
diets . 
In general. the size of seeds, insects, and 
other foods eaten by the first three groups 
of euryphagous bird species, are fairly 
small, averaging perhaps the size of a 
grain of wheat or smaller, or the size of 
a small to medium sized insect. These 
groups of birds are most numerous from 
the standpoint of species and individuals 
among the terrestrial birds. 
Various plant foods such as seeds and 
fruits eaten by birds, are often covered 
by remnants of the flower or are enclosed 
in pods, shells. etc., which are not them
selves eaten by birds, but protect the bird 
food from part or all of the pesticide re
sidue original2y applied. Many seeds and 
fruits of plan:s are dispersed away from 
the original source by various natural 
forces sum as wind, popping open, stick
ing onto animals, or being transported by 
them, and other ways which tend to de
crease the a•ailability of the original 
pesticide residue applied to the plant. The 
feeding habits of the specific birds helps 
determine the exposure to the pesticide. 
If for example, the bird shucks off the 
seed cover containing the pesticide resi
due and eats only the seed which has no 
pesticide residue, then obviously the bird 
is not ingesting much of the residue occur
ring on the whole plant. In addition to 
these factors which reduce residue intake, 
birds have a tendency to randomize their 
selection of food by visiting different 
areas and eating various sizes and shapes 
of food in their diet. 
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Estimation of Residues of Pesticides 
in or on Plants and Insects 

The main purpose for determining the 
amount and kind of residues of pesticides 
on bird food is to assess their acute and 
chronic toxicological effects on birds. The 
principle acute effects of pesticides on 
terrestrial wildlife food are those occur
ring immediately after application of the 
pesticide to the environment and for most 
pesticides they are the highest residue 
levels encountered by birds. The chronic 
effects are those related to long-term re
sidues. Since pesticide residues on ter
restrial plants decline with time, the prin
ciple chronic toxicological problem is with 
the level of residue remaining after se
veral weeks. 
The amount of residues of various pesti
cides on most of the specific food items in 
the diet of birds has not been determined 
by analytical methods. In order to deve
lop some principles which would apply 
as guidelines to the highest residue levels 
expected on various plants, immediately 
after application and after 5-6 weeks, 
Boerger and Kenaga (1971) reviewed 
literature from a number of pesticide 
journals. These references included ppm 
residues of 21 representative pesticides in 
or on 36 different crops from 22 litera
ture sources, These residue values were 
obtained as the result of analyses from 
many different application dosages in 
terms of pounds per acre. For the pur
poses of comparison, all of these residues 
were unitized on the basis of ppm residue 
per one pound of pesticide applied per 
acre. The residues reported here usually 
represent the pesticide applied and not 
the degradates or metabolites. While this 
is not usually important immediatelY af
ter application, obviously degradat~s or 
metabolites do occur with time, and need 
to be taken into account, at least from the 
toxicological standpoint. 

The pesticides reported in these pesticide 
journals are herbicides such as 2 4-D 
dalapon, dicamba, picloram; insecti~ide~ 
such as the more persistent of the chlori
nated hydrocarbons, that is. DDT endo
sulfan, dieldrin, endrin, aldrin,' chlor
dane, toxaphene; phosphate insecticides 
such as parathion, malathion, diazinon, 
demeton, phosdrin, carbophenothion, di
methoate, EPN, dioxathion; and other 
pesticides. Thus, a wide variety of chemi
cal structures are represented. 
For use in translation to situations where 
no residue data is available, it is impor
tant to estimate the "worst'" or most rigo
rous situation that might occur, in order 
to establish an upper limit of residue 
potentiality. For this purpose the highest 
residues of all pesticides were selected by 
Boerger and Kenaga (1911), from each 
of the references. These highest (or upper 
limit) residue levels ranged from as high 
as 240 ppm at one pound per acre imme
diately after application down to as low 
as undetectable amounts after several 
weeks, as shown in Table 4. The varia
tions in upper limit residues on various 
crops with various pesticides occur prin
cipally because of weathering, metabo
lism, chemical breakdown, and vegetative 
factors. The typical residues are an ave
rage figure for the highest residues for 
all pesticides studied on the various crop 
groups. 
Three important vegetative factors signi
ficantly affect the level of pesticide resi
dues during application of a pesticide to 
plants. These factors are the weight of 
the vegetation per unit area; the degree 
of penetration of the pesticide through 
various layers of plants vegetation; and 
the surface area/mass ratio. 

The upper limit residues on various crops 
vary greatly. Crops having similar levels 
of residues were classified together into 
one vegetative group. By this means se-
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veral vegetative groups were formed as 
shown in Table 4. 
The plant categories shown in Table 4 
represent in part, a decreasing ratio of 
surface area to mass ratio and illustrates 
that such ratio changes may result in 
nearly a thirty-five fold difference in ppm 
of pesticide residue, on various plant 
species or plant parts, immediately after 
applicatign of a given pesticide dosage. 
Grass and other foliage presents a large 
surface dimension to a thin volume and 
low weight (large surface area to mass 
ratio), as do small food particles. 
On the basis of information in Table 4, it 
is obviously important to know what sizes 
and shapes of foods are present in the 
environment which provide the diets of 
the species of birds being evaluated for 
toxicity due to pesticide residues, since 
this helps determine the upper limit of 
residues to be expected immediately after 
application and is very useful for acute 
toxicological tests. It must be remembered 
that most residue values will fall far 
below the upper limit values. 
Very little information concerning pesti
cide residues on insects, resulting from 
the use of a given pesticide control pro
gram in the field, is available in the lite
rature. Target and nontarget insects are 
often the major sources of food for some 
species and some life stage of birds. lni-

tial residues on insects are probably in the 
same order as those on plants of similar 
surface area to mass ratios. 
El Sayed et al. (1967) analyzed 15 species 
of insects for insecticide residues, samples 
of which were collected from July to No
vember from cotton fields heavily sprayed 
with DDT and other insecticides. The 
various representative insects analyzed 
for pesticide residues included species of 
the orders Lepidoptera, Odonata, Coleop
tera, Homoptera, Ephemeroptera, and 
Orthoptera. No detectable pesticide resi
dues occurred in five species. The most 
omnipresent and the highest concentra
tions of insecticide residues found were 
p,p' DDT and its metabolite p,p' DDE 
which ranged in total from undetectable 
amounts up to a maximum of 13 ppm. 
El Sayed et al. (1967) used topical appli
cations of DDT to larvae of the bollworm, 
H eliothus sp., and by residue analyses 
showed only DDE to be present after 5.5 
days. (If the H eliothus larvae weighed 
0.1 grams, the DDT dosage cited [40 
micrograms] would be equivalent to 400 
mg/kg [ 400 ppm]. Thus, in 5.5 days, no 
detectable DDT was present and only 
5 ppm of DDE, or less than 20fo of the 
calculated original dosage applied was 
found as DDE.) Such an example points 
out the great potentiality for biodegra
dation of insecticide residues in insects. 

Table 4 Upper limits and typical limits of residues of pesticides on differing categories of plants. 

ppm Residue on the Basis of a Pesticide 

Range Grass (short) 
Grass (long) 
Leaves and Leafy Crops (vegetables and fruit) 
Forage Crops (alfalfa, clover) 
Pods Containing Seeds (legumes) 
Fruit (cherries, peaches, grapes, citrus) 

Dosage of 1 lb Per Acre 

Immediately 
After Application 
Upper Typical 
Limit Limit 
240 125 
110 92 
125 35 
58 33 
12 3 
7 !.5 

6 Weeks 
After Application 
Upper Typical 
Limit Limit 
so 5 
~0 1-5 
~0 <1 

1.0 <I 
1.5 <o.I 
1.5 <0.2 
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This biodegradation by insects surviving 
the pesticide application should result 
in a corresponding decrease in pesticide 
residue consumption by insect eating 
birds, at various times after application 
of the pesticide. 
Most of the factors which affect the de
cline of residues on plant surfaces are 
also operative for insect surfaces and so 
inert residues may be estimated on the 
basis of insect species having a surface to 
mass ratio similar to those of the equiva
lent plant type listed in Table 4 (for 
example, in size a beetle might be equi
valent to a grain of wheat). 

The Interchangeable Use of 
mg/kg/day and ppm Residue Data 
for Toxicity Studies with Pesticides, 
Based on the Body Weight and Food 
Intake of Birds 

Mg/kg/day toxicity information, and the 
species and weight of the bird, indicating 
the percent by weight of daily dietary 
intake, can be used to help predict the 
safe level of ppm residue of pesticide in 
the diet of a particular species or size of 
bird. This ppm data can be matched with 
the estimated or actual pesticide residues 
from the proposed pesticide dosage to see 
if a safety margin exists. An example of 
the variation in mg/kg/day intake from 
50 ppm pesticide in diets of birds of va
rious weights or species, or the variation 
in ppm in the diet to obtain an intake of 
one mg/kg/day is shown in Table 5. 
An example of the variation in the mg/ 
kg/day pesticide intake of \"arious sizes 
of birds based on the upper limit residue 
values in Table 4 resulting from a 1 
pound per acre pesticide treatment, are 
shown in Table 6. In most cases the ppm 
and mg/kg/day figures for toxicants in 
the environment will be considerably be
low those high residues shown in applica
tions of pesticides on the first day, as 

Table 5 Mg/kg/Day and ppm Conversion units 
used as equivalents in pesticide dietary intake 
calculations for birds of varying weights 

Food Ingested Per Day 
Grams1 

Per cent of Body Weight1 

Body Weight o I Bird 
(Grams) 
20 100 1,000 

3.6 9.2 36.0 
I8.0 9.2 3.6 

Diet Containing 50 ppm of Toxicant 
Mg Toxicant Ingested per 
Day per Bird O.I8 0.46 1.8 

Mg/kg/Day of Toxicant 
Ingested 9.0 4.6 1.8 

I Mg/kg/Day Toxicant Ingested 
Mg Toxicant Ingested per 
Day per Bird 0.02 O.IO 1.0 

Ppm in Diet to Obtain 
I Mg/kg/Day 5.6 10.9 27.8 

1 Adapted from data presented by Nice (I939). 
See Fig. I and Table 1. 

Table 6 Estimation of the mg of toxicant/kg of 
body weight/day intake by birds of varying 
sizes resulting from eating different foods from 
an area treated uniformly with an application of 
I pound of toxicant per acre. 

Illustrative Examples of 
Ppm1 ln or On Different 
Types of Food Eaten by 
Birds 

240 (sparse foliage) 
58 (dense foliage, 

insects) 
10 (seeds, fruit, large 

insects) 

Mg!kg/Day In
gested by Different 
Sized Birds 
20 gm 100 gm 1,000 gm 
18°/r 9.2'/o 8.60fo 

43 22 9 

IO 5.3 2.I 

1.8 0.9 0.4 

1 Ppm pesticide residue immediately after appli
cation based on maximum values cited. 
z Per cent of body weight ingested in dry food 
per day. 

shown in Table 6. On subsequent days 
or weeks after application where biolo
gical magnification in chain or life food 
is not involved, these mg/kg/day values 
may decrease rapidly depending on the 
stability and residual nature of the com
pound, its application, and various envi
ronmental factors. 
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Interpretations and\':' ' 1 

environment is emphasized iL : L ,. 
"Index of Chronicity" in T;! :v -
index is a ratio derived from : Ji, 1 

ing equations: 
LD50 mg/kg/day (AO) 
LD50 mg/kg/day (DF) 

or 
LD50 mg/kg/day (AO) 

(EMLD) mg/kg/day- (AU , :(IJ; 

The single acute oral LD 50 i~ r:ct' 

as the unit of comparison and::;::· 
an index number of one. Inc!,.>: :::. 
greater than one indicate the , 
dlronic toxicity as judged by · l:, ~, 
thod used for comparison. TJ:, ' : ~ 
index number, especially thos< . ! ., ... 
the more likely the insecticid, :, !<· 

chronic toxicity. Index numb,:· ! , 
one tend to indicate the reb::·. , ! . 
chronic toxicity. The index c: , 1 

:' 

for dietary feeding tests ran.: , ' : · 
as several hundred with DDT . · , 1 . 

as 0.01 with DOWCO 139. T .1, 

ing order of chronic toxicity , ' :::, 
pounds based on data in Tab!· ~ i~ 
>dieldrin > dimethoate > D1 ', · .. r·, 
> DOWCO 139. The deere: · 
of acute oral toxicity of the ·.,, 
pounds is DOWCO 139 > .. 
>DOWCOI79 >dieldrin>; ,. 
is almost the exact opposite i · 1 

of compounds listed. By this ·'' •: · 
it is seen to be very import: · ·1 

proper test method is used < 

ciple criteria for evaluating : ', : ·,· 
The acute oral LD50 of DT " 
high and when compared wi:' · 1, 

secticides makes DDT appea1 , 
safe. (It must be remembere. · ' 
the DDT is not very soluble iL · · · 
aqueous media of the gut, b, · 
water solubility and reason<:· · · · 1 

luble. and in addition, is not . 
metabolized.) Thus, in the sL 
of time going through the gut · ·:,, 
in order to produce toxic sym 1 · 

12 Coulston/Korte, Environmental . , :ity 
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emphasize the ability of the Mallard duck 
and Coturnix quail to detoxify DOWCO 
139 even when fed at higher levels in the 
diet than with DDT. 

From data in Table 7 it is seen that the 
acute oral LD50 test, when used as a 
relative indicator of toxicity to birds. re
sults in gross underestimation of the long
term effect of DDT, which has a high 
index of chronicity and results in gross 
oveustimation of the effect of Dov.~co 
139. which has a low index of chronicity. 
'Vhen the acute oral LD50 is used in 
legislation as the basic toxicological unit 
for measurement and restriction of pesti
cides which mav affect wildlife, it is ob
vious that DOWCO 139 could be rna
limed and DDT could be exemplified. 
B~cause of the potentially misleading 
results from acute oral tests, and because 
birds obtain most of their pesticide resi
due intake from their natural diet, it is 
recommended that the dietary feeding 
test is the best method of measuring the 
pesticide residue consumption of birds 
cor-cerning effects of pesticide residues 
in food in the environment and that other 
cur-Tent laboratory test methods are not 
sat:.Sfactory substitutes for it. The dura
tion of such a feeding study will depend 
upon the toxicity and magnitude of pesti
cide residues in the environment as in
fluenced by the physical, chemical and 
biological properties of the pesticide. 

Suggestions for Conducting Laboratory 
Dietary Feeding Toxicological Tests 
with Birds 

Oedining Residues in the Environmental Food 

Laboratory tests with caged birds are 
used to help to predict field pesticidal 
effects. In published laboratory studies 
the concentration of the pesticides in the 
bi:-d diet is kept at a constant level; 
such tests are used as part of the evalution 

throughout the exposure period. When 
such tests are used as part of the evaluation 
of the long-term effects of pesticides on 
birds in the field it should be taken into 
consideration that for pesticides where 
biological magnification in food chains is 
not involved, that the pesticide residues 
on plant foods often decline to less than 
1 ppm in less than a week with the use. 
of many pesticides and to less than 10 
ppm in a few weeks even with many uses 
of the so-called persistent chlorinated 
hydrocarbon insecticides as shown in 
Table 4. Such pesticide residues on plants 
often decline rapidly, even with fre
quently repeated applications, and are 
not found at the same unchanging residue 
concentrations day after day, as are used 
in JDOSt laboratory toxicology studies. The 
use of such laboratory toxicological tests 
in field toxicity predictions should be con
sidered in light of this added safety fac
tor, or the pesticide concentration in the 
laboratory diet should be reduced to 
match the disappearance of the pesticide 
residue in natural bird food in the en
vironment where the pesticide is applied. 

Metabolites in Environmental Food 

The ratio of the residues of a pesticide to 
its metabolites or degradates in bird food 
varies with time and depending upon the 
environmental stress conditions to which 
the food is subjected. In laboratory tests 
the pesticide diet is usually prepared by 
using dry food, thus, the rate of change 
into metabolites or degradates may be 
considerably less rapid or different than 
in the birds natural foods. Some analy
tical knowledge of the rate of these 
manges in wild bird food is helpful in 
simulating such dietary tests in the labo
ratory. 

Food acceptance 

The quantity of pesticide residues con
sumed in the diet of birds is a function 
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often conducted with diets containing 
a constant concentration rate of pesti
cides over a period of days, weeks, or 
months. Interpretation of such labo
ratory tests should take into considera
tion the frequently large and quick rate 
of decline in pesticide residues which 
occur on natural bird food, or the die
tary intake of birds in such tests should 
be adjusted accordingly. In addition, 
the test methods should provide for the 
study of metabolites of the pesticide or 
other derived molecules if any occur. 
Food acceptance of the pesticide in the 
diet of birds and the relative toxicity 
of the pesticide to representative spe
cies of birds must also be taken into 
account 
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