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ABSTRACT

This report presents measurements of the lethal dietary
toxicity of 89 pesticidal chemicals to young bobwhites, Japanese
quaiZ,.ring—necked.pheaSants,'and mallards. Toxicity 18 expressed
as the median lethal concentration (LC.,) of active chemical in a
5-day ‘ad libitum diet. LCg 's and assdciated statistics are .
derived by methods of probw@,analysis. Endrin consistently was . .
the most toxic chemical while aldrin and dieldrin were among the
eix most toxic chemicals of those tested on all species.  In .
 general, organophosphates were less toxic than aldrin or dieldrin, .
and herbicides were of a low order of toxicity. There were obVLOUS
inconsistencies in the relative sensitivity of the four spectes.to
various chemicals. '
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INTRODUCTION

It is now well documented in scientific literature that
pestioidal contamination of ecosystems can-alter the status of
animal ‘populations through diverse, often complex modes of action
(see Stickel, 1968). " Direct lethal toxicity is the most obvious
mode of actlon and laboratory measurements of lethality are basic
in predicting the‘immediate impact of pesticides in the environment.

The following'report'présenté~measﬁrements of the lethal
toxicities of 89 pesticidal chemicals as administered for 5 days in

~diets of young birds of four species: bobwhite (Colinus virginianus),

Japanese quail (Coturniz coturmix japonica), ring-necked pheasant

(Phasianus colchicus), and mallard (4nas platyrhynchos). All work

was conducted at the Patuxent Wildlife Research Center. The study .
was designed t0 provide statistically reliable estimates of the _
relative toxicity of any two chemicals as tested. It also permits -

-comparlsons of species.-sensitivity to pesticides in the diet.

None of the flndlngs is intended to imply chemlcal safety
beyond the scope of the study; while measurements of lethal tox1c1ty
constitute an important first step in evaluating pest1c1dal hazard,
comprehensive estimates of total population -effects require knowledge
of a variety of parameters (physical, chemical, biochemical, and.
toxicological), involving suspect degradation products as Well'as
parent chemicals. Such elusive, delayed effects as reproductive
impairment or alterations of critical behavior patterns may be highly
detrimental. Further, there is little apparent correspondence
between a chemical's lethal toxicity and its capa01ty to ‘induce
sublethal complications. For example, DDE, a ubiquitous metabolite
of DDT, is not especially toxic but produces serious reproductive
effects in various species of birds (Heath et al., 1969; Wiemeyer

~ and Porter, 1970).

- - PROCEDURES

. All test birds were incubator-hatched progehy of breeding
colonies maintained on the Patuxent Center. Bobwhites, pheasants,

-and mallards were phenotypically indistinguishable from wild birds;

our Japanese quall colony was started from eggs obtained in 1964
from Auburn University, Auburn, Ala. All colonies were randomly
outbred so that findings, although probably associated with greater
variances than those among inbred strains, can be more readily
related to wild populations.. Tests were conducted with bobwhites,
pheasants, and mallards during spring and summer; Japanese quall
were tested throughout the remainder of the year




Protocol for Determining Lethal Dietary Concentrations of Chemicals:

The protocol-is essentially that described by Heath and Stickel
(1965) for testing dietary toxicity of pesticides to birds, and
proposed by the U.S. Department of the Interior for use in
pesticide registration (ref. 19). Toxicity is expressed as a
medisn lethal concentration (LC O) of chemical in dry diet. ‘The

LC 0 is defined herein as ppm tgxicant‘in an ad 1libitum diet
) exgected to produce 50 percent mortality among 2- to 3-week~o0ld
birds in 8 days comprising 5 days on ‘treated diet followed by 3
‘days on untreated diet. The final 3 days are included to detect
chemical mortality induced beyond the dosage period; otherwise LCSO'S
would tend to be overestimated. All measurements are in terms of
the active ingredient, exclusive of diluents or impurities.

Tests with gallinaceous chicks were conducted in laboratory-
housed brooder units. Fach unit consists of six separated tiers
of four wire pens in which heat ig thermostatically controlled.-
Tegsts with mallard ducklings were conducted in weatherproof wooden
pens on straw-covered concrete slabs, each supplied with an infra-
red heating lamp and a trough of running water.

Birds were randomly assighed to study pens on the day preceeding
a test and acclimated on untreated commercial diet prior to dosage.
Usually 10 birds were assigned per pen, although six to 15 birds
were sometimes used, depending upon availability. Dosage was never
initiated before birds were 9 days 0ld, to avoid possible inter-
ference of chemical intake by yolk sac absorption and to exclude
hatchling mortality. There was no attempt to sex the birds at
this early age-

To prepare test diets, chemical was dissolved in corn oil or,
as necessary, in propylene glycol, and was then mixed thoroughly
with dry commercial mash in a ratio of 2 parts of solution to 98
parts of feed by weight. An equal amount of pure corn oil was added
to "control" diets. Thorough mixing of feed and solution was
accomplished with a commercial food mixer.

FEach chemical was generally administered in six dietary
. concentrations spaced geometrically over a span intended to produce
mortality ranging from 10 to 90 percent during the 8~day period.
Concentrations were selected after range finding with three widely
spaced levels. One pen of birds was used per concentration,'and
facilities were adequate to test as many as seven chemicals (i.e.,
L2 concentrations) simultaneously. Included with each set of
chemicals was a dieldrin "gtandard" of six concentrations, and
three to six pens of control birds fed untreated diets. A completely
randomized design was used in each experiment, with treatments and
birds randomly assigned to pens. '



The Probit Analysis:

Deaths in each pen iwere recorded daily, and total deaths

" during the B8-day period were used to derive percentages of mortality

resulting from each dietary concentration of chemical. There were:
1nfrequent deaths among the untreaied controls, and these were used -
to adjust the data for extraneous mortallty by means of Abbott's
formula (Flnney, 1952).

M1 ILC..'s and assoc1ated statlstlcs were’ derlved by methods )
of probit agalys1s.as described by Finney (1952) and programmed for .
computer by Daum and Killcreas (1966). The program calculates a
number of maximum liklihood statistics including: the 95 percent
confidence limits of each-LC_.; the slope, and. its standard-
dev1at10n of the weighted lénear regression of probits on log-
concentration; and the relative toxicity, with confidence limits,
of any two chemicals after testing regression lines for- parallelism -
and heterogeniety. The program fits up to 10.parallel probit
regression’ lines simultaneously; thus chemlcals tested in- any one ’
experlment were analysed as a set. :

The Dieldrin Standard:

A dieldrin standard was used in every experimenf, i.e., with

' every set of chemicals tested simultaneously. The necessity for a

standard to adjust comparisons of toxicity . of two or more chemicals

" tested at different times or locations has been discussed by

various authors (Sun, 1950; Finney, 1952; Bliss, 1952). Without a
standard, differences in animal sensitivity between experiments, .
whether due to physiological or environmental causes, can lead to )
blased comparisons of toxicity. Comparisons adjusted through a !

" standard will be unbiased providing any differences in sensitivity

between studiés affect the toxicity estimates of the standard in
the same proportlon as those of the test chemicals. We selected
dieldrin as a standard because it is a well-known chemical that

consistently provided an acceptable probit regression line. -DDT

" was used . initially but tended to give heterogeneous results.

Not all chemicals are sufficiently toxic to be lethal at .
concentrations that might reasonably be expected in the environment.

- We therefore established a ceiling of 5,000 ppm for.an LC_.., with

occasional exceptions. 'Chemicals shown in range finding tésts to
have LCSO's‘greater than 5,000 ppm were not tested further.

Rationale for the Protocol and the LCSO:

.- When the profocol was designed, several investigators had
reported that the lethality of a pesticide mixed in the diet could
differ markedly from that of the concentrate administered -as a single
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oral dose via capsule or gavage (Stickel et al., 1965). In humen
toxicology, where there is major concern with accidental or suicidal
poisoning from sudden doses of concentrate, the classic single oral
dose is clearly appropriate.  Our particular interest, however, was
in dietary toxiclty because ingestion is undoubtedly the predominant
route of exposure in wild species. e

The primary objective .in designing the prbtocol was to establish
a dosage period short enough to approach acute exposure, yet long
enough to insure adequate feéding activity by all test birds to
produce sufficient mortality for meaningful determinations. The 5-day
period was selected and, we believe, has proved to be satisfactory.
(The important subject of chronicity, involving rates of chemical
. storage and excretion as well as degradation, is pest studied using
' dosage periods longer than 5 days [Hayes, 1967; Weil and McCollister,
19631.) : . o

The administration of toxicant blended in the diet provides
in a sense, an "applied" measurement of toxicity, in that incorporated
in each measurement are not only the digestive factors that determine
uptake of chemical from the feed into the system, but also the pro-
'pensity of the animal to ingest food containing the pesticide.
Therefore, we have expressed lethality in terms of "ppm chemical. in
feed" rather than attempting to convert to a ratio of unit of
chemical per unit of body weight, such as mg/kg.

Further reasons made such conversions impractical. Food
consumption could not be measured accurately, since feed scattered
by birds became mixed with litter and droppings, and its weight could
only be estimated. Fach bird in a given pen actually ingested a
slightly different amount of toxicant, and there is no assurance
that if each bird had consumed the average mg/kg for the pen the
same percentage of mortality would have resulted. A conversion
to mg/kg/day would provide a better measurement than mg/kg but
would not overcome the problem of food spillage. At best it would
be a rough measurement based on pen averages and would take additional

time to compute. For these reasons conversions were not attempted.

Proper measurements Of mg/kg/day require that birds be caged |
individually, weighed daily, their dosage predetermined and diet 1
prepared dally, and a procedure utilized to insure complete ‘
ingestion of the preparation. Stress caused by excessive handling _ 1
might concelvably lead to anomalous results. '

. Food consumption, corrected for estimated spillage, was
measured to detect reductions in intake due to treatment. Repellency '
was rarely demonstrated (as substantiated by satisfactory probit
regression lines) except occasionally at the higher dosage levels.
There was some reduction in average dally consumption associated
with high mortality, probably due more to intoxication than repellency.



. : e e e+t TR Ty STATISTICS

An alphabetical listing of common plus chemical names of
compounds tested comprises table 1. Detailed toxicity statistics
for each chemical and species are given in table 2, while table 3
ranks chemlcals by order of toxicity for each species. Table L
compares Spe01es "sensitivity to several classes of compounds .

. Detailed descriptions are 1ncluded with each teble: o

Relative'Toxicities:

"The term ' relatlve toxicity," as used in this study, is the
ratio of the dietary concentrations of two chemicals expected to
“produce a given percentage of mortality, as tested, in & specified
population of birds. For example, if twice the concentration of
chemical B is needed to produce the same percentage of mortality
as a given concentration of chemical A, then chemical A has twice -
- the lethal toxicity of chemical B. 1In general, the relative
! toxicity of chemical A to chemical B (at a given level of mortallty)
’ is the requlred concentration of B divided by that of A. :

§ "~ The relative tox1c1ty of two chemicals may be expressed
unconditionally as the ratio of their LC_.'s provided. (1) the level

of tolerance of the test subjects did not differ between the
experiments. in which the chemicals were tested, and (2) the two

probit regression lines are parallel. The first condition can be
assumed valid only for chemicals tested in the same completely
randomized experiment. However, adjustments for tolerance differences
| between experiments can be made through the ratio of the LC_ 's of

i the respective dieldrin standards. The second condition, pgrallellsm,
is assumed if the slopes of the regression lines are not shown to -

be different at & specified level of statistical significance. If
the lines are not parallel, relative toxicity will vary with dietary -
concentration and therefore cannot be expressed as a constant.

" The relative toxicity of dieldrin (RTD) to each chemical tested
is presented for each species in table 2, with a notation if _
parallelism was rejected. To calculate the relative toxicities of
other pairs of chemicals, adjusted through the dieldrin standard,

we propose using the data in- table 2 according to the procedure
presented in appendix 1.

There is perhaps a tendency to suppose that if one chemical -
‘is, say, twice as toxic as another, it will cause twice the
mortality at a given dosage. Such a relationship does not hold-
true, however, as can readily be demonstrated by constructing two
hypothetical dosage-mortality lines on log-probability paper.  The
valid comparison of toxicity is between the amounts of chemicals )
required to produce the same effect, and not between the percentages
of mortality resultlng from equal dosages

460-531 O - 72 -2




Estimating 1,¢c's for the General Percentage of Response:

Lethal cpnCentfations for percentages of mortality other than
the median can be estimated from the data in table 5. The computa-
tions involve transforming the LC_. to its conmmon logarithm.and the
desired percentage of mortality to its probit, the probit of 50
percent being 5. 1f we let k -equal the nev percentage of mortality

- for which we wish to estimate the 1ethal dietary concentration

(i.e., the.LCk), and b equal the particular slope value from table 2,
then _ o

log LC, = (5 — probit k) / b —1log LCSO

The antilog of log LC' is, of course, the desired estimate.
Tables for transforming percentages to probits can be found in
various statistical texts, including Fimney (1952).

In this study, there appeared to be little advantage to
estimating response dosages other than the LC.,- It can be
estimated more precisely than any other value; per given effort,
and serves to provide efficient estimates of relative toxicity-

At times, estimates of extreme values, such as the 1.0 or LCL 4>

may be important; however, such estimates are best de ermineagfrom
especlally designed experiments, since extrapolation from a standard
probit regression line can be misleading if the true regression
equation has some curvature (Finney, 1952) . ’

Utility of Toxiclty atatistics:

) The immediate utility of the toxicity statistics lies, perhaps »
in their providing readily calculable comparisons of the short-term
dietary toxicity of any two of the chemicals to & given species.
Further, the slopes of the probit regression lines indicate the rate
of increase in lethal hazard resulting from & proportional increase
in exposure, i.e., The steeper the slope, the more rapid the increase
in Jlethality.

often, pesticidal contamination in the natural diet can be
measured by chemical analysis of field samples. When this 1s
possible, the degree of hazard may be predicted by direct comparison
of ppm chemical in the natural diet with the lethality of dietary
concentrations in laboratory studies.

When residues in the natural diet cammot be determined, short—-
term hazard may be estimated, as mentioned by Tucker and Crabtree
(1970), by comparing the test chemical (T) with a chemical (K) known
to produce mortality in the field when applied at a given rate.

For example, if in the 1aboratory T is twice as toxic as K (i.e.,
the LC 0 of T is one-half that of X), then we should expecth to

. producé mortality in the field if applied ot one-half or mMOTe the



Toxicity Comparisons:

vggiﬁulatedwrate for K. Express1ons of hazard that relate quantities

of chemical lethal in laboratory doses to quantities of chemical
applied per unit . area (say, per square foot) have been suggested in .
the literature. The approach is necessarily a manipulation of the .
one immédiately above; and while convenient, it cannot offer greater .
accuracy.. .Clearly, the accuracy of all such predictions will depend
upon how representatlve the laboratory measurements are of toxicity

vln the field.

Multiple, interacting factors (physical, chemical, biochemiea15

- and toxicological) determine the total hazard of a pesticide once

reléased into the environment, as outlined in detail by Kehaga -
(1968). Thus findings herein should not be extrapolated beyond the
limits of the protocol without cautlon and qualification. :

DISCUSSION

More than MBOO intra-species estimates of relative tox1c1ty
can be derived from the data in table 2 in addition to those involving

‘the dieldrin standard. Although it would be impractical to list

them in this report, certain general comparisons should be noted.

Endrin was consistently the most toxic chemical as tested. It
was virtually twice as toxic as any other chemical with the exception
of DRC-1339 (Starlicide), which was tested only on Japanese gquail.
Dieldrin and the closely related aldrin were always among the. six
most toxic chemicals of those tested on all species, and to pheasants
they were the second and third most toxic chemicals. :

Organophosphates generally proved to be less toxic in the diet .
than aldrin or dieldrin. Of 22 organophosphates tested on bobwhlte,:
only three (phosphamidon, fenthion, and Dasanit) were more toxic;
of 23 tested on Japanese quail, only parathlon and methyl parathion
were more toxic; and of 23 tested on mallards, only Dasanit and
diazinon were more toxic. None of 21 organophosphates was more
toxic to pheasants than aldrin or dieldrin.

" Data from Tucker and Crabtree (1970), who present a variety of
estimates of acute toxicity using encapsulated doses, show that when
chemical concentrate is administered as .a single oral dose, organo-

phosphate pesticides are generally more toxic to mallards and

pheasants than either aldrin or dieldrin. Limited data for Jaﬁanese
quail suggest the same tendency, but there are too few comparable
data for bobwhlte.

We can only theorize about the differences due to the two
methodologies. Apparently organophosphate degradation in treated
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feed prior to consumption was not a factor: ' virtually identical results
were obtained when Dasanit and demeton concentrates were prepared and
mixed in feed daily and when the diets were prepared at the -onset of the
5-day period. It has been reported, however, that absorption of some
organochlorine compounds through the gastrointestinal wall is more ‘
efficient when chemical is blended in the diet than when administered as

a single dose of concentrate (Stickel et al., 1965). With organophosphate
compounds we doubt that this difference is pronounced. Moreover, exposure
tends to be gradual when toxicant is dispursed throughout the diet, often
giving the system time to degrade the relatively unstable organophoéphate
compounds but not the notably stable organochlorine compounds’.

Dietary LC O'S for certain of the chemicals have been estimated
previously. Thgse for six Aroc¢lor products (polychlorinated biphenyl
mixtures) given by Heath et al. (1970) were derived from the same data

used herein, and slight changes represent computerized refinements.

The same is true for several organochlorine pesticides, excepting
technical DDT, presented by Heath et al. (1965); however, DDT estimates
are derived from subsequent tests, and differences appear to be largely
the result of a change in source of technical DDT. TFurther, poor repro-
ducibility (heterogeniety) of DDT results may have contributed to the
differences. ' ‘ :

@ill et al. (1970) have given 5-day dietary LC..'s of technical
and p,p'-DDT, p,p'-DDD, and p,p'-DDE for pheasant chicks. We have
tested technical DDT, a technical DDD marketed as Rhothane, and p,p'-DDE,
always in the same completely randomized experiment for a given species.
Gill's LC_ 's of DDD and DDE (522 and 1086 ppm) corresponded quite well
with ours’for pheasants (579 and 841 ppm), but theirs of technical DDT
(935) is higher than we present here (311 ppm). We suspect a difference
between the technical DDT formulations, since our technical DDT was
consistently more toxic than either Rhothane or DDE to all species.
Their LC 0 of 550 ppm for p,p'-DDT corresponds better to ours for
technicai DDT.

DDE is generally reported to be much less toxic than DDD; and
although it is probably the most abundant pesticide residue in the
environment, DDE is thought to present little hazard in a lethal
sense. With the exception of pheasants, we found this toxicity
relationship not to hold true. Testing both chemicals simultaneously
in completely randomized experiments, we derived the following LC_.'s
for DDE and DDD: ©bobwhite, 825 and 2178 ppm; Japanese quail, l35§0and
3165 ppm; and mallards, 3572 and 4814 ppm. Thus DDE was ebout 2 1/2
times as toxic as DDD to both bobwhite and Japanese quail and almost
1 1/2 times as toxic to mallards.

There appears to be a definite reversal in the toxicity of
diazinon and Guthion to birds compared to mammals. Both in dietary
and in encapsulated doses (Tucker and Crabtree, 1970) diazinon was
from seven to 38 times as toxic as Guthion to mallards and pheasants;
however, oral LD O’s for rats (Gaines, 1960 and 1969) show Guthion to
be at least 19 t?mes as toxic as diazinon.



- Herb1c1des were generally of a low order of tox1c1ty Only
diquat and paraquat consistently produced mortality, the latter
being the most toxic herbicide tested. . Otherwise most LC_.'s were

. greater than 5000 ppm, and in. many tests there was no morgallty at

that concentration.

Comparisons of Species Sensitivity;~

There were obvious inconsistencies in the relatlve sensitivity

of the four species to various chemicals, as is shown in table L.

Mallards generally tolerated the highest dietary conqentratlons,
but to toxaphene, terepene polychlorinates, and Ceresan M, the
mallard was the most sensitive species. Bobwhites, Japanese quail,

_and pheasants were similar in overall sensitivity to organochlorine -

compounds ; but to most organophosphates, bobwhites and Japanese
quail were more sensitive than pheasants. There was a major differ-
ence in the sensitivity of bobwhites and Japanese quail to the
Aroclors, bobwhites being the most sensitive of the four species

and Japanese quall the least sens1t1ve, as reported earlier (Heath
et al., 1970); otherwise there was no discernible difference in the

overall sensitivity of the two species.

. Such inconsistencies in relative sensitivity among four species,
especially when three are gallinacious species, strongly suggest that
certain ones not tested will be much more sensitive to the different
chemicals: Studies using mature house sparrows, blue jays, cardlnals,
and bobwhites (Hill, 1971) also show considerable variation in species
sensitivity. - ' ‘

The ‘8-Day Mortality Pattern:

Death rarely occurred during the first day of dosage and dnly
occasionally on the second day. Mortality tended to accelerate from

‘the third through fifth day of dosage, subsided on the first day of

untreated diet (i.e., the sixth day), and deaths rarely occurred
thereafter. The pattern of mortality was generally similar for all
effective dosages, the level of mortality belng a functlon of a’
particular dosage.

Two very toxic chemicals - Ceresan M and Dasanit - produced
notable exceptions to this pattern, especially in tests with
mallards. Ceresan M produced little mortality during the 5 days.
of dosage, although the birds had become severly intoxicated by .
the fifth day. Mortality began on the first day of untreated diet
and was so heavy during the second and third days that mortality on
untreated diet was recorded for an additional six days. Only one
of eight birds survived at 60 ppm (active ingredient), and none at
levels-of T4 ppm and higher. There were no deaths, however, at 20-
ppm or among controls. ’ R




The response to Dasanit was completely opposite to that of
Ceresan M. Virtually all mortality occurred during the first day,
the extent of mortality depending upon dosage level; if a bird
survived the initial day of dosage, it apparently became tolerant
of the chemical, regardless of dosage level, and survived. As
shown earlier, chemical preskdown in feed was definitely not a
factor. :
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Table 1 provides an alphabetical listing of official coined -
(common) names and principal registered names of the chemicals -

tested. Chemical name, class, and primary usage are shown with

the common name, or with the registered name where a common name ..
does not exist. Other registered names refer the reader to the
common name:  Chemical names.follow the nomenclature of Chemical

Abstracts. . .
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Table 1. Common and chemical names of pgsticidal compoﬁhds tested in
5-day diets of second-week birds

Common OT
registered name Chemical name Classa Use

Abate 0,0,0',O'—tetramethyl 0,0'-thiodi- QP insecticide
R—phenylene phosphorothioate

Accothion (see fenitrothion)
/

aldrin 1,2,3,4,10,lO-hexachloro—l,A,&a,S, 0C insecticide
8,8a—hexahydro-l,4-endo-exo-5,8-
dimethanonaphthalene

aminotriazole (éee amitrole)
amitrole _3—amino-l,2,4—triazole v 0 herbicide
Aramite 2-(B—tert-butylphenoxy) isopropyl-' 0 . acaricide

91 chloroethyl sulfite

Aroclor 1221 polychlorinated biphenyl- 0oC industrial
(21%_chlorine)

Aroclor 1232 polychlorinated biphenyl ocC industrial
(32% chlorine)

Aroclor 1242 polychlorinated biphenyl - 0C industrial
(42% chlorine) '

Aroclor 1248 polychlorinated biphenyl oC industrial
(48% chlorine)

Aroclor 1254 polychlorinated biphenyl ocC industrial
(54% chlorine)

Aroclor 1260 polychlorinated biphenyl 0C industrial
(60% chlorine)

Aroclor 1262 polychlorinated biphenyl | 0oC industrial
(62% chlorine)

atrazine 2-chloro-4-ethylamino—6- 0 herbicide
isopropylamino-g-triazine

Baygon g-isopropoxyphenyl methyl C insecticide
carbamate i

1L
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5-day diets of second-week birds--continued

T Table 1. Common and chémical mamés of pesticidal compounds tested in

Common or

phenyl phosphorothioate

15

registered name Chemical name Class® Use

Baytex (see fenthion)

Cédminate | cadmium succihate 60% OM. fungicide
(cadmium 29%) '

captan N-trichloromethylthio-4- 0 fungicide
cyclohexene-1,2-dicarboximide

carbaryl 1-naphthyl N—methylcérbamate C insecticide

Casoron (see dichlobenil)

Ceresan M N-(ethylmercuri)-p-toluene oM fungicide
sulfonanilide ’ ‘

'chlordane 1,2,4,5,6,7,8,8~octachloro-2,3,3a, 0oC insecticide
4,7,7a-hexahydro-4,7-methanoindene '

Co-Ral 0,0-diethyl 0-3-chloro-4-methyl-  OP  insecticide

' -l-oxo-2H-1-benzopyran-7-yl '
phosphorothioate

Cygon (see dimethoaﬁe)

2,4-D, acetamide  2,4-dichlorophenoxyacetic acid, PH herbicide
acetamide ' :

2,4-D, Butoxy— 2,4-dichlorophenoxyacetic acid, PH herbicide

ethanol ester butoxyethanol ester
2,4-D, dimethyl- 2,4-dichlorophenoxyacetic acid, PH  herbicide
amine salt dimethylamine salt '

dalapon 2,2-dichloropropionic acid, 0 herbicide .
sodium salt - :

2,4-DB 4-(2-dichlorophenoxy) butyric - PH herbicide
acid . '

Dasanit 0,0-diethyl O-p-(methylsulfinyl) . OP insecticide




Table 1. Common and chemical n

5-day diets of second-week birds--continued

ames of pesticidal compou

nds tested in

Common Or

registered name _ Chemical name Classa -Use.

DDD 1,1-dichloro-2,2-bis- oc insecticide
(Efchlorophenyl) ethane

DDE 1,1-dichloro-2,2-bis- 0C (degradation
(E-chlorophenyl) ethylene product of

DDT)

DDT 1,l,l-trichloro-2,2-bis- 0C insecticide
(R-chlorophenyl) ethane

DDVP 2,2-dichlorovinyl dimethyi oP insecticide
phosphate :

Delnav (see dioxathion)

demeton 0,0—diethyl-O-Z-(ethylthio) ethyl oP insecticide
phosphorothioate and 0,0-diethyl acaricide
g-2-(ethylthio) ethyl phosphoro-
thioate

diazinon 0,0-diethyl 0-(2-isopropyl &4- oP insecticide
methyl-6-pyrimidinyl) phosphoro-
thioate

Dibrom (see naled)

dichlobenil 2-6-dichlorobenzonitrile 0 herbicide

dichlone 2,3-dichloro-1,4-naphthoquinone 0 fungicide

dichlorobenzo- 4,4"-dichlorobenzophenone oc (degradation

phenone product of
DDT)

dicofol 4,4"-dichloro-alpha- 0C acaricide
trichloromethylbenzhydrol ~

dieldrin 1,2,3,4,10,10-hexachloro-6,7- 0C insecticide
epoxy-l,é,ha,5,6,7,8,Sa—octa- ‘
hydro—l,é-endo-exo-s,8-dimethan—
onaphthalene

dimethoate 0,0-dimethyl §-(N-methyl- 0P insecticide
carbamoylmethyl) phosphoro= acaricide
dithioate

dioxathion 2,3-p-dioxane s,S~-bis (0,0- oP acaricide
diethylphosphorodithioate) insecticide

16



Table 1,

5-day diets of second-week birds--continued

Common and chemical names of pesticidal compounds tested in

Common or

registered name’ Chemical name Classa Use
Dipterex (see trichlorfon)
diquat 1, 1'-ethylene 2,2! —dlpyrldlnlum 0 herbicide
dlbromlde - desicant
disulfoton 0,0-diethyl S-2-(ethylthio) " OP . insecticide-
ethyl phosphorodithioate : acaricide
‘ » systemic
DiSyston (see disulfoton)
Dithane D-14 (éee nébaﬁ).
diuron 3-(3,4-dichlorophenyl)-1,1- U . herbicide
dimethylurea - '
DRC-1339 . 3-chloro-p-toluidine hjdrdchloride oC avicide
Dursban - 0,0 diethyl O-(3,5,6etrichloro42- OoP insecticide
pyridyl)»phosphorothioate '
Dyfonate O-ethyl- S—phenyl ethylphosphono— oP insecticide
dlthloate
Dylox (see trichlorfon)
endosulfan 657,8,9,10,10-héxahhloro-l,5,5a,6, 0oC insecticide
9,9%a-hexahydro~6,9-methano-2,4, 3~
benzodioxathiepin-~3-oxide
endrin ' 1,2,3,4,10,lO-heXachloro—6;7- 0oC insecticide
epoxy~1,4,4a,5,6,7,8,8a~octa~
hydro-1,4-endo-endo-5,8-
dimethanonaphthalene
oo )
EPN O0-ethyl O-p-nitrophenyl - 0):3 insecticide
phenylphosphonothioate acaricide
fenac 2,3,6-trichlorophenyl-acetic 0 . herbicide
acid
fenitrothion 0,0-dimethyl O-(4-nitro-m-tolyl) 0P insecticide
phosphorothioate
fenthion . 050-dimethyl 0-[4-(methylthio) oP insecticide

7E-toyl].phosphorothioate
. 17




Table 1. CommoOn and chemical names of pesticidal compounds tested in
5-day diets of second-week birds--continued

Common OF

metheno-2H-cyclobuta [cd]
pentalene

18

registered name Chemical name class? Use
fenuron 3-phenyl—l,l-dimethylurea U herbicide
Guthion 9,9-dimethy1 g-[4-0x%0-1,2,3- oP insecticide
: benzotriazin-3(4ﬂ)-ylmethyl]
phosphorodithioate
heptachlor 1,4,5,6,7,8,8-heptachloro-3a, 0oC _insecticide
4,7,7a-tetrahydro-4,7-endo—
methanoindene
Imidan 0,0-dimethyl S-phthalimidomethyl opP insecticide
phosphorodithioate' - acaricide
Kelthane (see dicofol).
Lannate (see methomyl)
lindane Gamma isomer of 1,2,3,4,5,6-hexa~ oC insecticide
chlorocyclohexane of 9% purity
malathion S—[1,2,-bis(ethoxycarbonyl)ethyl] OP insecticide
0,0-dimethyl phosphorodithioate
MCPB 4-(4-chloro—2-methylphenoxy) PH herbicide
butyric acid
Meta-Systox R (see oxydemetonmethyl).
metham sodium sodium N-methyldithio- C fungicide
carbamate dihydrate herbicide
nematocide
~ methomyl S-methyl N-[(methylcarbamoyl)oxy] C insecticide
thioacetimidate
methoxychlor 1,l,l—trichloro-Z,Z-bis(R- ocC insecticide
methoxyphenyl) ethane
. methyl parathion 0,0-dimethyl O-E-nitrophenyl 0P insecticide
phosphorothioate '
mirex dodecachlorooctahydro-l,3,4- oc

insecticide




Table 1. Common and chemical names of pesticidal compounds tested in
a 5-day diets of second-week birds--continued

Common ox

(p-ethylphenyl) ethane

19

registered name Chemical name 'Classa Use
Mocap (see prophos)
monuron 3—(R-chlérophenyl)-1,14 U  herbicide
dimethylurea
' Morsodren - methylmercuric dicyandiamide OM . fungicide
nabam disodium ethylene bisdi- C. fungicide
: ~ thiocarbamate
naled . 1,2-dibromo-2,2-dichloroethyl (0) insécticide
" dimethyl phosphate '
Ortho 11775 3-(2-Butyl)phenyl—N-methyl- C insecficide
. ' N-(phenylsulfenyl) carbamate '
oxydemetonmethyl 'S—[2-(ethylsu1finy1)ethyl]0,0- oP insecticide
' : dimethyl phosphorothioate
Panogen - (see Morsodren)
Paraquat CL (see paraquat dichloride)
paraquét l,i'-dimethyi-4,4'dipyridinium 0 . herbicide
dichloride dichloride : ‘ '
parathion 0,0-diethyl O-p-nitrophenyl (023 acaricide
phosphorothioate* insecticide
Paris green copper acetoarsenite oM insecticide
pentachlorophenol  pentachlorophenol oC defoliant
‘ herbicide
insecticide -
fungicide
wood preserv-
ative -
~Perthane 1,1-dichloro-2,2-bis ocC insecticide




Table 1. Common a

5-day diets of second-week birds--continued

nd chemical names of pesticidal compounds tested in

Common OY

registered name Chemical name Cclass? Use
phorate 0,0-diethyl S-(ethylthio) op  insecticide
: methyl phosphorodithioate systemic
phosphamidon 2—chloro—2-diethylcarbamoyl—l- oP acaricide
¢ - dimethyl systemic
methylvinyl dimethy phosphate Ty ecticide
Phygon (see dichlone) '
picloram 4-amino-3,5,6-trichloropicolinic 0 herbicide
acid
prophos 0-ethyl S,S-dipropyl phosphoro- 0P insecticide
dithioate nematocide
Rhothane (see DDD)
Sevin (see carbaryl)
gilvex 2-(2,4,5-trich10rophenoxy) PH herbicide
prqpionic acid
gilvex, butoxy- 2-(2,4,5—trich10rophenoxy) PH herbicide
ethanol ester propionic acid, butoxyethanol
ester
simazine 2—chloro—4,6-bis(ethylamino)- 0 herbicide:
g—triazine
gtarlicide (see DRC-1339)
gtrobane (see terpemne polychlorinates)
Sumithion (see fenitrothion)
Systox (see demeton)
2,4,5-T>butoxy- 2,4,S-trichlorophenoxyacetic PH herbicide
ethanol ester acid, butoxyethanol ester ’
TDE (see DDD)
Tedion (see tetradifon)
chlorinated terepenes oC insecticide

terpene poly-
chlorinates

20
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‘Table 1.

5-day diets of second-week birds--continued

‘Common and chemical names of pesticidal compounds tested in

Common or

registered name Chemical name Class® Use.
tetradifon p-chlorophenyl 2,4,5-trichloro- 0 - insecticide '
K phenyl sulfone. acaricide
TFM 3;trifluoromethyl-4-nitrophenol ' 0 lampricide
Thimet‘_ (see phorate)
thionazin 0,0-diethyl 0-2-pyrazinyl op insecticide
phosphorothioate nematocide
Thiodan (see'endosulﬁan)
thiram bis’ (dlmethylthlocarbamyl) 0 fungicide
disulfide animal
repellent
“Tordon . (see picloram)
toxaphene chlorinated camphene 0C insecticide .
containing 67-69% chlorine N
» 2,4,5~TP acid (see silVex)'
2,4,5-TP ,butoxy- (see silvex, butoxyethanol
ethanol ester ester)
trichlorfon 0,0-dimethyl (1-hydroxy-2,2,2- OP  systemic
trichloroethyl) phosphonate insecticide
Vapam (see metham sodium)
Zectran ~4-dimethylamino-3,5-xylyl C insecticide
' N-methylcarbamate '
Zinophos (see thionazin)
Key to class de51gnat10n3'
C carbamate
0 * other
ocC organochlorine
oM organometallic
op organophosphate
PH ~ phenoxy
U . synthetic urea
460-531 O - 72 - 4 21
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Teble 2 presents toxicity data for each species within an
alphabetical 1listing of chemicals by common name Or, &8 necessary s
registered name. Parameters include: the LC and its 95 percent
confidence limits; the slopes with its standa deviation, of the

. weighted linear regression of probits on log—concentration; and
the relative toxicity of the dieldrin standard to the chemical -
the "RTD" - and the 95 percent confidence 1imits of this ratio.
The table also shows the number of concentrations and birds per
concentration used in each determination, and & "toxic rank number
which, for a given species, is the numerical'position of a chemical
in & list ranked in descending order of toxiclty. No attempt was
made to assign toxic rank punbers where C_.'8s exceeded 5,000 ppm;
however, the percentage of mortality at 5080 ppm is given 1if deaths
occurred.

1"
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Table 3a lists chemicals in descending order of toxicity (i.e.,
by toxic rank number) for each species. The order of toxicity is
not based on comparisons of LC 0 values per se but on RTD values, SO
as to adjust comparison for pogsible differences in sensitivity among
tests conducted at different times. RTD values and toxic rank numbers
are common to Tables 2 and 3a, the latter serving to cross-index the
two tables.

Table 3b is an alphabetical listing, by species, of those chemicals
having LC5O's exceeding 5,000 ppm Or otherwise not known precisely.

Le



09¢1 101201V

0°91

us9a8 staed

Lo, R B

1791

[ANAN 6°8 = UBI3097 uojojyinsip LT
TT = GLLTT OY3I0 SU€T aaa.  zL°8 eusydexoy €T uepTUL 92
w¢.HA UoTYIND 6°C1 uoj03INnSTP 06°L = Ndd ARA uoTyiny YA
m@uﬁﬁﬂuoaﬂuhﬂo&.v A . ‘
0°0T . 23BOYJ3UWLP €zl ouadaial mNH.m auepul] mm.mH uojswep %7¢
: T4y3su
09°6 1aa 9°01 SUBPUTT SZ°9 U0303TNSTP VANl ~U032WSpAXO €¢
I1°9 a1eUO0ILQ 7°01 uojswWep 00°9 a1'Uu0ILQ 6701 ue918 sTaed A
uotyieaed . ,
8677 T4yaew 201 susydexo] 98°¢ suepioTyo  88°8 NdF 12
87" ¥ uo3sWep L6°8 a3eaoud €8°6 931BOYISWID mqhw azeaoyd 0z
€Ty UBPIOTYD 768 uotyjeied Lz-s o3eqy 89" L uogLeq 61
1¢°%- uezNsSopus 9¢.°8 uotyloijrusy - mmm.m ueqsing L2 L QUEPIOTYD 81
69°¢ UOJO0IINSIP 90°8 auBpIoTyd [ uojsuwep i%7°9 UOUTIZBIP LT
7S e 18d8-0D Le'L Lad 00°'%7 = 188-0D 69°¢ uotyieied ‘91
1G6°¢€ ﬁowﬁamsgmoﬁm S0° L muwosuwﬁﬂv 9'¢ = o3eaoyd 6L°€ .GOﬂﬂuOMUHWGMA (on §
ard 1BoTUaY) 4Ly TeoTwayn aLd TeoTHIY) qdId TeoTusY) ‘ou
PIBRT BN jueseayd 1renb ssouedefl 931Tymqogd yuel
: T oOTXO],
. ‘ @mﬁﬁﬂuﬁoonpvwmvcmum UTIPIOTIP IUDIINDUOD B JOo soTI1TOTX031 °ATIB[e1 Buriaedwqd
Ag pauTwislsp SE

¢£1101IX03 JO JIopio BUIpUSDOSSp UT PoMued STBOTWAYD 3§23 JO JUIIST] [EBOTISWNN

‘g °o1qel

L8




Tousyd
%#¢ = -oJxoTydeijuad L = TTusqoiystp 9°6¢ SLLTT oYy3iao 7°62  79Z1 I0T201y 6¢€
SPTIOTYITP 14y1eu ,
G°€Z Jenbeied 6°92Z slBUTWpPER) 0°6Z -U013WaPEAXO 87 = T4uwoy 3w 8¢
1Lg3ow | ) W
L°61 ¢7¢1 d0T00ay L*ST ~uo3awepLxo L°%2 uepTmy ¢°SC  09¢1 07201y LE :
OpPTAOTYITP
9'81 79zl I0Td0ay L°SZ  8%gl 01001y 1°%2 ¥aa  0°Se 1enbeaed 9¢
781 4da 9°%¢  09Z1 301201y €°¢€e patEU g ¢C 4aa 19 |
81 =  UOTY3IEXOTPp 1°%¢  ¢9T1 ao[o0ay L°Tt 3enb1p 1°1¢ suepury 7€
! 9PTIOTYDTP
w €T 8%7¢1 L0100y €£°2C yenbexed e = uejinsopue 7°0C  %SCT1 201201y €e
m . EY
L°9T TAwoyjou €'Ic %SC1 I0720ay 1°1¢ uo913 staed 6°61 uejynsopus ze
SPTIOTYOTP sejeuTIoTYsLfod
L*9T  %STT Iord0ay § 0z Ndg 681 jenbeaed 9°61 suadei9l i€
791 pateU 9°61 ugjinsopus 6°¢C1 uorTyany €8T UOJFIOTYOTA] o€
s9jrUTIOTYOLTod
L°€1 103027Tp 9°61 q2aa 2611 suadeiay 2°81 suaydexo? 62
%°¢1  uoTyjoAjTULF ¢LT ueilo97 1°0T 1daq 9°91 Iaa 8¢
ary IBoTWayp ary ___IeoTWaY) ary TBOTWaYyH qaLd iBoTWway)H ‘ou
PIBTTBRW Jjueseayd 1Tenb osoueder 21Tymqog yuex

DIXO],

PeNUTIUOD-~pIEPUE]S UTIPTSTP JUSIINDUOD B JO SOTITOIXO0} 9ATIR[21 Suraedwoo
! Aq poutwasiep se ‘£3TOTX03 JO Iopio SUIpUsSOSep UT pequBI STEOTWRYD 3893 Jo But3lsST] [eOTISUNN ‘®BE 9[qBL

St R T s R s e TR R

i s



et UER RN

‘7 ©1qeB3 JO pU® JB SO]10UJ00F 23§

101 GOHsumHmE - . : . - : €S
. 19389
. Toueyla4x0lng
96 = KOATTS €11 ‘XaATTS s
18 . uoanuou 21 UOTYIEXOTP 20T . uoTyieEw 19
‘ . Tousyd
L°T8 UOTYIBXOTP 9°L8 ~oaoTyoeluad 6°€8- jenbtp 0¢
1°9L MMJvHv oLL 8%7¢1 x0I201V : 1761 ZECT 107201V 6%
1ousyd o A
G°GL -oxojyosejuad G'66G T4woyjqu 8°0L ¢h7CT. 10T20aV . 8%
19189
Touryla4Lxolng . :

A A T°9S . aaa 6°L9 T0F0OTP LY
,9°19  TETT I0TP0I¥ - §°0S e3BUTWPED 9°09 xoxTu 9%
LIS SLLTT oﬂuyo €97 “7GTT A0TP0aV 765 -+ aaa Gy
87 9% pateud 8°LE uoTylEIBU G°6S .. pa1®Eu 7%
8 7% - uwoTy3ang 979t C9C1 I0T90a¥ ey SLLTT o4y3a0 €7
9°'0% ¢7¢1 10T00aY 9°'Gg . UOFIOTUODTII 97 1% 93BUTWPED XA

/ . B : ,
1°LE . T03F0°Tp 6" %€ 09¢1 A01201Y - w1y uoantp 17
LT aaa €67 XaaTw $*9z 10302TP  L'6E  8%CT I0T201Y 0%
arLd TEBOTWaYD ary TesTuwayn ard jeoTuayn .QQHm — TeOTWayn rou
PECER Jueseayd 1Tenb osouedel 231Tymqog Nuea
- o OTXOT,

W

_ PONUTIUOD--PABPUR]S UTIPTITP JUSIINOUOD B JO SITITOIXO0] SATIRTSI Sutaedwod
£q pourtwisisp SB ‘£3TOIX03] JO I9pPI0 JUIPUSDSSP UT PoUBI STBOTWLYD 3§23 JO SutasIT TeOIIowNN “°BE 9IqE]

e e i mem e ome imee o s s e - o . - - i s et i PR A

50




A

o

suousydozusq
—OJOTYD TP uoINTP uodeTep TION
1TBS SUTWR
QUOTUDIP SUOTYITP -TLygaurp ‘q-xg uoInuUSJ
JI99S89 TOoUBYULSD

dAdd ada-t°e ~£xoqnq ‘q-x°g oBUSJ

uodeTep uodeTep SpIWR1SO® nmlx“m SUOTYO TP
pH@mAmqﬁsm 4TBS SUTWR

-TAy3surp ‘q-f°e -TAugawtp ‘q-x°g TAaeqaed ga-1‘g

I93S5 TourlygS I99QS88 Tousyld 1TBS SUTWe
—-£xoqnq ‘q-y‘g ~-fxoqnq ‘q-x‘g ueqded -TAugsurp ‘q-x‘z

. JI99S9 TOUBULS

TAIRQIERD TLIeqaed QUIZBILR —-£xoqnq ‘a-w‘e

ueqdeo ueqded gHST IoTo0ay TLIeqaed

99 BUTUWPEYD 9UIZBILE 2EeT JIOT20ay 29 < ugqdeo

H'g > uocFLeg T2eT JIOTOo0Jy TS2T JoTo0ay [uUTZBILE
SUTZBILE .mpﬂsmh< 994 TWBIY T2eT JIOT20ay
STOxq TUrE STOJq TWE STOJIq TUR 91 TWRIY

ary B2 TWaY) ani TEeoTuSY) ary TeoTuRY) panns TeoTwsyp

PIBTTBI quBSBIYJ TTenb ossuedep B 24.TUMqOYg
m@hﬁﬁﬁmﬁ a0 ‘squesesyd ‘rrenb essuedep ‘e31UMqoq J0J g IO ‘06 °LQ
‘QcT Peosoxs Aamm 0006 < m_o 07) dI¥ pa3sTTUn  -AresToaad umouy qou osTmxaylo agam Jo wdd 0pog

PopPesdxe s, ") 9sNEBO9q SISQUNU FUBJI OTXO0] PIUSTSS® 10U STROTWAYD JO JurqsTIT TeorieqeuydTy *qdf oTqel

51




TAujouw

: ~U0YSMEPAXO - weIoToTd
swnwm sueylIDg
UOJINUOH WeITUS ‘Wweqeu
.xWHﬂs4 UoJ IPBJI1S% UOJTIUOU
’ IOTYOAXOUJSW SUTZBUTS XOJI T
: . I9988 TOouByjle
unTPOS WeYJSW 9t = —-£xoqnq °XSATTS . JOTYDAXOU YW
nOﬂSHde& weIoToTd uMTpos Smsvmﬁ UOJ IPBRINOY
wﬂmugﬂﬁ SuUBYIIDJ R SUTZBWES
UBPTWT weqeu ﬂonsnom SdWOHOHQ
UOINUST JoTyoLxOoy3om ovtiag wﬂmspﬂmm
DBUSJ ESHGOm sw£HmS . uoanIp wegru
22 > NaZ AION TTUSqOTUI TP uoanuow
ToInIpP ﬂoaﬁanL SUOTYD TP JOTYoAXOUgSW
1enbTp . oBUSZ mmlznm UMTPOS Weylsu
ary TEO TWSYD aQrd : TBOTWSY) s TeoTwey) . ALY TeoTwaY)
PIBT BN jusseayd Trenb sssuedep F— 29 TUMqOg

Poe : sooxe (ud
‘gaT P (udd

0006< m.o

OT1) @IM Pe3sSTTUn

PONUTAUOD——SPIBTTRU JO squesesyd ¢Trenb sgauedep €99TUMqOq JOJ )2 JO ‘06 °LQ
+AresTooad uMOUY JOU SSTMISYFO SJISM IO wdd 0006

popeooxe 5, O 9sneoaq SIUIU HUBIL OTXOI PouUSTISSE 30U STROTWOUD JO SUTYSTL Teotq2qeuydTy °*df 9TABL

52




¢

WeITy3
WAL
UOJTPBIGSY

19989 TOUBYLD
—-fxoqanq ‘I-¢¢ncz

SUTZBUWIS

JI99S3 TOouryle
—-£x0oanq . *XoATTS

*C ST9B} JO DPUS 3® S§970U00J 999

WwBJITYY

UOJIPBILSY)

19989 TOUBYLS

f1°¢ > soydoad -£xoqnq fI-¢nce
ueIoToTd g9 < SUTZBUTLS ¢
JI9989 Touelyas.
SUBYLIDJ -£xoqnq ‘XoATTS
u9sI3 sTaBJg XOATTS
ary TBOTWAY) arny TBOTWaY) ary TeoTway) ALy TBOTWSYD
PIBTTEN JuUeSEBOYg Trenb ossuedep & SFTUMGOT
@mﬁgﬂpgoolimwgmﬁﬂma 10 ‘squesesyd °Trenb ssauedep “99TYMqoq J0J J2 IO ‘06 ‘Lg
S ANNEERRE) Agmm 0006< m.o qu AIM PI3STTUnN  *ATesToaxd UMOUY 40U SSTMISULO oJom to mdd 0006 .
POpPooIXS m_o JT SSNBO9q SI9qUNU FUBI DTXO3 PIUSISSB 40U STBOTWAYD JO SutrysTT TROTYoqRUdTY °qf TRl

i
4
|

SR i

53




Table 4 provides gross comparisons of species sensitivity
pased on those chemicals tested on all four species and having
LC o's below 5,000 ppm for at least three species. Findings
arg presented as percentages of compounds to which each species
was the most sensitive, secondmost sensitive, thirdmost sensitive,
and least sensitive of the four species. Separate evaluations are
presented for organochlorines, organophosphates, polychlorinated
biphenyls, and miscellaneous compounds. - :
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o Table 4. Percentages of chemicals to which each species was the most
: sensitive, secondmost, thirdmost, and least sensitive of the
four species when chemicals were mixed in 5-day diets (Where
ties occurred, percentages were divided equally.)
Species
Sensitivity Bobwhite Jap. quail Pheasant Mallard
(1k Qrganochlorines}a A
Most 36 25 28 11
2nd most 29 25 28 18
3rd most 1k L6 40 0
Least 21 b L n
Total 100 100 .100 100
; (15 organophosphates)b
z Most L7 53 0 0
2nd most _ 30 3L 13 23
3rd most 13 13 6L 10
Least _10 _0 23 67
Total 100 100 100 100
(5 Aroclors)®
Most 90 0 10 0
2nd most 10 0 90 0
3rd most 0 20 0 80
Least 0 _80 _o0 20
Total 100 100 100 100
(5 other com.pounds)d
: Most Lo 30 20 10
2nd most 60 10 20 10
3rd most 0 60 Lo 0
Least _0 0 20 8
Total 100 100 100 100
®2ldrin bAbate ®Aroclor 1242  ZCadminate
chlordane Co-Ral Aroclor 1248 Ceresan M
DDD demeton Aroclor 1254 diquat
DDE diazinon Aroclor 1260 paraguat
DDT disulfoton Aroclor 1262 Paris green
dieldrin fenthion
" dicofol Guthion
» " endosulfan malathion
b endrin m. parathion
o heptachlor naled
% lindane oxydemetonmethyl
Q mirex parathion
o terepene phorate
polychlorinates phosphamidon
toxaphene prophos
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APPENDIX 1
Calculation of Relative Toxicity Using RTD Values

The RTD values listed in Table 2 can be used to calculate the
relatlve toxicity of two chemicals for a particular species, as: follows:

1. Compute the relatlve tox1c1ty of "Chemical 1" to "Chemical 2"
by dividing the RTD of Chemical 2 by the RTD of Chemical 1.
For example, if dieldrin is four times as toxic as Chemical 1
(RTD; = L) and six times as toxic as Chemical 2 (RTD, = 6),
then Chemical 1 is l 5 times as toxic as Chemical 2 (i.e. A
RTD,/RTD; = 6/4 = 1.5). An algebraic argument for the procedure
"is developed in Appendix 2. The calculation of confidence limits
for relative toxicities requires more data than could reasonably
be included in this report.

2. Test the slopes of the problt regression lines of the two .
chemicals for parallelism using a 2-tailed t-test. Let b; and
b, be the estimated slopes and s; and sp their standard
deviations.
Also let nj and ny equal the number of concentrations used in
the respective determinations. )

Then _
t = (by —by) / V512 + 557,

Since 51 and 522 have ny — 2 and np, — 2 degrees of freedom,

t 1s given ny + np, — b degrees of freedom, provided sl and
‘sz can be considered estimates of a common ¢ We expect
homogeniety of variances in most instances; however, procedures
for testingthe equality of two variances and -the significance
of the difference of two means (i.e., b; and by) when variances
are unequal are presented in Snedecor and Cochran (1.967).
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APPENDIX 2

Theoretical Estimation of Relative Toxic¢ity Using RTD Values

We have defined the RTD as the relative toxicity of a dieldrin standard
to a given chemical, as derived from their LC 0 The use of RTD's to
estimate the relative toxiecity of two chemicais tested in different
experiments is based on the following argument:

Let
C; = the true LCgy of chemical 1,
Cy = the true LC50 of chemical 2,
S = the true LCSO of the standard,
¢y = the estimated ILC_. of chemical 1.from experiment I,

50
~cy = the estimated LC50 of chemical 2 from experiment IT,

s1 = the estimated LC50 of the standard from experiment I and,

- 89 = the estimated LCSO of the standard from experiment II.
vAlso, assume f; and fo are sensitivity facﬁors operative in experiments
I and II, such that

fl S1 = f2 Sg = S,
f1 e; =Cy, and

f2 cp =0Cy

Then
"RTD;" = fi e/ f1 87 = Ciy / S, and
"RTDZH = fz Co / f2 Sy = Cz / S

Therefore, the true relative toxicity of chemical 1 to chemical 2 can
be estimated as RTD, / RTD;, since

RTD, / RIDy = (Cy, / 8) / (¢1 / 8) = Cy / C1,

the true relative toxicity of chemical 1 to chemical 2.
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