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Two experiments were conducted using coturnix quail to deter-

mine the effects of dieldrin and calcium on the reproductive perfor-

mance of this species. In both experiments quail were raised on a

soybean-meal glucose-monohydrate ration. At 25% egg production

the quail received diets containing 0, 10 or 25 ppm of dieldrin in

experiment I and 0, 5, 10 or 25 ppm of dieldrin in experiment II.

Quail receiving each of these pesticide levels were further subdivided

and fed diets containing 0. 5% and 3. 0% calcium.

In experiment I data were collected and analyzed over six, 28-

day production periods. The results show that specific gravity, egg

production, fertility, hatchability, egg weight, body weight, incidence

of cracked eggs and feed consumption were not affected by dieldrin

treatment. However, specific gravity, incidence of cracked eggs,



egg production, hatchability and female body weight were adversely

affected by the lower calcium level. Male and female mortality was

significantly higher with 25 ppm of dieldrin than controls. Livability

of chicks fed 25 ppm dieldrin at both calcium levels and 10 ppm with

3. 0% calcium was lowered when compared to controls.

In experiment II data was collected and analyzed over four, 28-

day, production periods. Dieldrin was found not to decrease eggshell

thickness when levels of 5, 10, or 25 ppm were present in the ration.

Calcium at a level of 0.5% significantly reduced eggshell thickness.

Egg production was not significantly reduced by dieldrin supplementa-

tion except during the first production period. Fertility, hatchability,

egg weight, male and female body weight and feed consumption were

also unaffected by dieldrin supplementation. The low calcium level

(0.5%) was observed to significantly depress egg production and

hatchability, but it did increase female body weight.

Mortality of adult quail was greatly affected when levels of 10

and 25 ppm of dieldrin were present in the ration. Five ppm of

dieldrin did not affect the mortality. Livability of chicks from hens

receiving dieldrin rations of 10 and 25 ppm were significantly lower

than chicks from hens receiving uncontaminated rations. Five ppm

dieldrin did not affect the survival rate of chicks.
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LONG-TERM FEEDING OF DIELDRIN, WITH A
CALCIUM STRESS, TO JAPANESE QUAIL

(COTURNIX COTURNIX JAPONICA)

INTRODUCTION

Beginning in the early 1950's, many chlorinated hydrocarbons

became widely employed in the protection of field crops from vari-

ous insects. The compound dieldrin (1,2,3,4,10,10a hexachloro-

exo 6, 7 epoxy-1,4,4a, 5,6,7,8,8a-octahydro-1,4-endo, exo 5,8,

dimethanonapthalene) was used for the control of grasshoppers, in-

sects of various public health importance, termites and other insects.

Shortly after the introduction of dieldrin and other chlorinated

hydrocarbons, it was reported that wildlife in and around areas of

dieldrin-use were becoming depopulated. More specifically, cer-

tain avians had been reported to have produced thinner eggshells

when consuming feed containing dieldrin. Investigators suggested

that these thinner eggshells have led to an increase in egg breakage,

a decrease in number of chicks and subsequently egg numbers.

Other parameters of reproductive performance such as egg produc-

tion, fertility, livability of young and egg weight were also noted to

be adversely affected by pesticide consumption. It is interesting to

note that there has appeared in the literature many conflicting re-

ports as to whether or not dieldrin was harmful at certain application

levels.
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The availability of Japanese quail (Coturnix coturnix japonica)

makes it possible to study the effects of dieldrin on a large number

of birds over a relatively short period of time. This is due to the

rapid maturing (5-6 weeks) and reproductive characteristics of this

species. These small, game-like birds, even though domesticated,

may therefore serve as a pilot species to study the effect of pesti-

cides under controlled conditions.

The objectives of this study were: to ascertain what effect

dieldrin, in the presence of a calcium stress, would have on various

reproductive parameters in quail; and to determine if dieldrin was

responsible for any eggshell thinning and its possible effect on the

bird's calcium requirement.
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REVIEW OF LITERATURE

Dieldrin

The chlorinated hydrocarbon, dieldrin, is a member of the

class of compounds known as cyclodienes. It was first developed

commercially in 1948 for use in crop protection and preservation and

was described in the literature by Kearns et al. (1949).

Dieldrin is the 6,7 exo epoxide of aldrin and is produced by the

oxidation of aldrin with peracetic or perbenzoic acid. It is a white,

crystalline, odorless solid with a melting point of 175-176 C and a

density of 1.75. Due to its non-polarity, dieldrin is insoluble in

water, slightly soluble in mineral oils, moderately soluble in acetone

and methanol and soluble in aromatic solvents. These characteris-

tics, along with its stability to alkali and mild acids and high contact

and stomach toxicity, make dieldrin highly effective and persistent as

a pesticide (Griffin, 1970).

Factors that can affect the persistence of dieldrin in the environ-

ment are plant growth dilution, volatility, temperature and weather-

ing. These variables can all exert their effects simultaneously to

decrease the residue level of dieldrin. Because dieldrin is a stable

epoxide it dissipates slower than most pesticides. Its lower vapor

pressure also aids in its retention on seeds and plants (Mitchell and

Lykken, 1953).



4

Metcalf (1971), Dahlen and Haugen (1954) and Walker et al.

(1969) reported symptoms of poisoning as hypersensitivity, hyper-

activity with violent outbursts of convulsions and finally complete

prostration and death. It has been proposed that the primary site of

action is in the ganglia of the central nervous system with the precise

chemical lesion responsible for this toxic action as yet unknown with

perhaps the most promising theory of action on the nervous system

related to the absorption and critical fit of active compounds into the

pores of nerve membranes to produce a convulsant action (Metcalf,

1971). At sublethal doses, dieldrin has been postulated to induce

concentrations of hepatic enzymes which are capable of hydroxylating

the natural steroid hormones (Peakall, 1967). In birds, calcium ab-

sorption and mobilization was greatly affected by steroid production

and activity (Norwicki and Norman, 1972).

Eggshell Thinning

Declines in certain avian populations such as the peregrine

falcon (Falco peregrinus) and sparrow hawk (Accipiter nisus) begin-

ning in the middle 1940's, led investigators to try and relate this

phenomenon to decreases in eggshell weight or eggshell thinning.

The role of pesticides in the eggshell thinning process has been

studied by many (Ratcliffe, 1967; Potts, 1968; Hickey and Anderson,

1968; Tucker, 1971). Ratcliffe (1967) undertook experiments which
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studied eggshell thickness by measuring weight and size of blown

eggs of varying age. The results of his study show that up to 1946,

eggshell size and weight were fairly constant in certain birds of prey.

After 1946, there was noted a great decrease in size and weight of

eggs which was attributed to increasing use of chemical pollutants or

pesticides in the environment. It was felt by some that the relation-

ship between eggshell thinning and pesticide contamination was more

than just coincidental (Hickey and Anderson, 1968; Ratcliffe, 1967).

The compounds pp'DDT, pp'DDE and dieldrin have all been im-

plicated in the eggshell thinning process (Ratcliffe, 1967). Hickey

and Anderson (1968) have shown a direct correlation between eggshell

thinning and DDE concentration in herring gulls. Porter and Wie-

meyer (1969) fed DDT and dieldrin contaminated diets to sparrow

hawks to determine if these compounds had any adverse effect on re-

production or eggshell quality. Dieldrin was present at 3 ppm and

DDT at 15 ppm in the high treatment group and 1 and 5 ppm, respec-

tively, in a low treatment group. In two generations of sparrow

hawks, eggshells were shown to be significantly (P< .01) thinner than

controls. Dieldrin at levels of 1.6, 4.0 and 10.0 ppm was reported

to cause eggshell thinning in eggs laid by mallard hens over a four-

month feeding period (Lehner and Egbert, 1969). Contrary to this

was the report of Muller (1971) who reported no eggshell thinning in

mallard ducks which received 4 ppm of dieldrin for 90 days.
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Other researchers as well have been unable to find a relation-

ship between dieldrin and eggshell thinning. Potts (1968) investigating

the success of eggs of the shag (Phalacrocorax aristotelis) concluded

that dieldrin and other chlorinated hydrocarbons were probably not

completely responsible for egg breakage or eggshell thinning, but

attributed it to polygyny which is often exhibited by the shag. Dahl-

gren and Linder (1970) fed hen pheasants capsules containing either

4, 6 or 10 mg of dieldrin weekly for 16 weeks. The 6 mg level

equaled about 20 ppm based on average feed consumption for one

week. Shells from eggs that hatched were measured at 3 points (in-

cluding the membranes) with a micrometer. Results failed to show

any eggshell thinning.

It has been suggested that the mode of action of these chlori-

nated hydrocarbons is related to calcium metabolism as effected by

enzyme induction (Peakall, 1967; Wurster, 1969; Gillett and Arscott,

1969). The pesticide induces the hepatic microsomal steroid hydroxy-

lase which causes hydroxylation of normal steroid hormones such as

estradiol, testosterone, estrone and progesterone (Wurster, 1969).

This hydroxylation leads to decreased hormonal activity. Peakall

(1967) suggests that the decrease in eggshell thickness in certain

birds of prey could be explained by an increase in the metabolism of

estrogen induced by hepatic enzymes.

Inhibition of carbonic anhydrase has also been implicated in
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pesticide poisoning and eggshell thinning (Tucker, 1971). Carbonic

anhydrase is found in relatively large amounts in the epithelial lining

of the uterus and is believed to be involved in the supply of carbonate

ions for shell formation (Sturkie, 1965). Sulfanilamide has been

shown to inhibit the activity of this enzyme with a resultant thinning

of the eggshell (Benesch et al. , 1944; Scott et al., 1944; Gutowska

and Mitchell, 1945).

Egg Production

Dieldrin has been administered in a wide range of concentra-

tions with varying results. DeWitt (1955) and Walker et al. (1969)

have reported that dieldrin fed at a concentration of 10 ppm did not

decrease egg production in pheasants or quail. DeWitt extended his

work by increasing the levels of dieldrin to 100 and 250 ppm. Phea-

sants receiving the 250 ppm level completely refused to consume the

diet and egg production ceased. At 100 ppm the birds would accept

the ration but still failed to produce any eggs.

Linder and Lamb (1967) who conducted experiments with penned

hen pheasants offered diets containing 2, 4 and 6 mg of dieldrin orally

and in encapsulated form per week for a period of 13 weeks. They

observed that the rate of egg production was not related to the diel-

drin treatment but was more closely associated with feed consump-

tion. In the 6 mg group, feed consumption was 9. 2 grams per day
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less than controls. A corresponding decrease in egg production re-

sulted. This seems to be a reasonable explanation since egg produc-

tion is directly correlated with feed intake. In a subsequent experi-

ment DeWitt (1956) again using quail and pheasants, reported no

adverse effect on egg production when levels of 1, 2 and 10 ppm of

dieldrin were consumed. White Leghorn hens receiving dieldrin at

concentrations from 0.2 to 5.0 ppm also have not shown any decrease

in egg production (Graves et al., 1969).

In contrast to these results Neill et al. (1969) found that levels

as low as 3 ppm decreased egg production in the Hungarian partridge.

It must therefore be noted here that there may be some species vari-

ations between pheasants, quail, chickens and other fowl used in pes-

ticide research.

There have been several other workers who have shown de-

creases in normal egg production in dieldrin treated avians. Gene lly

and Rudd (1956b) experimented with dietary levels of 25 ppm and 50

ppm on pheasants. Both of these levels significantly depressed week-

ly egg production. Japanese quail also seemed to respond similarly

with levels of 20, 30 and 40 ppm also reducing egg production (Walker

et al. , 1969). Baxter et al, (1969), Atkins and Linder (1967) and

Linder and Lamb (1967) used weekly oral doses of dieldrin and found

that levels of 6 mg per hen per week lowered normal egg production.
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Fertility and Hatchability

DeWitt (1956) using a level of dieldrin as low as 1 ppm in the

diet found fertility and hatchability in quail relatively unaffected.

Hen pheasants receiving dieldrin at a concentration of 10 ppm pro-

duced eggs which had a lower rate of hatchability than control birds.

The eggs from dieldrin fed hens had a hatchability of 43.3% as

opposed to 57.4% for the controls.

During this same period of time Gene lly and Rudd (1956b) were

carrying out their experiments on pheasants with levels of 25 and 50

ppm dieldrin. Only the effects of the 50 ppm group on fertility were

significant. It was noted here that the effect on male pheasants with

respect to their behavior patterns and increased mortality would be

one factor causing a decrease in fertility of eggs. They reported no

adverse effect of dieldrin on hatchability.

Atkins and Linder (1967) and Under and Lamb (1967) reported

that dieldrin at levels of 4, 6, 8 and 12 mg per hen per week in single

oral doses had no adverse effect on fertility or hatchability. These

men also reported that 2 mg of dieldrin produced a slight increase in

hatchability. No apparent reason could be given for this effect except

that perhaps this low level might have been stimulatory in some man-

ner. Baxter et al. (1969) used the offspring from hens of Atkins and

Linder's project. They found that there was a significant difference
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in fertility between those second generation hens which had not re-

ceived dieldrin through the egg and those who had received levels of

4 and 6 mg per week through the egg and then during the egg laying

period. They also reported that dieldrin had no affect on hatchability

except at the lower level of 2 mg per week where again it was slightly

stimulatory.

Dunachie and Fletcher (1966) used the technique of injecting

known amounts of pesticide directly into hens eggs to study the effects

of dieldrin on hatchability. Dieldrin was injected at concentrations of

10, 100 and 200 ppm with no adverse effects on hatchability.

Brown et al. (1965) in an effort to establish some standard of

the effects of dieldrin on birds, submitted two chickens to 1 ppm

dieldrin for 700 days. At approximately 350 days, eggs were incu-

bated to check for fertility and hatchability. Some eggs were analyzed

for dieldrin concentrations in the yolk. It was found that there were

no differences in fertility and hatchability of the dieldrin containing

eggs with respect to controls with concentrations in the egg ranging

from 6 - 25 ppm.

Graves et al. (1969) reported that dieldrin at 5 ppm had no

effect on fertility and hatchability in White Leghorn hens and Coulson

et al. (1962) reported similar results with Japanese quail using 10

ppm dieldrin.
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Livability of Young

In order to determine what effect dieldrin might have on the

offspring of birds which have consumed dieldrin, investigators have

performed livability experiments with various avian species. Gene lly

and Rudd (1956b) working with pheasants noted that the first two

weeks after hatch were perhaps the most critical in chick survival.

Chick survival from hens fed 25 ppm and 50 ppm differed significantly

from that of controls during the two-week period. Chicks which sur-

vived the first two weeks had normal livability through the next two

months. Linder and Lamb (1967) and Baxter et al. (1969) also work-

ing with pheasants found no differences in chick survival rates over

an 8-week period. Chicks came from birds which had received 2, 4,

6, 8 or 12 mg of dieldrin per hen per week in encapsulated form.

Even in second generation hens receiving 6, 8 or 12 mg per hen per

week, chick survival rates were not different from controls (Baxter

et al., 1969).

Brown et al. (1965) made prior yolk residue studies with chick-_
ens to determine how much dieldrin could be found in the yolks from

chickens fed 1 ppm dieldrin over a long period, 700 days. There was

no reduction in livability of chicks over a 12 week post-hatch period.

Neill et al. (1969) showed similar results through a 6-week period

experimenting with Hungarian partridge chicks whose parents had
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received 3 ppm during a 90-day period.

Another method of checking livability rates is that employed by

Guthrie and Donaldson (1970) who injected chicken eggs with known

concentrations of dieldrin just prior to incubation. Levels of diel-

drin used were 0.5, 1.0 and 2.5 mg per egg. Chicks which hatched

were kept for a 14-day period with the majority of the chicks being

unaffected by the pre-incubation injection. Feeding or starving the

chicks for three days made no difference in survival rates.

Yolk Residues

Since the lipovitellenin fraction of the egg yolk contains 80-89%

total lipid and this lipid contains 80-85% of the dieldrin taken up in

the diet (Zabik and Dugan, 1971), it has been suggested that perhaps

this high concentration of dieldrin may be hazardous to newly hatched

chicks (Koeman et al., 1967). Injection of known quantities of pesti-

cide were made in fertile eggs to determine yolk residues just prior

to hatch and for the first few days following hatch. Results indicated

that the concentration of dieldrin found in the blood of the 0- 6 hour-

old chick was little greater than that in the 14-day-old embryo, which

suggested that the absorptive process of the yolk sac during the last

week of development did not cause an important increase in the con-

centration of dieldrin in the blood. They also showed that blood levels

of dieldrin during the first 5 days of life increased sharply over the
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first 48 hours with a gradual decrease thereafter. When blood was

taken from starved chicks which came from eggs injected with doses

of 240 to 960 mcg it was noted that there was a steep increase in

blood levels of dieldrin during the first 72 hours. Hatching rates of

eggs were unaffected regardless of egg yolk concentration. These

investigators concluded that absorption from the yolk after hatching

may cause pesticide poisoning of young birds even though the residue

in the egg does not affect hatchability.

Guthrie and Donaldson (1970) used radioactive tracers to locate

dieldrin within the egg after pre-incubation injections. They reported

that 35. 5% of the radioactivity (Dieldrin-ring 14C, 72.4 mCi/mmole)

was located within the yolk sac of the day-old chick receiving 0.03

ppm dieldrin.

Diets of White Leghorn hens were formulated to contain 0.006,

0.2, 2.0 and 5.0 ppm of dieldrin with resulting eggs being analyzed

for dieldrin residues (Graves et al. , 1969). After a two-week period,

detectable residues were located in yolks from eggs from all hens

but the 0.006 ppm group. Dieldrin rapidly accumulated in the eggs

with increasing levels for each week of the 16-week trial until feed

levels were approximated.

Lamb et al. (1967) reported the average concentration of diel-

drin found in pheasant egg yolks appeared to be greater for a higher

(4 mg) treatment group. When birds had received dieldrin through
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gelatin capsules at 0, 2 and 4 mg every seventh day over a 13-week

period, this difference was not significant from other groups at the

5% level of probability. They also indicated the residue of dieldrin

in the yolk increased each week following treatment, as did Graves

et al. (1969), and that birds deposited 19 - 37% of the dietary dieldrin

in the egg.

Feed Consumption and Body Weight

Pheasants receiving 4 and 6 mg of dieldrin orally by capsules

were shown to have consumed less feed than controls and pheasants

receiving the 2, 4 and 6 mg levels weighed significantly less than

controls in a 13-week test (Atkins and Linder, 1967). Baxter et al.

(1969) reported similar results when second generation pheasant hens

received similar concentrations of dieldrin. It was suggested that

this decreased feed consumption with the resultant reduction in body

weight might be due to an aversion to the diet containing dieldrin

(DeWitt, 1955). To avoid such a possibility, both Baxter et al. (1969)

and Atkins and Linder (1967) used encapsulated oral doses. This in-

sured a given concentration of dieldrin consumed and also removed

palatability as a factor which might cause the bird to discontinue eat-

ing.

Other studies with pheasants receiving levels of dieldrin of 25

and 50 ppm noted no differences in feed consumption and body weight,
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while when levels were increased to 100 and 200 ppm there was a

great reduction in feed consumption with a subsequent drop in body

weight (Gene lly and Rudd, 1956a). In these same experiments the

body weight of control birds fluctuated so greatly, it was suggested

that body weight change may not be a real standard of bird health with

respect to dieldrin poisoning.

Robinson et al. (1967) reported a loss in body weight in both

Japanese quail and pigeons when poisoned with dieldrin ranging in

levels of from 10 to 100 ppm. There appeared to be a correlation

between body weight and time to death instead of a body weight to tis-

sue correlation. Turtle et al. (1963) using pigeons also found a body

weight loss ranging from 3% to 37% (mean 20%) in birds that died

when receiving 20, 40 and 80 ppm of dieldrin in their diet.

In young New Hampshire chicks, significantly lower weight

gains were recorded for both males and females (Sherman and Rosen-

burg, 1954). Chicks received 25 and 50 ppm from day-old to seven

weeks of age. The data on average feed consumption and feed effi-

ciency were taken only during the first two weeks and the dieldrin

treated groups were not different from controls during this period.

Toxicity of Dieldrin

In the early and mid 1950's when investigators began to study

the toxicity of dieldrin, DeWitt (1955) initiated work with quail and
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pheasants. He introduced varying levels of dieldrin from 5 to

5000 ppm. Levels from 50 to 5000 ppm resulted in 100% mortality

within 5 - 7 days in quail. The 5 and 10 ppm treatments did not pro-

duce 100% mortality until 59 and 39 days, respectively. He used ten

birds at each level; five males and five females. When similar num-

bers of pheasants were subjected to 100 ppm of dieldrin, all males

died within 10 days while females seemed to be somewhat more re-

sistant requiring 31 days for 100% mortality.

Dahlen and Haugen (1954) tested the acute toxicity of several

insecticides on bobwhite quail and morning doves. Single acute

dosages of dieldrin were administered orally by means of gelatin

capsules. The median lethal dose (LD50) was determined to be 12 -

14 mg per kg body weight for quail. The LD
50

was determined using

a dosage-mortality curve for quail fed acute doses of dieldrin. Signs

of lack of motor coordination, depression and death were exhibited

from the poisoning. They reported no difference in susceptibility

between male and females and older birds appeared to be more re-

sistant than younger birds. They also reported a correlation between

loss of body weight and days lived after administration of the pesti-

cide.

Genelly and Rudd (1956a) decided to observe the chronic toxicity

of several toxicants on ring-necked pheasants. Pheasants were chal-

lenged with dieldrin in the fall (pre-reproductive period) and again in
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the spring (reproductive period). Levels of 100 and 200 ppm in the

diet produced high mortality (> 50%) in females in the fall. In the

spring, 50 ppm killed all males tested (4) and 8 of 20 females. This

supports DeWitt's (1955) findings but is in conflict with Dahlen and

Haugen (1954).

Mc Ewen and Brown (1966) performed work on wild sharp-tailed

grouse by administering acute oral doses of dieldrin at levels of 0,

5.0, 8.0, 12.8 and 20.5 mg per kg of body weight. The LD
50

was

calculated to be 6.9 mg per kg. Signs of dieldrin intoxication were

similar to those reported by Dahlen and Haugen (1954). They noted

behavioral changes in the grouse which seemed to make them more

susceptible to death by predators when sublethal doses were admin-

istered. Dieldrin dosed birds seemed less alert and had reduced

flight capabilities which might explain this predation.

Baxter et al. (1969) studied the effects of encapsulated dieldrin

fed to penned pheasant hens through two generations. First genera-

tion hens received 2, 4 and 6 mg of dieldrin per week for 13 weeks.

Hens which were offspring of the 4 and 6 mg treated groups received

0 or 6 mg dieldrin per week for 14 weeks. In first-generation hens

no mortality occurred at all but in second-generation hens receiving

6 mg of dieldrin, 50% mortality occurred in the group whose dams

received 4 mg and 75% mortality occurred in the group whose dams

received 6 mg. These investigators used a visual cliff study to
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determine any behavioral changes. They suggested, as did Mc Ewen

and Brown (1966), that at low-level toxicity, behavior is somehow

altered which result in increased mortality.

The toxicity of dieldrin to Japanese quail was clearly shown by

Walker et al. (1969). Dietary levels of 0, 10, 20, 30 and 40 ppm

were administered to 4 males and 6 females for periods up to 18

weeks. Results showed a dose-response relationship with respect to

mortality starting at 20 ppm. Dieldrin at 10 ppm did not seem to

adversely affect the quail, and their growth and behavior were simi-

lar to controls. They also reported convulsions in quail poisoned

with dieldrin.

Toxicity in young growing birds has been reported by various

investigators. Eden (1952) conducted studies with 3 and 6 week-old

New Hampshire chicks. He reported that the LD
50

for both age

groups was between 20 and 30 mg per kg of body weight. In a test

for chronic toxicity, all of the chicks receiving 50 and 100 ppm diel-

drin died within 90 days; the length of survival period being inversely

proportional to the amount of dieldrin in the diet. Sherman and

Rosenberg (1953) also used New Hampshire chicks in toxicity inves-

tigations. Dieldrin was included in the diets of 3 groups of chicks at

3 different ages; 7, 22 and 45 days. Younger birds seemed more

susceptible to dieldrin with the LD50 calculated at 43.0 mg per kg.

In the older chicks mortality was greatly decreased, being only 10%
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at 53.2 mg per kg at 22 days and 0% with 53.2 mg per kg at 45 days

of age. In a later experiment Sherman and Rosenberg (1954) again

using New Hampshire chicks determined that the 50 ppm level of

dieldrin was responsible for higher mortality (17.5%) than the con-

trols during 16 - 34 days after initiation of the treatment. Young

quail and pheasants receiving levels as low as 1 ppm and 5 ppm

respectively, failed to survive according to DeWitt (1955). Walker

et al. (1969) fed Japanese quail chicks the same levels of dieldrin as

the parent stock which included 10, 20, 30 or 40 ppm. Those chicks

receiving 10 ppm survived through 12 weeks while chicks fed the

higher concentrations died within 2 or 3 days.

Dieldrin-Nutrient Interactions

Lee et al. (1964) using rats to study the effect of sub-acute

toxicity of dieldrin in the presence of high (25%) and low (10%) pro-

tein levels found that the low protein level increased the toxic effect

of dieldrin. This effect was measured by increased mortality, in-

creases in liver lipids and histopathology involving cellular edema

and fatty infiltrations.

A dietary level of 20 ppm of dieldrin was shown to inhibit the

growth depression in rats fed a thiamine deficient diet (Tinsley,

1968). Some rats varied in their response to a thiamine deficiency.

Those rats which were more susceptible to the thiamine deficiency
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showed a more profound response to the dieldrin treatment. An

opposite effect in Japanese quail has been observed by Arscott, 1973.

Dieldrin was also shown to affect the metabolism of certain polyun-

saturated fatty acids (Tinsley, 1966). He reported that this effect on

metabolism magnifies an essential fatty acid stress in rats.

Investigations of a riboflavin and dieldrin interaction have been

conducted with both rats and Japanese quail. In female rats, a ribo-

flavin deficiency in the presence of a dieldrin stress was shown to

increase the toxic effects of dieldrin (Tinsley, 1966). Arscott (1973)

in studies with 0 - 2 week-old quail of mixed sex reported a similar

effect.

Dieldrin and Human Health

It is also of interest to relate dieldrin intoxication to the prob-

lem of human health. In many foreign countries and the United States,

the use of dieldrin as an insecticide has become an established epi-

demiological practice (Conley, 1960). This widespread use of diel-

drin has led investigators to study the contamination of general popu-

lations and groups of workers who have been exposed to dieldrin.

Hunter et al. (1967) measured the body burden of a segment of the

general population and of plant workers in the United States and United

Kingdom. Mean dietary intake levels of the general population were

approximated at 0.0225 mg per day whereas plant workmen exposed
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to dieldrin had intake levels of approximately 1.8 mg per day. Two

other studies were performed in Great Britain withe the results of the

first study showing an intake of 20 ppm per day and the second study

showing 12.6 ppm per day (McGill et al. , 1969). Other investigators

have shown relationships between certain pathological disorders and

dieldrin concentrations in various tissues (Radom ski et al., 1968;

Casarett, et al., 1968).

Hunter and Robinson (1967) determined that blood and adipose

levels of dieldrin reached an equilibrium over a period of time. It

has also been found that a direct relationship exists between the con-

centrations of dieldrin in the blood and that found in the fat (Hunter

and Robinson, 1967; and Keane and Zavon, 1969). This relationship

has been helpful in rapid determinations of fat levels of dieldrin in

humans and other mammals.

A few cases of fatal poisonings have been cited (Conley, 1960;

and Hayes, 1957). Most of the cases studied have been due to chronic

exposure to the pesticide. The fatal oral dose of dieldrin has not been

established, although levels as low as 10 mg per kg of body weight

have produced symptoms. A reasonable estimate of the lethal dose in

man is believed to be near the LD
50 for rats at 65 mg per kg of body

weight (Conley, 1960).

Many of the cases of poisoning in foreign countries have in-

volved spraymen who are in contact with dieldrin for long periods of
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time (Hayes, 1960). In certain programs up to 10- 20% of the spray-

men applying dieldrin have been poisoned (Hayes, 1957). It has been

shown that dermal contact of dieldrin is at least three times more

toxic than oral contact (Hayes, 1960; Wolfe et al. 1963; Wolfe et al.

1967; Conley, 1960). Studied conducted in the Pacific Northwest have

shown that depending on the type of equipment and technique used,

exposure can be as great as 15.5 mg per hour (Wolfe et al., 1967).

Dieldrin is freely absorbed through the skin and then stored in vari-

ous tissues of the body (Hayes, 1960).

Clinical symptoms have been described by various intestigators

to stem from central nervous disorders (Patel and Rao, 1958; Hayes,

1957 and 1960). Most common symptoms are headache, dizziness,

blurred vision, sweating and nausea. In more advanced cases strong

jerking motions of entire muscle groups and epileptic convulsions

have been described (Hayes, 1957 and 1960). The incidence of poi-

soning in relation to exposure is also described (14 to 154 days with

an average of 57 days), and most cases have occurred during a second

period of exposure (Patel and Rao, 1958).

A correlation between occupational hazards of pesticide poison-

ing to man and experimental evidence to toxicity to animals has been

investigated (Gaines, 1960). This worker has shown that there is a

closer relationship between dermal LD
50

values and the occurrence

of occupational poisoning than oral LD
50

values. Studying the effect
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of repeated dermal poisoning in animals might improve prediction

rates of occupational poisoning in man (Hayes, 1960).
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EXPERIMENTAL PROCEDURE

General Procedure

All Japanese quail used in this study were obtained from a flock

designated the OSU strain and maintained by the Oregon State Univer-

sity Agricultural Experiment station in the Department of Poultry

Science. This OSU strain was initially obtained in 1960 from the

Oregon State Game Commission, Hermiston, Oregon, which secured

it as mature stock from the Oklahoma State Game Commission.

To obtain chicks, eggs were set in Jame sway incubators,

Model 252 (James Mfg., Co. , Fort Atkinson, Wisconsin). The trays

in which the eggs were set were modified chicken egg trays which

accommodated the much smaller sized quail egg. At the 14th day of

incubation, the eggs were transferred to pedigree hatching trays until

the 18th day, at which time chicks were taken and placed in a battery

brooder modified for quail chicks.

The battery brooder was an Oaks electrical chick battery

brooder (Oaks Mfg. Co., Tipton, Indiana) that contained 4 decks with

4 compartments on each deck. Floors were modified by use of .63

cm 2 mesh screen and the sides 1.3 cm2 mesh screens. The dimen-

sions of each of the 4 compartments (89 x 41 x 36 cm) made it possi-

ble to rear between 40 and 50 quail in each compartment to approxi-

mately 5 - 6 weeks of age. Floor screens were removed at 2 weeks.
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Heat was maintained at 35 - 38 C during the first two weeks of growth

by means of a built-in heating element in the cover of each compart-

ment. Room temperature was kept at 24 - 27 C with space heaters.

Sexual maturity (time of first egg) in Japanese quail is reached

between 5 and 6 weeks of age. To enable more accurate count and

collection of eggs, mature quail were placed in a chick finishing bat-

tery obtained from Wes Bilt Mfg. Co., Inc. (Hayward, California).

The finishing battery was modified to contain sloping wire floors,

hanging feeders and continuous-flow waters. The room where the

battery was maintained received 24 hours of artificial light per day,

and temperatures ranged from 18 - 21 C by use of a supplemental

space heater.

Tv° experiments were conducted: the first, consisting of 6,

28-day production periods, and the second, four, 28-day production

periods. Both experiments began when birds were 10 weeks of age

(approximately 25% egg production). During the last 8 days of each

production period, eggs were collected and saved for hatching pur-

poses. The eggs saved during the last 3 days were used to obtain

egg weight and specific gravity data. Egg weight was taken on an

individual basis, each egg being weighed on a Mettler scale (Model

P-1000). Measurement of specific gravity was done as an indication

of eggshell thickness. The procedure used in assigning specific

gravities was that outlined by Arscott and Bernier (1961).
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On the last day of each production period quail body weight and

feed consumption data were obtained. Birds from each pen were

placed in a 5 gallon container with a screened lid and then placed on

a suspended Chatillon dynamometer scale. Males and females were

weighed separately. Feed was stored during both experiments in 5

gallon cans with each pen having its own container. The feed trough

from each pen was emptied into the can and then the can (without lid)

was weighed on the suspended scale. Feed consumption was calcu-

lated on a per-bird per-day basis.

Fertility and hatchability data became available 18 days after

the end of each production period. Fertility is defined as the number

of fertile eggs set divided by the total eggs set times 100. Candling

of eggs prior to hatching was ineffective in determining fertility due

to the dark mottling present on the eggshell. Accordingly, fertility

was determined by breaking all unhatched eggs and checking for em-

bryonic development macroscopically. Hatchability is defined as the

number of chicks hatched divided by the total fertile eggs set times

100.

In all phases of both experiments feed was provided ad libitum

in gravity-flow feeders (chicks) or open feed troughs (adults). Four

basal rations were used starting from day one to completion of the

experiments. The composition of these rations and the period of

time each was fed is included in Table 1.



Table 1. Composition of Rations for Both Experiments 1 and 2.

Ration I
0-2 wks

Ration II
3-5 wks

Period
Ration III

5 wks' -25%EP
Ration IV

25% EP-completion

Glucose monohydrate2
Corn, yel. grd.

20.9
59.68 67.14 67.14 67.14Fat, corn oil3 4. 2. 2. 2. 2.

Soybean meal (44% prot.) 69. 32.2 18.73 18.73 18.73
Alfalfa meal (20% prot.) 2. 3. 3. 3.
Cellulose4 -- -- -- 6.65 --
DL-methionine (98%) (.5)5 .12 .15 .15 .15
Glycine (.2) -- --
Limestone flour 1.6 6.15 6.15
Dicalcium phosphate 1.85 2. 1.5 2.
Salt, iodized .3 .5 .5 .5
Salts N6 6.
Salts N, supplit (Se+Mo)7 .1
Vit. -tr.min.mix. (PM -1 -65 )8 .25
Vit. -tr.min.mix. (PM-2-65)7 -- .33 .33 .33
Vit. K - B-complex mixl° (.6)
Vit. E (20,000 IU/lb)11 (.0938)
Choline Cl (25%) (1.2)
Vit. A (30, 000 IU/g) (.0333)
Vit. D3 (1500 ICUrg) (.133)
BHT12 (.0125)
Dieldrin (ppm)13 (0) (0) (0) (a...25)14 (0-25)14

Totals 100.0 100.0 100.0 100.0 100.0
Calculated analyses:

Prot. , % 31.6 21. 15.2 15.2 15.2
Ca, % 1.24 1.29 3.0 .5 3.0
P, % .8 .8 .7 .63 .7
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FOOTNOTES
(Table 1)

1. Or first egg.
2. Cerelose (Corn Products Co., New York).
3. Mazola (Corn Products Co., New York).
4. Solka Floc BW-100 (Brown Co., Berlin, New Hampshire).
5. Fig. in () not part of total %.
6. Min. mix. (Fox & Briggs), supplies as % of mix: Ca, 20.67; P,

13.33; K, 6.17; Na, 6.4; Cl, 9.67; Mg, 1.; Fe, .0556; Mn,
.1355; I, .01; Zn, .1213; Cu, .0066; (General Biochemicals,
Chagrin Falls, Ohio).

7. Optional tr, min. mix. (Fox & Briggs), supplies in mg/kg of
mix.: Se, 100; Mo, 2000.

8. Supplies in amts/kg of mix.: Cu, .8g; Fe, 8g; I, .48 g; Mn,
24g; Zn, 11 g; Co, 88 mcg; Vit. A, 1,320,000 IU; Vit. D3,
440,000 ICU; Vit. E, 440 IU; Vit. K, .22g; riboflavin, 1.32 g;
d- pantothenic acid, 2. 2 g; niacin, 8.8 g; Chi line cl, 88 g; Vit.
B12, 2.2 mg; BHT, 50 mg; Zn ba,citracin, 1.76 mg.

9. Supplies in amts/kg of mix.: Cu, .8 g; Fe, 8 g; I, .48 g; Mn,
24g; Zn, 11 g; Co, 88 mcg; Vit. A, 1,320,000 IU; Vit, D3,
440,000 ICU; Vit. E, 440 IU; Vit. K, .22g; riboflavin, .88 g;
d-pantothenic acid, 1.32g; niacin, 8.8 g; Choline cl, 44g; Vit.
B12, 1.8 mg; BHT, 50 mg.

10. Vit. mix. (Gordon) supplies in mg/kg of mix.: Vit. K (menadi-
one), 200; Vit. B12, 4; thiamine HC1, 1600; riboflavin, 1600;
Ca-d-pantothenate, 4000; niacin, 20, 000; pyridoxine HC1, 1600;
riboflavin, 1600; Ca-d-pantothenate, 4000; niacin, 20, 000;
pyridoxine HC1, 1600; folacin, 600; biotin, 60; glucose mono-
hydrate, qs. (Nutritional Biochemicals Corps., Cleveland,
Ohio).

11. Myvamix, 20,000 IU/454g, (Distillation Products Industries,
Rochester, N. Y. ).

12. Butylated hydroxyanisole.
13. Dieldrin added in corn oil.
14. Dieldrin levels:

Experiment 1. 10 ppm = .454 g
25 ppm = 1.135 g

Experiment 2. 5 ppm = .227 g
10 ppm = .454 g
25 ppm = 1.135 g
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Statistical analyses of the data were made using a three factori-

al analysis of variance. Where significant differences existed, a

Duncan's Range Test was used to test the significance between means.

Arcsine transformations were applied to percentages of cracked and

soft-shelled eggs and male and female mortality (Snedecor and

Cochran, 1967).

Experiment 1

The major objective of the first experiment was to determine if

dieldrin in the presence or absence of a nutritional stress, in this

instance calcium, would adversely affect the reproductive perfor-

mance of quail. Of particular interest was eggshell thinning and egg

production. Other parameters of reproductive performance investi-

gated were fertility, hatchability, egg weight, body weight, percent

cracked eggs, feed consumption, mortality, and livability of young.

It was also desirous to ascertain what effect a nutritional stress

might have on the effect of dieldrin. Since calcium has a primary

role in the eggshell formation process, it was decided to prepare

rations which were both calcium adequate (3. 0 %) and deficient (0. 5 %).

In order to evaluate the performance of quail under these con-

ditions approximately 500 day-old quail were reared to maturity and

placed in the adult quail batteries previously described. The adult

quail were fed rations containing either 0, 10 or 25 ppm dieldrin.
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These three groups were further subdivided so that half would

receive a normal calcium ration (3. 0 %) and half would receive the

calcium deficient ration (0. 5 %). Each treatment was triplicated with

12 females and 4 males per pen. This number provided the optimum

ratio of males to females (1:3) for normal reproductive performance.

Each of the six treatments had one pen with 20 males and no females.

When the male to female ratio dropped from the desired 1:3, males

from the all male pens replaced those males from mixed pens of

similar treatment which died. Since there were no surplus females,

no replacements for hens occurred. The design and experimental

outline for experiment 1 is given in Table 2.

Data collection began at 10 weeks of age and continued through

six-production periods.

Some eggs from periods 4 and 6 were collected from each

treatment group and analyzed for dieldrin content. Feed samples

from the six treatment groups were also collected and analyzed at

the termination of the experiment.

Livability experiments were conducted beginning with period 2.

The chicks that hatched from eggs collected during period 2 were

reared in specially equipped batteries. These batteries were modi-

fied metal rat cages partitioned with a wooden divider and placed

four in a row, back-to-back, on a table constructed for their use.

The front, top and bottom of the cages were constructed of 1.5 x 1.5



Table 2. Design and Outline of Diets During Production Periods (Experiment 1).

Treatment Outline

Control

Pen No. 34 38 50 54 42 46 58 62

Sex; No. of Bds. 1 4/12 4/12 20/0 4/12 4/12 4/12 4/12 20/0
Ca Level, %2 0.5% 3. 0%

Dieldrin - 10 ppm
Pen No. 35 39 51 55 43 47 59 63

Sex; No. of Bds. 4/12 4/12 20/0 4/12 4/12 4/12 4/12 20/0
Ca Level, % 0.5% 3.0%

Dieldrin - 25 ppm
Pen No. 36 40 52 56 44 48 60 64

Sex; No. of Bds. 4/12 4/12 20/0 4/12 4/12 4/12 4/12 20/0
Ca Level, % 0.5% 3.0%

1. Sex - Males/Females

2. Ration 1409m - 0.5% Ca and Ration 1403m - 3.0% Ca.



32

cm wire mesh. The backs and sides of the cages consisted of sheet-

metal. Each cage measured 25 cm high, 21 cm in length and 18 cm

in width. Heat lamps (125 or 250 watt) 23 cm above the top of the

cages and heating elements underneath provided an optimum tempera-

ture of 35 - 38 C. Chicks that came from the same treatment pens

were kept together in individual pens throughout the livability trial.

Chicks received the soybean meal-glucose monohydrate ration

(R-333, Table 1) in gravity-flow feeders and water was provided by

Hart water cups. Each day at approximately the same time chicks

that had died were counted, recorded and removed. Each livability

trail lasted 7 days.

From period 3 to period 6, the livability experiments were car-

ried out in the Oaks battery (previously described) as a result of

prior commitment for the rat cages for other quail studies. With the

use of the Oaks battery it was impossible to keep individual pens

separate so the data accumulated per pen represented one treatment

group instead of each of the replicated pens within a treatment.

Experiment 2

From results obtained during the first experiment it was con-

cluded that further investigation was necessary on the possible effect

of dieldrin on eggshell thinning and livability. It was noted from the

first experiment that 25 ppm dieldrin was highly toxic to the quail and
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perhaps also was responsible for a slight trend towards more cracked

and sof-shelled eggs (eggshell thinning). It was also apparent that

livability of young quail was being adversely affected with increasing

concentrations of dieldrin.

The objective, therefore, of the second experiment was to try

and determine further, if dieldrin did indeed have an effect on egg-

shell thinning and if a reduced level of dieldrin (5 ppm) would ad-

versely affect the livability of young chicks. Other parameters of

reproductive performance as in experiment 1 were also examined.

The procedure used was similar to that noted in experiment 1

with the exception of the additional dieldrin level of 5 ppm. In this

trial 9 females and 3 males were placed in each pen. All male pens

contained 15 birds. The reduction in numbers from experiment 1 was

due to a poor hatch from eggs set for experiment 2. An illustration

of the design of the experiment is given in Table 3.

Livability experiments were all performed in the modified

metal rat cages (previously described). This made it possible to

observe replicates of each treatment and obtain a more sensitive test

for survival ability.

Feed levels of dieldrin were determined by chemical analysis

during the first production period to assure proper feeding levels

throughout the remainder of the experiment. Eggs were collected

and saved during each period (except period 4). Birds which died



Table 3. Design and Outline of Diets During Production Periods (Experiment 2).

Treatment Outline

Control
Pen No.

1
33 37 49 53 41 45 57 61

Sex; No. of bds. 3/9 3/9 15/0 3/9 3/9 3/9 3/9 15/0
Ca Level, %2 0. 5% 3. 0%

Dieldrin - 5 ppm
Pen No. 34 38 50 54 42 46 58 62
Sex; No. of bds. 3/9 3/9 15/0 3/9 3/9 3/9 3/9 15/0
Ca Level, % 0.5% 3.0%

Dieldrin - 10 ppm
Pen No. 35 39 51 55 43 47 59 63
Sex; No. of bds. 3/9 3/9 15/0 3/9 3/9 3/9 3/9 15/0
Ca Level, % 0.5% 3.0%

Dieldrin 25 ppm
Pen No. 36 40 52 56 44 48 60 64
Sex; No. of bds. 3/9 3/9 15/0 3/9 3/9 3/9 3/9 15/0
Ca Level, % 0. 5% 3. 0%

1. Sex - Males/Females

2. Ration 1409m - 0.5% Ca and Ration 1403m - 3.0% Ca.
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were collected, marked and saved for possible tissue analysis

studies. Both birds and eggs were stored in a freezing unit in the

Department of Poultry Science.

Chemical Analysis

Recrystallized dieldrin was used in all experiments. Technical

grade dieldrin was recrystallized using petroleum ether as a dis-

colorant and then was dissolved in methanol and heated. Upon cool-

ing, purified dieldrin was crystallized out. Chromatographic tests

showed the recrystallized product was greater than 99% pure diel-

drin. Dieldrin was added to the diets at levels given in Table 1. It

was first dissolved in pure corn oil (Mazola) and then added to the

feed with the oil supplement.

Analysis of dieldrin residues in feed and eggs were conducted

by the Department of Agricultural Chemistry, OSU. The procedure

used in the analysis was as follows:

1. Five grams of feed sample or 1 gram of egg sample was

homogenized in a blender in the presence of 25 ml of ace-

tone.

2. The homogenate was filtered and the acetone was separated

with a drying agent (NaSO4). Acetone was evaporated to

dryness with an air jet.

3. Feed samples were taken up in hexane and analyzed by
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electron capture gas chromatography.

4. Egg samples were taken up in 5 mis of hexane and then

cleaned-up in an aluminum oxide (Al
2
0

3
- H2O) column.

Dieldrin was then eluted with 100 mis of hexane and then

analyzed by electron capture gas chromatography.
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RESULTS

Experiment I

Effect of Dieldrin and Calcium on Eggshell Thickness, Percent
Cracked Eggs and Egg Production

The results of the effect of dieldrin on eggshell thickness are

given in Table 4. Statistical analysis showed no decrease in eggshell

thickness by periods when either 10 or 25 ppm dieldrin groups were

compared with the controls (P < . 05). The average specific gravity

for the control groups was 1.0586 as compared with 1.0588 for the

10 ppm groups and 1.0572 for the 25 ppm groups. When calcium

treatments were grouped together, irrespective of dieldrin treat-

ment, the results between calcium treatments were highly significant

(P . 05) for every production period (Figure 1). During the first pro-

duction period, eggs from female quail in the calcium stress treatment

(0.5% calcium) experienced a drop in specific gravity from 1.0692

to 1.0574. Eggs from quail receiving the adequate calcium treatment

(3. 0% calcium) maintained a relatively constant specific gravity

throughout the six production periods.

When cracked eggs were used as a criteria for eggshell thick-

ness (Table 5), the 25 ppm dieldrin treatments had the highest per-

centage of cracked and soft-shelled eggs (17.2%), but this was not

statistically significant (P < .05) from the controls (13.6%). The



Table 4. Effect of Dieldrin and Calcium on Eggshell Thickness (Specific Gravity).

Treatment
1 2 3

Period 1

4 5 6 Ave.

0 ppm Dieldrin - 3. 0% Calcium 6812 657 651 662 645 610 651

0 ppm Dieldrin - 0. 5% Calcium 505 533 515 520 522 527 520

Ave. 593 595 583 591 584 569 586

10 ppm Dieldrin - 3. 0% Calcium 680 651 675 680 649 596 655

10 ppm Dieldrin - 0.5% Calcium 528 538 530 500 503 518 520

Ave. 604 595 603 590 576 557 588

25 ppm Dieldrin - 3. 0% Calcium 651 616 640 618 613 611 625

25 ppm Dieldrin - 0. 5% Calcium 509 521 524 530 489 540 519

Ave. 580 569 582 574 551 576 572

1. Period is equal to 28 days.

2. Specific gravity is equal to 1 + (X) (.0001).
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Figure 1. Effect of Calcium on Eggshell Thickness (Specific
Gravity).

1. Specific gravity units are equal to 1 plus 10-4 times the
values given.



Table 5. Effect of Dieldrin and Calcium on Incidence of Cracked and Soft-Shelled Eggs (%).

Treatment
1 2 3

Period1
4 5 6 Ave.

0 ppm Dieldrin - 3. 0% Calcium 3.4 4.3 3.1 4.8 3.2 3.7 3.8

0 ppm Dieldrin - 0. 5% Calcium 16.0 27.7 15.2 37.3 15.9 27.8 23.3

Ave. 9. 7 16.0 9.2 21.1 9.6 15.8 13. 6

10 ppm Dieldrin - 3.0% Calcium 1.5 3.7 5.0 4.9 2.4 3.0 3.4

10 ppm Dieldrin - 0.5% Calcium 7.2 14.5 20.9 17.1 12.4 25.6 16.3

Ave. 4.4 9.1 13.0 11.0 7.4 14.3 9.9

25 ppm Dieldrin - 3. 0% Calcium 4.9 9.2 7.0 11.3 11.8 12.8 9.5

25 ppm Dieldrin - 0. 5% Calcium 13.1 27.2 22.6 35.5 24.0 26.4 24.8

Ave. 9. 0 18.2 14.8 23.4 17.9 19.6 17.2

1. Period is equal to 28 days.
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10 ppm dieldrin treatment group had the lowest percentage of cracked

eggs at 9.9%.

Calcium had a highly significant (P < .01) effect on the number

of cracked and soft-shelled eggs (Figure 2). The calcium stress

treatment averaged 21.5% cracked eggs compared to 5.6% for the

controls.

Egg production was significantly affected (P < .01) during the

first two production periods in both dieldrin treated groups (Table 6).

In the third production period, egg production increased and the diel-

drin groups did not differ significantly from controls throughout the

remainder of the experiment. The calcium stressed birds produced

significantly (P < . 01) fewer eggs than the calcium adequate quail

(Figure 3). In this experiment the calcium stressed birds failed to

exceed 40.9% egg production with the average being 38.1%, while the

adequate calcium group reached a high of 64.1% during the sixth

period and averaged 58.9% throughout the experiment.

Effect of Dieldrin and Calcium on Fertility and Hatchability

The results of the effect of dieldrin on fertility are given in

Table 7. Statistically there were no differences between treatments

(P < . 05), although the 25 ppm dieldrin treatment consistently had

the lowest fertility with time. Average fertility for 0, 10 and 25 ppm

of dieldrin was 89.5, 86.2 and 80. 5 %, respectively. The calcium
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Table 6. Effect of Dieldrin and Calcium on Egg Production (%).

Treatment
1 2 3

Period
4 5 6 Ave.

0 ppm Dieldrin - 3. 0% Calcium 67.8 65.7 63.9 58.1 60.6 56.7 62.1

0 ppm Dieldrin - 0. 5% Calcium 50.6 41.0 42.6 38.2 40.9 38.6 42.0

Ave. 59.2 53.3 53.2 48.1 50.7 47.6 52.0

10 ppm Dieldrin 3.0% Calcium 53.8 52.8 58.4 57.5 58.8 67.8 58.2

10 ppm Dieldrin - 0.5% Calcium 37.4 32.7 32.4 35.1 34.2 33.2 34.2

Ave. 45.6 2 42.8 2 45.4 46.3 46.5 50.5 46.2

25 ppm Dieldrin - 3. 0% Calcium 31.8 48.9 65.9 59.2 64.2 67.8 56.3

25 ppm Dieldrin - 0. 5% Calcium 29.6 33.4 36.9 40.3 47.6 41.3 38.2

Ave. 30.72 41.12 51.4 49.8 55.9 54.5 47.2

1. Period is equal to 28 days.

2. Difference from controls (0 ppm Dieldrin) is significant at the P < .01 level.



44

70

60

50

40

30

...1*e

10 14 18 22 26 30 34
AGE (WEEKS)

3.0% CALCIUM TREATMENTS (AVERAGE)
0.5% CALCIUM TREATMENTS (AVERAGE)

Figure 3. Effect of Calcium on Egg Production (%).



Table 7. Effect of Dieldrin and Calcium on Fertility (%).

Treatment
1 2 3

Periodl
4 5 6 Ave.

0 ppm Dieldrin - 3.0% Calcium 92.8 96.0 86.8 89.3 89.3. 85.8 90.0

0 ppm Dieldrin - 0. 5% Calcium 86.5 9.17 87.4 86.6 95.2 86.4 89.0

Ave. 89.7 93.9 87.1 88.0 92.3 86.1 89.5

10 ppm Dieldrin - 3.0% Calcium 90.2 95.3 91.2 93.4 91.4 82.1 90.6

10 ppm Dieldrin - 0.5% Calcium 80.4 88.2 87.0 83.1 77.4 74.6 81.8

Ave. 85.3 91.8 89.1 88.3 84.4 78.4 86.2

25 ppm Dieldrin 3.0% Calcium 94.8 94.8 81.9 60.2 90.6 79.0 83.6

25 ppm Dieldrin. - 0.5% Calcium 87.1 100.0 90.3 66.6 57.8 62.5 77.4

Ave. 91.0 97.4 86.1 63.4 74.2 70.8 80.5

1. Period equals 28 days.
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deficient groups had the lowest fertility for each dieldrin treatment.

Hatchability results are given in Table 8. The dieldrin treated

groups did not differ significantly from the controls. Average hatch-

ability of fertile eggs for 0, 10 and 25 ppm of dieldrin was 55.7,

62.6 and 50.9%, respectively. The hatchability of chicks appears

affected by the thickness of the eggshell. The less calcium available

for shell formation would allow for thinner shells and hence greater

evaporation of moisture. Hatchability decreased by 16.4% in the

calcium stress treatments (Figure 4), this difference being highly

significant (P < .01). There was also noted a gradual decrease in

rates of hatchability in both control and calcium stress groups over

the six production periods.

Effect of Dieldrin on Egg Weight and Body Weight

Since it has been noted that dieldrin concentrates in the lipid

fraction of the egg (Zabik and Dugan, 1971) and that perhaps shell-

calcium metabolism was altered (Peakall, 1967; Tucker, 1971), it

was postulated that egg weight in normal producing quail might be

affected. In this present study, the data show that there was no sig-

nificant difference in egg weight with the increasing concentrations

of dieldrin (Table 9). Both 10 and 25 ppm dieldrin treatment groups

had average egg weights of 10.1 grams.

Both male body weight (Table 10) and female body weight



Table 8. Effect of Dieldrin and Calcium on Hatchability of Fertile Eggs (%).

Treatment
Period

1 2 3 4 5 6 Ave.

0 ppm Dieldrin - 3.0% Calcium 73.0 67.8 65.0 65.8 68.4 57.7 66.3

0 ppm Dieldrin - 0. 5% Calcium 49.0 47.0 44.5 37.2 51.9 34.6 44.0

Ave. 61.0 57.4 54.8 51.5 63.2 46.2 55.7

10 ppm Dieldrin 3.0% Calcium 74.8 56.8 66.8 74.0 77.6 55.0 67.5

10 ppm Dieldrin - 0.5% Calcium 61.1 71.6 54.8 60.4 37.8 60.0 57.6

Ave. 68.0 64.2 60.8 67.2 57.7 57.5 62.6

25 ppm Dieldrin - 3. 0% Calcium 64.1 42.0 56.0 86.4 59.7 47.8 59.3

25 ppm Dieldrin - 0. 5% Calcium 68.1 46.4 61.2 44.4 17.9 16.6 42.4

Ave. 66.1 44.2 58.6 65.4 38.8 32.2 50.9

1. Period is equal to 28 days.
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Table 9. Effect of Dieldrin and Calcium on Egg Weight (g.).

Treatment
1 2 3

Periodl
4 5 6 Ave.

0 ppm Dieldrin - 3. 0% Calcium 9.9 9.6 9.5 9.4 9.6 10.1 9.7

0 ppm Dieldrin - 0. 5% Calcium 10.0 10.2 9.9 9.9 10.1 10.4 10.1

Ave. 10.0 9.9 9.7 9.7 9.9 10.3 9.9

10 ppm Dieldrin - 3.0% Calcium 9.9 10.0 10.0 9.8 10.0 10.4 10.0

10 ppm Dieldrin - 0.5% Calcium 10.3 10.3 10.1 9.9 9.6 10.2 10.1

Ave. 10.1 10.2 10.1 9.9 9.8 10.3 10.1

25 ppm Dieldrin - 3.0% Calcium 10.1 10.4 10.2 10.1 9.8 9.6 10.0

25 ppm Dieldrin - 0.5% Calcium 10.7 10.2 10.6 9.5 10.0 10.3 10.1

Ave. 10.4 10.3 10.4 9.8 9.9 10.0 10.1

1. Period is equal to 28 days.



Table 10. Effect of Dieldrin and Calcium on Male Body Weight (g.).

Treatment
Period

1 2 3 4 5 6 Ave.

0 ppm Dieldrin 3. 0% Calcium 117 116 119 118 114 119 117

0 ppm Dieldrin - 0. 5% Calcium 122 124 125 124 121 123 123

Ave. 120 120 122 121 118 121 120

10 ppm Dieldrin - 3.0% Calcium 119 122 122 123 114 122 120

10 ppm Dieldrin - 0.5% Calcium 114 114 112 112 112 110 112

Ave. 117 118 117 118 113 116 117

25 ppm Dieldrin - 3. 0% Calcium 120 130 134 130 112 100 121

25 ppm Dieldrin - 0. 5% Calcium 113 113 122 122 110 105 114

Ave. 117 122 128 126 111 103 118

1. Period is equal to 28 days.
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(Table 11) were unaffected by dieldrin intake. The average male body

weight (has been given to be) approximates 110 grams, ranging from

90 - 120 grams and the female weight has been noted to be about 130

grams, ranging from 110 to 150 grams (Shellenberger and Newell,

1969). The 117 grams of the males on the 10 ppm treatment and the

118 grams of the 25 ppm treatment fall well within the 90 - 120 gram

range. The female body weight of the 10 and 25 ppm treatments, 136

and 139, respectively, also fall within the acceptable range. It was

noted that in the 0.5% calcium treatment groups the average female

body weight was significantly greater (P < .01) than the 3.0% calcium

treatments (Figure 5). Male body weights appeared similar regard-

less of calcium treatment.

In order to determine if feed intake altered female body weight,

feed consumption on a per-bird per-day basis was calculated. It was

found that over six production periods all treatment groups averaged

.019 kilograms of feed per-bird per-day (Table 12).

Toxicity of Dieldrin to Adult and Young Quail

Results of the effects of dieldrin on the mortality of male and

female quail are given in Table 13. Both males and females exhibited

high toxicity to dieldrin with increased mortality as the concentration

of dieldrin increased. Even though the females experienced 44.4%

and 41.6% mortality at the 10 ppm group, this was not statistically



Table 11. Effect of Dieldrin and Calcium on Female Body Weight (g).

T reatment
Pe riod 1

1 2 3 4 5 6 Ave.

0 ppm Dieldrin - 3. 0% Calcium 129 128 130 132 130 134 131

0 ppm Dieldrin - 0. 5% Calcium 145 144 146 146 143 148 148

Ave. 137 136 138 139 137 141 138

10 ppm Dieldrin - 3.0% Calcium 130 130 131 131 130 138 132

10 ppm Dieldrin - 0. 5% Calcium 135 130 145 143 140 144 140

Ave. 133 130 138 137 135 141 136

25 ppm Dieldrin - 3.0% Calcium 129 132 146 134 132 137 135

25 ppm Dieldrin - 0. 5% Calcium 138 139 144 142 136 151 142

Ave. 134 136 145 138 134 144 139

1. Period is equal to 28 days.
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Table 12. Effect of Dieldrin and Calcium on Feed Consumption of Females (kgs/bird/day).

Treatment
1 2

Pe riod 1

4 5 6 Ave.

0 ppm Dieldrin - 3.0% Calcium .015 .020 .019 .018 .021 .019

0 ppm Dieldrin - 0. 5% Calcium .016 .021 .017 .018 .021 .019

Ave. .016 .021 .018 .018 .021 .019

10 ppm Dieldrin - 3.0% Calcium .018 .021 .018 .018 .023 .020

10 ppm Dieldrin - 0.5% Calcium .015 .020 .017 .018 .019 .018

Ave. .017 .021 .018 .018 .021 .019

25 ppm Dieldrin - 3. 0% Calcium .012 .020 .018 .019 .021 .018

25 ppm Dieldrin - 0. 5% Calcium .014 .022 .015 .020 .022 .019

Ave. .013 .021 .017 .020 .022 .019

1. Period is equal to 28 days.
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Table 13. Effect of Dieldrin and Calcium on Mortality (%). 1

Treatment Female s Male s
(%) (%)

0 ppm Dieldrin - 3.0% Calcium 22.2 8.3
0 ppm Dieldrin - 0.5% Calcium 27.7 16.6

10 ppm Dieldrin - 3.0% Calcium 44.4 66.62

10 ppm Dieldrin - 0.5% Calcium 41.6 50.02

25 ppm Dieldrin - 3.0% Calcium 69.63 100.03

25 ppm Dieldrin - 0.5% Calcium 91.03 100.03

1. Accumulative mortality up to 34 weeks of age.

Z. Difference from controls (0 ppm Dieldrin) is significant at the
P < .05 level.

3. Difference from controls (0 ppm Dieldrin) is significant at the
P < .01 level.

significant from the control groups. The highest concentration of

dieldrin (25 ppm), resulted in a highly significant (P < .01) difference

from the controls. Male quail seemed somewhat more susceptible to

dieldrin toxicity. At the 10 ppm level of dieldrin mortality was sig-

nificantly greater (P < . 05) than controls and at 25 ppm were highly

significantly (P <.01) different from the controls. Differences be-

tween males and females were not tested statistically, although at

both 10 and 25 ppm dieldrin, males experienced greater mortality.

The ability of day old quail to survive was greatly affected by

the ration consumed by parents (Table 14). Quail chicks hatched



Table 14. Effect of Dieldrin and Calcium on Livability of Chicks (%).

Treatment
2 3

Period
4 5 6 Ave.

0 ppm Dieldrin - 3. 0% Calcium 76.8 69.6 69.7 73.3 86.6 75.2

0 ppm Dieldrin - 0. 5% Calcium 100.0 74.4 75.0 75.6 85.7 82.1

Ave. 88.4 72.0 72.4 74.5 86.2 78.7

10 ppm Dieldrin - 3. 0% Calcium 46.0 14.2 0 0 0 12.0

10 ppm Dieldrin 0.5% Calcium 71.7 34.2 0 31.5 47.6 37.0

Ave. 58.9 24.2 0 15.8 23.8 24.5

25 ppm Dieldrin - 3. 0% Calcium 19.0 10.9 0 0 0 6.0

25 ppm Dieldrin - 0. 5% Calcium 14.0 6.2 0 0 0 4.0

Ave. 16.5 8.6 0 0 0 5.0

1. Period is equal to 28 days.
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from parents with no dieldrin in the ration averaged 78.7% livability

as opposed to 24.5% in the 10 ppm group and 5.0% in the 25 ppm

group. In the 10 ppm treatment the calcium stress chicks appeared

to have better livability than those chicks from birds on an adequate

calcium ration.

Analysis of Eggs and Feed

The results of egg analysis are given in Table 15. The data

show a dose-response relationship, with eggs from higher treatment

groups concentrating higher levels of dieldrin. In both periods 4 and

Table 15. Analysis of Eggs for Dieldrin Content. 1

Treatment Period IV Period VI

0 ppm Dieldrin - 3. 0% Calcium 0.1222 0.031

0 ppm Dieldrin - 0. 5% Calcium 0.020 0.015

10 ppm Dieldrin - 3.0% Calcium 23.7 17.7

10 ppm Dieldrin - 0.5% Calcium 25.3 26.7

25 ppm Dieldrin - 3.0% Calcium 53.1 46.1

25 ppm Dieldrin - 0.5% Calcium 54.8 68.4

1. Results given as ppm wet weight.

2. Represents average of 3 replicates within each treatment.
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6, eggs from the calcium stress treatments were found to have con-

tained slightly more dieldrin than eggs from birds on an adequate

calcium ration.

Feed was analyzed at the conclusion of the experiment to check

levels of dieldrin consumed by the female quail. Table 16 gives both

calculated and analytical levels of dieldrin used and consumed by the

quail.

Table 16. Analysis of Feed for Dieldrin Content. 1

Treatment Dieldrin Analysis

0 ppm Dieldrin - 3. 0% Calcium 0.020

0 ppm Dieldrin - 0.5% Calcium 0.039

10 ppm Dieldrin - 3.0% Calcium 12.25

10 ppm Dieldrin - 0.5% Calcium 8.78

25 ppm Dieldrin - 3.0% Calcium 18.70

25 ppm Dieldrin - 0.5% Calcium 20.12

1. Results given as ppm wet weight.
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Experiment II

Effect of Dieldrin and Calcium on Eggshell Thickness, Incidence of
Cracked Eggs and Egg Production

Table 17 contains the results of the effect of dieldrin on egg-

shell thickness. No statistically significant differences were found

between the four dieldrin treatments of 0, 5, 10 and 25 ppm of diel-

drin. The average specific gravities for these treatments were

1.0615, 1.0629, 1. 0619 and 1.0612, respectively. These values

represent averages for each dieldrin treatment regardless of the

calcium level.

Calcium, on the other hand, was noted to have a highly signifi-

cant effect on specific gravity when calcium treatments were grouped

together irrespective of the dieldrin level (Figure 6). The average

specific gravity for the adequate or normal calcium treatment (3. 0%

Ca) was 1.0679 as opposed to 1.0559 for the calcium stress treat-

ment (0.5% Ca).

Incidence of cracked and soft-shelled eggs (Table 18) were not

significantly affected by any of the dieldrin treatments. The 25 ppm

group averaged 17.5% cracked and soft-shelled eggs as compared to

16.3% for the controls. The 10 ppm dieldrin treatment had the low-

est percentage of cracked eggs at 13. 0 %. There was a highly signi-

ficant difference (P < .01) between calcium treatments, with the
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Table 17. Effect of Dieldrin and Calcium on Eggshell Thickness
(Specific Gravity).

Treatment
1 2

Periods
3 4 Ave.

0 ppm Dieldrin - 3. 0% Calcium 6682 717 674 645 676

0 ppm Dieldrin - 0.5% Calcium 562 550 581 523 554

Ave. 615 634 628 584 615

5 ppm Dieldrin - 3. 0% Calcium 691 701 683 629 676

5 ppm Dieldrin - 0.5% Calcium 589 569 600 569 582

Ave. 640 635 642 599 629

10 ppm Dieldrin - 3.0% Calcium 672 726 698 649 686

10 ppm Dieldrin - 0.5% Calcium 552 549 568 551 552

Ave. 612 638 633 600 619

25 ppm Dieldrin 3. 0% Calcium 682 700 680 650 677

25 ppm Dieldrin - 0.5% Calcium 547 560 530 545 546

Ave. 615 630 605 598 612

1. Period is equal to 28 days.

2. Specific gravity is equal to 1 + (X) (. 0001).
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Table 18. Effect of Dieldrin and Calcium on Incidence of Cracked and
Soft-Shelled Eggs ( %).

Treatment
1 2

Period1

3 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 3.7 2.2 2.7 3.9 3.1

0 ppm Dieldrin 0.5% Calcium 21.8 27.9 28.6 39.2 29.4

Ave. 19.8 15.1 15.7 21.6 16.3

5 ppm Dieldrin 3.0% Calcium 0.2 1.1 1.9 7.8 2.8

5 ppm Dieldrin - 0.5% Calcium 26.1 24.9 30.5 39.5 30.2

Ave. 13.2 13.0 16.2 23.7 16.5

10 ppm Dieldrin - 3.0% Calcium 2.3 1.4 6.4 9.0 4.8

10 ppm Dieldrin - 0.5% Calcium 13.8 23.0 22.4 25.3 21.1

Ave. 8.1 12.2 14.4 17.2 13.0

25 ppm Dieldrin 3.0% Calcium 1.4 2.9 0 4.4 2.0

25 ppm Dieldrin - 0.5% Calcium 21.9 32.2 34.0 43.5 32.9

Ave. 11.7 17.6 17.0 24.0 17.5

1. Period is equal to 28 days.
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normal calcium level averaging only 3.1% cracked and soft-shelled

eggs and the low calcium level, 28.4% (Figure 7). There was a dis-

tinct trend in all treatments for an increase in numbers of cracked

eggs as the experiment increased in duration.

Egg production did not appear affected when dieldrin treat-

ments were compared with the unsupplemented controls (Table 19)

except when the 25 ppm dieldrin treatment in the calcium deficient

group was compared with the calcium deficient group at 0 ppm diel-

drin, there was a significant (P < . 05) decrease in egg production

during the first production period. Despite high mortality in subse-

quent periods, those birds surviving, exhibited normal and above egg

production when compared with the controls.

There was a highly significant difference (P < .01) between

calcium treatments (Figure 8). Calcium deficient treatments

averaging 41.1% egg production while normal calcium treatments

averaged 55. 1 %.

Effect of Dieldrin and Calcium on Fertility and Hatchability

Fertility over four production periods was not affected by diel-

drin treatments (Table 20). In the calcium stress treatments there

was a trend for a decrease in fertility with the highest concentrations

of dieldrin. Average fertility for 0, 5, 10 and 25 ppm of dieldrin at

0.5% calcium was 85.2, 87.5, 84.1 and 70.3%, respectively. The
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Table 19. Effect of Dieldrin and Calcium on Egg Production (%).

Treatment
1 2

Pe riodl
3 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 51.5 52.9 52.2 62.1 54.7

0 ppm Dieldrin - 0.5% Calcium 43.5 44.9 45.2 39.0 43.2

Ave. 47.5 48.9 48.7 50.6 49.0

5 ppm Dieldrin - 3.0% Calcium 57.1 53.5 59.1 60.7 57.6

5 ppm Dieldrin - 0.5% Calcium 40.6 42.4 36.2 42.7 40.5

Ave. 48.9 48.0 47.7 51.7 49.I

10 ppm Dieldrin 3.0% Calcium 46.0 49.5 63.4 71.1 58.5

10 ppm Dieldrin - 0.5% Calcium 35.1 34.6 38.2 31.4 34.8

Ave. 40.6 42.1 50.8 51.3 46.7

25 ppm Dieldrin 3.0% Calcium 32.6 39.5 74.9 77.9 56.2

25 ppm Dieldrin - 0.5% Calcium 25.6 42.9 53.8 66.6 47.3

Ave. 29.1 41.2 64.4 72.3 51.8

1. Period is equal to 28 days.
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Table 20. Effect of Dieldrin and Calcium on Fertility (%).

Treatment
1

Period

2 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 87.8 91.1 79.0 86.0

0 ppm Dieldrin - 0.5% Calcium 83.3 89.6 81.5 85.2

Ave. 85.6 90.4 80.3 85.6

5 ppm Dieldrin. - 3.0% Calcium 77.9 83.7 75.2 78.9

5 ppm Dieldrin - 0.5% Calcium 87.7 91.7 83.1 87.5

Ave. 82.8 87.7 79.2 83.2

10 ppm Dieldrin - 3.0% Calcium 94.9 91.7 84.6 90.4

10 ppm Dieldrin - 0.5% Calcium 79.8 85.8 86.7 84.1

Ave. 87.4 88.8 85.7 87.3

25 ppm Dieldrin - 3.0% Calcium 85.5 100.0 100.0 95.2

25 ppm Dieldrin 0.5% Calcium 87.7 52.8 2 70.3

Ave. 86.6 76.4 100.0 82.8

1. Period is equal to 28 days.

2. No eggs set due to parental mortality.
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average fertility for the combined 0.5% calcium treatments was

81.7% and the 3.0% calcium treatments averaged 86.0%.

It must be noted that results from both levels of calcium at the

25 ppm dieldrin level represent substantially fewer eggs due to high

mortality of female quail. By period 4 there was also 100% mortality

of males in the 0.5% calcium treatment and 89% mortality of males

in the 3. 0% calcium treatment. Period 3 results were not included

because of an incubator malfunction during incubation.

The results of the effect of dieldrin on hatchability are given in

Table 21. Average hatchability of fertile eggs for 0, 5, 10 and 25

ppm dieldrin was 65.8, 58.4, 66.4 and 57. 1 %, respectively. Statis-

tical analysis showed no significant effect of dieldrin on hatchability.

Calcium was shown to have a highly significant effect on hatch-

ability (Figure 9). The calcium deficient treatments had a decreased

hatchability of 52. 1% when compared with the normal calcium treat-

ments (68.2%).

Effect of Dieldrin and Calcium on Egg Weight and Body Weight

Differences between dieldrin treatment groups with respect to

egg weight were not noted (Table 22). Average egg weights for 0, 5,

10 and 25 ppm dieldrin were 10.2, 10.2, 10.4 and 10.3 grams,

respectively. Birds on the calcium deficient treatments laid

slightly heavier eggs (10.4 gms), but this was not significantly
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Table 21. Effect of Dieldrin and Calcium on Hatchability of Fertile
Eggs (%).

Treatment
1

Periodl
2 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 80.4 81.9 80.7 81.0

0 ppm Dieldrin - 0.5% Calcium 60.0 46.8 44.9 50.6

Ave. 70.2 64.4 62.8 65.8

5 ppm Dieldrin - 3.0% Calcium 71.6 71.5 20.6 54.6

5 ppm Dieldrin - 0.5% Calcium 60.5 60.6 65.2 62.0

Ave. 66.1 66.1 42.9 58.3

10 ppm Dieldrin - 3.0% Calcium 75.5 88.3 62.5 75.5

10 ppm Dieldrin - 0.5% Calcium 66.2 58.3 47.6 57.4

Ave. 70.9 73.3 55.1 66.5

25 ppm Dieldrin - 3.0% Calcium 62.5 70.0 66.7 61.5

25 ppm Dieldrin - 0.5% Calcium 58.9 17.9 .....2 38.2

Ave. 60.7 44.0 66.7 57.1

1. Period is equal to 28 days.

2. No eggs set due to parental mortality.
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Table 22. Effect of Dieldrin and Calcium on Egg Weight (g).

Treatment
1 2

Period
3 4 Ave.

0 ppm Dieldrin - 3. 0% Calcium 9.4 10.0 10.3 10.2 10. 0

0 ppm Dieldrin - 0.5% Calcium 9. 9 10.9 10.7 10.1 10.4

Ave. 9.7 10.5 10.5 10.2 10.2

5 ppm Dieldrin - 3.0% Calcium 9.7 10.7 10.4 10.0 10.2

5 ppm Dieldrin - 0.5% Calcium 10.0 10.2 10.1 10.2 1 O. 1

Ave. 9.9 10.5 10.3 10.1 10. 2

10 ppm Dieldrin - 3.0% Calcium 9.9 10.4 10.3 10.0 10.2

10 ppm Dieldrin - 0. 5% Calcium 10.3 10.7 10.4 11.0 10. 5

Ave. 10.1 10.6 10.4 10.5 10.4

25 ppm Dieldrin - 3.0% Calcium 10.2 10.2 9.6 10.0 10.0

25 ppm Dieldrin - 0.5% Calcium 10.3 10.4 11.0 10.4 10.5

Ave. 10.3 10.3 10.3 10.2 10.3

1. Period is equal to 28 days.
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different from the controls (10.1 gms).

The normal body weight of male and female Japanese quail has

already been referred to previously. In this study neither male

(Table 23) nor female (Table 24) body weight was significantly affect-

ed by the dieldrin treatment. The average body weight for males at

0, 5, 10 and 25 ppm dieldrin was 121, 123, 120 and 117 grams, re-

spectively. The average body weight for females at the same levels

of dieldrin were 134, 135, 136 and 137 grams. It should be noted

that with the males there was a trend toward decreased body weight

with increased concentrations of dieldrin and that with females there

was a slight trend toward increased body weight with increased levels

of dieldrin.

Female quail weighed significantly (P < . 05) more at the 0. 5%

level of calcium (138 gms) than females receiving the 3.0% level of

calcium (133 gms)(Figure 10). No real differences were evident for

males, with males from the normal calcium treatment weighing 121

g and 118 g on the calcium deficient ration.

Feed consumption data was again collected to determine if

there was any correlation between female body weight and feed con-

sumption (Table 25). The average feed consumption for 0, 5, 10 and

25 ppm of dieldrin was .022, .022, .021 and .020 kg per bird per

day, respectively. There were no significant differences between

dieldrin treatments. There were also no significant differences
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Table 23. Effect of Dieldrin and Calcium on Male Body Weight (g).

Treatment
1 2

Period
3 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 119 121 120 119 120

0 ppm Dieldrin - 0.5% Calcium 118 121 123 123 121

Ave. 119 121 122 121 121

5 ppm Dieldrin - 3.0% Calcium 123 130 124 124 125

5 ppm Dieldrin - 0.5% Calcium 121 121 121 120 121

Ave. 122 .126 123 122 123

10 ppm Dieldrin - 3.0% Calcium 118 121 123 124 122

10 ppm Dieldrin - 0.5% Calcium 118 122 117 114 118

Ave. 118 122 120 119 120

25 ppm Dieldrin - 3.0% Calcium 121 114 125 120 120

25 ppm Dieldrin - 0.5% Calcium 112 108 120 --2 113

Ave. 117 111 123 120 117

1. Period is equal to 28 days.

2. 100% mortality in this treatment by the fourth period.
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Table 24. Effect of Dieldrin and Calcium on Female Body Weight (g).

Treatment
1 2

Period 1

3 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 125 129 131 129 129

0 ppm Dieldrin - 0.5% Calcium 137 139 141 137 139

Ave. 131 134 136 133 134

5 ppm Dieldrin - 3.0% Calcium 130 135 134 131 132

5 ppm Dieldrin - 0.5% Calcium 136 142 140 134 138

Ave. 133 139 137 133 135

10 ppm Dieldrin - 3.0% Calcium 129 136 136 136 135

10 ppm Dieldrin - 0.5% Calcium 134 136 141 134 136

Ave. 132 136 139 135 136

25 ppm Dieldrin - 3.0% Calcium 131 135 133 140 135

25 ppm Dieldrin - 0.5% Calcium 135 140 133 148 139

Ave. 133 137 133 144 137

1. Period is equal to 28 days.
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Table 25. Effect of Dieldrin and Calcium on Feed Consumption of
Females (kg/bird/day).

Treatment
1 2

Period 1

3 4 Ave.

0 ppm Dieldrin - 3.0% Calcium .022 .023 .020 .023 .022

0 ppm Dieldrin 0.5% Calcium .022 .022 .021 .019 .021

Ave. .022 .023 .021 .021 .022

5 ppm Dieldrin - 3.0% Calcium .024 .023 .022 .021 .023

5 ppm Dieldrin - 0.5% Calcium .020 .021 .020 .020 .020

Ave. .022 .022 .021 .021 .022

10 ppm Dieldrin - 3.0% Calcium .021 .022 .022 .022 .022

10 ppm Dieldrin - 0.5% Calcium .019 .020 .021 .017 .019

Ave. . 02 0 .021 .022 .020 .021

25 ppm Dieldrin - 3.0% Calcium .020 . 022 . 019 .023 . 020

25 ppm Dieldrin - 0.5% Calcium .018 .022 .019 .020 .020

Ave. .019 .022 .019 .022 .020

1. Period is equal to 28 days.
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between calcium treatments although the females consumed slightly

less (.020 kg) when fed the 0.5% calcium treatment than when fed the

3. 0% calcium level (.022 kg).

Toxicity of Dieldrin to Adult and Young Quail

In this study, both male and female quail were significantly

(P < .01) affected by 25 ppm dieldrin (Table 26). Average cumulative

Table 26. Effect of Dieldrin and Calcium on Mortality (%). 1

Treatment Females, % Male s, %

0 ppm Dieldrin - 3.0% Calcium 3.7 0

0 ppm Dieldrin - 0. 5% Calcium 14.7 11.1

5 ppm Dieldrin - 3. 0% Calcium 14.7 11.1

5 ppm Dieldrin - 0.5% Calcium 14.7 0

10 ppm Dieldrin - 3.0% Calcium 37.02 22.2

10 ppm Dieldrin - 0.5% Calcium 44.42 22.2

25 ppm Dieldrin - 3.0% Calcium 92.52 89.22

25 ppm Dieldrin - 0.5% Calcium 85.12 100.02

1. Cumulative mortality to 26 weeks of age.

2. Difference from controls (0 ppm Dieldrin) is significant at the
P < .01 level.
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mortality for males and females was 94.6 and 88.8%, respectively.

Females also experienced significantly more mortality (41.1%) at the

10 ppm level of dieldrin (P < .01) than controls (8. 9%).

Because of the marked difference in bird numbers there was no

statistical analysis performed between male and female mortality

data. Males seemed to be more resistant to the toxic effects of diel-

drin at 10 ppm, exhibiting only 22.2% mortality while females had

41.1% mortality.

Calcium had no effect on female mortality but there was a non-

significant difference between calcium treatments with respect to

male mortality. The average mortality for the 0.5% calcium level

was 44. 5% while the 3. 0% calcium level averaged 36.1%.

An objective of this study was to determine how great an effect

dieldrin would have on the livability or survival rate of chicks. It

was shown that chicks from parents receiving either 10 or 25 ppm of

dieldrin had significantly lower (P < .01) livability rates (72.9 and

36.7%, respectively) when compared with the controls (98.7%)

(Table 27). The 5 ppm of dieldrin treatment (83. 5 %) did not differ

significantly from the controls. No calcium differences were appar-

ent between treatments.

Table 28 gives the results of the effects of dieldrin on chick

body weight during the two-week livability trials. There were no

significant differences, but there existed a trend for decreased body
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Table 27. Effect of Dieldrin and Calcium on Livability of Chicks (%).

Treatment
1

Period

2 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 100.0 97.5 98.0 98.5

0 ppm Dieldrin - 0.5% Calcium 96.6 100.0 100.0 98.9

Ave. 98.3 98.8 99.0 98.7

5 ppm Dieldrin - 3.0% Calcium 88.1 79.6 66.7 78.1

5 ppm Dieldrin - 0.5% Calcium 94.4 95.8 76.4 88.9

Ave. 91.3 87.7 71.6 83.5

10 ppm Dieldrin - 3.0% Calcium 69.1 68.0 73.6 70.3

10 ppm Dieldrin - 0.5% Calcium 85.1 72.1 69.4 75.5

Ave. 77.1 70.1 71.5 72.92

25 ppm Dieldrin - 3.0% Calcium 38.8 25.0 50.0 37.9

25 ppm Dieldrin - 0.5% Calcium 6.6 50.0 3 28.3

Ave. 22.7 37.5 50.0 36.72

1. Period is equal to 28 days.

2. Difference from control is significant at the P < .01 level.

3. No eggs set due to parental mortality.
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Table 28. Effect of Dieldrin and Calcium on Chick Body Weight (g).

Treatment
1

Period 1

2 4 Ave.

0 ppm Dieldrin - 3.0% Calcium 22.4 24.1 25.6 24.0

0 ppm Dieldrin - 0.5% Calcium 23.7 25,1 26.1 25.0

Ave. 23.1 24.6 25.9 24.5

5 ppm Dieldrin - 3.0% Calcium 22.7 26.2 25.5 24.8

5 ppm Dieldrin - 0.5% Calcium 23.8 25.8 25.9 25.2

Ave. 23.3 26.0 25.7 25.0

10 ppm Dieldrin - 3.0% Calcium 23.0 25.7 23.8 24.0

10 ppm Dieldrin - 0.5% Calcium 24.2 26.3 20.9 23.8

Ave. 23.6 26.0 22.4 23.9

25 ppm Dieldrin - 3.0% Calcium 21.8 25.0 24.0 23.6

25 ppm Dieldrin - 0.5% Calcium 12.0 26.0 2 19.0

Ave. 16.9 25.5 24.0 20.8

1. Period is equal to 28 days.

2. No eggs set this period due to parental mortality.
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weight with chicks which came from parents who were subjected to

increasing concentrations of dieldrin. The average chick body

weights for 0, 5, 10 and 25 ppm of dieldrin were 24.5, 24.9, 23.9

and 20.8, respectively.

Analysis of Eggs and Feed

Dieldrin content of eggs is given in Table 29. Higher treat-

ment levels of dieldrin to adult females results in higher levels of

dieldrin deposited in the yolk of the egg in a dose-response relation-

ship. Calcium stressed birds were found to deposit slightly more

dieldrin than normal calcium treated birds.

Table 30 gives the analysis of feed levels for dieldrin. Analy-

sis was performed during the first production period to assure

proper levels of feeding.
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Table 29. Analysis of Eggs for Dieldrin Content (ppm). 1

Treatment Period III

0 ppm Dieldrin 3. 0% Calcium 0.022

0 ppm Dieldrin - 0.5% Calcium 0.024

5 ppm Dieldrin - 3.0% Calcium 14.1

5 ppm Dieldrin - 0.5% Calcium 15.4

10 ppm Dieldrin - 3.0% Calcium 26.7

10 ppm Dieldrin - 0.5% Calcium 32.8

225 ppm Dieldrin - 3.0% Calcium

25 ppm Dieldrin - 0.5% Calcium 77.9

1. Parts per million wet weight.

2. No eggs analyzed.
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Table 30. Analysis of Feed for Dieldrin Content (ppm). 1

Treatment Dieldrin

0 ppm Dieldrin - 3.0% Calcium

0 ppm Dieldrin - 0.5% Calcium

5 ppm Dieldrin - 3.0% Calcium

5 ppm Dieldrin - 0. 5% Calcium

10 ppm Dieldrin - 3.0% Calcium

10 ppm Dieldrin - 0.5% Calcium

25 ppm Dieldrin - 3.0% Calcium

25 ppm Dieldrin 0.5% Calcium

0.021

0.012

4.72

4.58

7.26

7.45

16.92

18.73

1. Parts per million wet weight.
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DISCUSSION

It has been shown that dieldrin and other chlorinated pesticides

have an effect on various metabolic functions (Norwicki and Norman,

1972; Peakall, 1967; Wurster, 1969; Gillett and Arscott, 1969). The

problem seems to lie in pinpointing exactly what compound or groups

of compounds are responsible, if indeed at all, or what other stimuli

might effect eggshell thinning.

In this study eggshell thinning by dieldrin was not shown by

either specific gravity determination or by the incidence of cracked

or soft-shelled eggs. Potts (1968) in studying the shag (Phalacroco-

rax aristotilis) on the Farne Islands noted that egg disappearance and

cracking which had been attributed to dieldrin poisoning was mainly

the result of polygyny. Tucker (1971) failed to produce eggshell thin-

ning in coturnix quail when oral doses of dieldrin were administered

but found that when the quail were withheld from water for 36 hours

they layed eggs that were 29.6% thinner when drinking was resumed.

Dieldrin and DDT in combination have been shown to produce thinner

eggshells (Porter and Wiemeyer, 1969). Tucker (1971) also noted

that various combinations of pesticides may cause eggshell thinning.

Interactions of such compounds as DDE and mercury, lead and poly-

chlorinated biphenyls were also suspected by Tucker.

Results of this study are in agreement with the findings of
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Dahlgren and Linder (1970). Over a 4-month period of weekly doses

of dieldrin no eggshell thinning was noted in pheasants. Lack of the

effect of dieldrin on the eggshell was hypothesized to be due to species

difference rather than to dieldrin. Quail might well fall under this

same category being a game-type bird like the pheasant. Most cases

of eggshell thinning reported have been involved with raptorial birds

of prey (Ratcliffe, 1967; Hickey and Anderson, 1968).

Various patterns of behavior in a wildlife setting are most often

not reproducible in the laboratory. In these studies quail were kept

under optimum conditions with feed and water ad libitum. It has been

suggested that intermittent feeding or periods of fasting may be in-

ducers of the eggshell thinning phenomenon (Tucker, 1971). Since

dieldrin is deposited in the lipid reserves, it may be only upon the

mobilization of these fats that an adverse effect on shell-producing

processes may occur. Therefore, moderate to high levels of diel-

drin would not produce a thinning affect. It is interesting to note that

even when the quail in both studies were put under a calcium stress

that there was no decrease in eggshell thickness in dieldrin treated

groups over controls.

Effects of dieldrin on reproductive performance have been

shown to be quite profound. Many investigators have noted that egg

production was affected after dieldrin was administered through the

feed (Gene lly and Rudd, 1956b; DeWitt, 1955; Walker, 1969). In
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studying feed consumption data these observers noted that there was

a direct relationship between feed intake and egg production. Where

higher levels of dieldrin existed feed intake declined with a resultant

drop in egg production. DeWitt (1955) offered the explanation that it

was an aversion to the feed that was causing the decline in feed intake.

Linder and Lamb (1967) somewhat averted that problem by dosing

birds orally with contaminated capsules. Their results still showed

a decreased feed consumption and egg production. In two generations

of pheasants Baxter et al. (1969) also reported reduced egg produc-

tion and feed consumption with high levels of dieldrin.

In this study daily feed consumption per layer for all groups

averaged between .019 and .022 kg. Egg production from birds fed

the normal calcium treatments, regardless of dieldrin treatment,

were fairly constant throughout the experiments. Even though birds

fed the calcium deficient treatment ate at approximately the same

rate they had an overall decrease in egg production. This decrease

was not shown to be related to the level of dieldrin taken in. It

should be noted that these birds also weighed more than did the nor-

mal calcium birds. Although the exact cause of depressed feed con-

sumption and egg production is not known, it is interesting to specu-

late that perhaps appetite receptors in the hypothalamus are in some

way inhibited.

Fertility and hatchability data from this study agree well with
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previous observations. With respect to fertility there were no sig-

nificant differences between dieldrin treatments, although there

existed a slight downward trend with the higher levels of dieldrin.

As in Gene lly and Rudd' (1956b) report, where a decrease in fer-

tility was observed, male activity and mortality could be largely

responsible for these trends. By the end of each experiment in this

study the ratio of males to females had decreased in higher treatment

groups.

Only DeWitt (1956) has reported a decrease in hatchability in

birds fed dieldrin. Eggs from pheasants which received 10 ppm diel-

drin had a hatchability of 43.3% as opposed to 57.4% for the controls.

Data collected in this study affirms the majority of research which

has found no effect of dieldrin on hatchability (Atkins and Linder,

1967; Baxter et al., 1969; Coulson et al., 1962; Dunachie and Flet-

cher, 1966).

The calcium stress treatments showed a significant decrease

in hatchability. The decrease in specific gravity and increase in the

numbers of cracked and soft-shelled eggs would lend evidence to in-

creased loss of moisture during incubation and hence result in poorer

hatchability. Nelson et al. (1964) have reported higher hatchability

when levels of 2.5 - 3. 0% calcium were used in the diets of Coturnix

quail.

Most investigators have observed a decrease in body weight
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with dieldrin applications in the diet. It was initially thought that the

palatability of the diet was altered by dieldrin although Baxter et al.

(1969) and Atkins and Linder (1967) used encapsulated oral doses and

still reported decreases in body weight. These investigators, as

well as Gene lly and Rudd (1956b), noted that the reduction in body

weight was due to a decreased feed consumption but offered no other

explanation but the palatability theory.

In this study dieldrin had no significant effect on body weight,

although there was a trend for increased body weight with increasing

levels of dieldrin. In both experiments females on the calcium defi-

cient diet weighed more while consuming approximately equivalent

quantities of feed. Explanation for the increased body weight of the

females receiving the calcium deficient diet can be found by referring

to egg production data (Tables 6 and 19). Rates of production were

significantly lower in both experiments. By consuming equivalent

quantities of feed and producing less the bird would tend to increase

in weight. It would be tempting to explain the increase in body weight

of females in the normal calcium treatment in a similar manner after

referring to Table 6, but in period 3 it can be noted that the birds had

a high rate of egg production (65.9%) while at the same time having

an increased body weight (146 gm). Since no investigators have here-

tofore reported increases in body weight with dieldrin and since dif-

ferences in both body weight and feed consumption were not significant
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from controls, it would appear at the most that dieldrin has only a

slight tendency to cause increased weight gains on birds fed normal

calcium diets.

Males in both experiment I and II showed decreased body weight

with higher levels of dieldrin and calcium deficient diets. These re-

sults would suggest some interaction of dieldrin in the presence of

the nutritional deficiency of calcium to decrease male body weight

although this has not been reported elsewhere. Males on the normal

calcium diet increased weight with increased levels of dieldrin in

experiment I but no such trend appeared in experiment II.

Perhaps the most profound effect of dieldrin is its toxic pro-

perties. Regardless of how marginal dieldrin might be in affecting

various parameters of reproduction without fail it brings death to

avians when consumed at high levels. The only fact to quibble over

is exactly what dose of dieldrin will cause death. Determination of

such a level was not an objective of this study, but it can be found

that different species of avians vary greatly in their susceptibility to

dieldrin.

Dose-response relationships were exhibited in both experi-

ments with both males and females. Walker et al. (1969) reported

similar results with 20, 30, and 40 ppm of dieldrin in quail. In

experiment I, males appeared more susceptible than females and

this would support the work of DeWitt (1955) and Gene lly and Rudd
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(1956a). Dahlen and Haugen (1954) reported no differences between

sexes. In experiment II, males were less susceptible than females

receiving 10 ppm of dieldrin. The first experiment covered two more

production periods (56 days) than the second experiment, and this

could explain the lower mortality due to the fact that mortality would

increase with age.

Dieldrin at 5 ppm did not significantly effect the mortality of

either males or females. It could be suggested that the toxic level of

dieldrin to coturnix quail would lie somewhere between 5 and 10 ppm.

This study shows significant increases in mortality at the 10 ppm diel-

drin level but not at the 5 ppm level.

Of great interest were the results of the livability trials. Liv-

ability results obtained from experiment I were believed somewhat

low due to such factors as competition, for example, caused by

grouping large numbers of chicks in batteries. Nevertheless, the

trend was towards high mortality in dieldrin supplemented diets.

Use of individual pens for replicate treatments enabled a more con-

trolled response. Chicks coming from eggs laid by hens receiving

10 and 25 ppm dieldrin supplemented diets showed significantly lower

livability. Chicks coming from hens receiving 5 ppm did not show

increased mortality over controls. It must be remembered that these

chicks received dieldrin only through the dam. Day-old quail and

pheasants have been reported to have low survival rates when fed
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parental levels of dieldrin (DeWitt, 1955; Walker et al. , 1969), but

no effect has yet been reported on chicks raised on uncontaminated

diets. Linder and Lamb (1967), Atkins and Linder (1967) and Baxter

et al. (1969), all reported that chicks from pheasants receiving diel-

drin were not significantly affected. These studies ran through 8

weeks which would be approximate to the growth span of the coturnix

quail chick during the first 2-week period.

Although analysis of eggs for dieldrin showed levels of more

than twice the dietary level by the fourth period (experiment I) and

third period (experiment II) it can be noted that by the second (experi-

ment I) and first period (experiment II) dieldrin had already exerted

its effect on the livability of day-old chicks.
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SUMMARY

Two experiments were conducted to determine: what effects

dieldrin had on various parameters of reproductive performance of

coturnix quail which were also under a calcium stress, and secondly,

could dieldrin be responsible for eggshell thinning in coturnix quail.

Findings of these two experiments are outlined below.

1. Dieldrin fed at levels of 5, 10 and 25 ppm did not induce

eggshell thinning over a period of 6 to 8 months.

2. Egg production appeared to be affected only during the

initial feeding periods of dieldrin.

3. Quail under a calcium stress (0.5%) calcium) producedthin-

ner and fewer eggs than do birds receiving adequate calcium rations.

4. Dieldrin did not significantly affect fertility or hatchability

when fed at levels of 5, 10 and 25 ppm although there appeared a

trend towards decreased fertility with 10 and 25 ppm dieldrin.

5. Hatchability was significantly lower when females received

0.5% calcium.

6. Egg weight and male and female body weight were not sig-

nificantly effected by dieldrin treatments to 25 ppm.

7. Eggs from hens fed a diet with 0.5% calcium appeared to

have a downward trend with respect to fertility.

8. Females receiving 0.5% calcium weighed significantly more
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than females receiving 3. 0% calcium rations.

9. Feed consumption was not altered by addition of dieldrin to

the ration or decreased calcium content.

10. Mortality of adult quail followed a dose-response relation-

ship with levels of 10 and 25 ppm dieldrin. Dieldrin at 5 ppm did not

significantly affect male or female mortality through 26 weeks of age.

11. Livability of chicks coming from hens receiving 10 and 25

ppm of dieldrin was significantly reduced during the first week of

growth. Livability of chicks from hens receiving 5 ppm of dieldrin

was not significantly reduced when compared with chicks coming

from hens receiving no dieldrin in the rations.

12. Dieldrin did not significantly decrease chick body weight

over the first week of growth, although there exists a downward trend

with 10 and 25 ppm dieldrin.
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