DPH decreased the duodenal absorp-
tion of the test dose of ¢7Ca and duo-
denal CaBP to near zero (comparable
to that in rickets) in a dose-related
fashion. A depression in calcium bind-
ing activity, which reflects CaBP, was
also noted.

Chicks on the higher dosage of Dy
(groups 5, 6, and 7) were affected by
DPH but less so than those receiving 3
ILU. of Dy per day. The ingestion of
2.5 g of DPH per kilogram of diet
(group 7) resulted in a significant reduc-
tion in growth (P <.03), serum cal-
cium (P < .01), and tibia ash (P < .01)
(Table 1). Little or no effect of the
lower level of DPH on these parameters
was noted. Similarly, group 7 (6 L.U.
of Dy; 2.5 g of DPH per kilogram of
diet) displayed a reduction in 47Ca ab-
sorption (Fig. 2A), vitamin D-induced
CaBP (Fig. 2B), and calcium binding
activity (Fig. 2C). At the lower intake
of DPH (1 g per kilogram of diet), the
only significant effect observed was a
reduction in CaBP (Fig. 2).

Group 7 chicks maintained calcium
absorption and CaBP levels equal to
those of group 2, but were hypocalce-
mic. Bone analysis showed no signif-
icant difference between group 2 and
group 7 (P = .25) (Table 1 and Fig. 2).
Hypocalcemia without bone involve-
ment has been noted clinically (/); no
explanation is apparent at the present
time.

Our data showing a depression in
CaBP by DPH treatment is in dis-
agreement with the reports of Koch
et al. (9) and Caspary (10). These in-
vestigators assessed CaBP by a non-
specific calcium binding assay, using the
ion exchange resin technique (14), which
measures total calcium binding activity
and not that due exclusively to CaBP.
In our study, both the nonspecific ion
exchange resin procedure and the spe-
cific radioimmunoassay indicated a
depression in intestinal CaBP (Fig. 2).
Since Koch et al. (9) and Caspary (10)
used rats, there is a possibility of a
species difference in responsiveness to
DPH.

It is apparent that, in chicks, DPH
administration causes readily demon-
strable effects on calcium metabolism
which provides support for clinical ob-
servations on epileptic patients given
anticonvulsant therapy. The effects
were dose dependent and related in-
versely to the amount of calciferol
given. The fact that the vitamin D-in-
duced CaBP also changed in proportion
to the change in calcium absorption
provides further support for the con-
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tention that the DPH-dependent defect
is related in some way to the abnormal
metabolism of or responsiveness to Dj.
There is no evidence for a direct effect
of DPH on the calcium absorption
mechanisms per se, as thought to per-
tain to cortisone treatment (/9). Our
findings support suggestions that close
attention should be paid to calciferol
intake in patients requiring seizure
therapy. They also indicate that the
chick may be a useful model for test-
ing drugs suspected of being calciferol
antagonists.
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DDE: Its Presence in Peregrine Eggs in 1948

Abstract. DDE has been eluted from the dried membranes of peregrine egg-
shells collected in California from 1948 to 1950, and identified by gas-liquid

chromatography.

The question of the involvement of
DDT [1,1,1-trichloro-2,2-bis(p-chloro-
phenyl)ethane] in the sudden decrease
of eggshell thickness in many species
of predatory birds starting around 1947
has been hotly debated (/—4). Rat-
cliffe (I) marshalled the evidence to
show that enough DDT could have been
present by 1947 to cause eggshell thin-
ning, while Gunn (4) came to the
opposite conclusion. It appears that the
information available on the use of
DDT at that time is not adequate to
support a definite conclusion. Gunn
(4) concluded by saying that “an effect
occurring before its cause is utterly

unacceptable.” It is certainly correct
that the decrease in eggshell thickness
was abrupt and occurred very soon
after the introduction of DDT as an
insecticide in 1945. In Great Britain
the annual mean shell thickness for
the peregrine (Falco peregrinus), cal-
culated from the data of Ratcliffe (1),
decreased in 1946 and was significantly
lower by 1947. Hickey and Anderson
(5) found that peregrine eggshells from
California were markedly lighter in
weight from 1947 on. In recent years it
has been possible to demonstrate egg-
shell thinning caused by DDT and its
principal metabolite DDE [1,1-dichloro-

673



2,2-bis(p-chlorophenyl)ethylene] in
many, but not all, species (6). A non-
linear relation between eggshell thick-
ness and DDE residues has been dem-
onstrated for the peregrine (I, 7) and
the brown pelican (Pelicanus occi-
dentalis)y (2, 8). In both species the
eggshell thickness initially decreased
rapidly as DDE concentration in-
creased, and this was followed by a
more gradual decrease. Thus, a small
amount of DDE is capable of exerting
a marked effect on eggshell thickness.
Since the contents of peregrine eggs are
not available for the years before 1963
(1), direct proof of the involvement of
DDT in the late 1940’s has been lack-

Fig. 1. Gas-liquid chromatograms of elu-
ants from (A) 1935 and (B) 1948 pere-
grine eggshells. The liquid phase and solid
support were 1 percent QF-1 on (40/50)
Anakrom ABS. Samples were evaporated
to 10 ml and injected without cleanup in-
to a Varian Aerograph gas chromatograph
equipped with *®Ni electron capture de-
tectors. The operating temperatures were:
column, 206°C; inlet, 230°C; detector,
285°C. The carrier gas was filtered nitro-
gen. Confirmation was carried out under
the same conditions with 1 percent XE-
60 on (60/80) Chromosorb W.

ing. The presence of DDE in the dried
membranes of five eggshells collected
in California from 1948 to 1950 is
reported here.

A mixture of diethyl ether and pe-
troleum ether (1:3 by volume) was
injected into the egg through the hole
made by the egg collector until the egg
was filled with solvent. The egg and
solvent were maintained at 45°C for
4 hours, more solvent being added as
necessary. At the end of this period
the solvent was removed from the egg
with the same all-glass syringe, and
and amounts of organochlorines were
measured by gas-liquid chromatography
(Fig. 1). Half of the solvent was evap-

A B
DDE
DDT
I "
4 t
Injection ln;ec}mn
point point

Table. 1. Weight, thickness index, and extractable fat of peregrine eggshells and DDE residues
in membranes and contents. The thickness index is the weight (milligrams) divided by the
length times breadth (millimeters) (/). The weight and thickness index for 18 Alaskan eggs
are from Cade et al. (7), who also determined DDE in the egg contents. From their values
and the amount of DDE in the membranes of the Alaskan eggshells, I find that the ratio of
DDE in the egg contents to DDE in the membranes is 1.83 to 5.66; the mean is 3.56. From
this mean ratio for the Alaskan eggs and the ratio 1:24 for lipid to wet weight (9), I
estimated the DDE in the contents of the California eggs. The eggs collected in 1948 to 1950
also contained DDT, approximately 10 percent as much as the DDE. Abbreviations: N.D.,
not detected; ppm, parts per million. The numbers in parentheses are mean values.

DDE in
. Dried
. Thick- Egg
Year Collection area W(eght ness (I:nagt) membrane contents
index ppm (ppxtn,
s we
e DD et
California eggs
1894 San Diego Co. 4.137 1.88 . N.D.
1924 San Luis Obispo Co. 4.062 1.98 1.1 N.D.
1935 San Diego Co. 5.120 2.07 1.4 N.D.
1940 San Luis Obispo Co. 4.454 2.10 1.3 N.D.
1948 San Luis Obispo Co. 3.726 1.66 1.0 0.050 50 7
1948 San Luis Obispo Co. 3.964 1.87 1.8 0.040 22 3
1949 San Diego Co. 3.188 1.42 0.8 0.050 62 9
1950 San Diego Co. 3.213 1.46 1.6 0.320 200 30
1950 Monterey Co. 3.854 1.64 1.8 0.045 25 4
Alaskan eggs
1968 Yukon and Colville 2.595- 1.32- 0.9~ 41~
3.820 1.64 2.8 1005
(3.123) (1.46) [¢%)) (225)
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orated to dryness at 45°C and the
amount of extractable fat was deter-
mined by weighing the material that
remained on a microbalance with a pre-
cision of 10—% g. This extractable fat
would consist of material dissolved
from the membrane plus any yolk
lipids that may have remained after
the egg-blowing procedure. By this
means it is possible to express the re-
sults in terms of parts per million on
a lipid weight basis.

Both the dried eggshells and the
pesticide residue values of the egg
contents on a lipid weight basis are
available for a series of peregrine eggs
collected in Alaska in 1968; the data
on eggshell thickness and DDE con-
tent have been published (7). By
measuring the amount of DDE in the
membranes of these eggshells, I was
able to calculate the ratio of DDE in
the egg contents to DDE in the mem-
branes (see Table 1). Since the per-
centage of lipid in peregrine eggs is
known (9) it is possible to calculate
the original amount of DDE in the
egg contents on a wet weight basis
(Table 1) and thus compare the residue
levels with shell thickness, as has been
done for more recent specimens. The
calculated values fit the relationship
found by Cade et al. (7) for Alaskan
eggs collected from 1967 to 1970. Thus,
at least as early as 1948, DDE was
present in peregrine eggs in sufficient
concentration to account for eggshell
thinning,.
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