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During the spring of 1976, nearly the entire collec-
tions of Brandt's cormorants (Phalacrocorax penicil-
latus), guanay cormorants (P. bougainvillii), and
California gulls (Larus californicus) in the Los
Angeles Zoo died after exhibiting signs of pesticide
poisoning. In view of the extensive DDT pollution
which has occurred in the coastal waters off southern
California (YOUNG and HEESEN, in press), we conducted
a limited investigation to determine if this pollutant
could have been the cause of death for these specimens
of marine birds. The study revealed that concen-
trations of DDT residues in the specimens were within
the range that had been found to be lethal to American
kestrels in laboratory feeding studies. The zoo birds
apparently were exposed to high levels of these re-
sidues when they were fed marine fish collected near
Los Angeles.

DDT contamination of the Southern California Bight by
Los Angeles County municipal wastewater has been well
documented over the last decade (RISEBROUGH 1969,

DUKE and WILSON 1971, BURNETT 1971, DeLONG et al.
1973,MacGREGOR 1974, ANDERSON et al. 1975, YOUNG et
al. 1975). The dominant source appears to have been
industrial wastes released by Montrose Chemical Com-
pany to Los Angeles County's Joint Water Pollution
Control Plant (JWPCP) sewage system before 1970 and
discharged some 3 km off the Palos Verdes Peninsula.
Although this input to the sewer system was stopped in
April of 1970, highly contaminated sediments that re-
mained in the system have slowly released more DDT,
and the annual emissions of this substance have only
gradually declined-~from 22 metric tomns in 1971 to
about 1 metric ton in 1976. A 1972 study showed that
approximately 200 metric tons of DDT residues remained
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in the upper 30 cm of bottom sediments in a 50 sg km
area near the JWPCP discharge (YOUNG et al. 1976):
this reservoir appears to have led to persistently
high DDT levels in at least one fish species living
on these sediments (YOUNG et al. 1977).

The history of the bird deaths is as follows. Between
22 May and 24 June 1976, sixteen California gulls and
five cormorants died at the zoo. These birds were all
from the same exhibit within the aquatics section of
the zoo; the deaths left only one surviving cormorant
in that exhibit. The gulls had been brought to the

zoo in 1969 to recover from oil damage. The cormorants
had been in captivity since 1970 and had been shipped
from the San Francisco Zoo to Los Angeles in 197l.

The first gull death was on 22 May and the other mor-
talities occurred relatively uniformly through 10
June. Four of the cormorants died between 12 and 15
June; the final death occurred on 24 June. Clini-
cally, the birds first exhibited a loss of appetite,
and within 1 or 2 days they began trenmbling mildly and
died after a few minutes of muscle spasms. Atropine,
antibiotics, and supportive therapy did not alter the
course of the disease. Necropsy findings revealed no
common pathology except a low nutritional status and
nearly empty digestive tracts. Histological examina-
tion showed no significant pathology except vascular
dilation and collapse and congestion in many organs.
There was no evidence of infectious disease.

All of the birds that died had been kept in the same
exhibit since their arrival at the zoo, and all had
been fed exclusively on a diet of gueenfish (Seriphus
politus). Another collection of marine birds at the
zoo, brown pelicans (Pelicanus occidentalis), are fed
surf smelt (Hypomesus pretiosus); there were no deaths
in this collection characterized by the symptoms des-
cribed above. Queenfish are caught commercially off
Los Angeles, and the fish fed to the affected birds
had been supplied to the zoo for several years by a
fish company in Los Angeles Harbor. In contrast, surf
smelt are not caught commercially in the Bight.

PROCEDURES

When histological examination revealed no evidence of
infection, we decided to investigate the possibility

of poisoning by organochlorine compounds. Unfortunately,
only a few samples remained in the frozen state; these
were brain, liver, and breast muscle from one cormorant
and one gull, breast muscle from two other gulls, and

a composite of liver tissue obtained from three other
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birds that had died in spasms. Therefore, all of the
available samples were analyzed in triplicate for
identifiable organochlorine compounds, using electron-
capture gas chromatography according to the procedures
described by YOUNG et al. (1976). Corresponding
analyses were conducted on two wild pelicans that had
died (just before collection) of fish line strangu-
lation 50 km northwest of Palos Verdes Peninsula during
summer 1976, and also on three gulls and two cormorants
that were shot during spring 1977 near Santa Barbara
and Anacapa Islands, approximately 80 km southwest and
110 km northwest of the Peninsula, respectively. 1In
addition, we analyzed 6 to 7 whole specimens £from
each of two different lots of frozen queenfish that
had been fed to the affected birds during their cap-
tivity, as well as 4 whole surf smelt from the zoo's
supply of food for the unaffected pelican collection.
Because mercury poisoning has been implicated in mor-
tality of birds from a number of countries in the
Northern Hemisphere, single composites of most of our
samples were analyzed for total mercury by cold-vapor
atomic absorption spectrometry using the procedure
described by EGANHOUSE and YOUNG (in press).

RESULTS AND DISCUSSION

The results of our study are presented in Tables 1
through 3. These data show that the brain and liver
tissues of the zoo birds contained concentrations of
total DDT that were two orders of magnitude above the
mean values for the wild specimens. On the average,
pP.p'-DDE constituted more than 90 percent of the total
DDT values obtained in the various sample classes.

Dr. Robert Risebrough (University of California at
Berkeley) pointed out that the concentrations of
P,p'-DDE in the brain samples from the gulls and cor-
morants (430%10 and 220%8 ppm) were very similar to
those measured by PORTER and WIEMEYER (1972) in the
brains of two kestrels (301 and 212 ppm) that had died
in tremors after being maintained for 14 to 16 months
on a diet containing p,p'-DDE. The p,p'-DDE levels in
the gull and cormorant livers and in the liver com-~
posite sample (3100%¥300 ppm, 750%65 ppm, and 8003200
ppm) were considerably greater than those found in the
kestrels (130 to 250 ppm). Further, the average con-
centrations of p,p'-DDE in the two batches of queen-
fish from the zoo lockers were 3.110.7 and 4.2%X1.1 ppm
(Table 2); the diet that killed the kestrels contained
2.8 ppm p,p'~DDE. In contrast, the samples of surf
smelt used to feed the unaffected zoo pelicans averaged
0.018%0.002 ppm p,p'-DDE. These results strongly im-
plicate the residue of DDT in the queenfish in the
deaths of the captive gulls and cormorants.
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TABLE 1

Mean concentrations (mg/wet kg, T standard error) of
organochlorine compounds and total mercury in gulls
and cormorants that died in convulsion at the Los
Angeles Zoo and in wild control specimens.

Total
p,p'~-DDE Total DDT 1242 pCB 1254 PCB Mercury
%00 BIRDS
Guéie?st 230 26 240 X 6 4.4 *o.s 25 X3 0.829
Liver 3,100 ¥ 300 3,200 % 400 61 X5 a0 ¥ 70 1.08
Brain 430 ¥ 10 440 ¥ 15 12t s4 %7 0.404
Gull B
Breast 210 X 9 220 ¥ 10 3.9 ¥ 0.3 30ts -
Gull ¢
Breast 85 ¥ 20 90 ¥ 20 1.6 ¥ 0.3 14 %3 -
Cormorant A
Breast 490 ¥ 60 500 60 15 %2 77 %9 0.986
Liver 750 ¥ 65 810 * &5 26 12 110 ¥ 10 2.94
Brain 220% 8 230 2 8 1072 39 4 0.649
Liver Composite 800 % 200 840 ¥ 190 29 11 100 £ 30 3.07
WILD BIRDS
Pelican A*
Breast 9t 1t 0.7 Y 0.1 1.8 Y o.1 0.150
Liver by 1.8 ¥ 0.1 0.11 ¥ 0,01 0.35 ¥ 0.03 0.583
Brain 1.0to01 11701 0.07 Y 0,01 0.20 % 0.01 0.084
Pelican B*
Breast 110 * g 121 2o 0.6 Yo.1 22 % 0.545
Liver 12.7 ¥ 0.4 13.8 T 0.4 0.11 Y 0,01 3.0 2 0.2 1.03
Brain 7.8 To.5  8.0% 0.5 0.08 Y001 1.6 fo.2 0.322
Gull D*¥*
Breast 14 10,6 14%0.7 0.055 To0.005 1.5 0.06
Liver 8.4 T 0.51 8.8 %0.5¢ 0.033 %o0.010 1.020.02
Brain 2.0%0.12 2.1 %o0.16 0.48 To0.45 0.35 Y o,049
Gull Ex*
Breast 7.4 2 0.37 7.9 %0.43 o0.0s1 ¥o.016 1.4 to0,09
Liver 3.1 20,14 3.4 ¥0,13 o0.021 T o.011 o0.78 Xo.018
Brain 0.87 ¥ 0.060 0.92 ¥ 0.064 o0.009 * 0.007 0.23 ¥ 0,017
Gull F***
Breast 31311 g s 1.1 £ 0.92 5.0 %to0.57
Liver 37 ¥ 1.2 392 1.5 0.28 ¥ 0.007 6.8 X0.62
Brain 8.1 0,40 8.7%0.40 0.07 ¥o.044 1.5210.08
Cormorant B¥**
Breast 4.1 Y o.32 .5 £0.35 0.047 ¥ 0.004 0.97 } 0.044
Liver 2.8 Y 0,16 3.1 %0.15 0.013 ¥ o0.011 0.74 ¥ o0.002
Brain 0.90 2 0.039 1.0 ¥ o0.04 o0.000 ¥ 0.000 0.23 % 0.037
Cormorant C**
Breast 16 £ 1.0 17 %11 0.36 £ 0.028 5.0 ¥ 0.46
Liver 6.7 2 0.52 7.2 ¥ 0.55 0.12 Y 0.015 2,0 T 0.09
Brain 1.9 2 0.04 2.0 % o0.02 o0.015 ¥ o0.015 0.66 ¥ 0.006
* pt. pume (34°00'N, 118°48'w), July 1976
* Middle mnacapa Island (34°00'N, 119°23'w), 19 May 1977

L Santa Barbara Island (33028'N. 119°02'w), 18 May 1977
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TABLE 2

Concentrations (mg/wet kg) of organochlorine compounds
in whole fish from the stock of food for marine birds
at the Los Angeles Zoo.

Mean Concentration

Sanmple t standard Error
Queenfish
Lot 1 (n=7)
p,p'-DDE 3.1 ¥ 0.7
Total DDT 3.8 ¥ 0.8
1242 pCB 0.30 ¥ 0.06
1254 PCB 0.9 ¥ 0.2
Lot 2 (n=6)
p,p'-DDE a2 t1.1
Total DDT 5.0 % 1.3
1242 PCB 0.38 T 0.08
1254 PCB 0.9 0.2
Surfsmelt (n=4)
p,p' -DDE 0.018 ¥ 0.002
Total DDT 0.023 ¥ 0.004
1242 PCB 0.012 ¥ 0.001
1254 PCB 0.007 ¥ 0.002
TABLE 3

Concentrations (mg/wet kg) of total mercury in tissues
of fish from the stock of food for marine birds at the
Los Angeles Zoo.

Concentration
Sample Muscle Liver
Queenfish
Lot 1 0.107 0.095
Lot 2 0.066 0.077

surf smelt 0.078 0.147
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An explanation for the sudden deaths of the zoo birds,
after what was probably a gradual buildup of DDT re-
sidues from the continual ingestion of contaminated
queenfish, can be' inferred from the work of PORTER and
WIEMEYER (1972). These authors pointed out that sea-
sonal weight losses and depletion of fat reserves
caused by reproductive stresses can release lipid-
associated toxicants, such as organochlorine compounds,
into the bloodstream, where they are transferred to
other sites, including the brain. When levels in this
vital organ reach a critical peak--apparently in the
range of 200 to 400 ppm—~-the resultant neurological
damage is fatal.

The data in Table 1 show that another type of organo-
chlorine compounds, the polychlorinated biphenyls, also
had been accumulated by the zoo birds; concentrations
of total PCB in the liver (140 to 500 ppm) and brain
(49 to 66 ppm) tissues generally were two orders of
magnitude above those found in the wild specimens.
However, these PCB levels were an order of magnitude
below those of total DDT in the affected birds. Thus,
although the PCB's may have contributed to the bird
deaths, the evidence presented above suggests that
the DDE was the primary cause. This conclusion is
strengthened by the fact that there were no large
differences between concentrations of mercury in the
zoo bird and wild pelican tissues, although average
concentrations of this trace metal in the former spe-
cimens generally were 2 to 3 times those measured in
the latter.

Over the last 6 years, we have analyzed many hundreds
of samples from the Southern California Bight for DDT
and PCB residues. As a result, we have come to re-
cognize the distinct pattern obtained on gas chromato-
grams of tissues of fish and other organisms collected
off the Palos Verdes Peninsula. The fact that the
gqueenfish samples all reflected this pattern suggested
to us that they had been living in this region. A
subsequent review of fish lot numbers by Larry
Espinosa (California Department of Fish and Game) and
Scott Winters (University of California at Irvine) in-
dicated that these specimens very probably had been
caught during 1975-76 within about 20 km of the JWPCP
outfalls. These results are yet another indication
that, despite termination of the dominant DDT input

to the JWPCP municipal wastewater system in 1970, po-
tentially toxic levels of DDT residues are still

found in certain fishes occupying the discharge region
off the Palos Verdes Peninsula.
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