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RESIDUES OF CHLORINATED HYDROCARBONS IN 
TISSUES OF RAPTORS IN FLORIDA 

Stephen F. Sundlot,’ Donald J. Forrester: Neal P. Thom~son,~ 
and Michael W. Collopy‘ 

ABSTRACT: Dead or moribund raptors (n = 75) representing 11 species were collected between 
1971 and 1981 from various locations in Florida. Samples of brain, muscle, liver and adipose 
tissue were analyzed for DDT, DDE, DDD, dieldrin, and PCB’s. Detectable concentrations of 
DDT or its metabolites were found in 100% of all samples of muscle and liver, and 77% all 
samples of brain. Dieldrin was determined to be present in 91%, 93%, 87% and 78% of all samples 
of brain, muscle, liver and adipose tissue, respectively. Lethal or hazardous concentrations of 
dieldrin were found in brain samples from three birds, but DDT and PCB’s were present at 
sublethal concentrations. When species were grouped according to their dietary habits, i t  was not 
possible to identify any trends in pesticide concentrations. 

INTRODUCTION 

Global contamination of the environ- 
ment by chemically stable chlorinated hy- 
drocarbon compounds has been recog- 
nized as one of the unfortunate side effects 
of an industrial society. As one method for 
assessing nationwide environmental con- 
tamination, tissues from birds have been 
analyzed for organochlorine residues 
through the National Pesticide Monitor- 
ing Program (White, 1979a, b). Environ- 
mental contamination by DDT and relat- 
ed chemicals is thought to be partly 
responsible for declining populations of 
raptors by interfering with reproduction 
(Wiemeyer and Porter, 1970; Spitzer et 
al., 1978; Wiemeyer et al., 1978). DDT 
and dieldrin also have been implicated as 
the direct cause of death in several species 
of raptors (Bernard, 1962; Coon et al., 
1970; Mulhern et al., 1970; Belisle et al., 
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1972; Porter and Wiemeyer, 1972; Wie- 
meyer et al., 1975; Henny et al., 1976; 
Prouty et al., 1977; Kaiser et al., 1980; 
Wiemeyer and Cromartie, 1981; Prouty 
et al., 1982). Since sales in the United 
States were halted for DDT in 1972, diel- 
drin in 1974 (Klaassen, 1980) and PCB’s 
in 1979 (Craddock, pers. comm.), re- 
searchers have attempted to determine 
whether tissue residues of these com- 
pounds have declined in raptor popula- 
tions. Prouty et al. (1977) found no de- 
cline in DDE residues in carcasses of bald 
eagles (Hulheetus leucocephlus) collect- 
ed in 1973 and 1974; however, Spitzer et 
al. (1978) found that the mean concentra- 
tion of DDE in eggs of ospreys (Pundion 
halhetus) declined by a factor of five from 
1969 to 1976 and by a factor of three from 
1973 to 1976; dieldrin declined by a factor 
of four between 1969 and 1976, and no 
apparent decline in mean concentrations 
of PCB’s occurred during this time peri- 
od. Johnston (1978) determined concen- 
trations of dieldrin, DDT, and related 
compounds in adipose tissue, uropygial 
glands, and brains of 71 raptors (repre- 
senting 14 different species) in Florida. He 
found no significant change in concentra- 
tions of pesticides in birds collected be- 
tween 1973 and 1976. As a follow up to 
Johnston’s study, tissues from 75 raptors 
collected between 1971 and 1981 in Flo- 
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TABLE 1. Location of 75 raptors collected in Florida between 1971 and 1981. 

SDecies of raDtor‘ 

Com- Red- 
Ameri- mon Eastern Great s h d -  Red- Sharp 

can Barred Black barn- Cooper’s screech- horned dered tailed shinned 
County kestrel owl vulture owl hawk owl owl Osprey hawk hawk hawk 

1 Alachua 1 4 1 0 0 4 2 0 
Citrus 1 0 0 0  0 1 0 1 0 0  0 
Duval 0 0 0 0  1 0 1 0 0 0  0 
Gadsden 0 0 0 0  0 0 0 0 1 0 0 
Hernando 0 1 0 0  0 0 0 0 0 0  0 
Hillsborough 0 1 0 1 0 4 0 2 1 0 0 
Lafa yette 0 0 0 0  0 1 0 0 0 0  0 
Lake 0 1 0 0  0 0 0 1 2 0  0 
Levy 0 1 0 0  0 0 0 0 0 0  0 
Marion 0 1 0 0  0 0 0 0 0 0  0 
Palm Beach 1 0 0 0  0 0 0 0 0 0  0 
Pasco 0 1 0 0  0 1 0 0 0 0  0 
Pinellas 15 0 0 0  0 8 0 0 1 0 1 
Polk 0 0 0 0  0 0 0 0 0 0  1 
Putnam 0 1 0 0  0 1 0 0 0 0  0 
Sumter 0 1 0 0 0 0 0 0 0 0  0 
Taylor 0 0 0 0  0 0 0 0 1 0 0 
Union 0 0 0 0  0 0 0 0 1 0 0 
Unknown 0 0 0 0  0 0 1 0 0 0  0 

Totals 18 12 1 1 1 20 4 4 9 2  3 

2 2  

a American kestrel = Falco sparoerius. Barred owl = S t r i x  wth, Black vulture = Corasyps atratw, Common barn-owl = 
Tyto alba, Cooper’s hawk = Accipffer cwperli. Eastern screech-owl = Otus asto, Great horned owl = Bubo drgfnianw, 
Osprey = Pandfon haliaetus. Red-shouldered hawk = Buteo lineatus, Red-tailed hawk = Buteo famafcensts, Sharp-shinned 
hawk = Acclujter stthtw. 

rida were analvzed for DDT and its me- tained from north-central Florida. Table 1 shows 
die&,, and PCB’~,  with major the various counties and species of birds col- 

lected in Florida between 1971 and 1981. Most 
birds were fresh road-kills. some were illeeal emphasis on the years 1974-1978. 

MATERIALS AND METHODS 

Three different tissues representing three 
major organ systems were chosen for analysis 
of residues of chlorinated hydrocarbons in r a p  
tors from Florida. Muscle was chosen because 
it represents a major portion of the body mass 
and therefore, most closely reflects the total body 
burden of the compound. Liver was chosen be- 
cause it is a major site of metabolism and ex- 
cretion of chlorinated hydrocarbon compounds, 
and because it is the first organ exposed to these 
substances following absorption from the gas- 
trointestinal tract. Brain was chosen because of 
the correlation between clinical disease and 
brain concentrations of chlorinated hydrocar- 
bon compounds (Heinz et al., 1979). A limited 
number of adipose tissue samples were also ana- 
lyzed. 

Sampling methods: Most birds were ob- 

kills, and a few were birds found in a weakenved 
condition. Whenever possible, historical infor- 
mation was recorded pertaining to the physical 
condition of the bird when it was found. Dur- 
ing necropsy, tissues were removed from car- 
casses, wrapped first in aluminum foil, then 
sealed in plastic bags to minimize dehydration 
during storage at -20 C. Ten to 15 g samples 
of liver, brain and breast muscle were analyzed 
for chlorinated hydrocarbons. All data are re- 
ported based on wet sample weights and no 
attempts were made to compensate for dehy- 
dration of samples during storage. 

Analytical methods: Two analytical methods 
were utilized to quantitatively determine con- 
centrations of chlorinated hydrocarbon com- 
pounds in tissues. Samples of muscle, liver, brain 
and fat from raptors collected prior to May 1975 
were extracted and analyzed according to the 
methods of Thompson et al. (1977). This in- 
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cluded the use of a Varian 2100 gas chromato- 
graph equipped with a 1.8 m x 0.6 cm 0.d. 
glass column containing 1:l 6.4% OV-210/1.6% 
OV-17 on Chromosorb W and a tritium elec- 
tron capture detector. 

For birds collected from May 1975 through 
February 1981, brain was the only tissue ana- 
lyzed. DDT and metabolites were measured ac- 
cording to the method of Smrek and Needham 
(1982). This method has been utilized also for 
analysis of PCB’s, but because of inconsistent 
recovery of PCB’s by this method in our labo- 
ratory, no results for PCB residues are reported 
in tissues from birds collected after 1975. Sim- 
ilarly, dieldrin was not analyzed in samples from 
birds collected after 1975. For analysis of sam- 
ples, a Hewlett Packard model 5880 gas chro- 
matograph equipped with a 6‘ x %“ 0.d. glass 
column containing 1.5% SP2250/1.95% SP2401 
on 100/120 mesh Supelcoport and a nickel 63 
electron capture detector was utilized. Recov- 
ery of DDE, DDD and DDT from brain was 
determined to be 94%, 100% and 97%, respec- 
tively. Confirmation of the identity of these 
compounds was accomplished by the addition 
of authentic DDE, DDD and DDT to the sam- 
ples, and subsequent chromatography at var- 
ious conditions of column temperature and car- 
rier gas flow rate. Concentrations of DDE, DDD 
and DDT less than 0.01 pg/g were considered 
non-detectable. To ensure that methods 1 and 
2 yielded comparable results, brain samples 
analyzed by method 2 were subjected to con- 
firmatory analysis by method 1. Variation be- 
tween the two methods was less than 10%. Only 
the p, p’ isomers of DDT and metabolites were 
analyzed. 

RESULTS 

Concentrations of DDT, dieldrin and 
PCB’s are presented in Tables 2-4. In in- 
dividual birds collected over the 11-yr pe- 
riod, detectable concentrations of DDT or 
its metabolites were found in all samples 
of muscle (n = 42), liver (n = 39) and adi- 
pose tissue (n = 9) and 77% of all samples 
of brain (n  = 65). Of the tissues which 
were analyzed for dieldrin, detectable 
concentrations were present in 97%, 93%, 
87% and 78% of the samples of brain (n = 
32), muscle (n = 42), liver (n = 39) and 
adipose tissue (n = 9), respectively. PCB’s 
were detected in all samples of brain (n = 
32), muscle (n = 42), liver (n = 39) and 
adipose tissue (n = 9) which were ana- 

lyzed for these substances. The chromato- 
graphic profile of the PCB’s most closely 
resembled that of Aroclor 1260. Variation 
in concentrations of chlorinated hydrocar- 
bon compounds between individual birds 
was quite large, often spanning several or- 
ders of magnitude. Because of the small 
number of individuals within a species 
collected during a single year, the various 
species of raptors were grouped together 
based on their dietary habits in order to 
compare yearly fluctuations in tissue con- 
centrations of chlorinated hydrocarbon 
compounds. Birds were classified as insec- 
tivores (eastern screech-owls and Ameri- 
can kestrels), piscivores (ospreys) or om- 
nivores (all remaining species). Yearly 
comparisons were made of muscle total 
DDT, dieldrin and PCB concentrations in 
raptors collected from 1971 through 1976. 
No trends indicating increasing or declin- 
ing concentrations of DDE, dieldrin or 
PCB within the population were noted 
(Figs. 1-3). 

DISCUSSION 

Of the 32 brains analyzed for dieldrin, 
two contained concentrations considered 
to be in the hazardous range (5.0-8.9 ppm, 
Ohlendorf et al., 1981). Only one bird, a 
red-shouldered hawk, was found to con- 
tain a sufficient concentration of dieldrin 
in the brain to cause death ( > 9  ppm, Oh- 
lendorf et al., 1981). Historical observa- 
tions reported by the individual who dis- 
covered this bird in a weakened condition, 
indicated a possible poisoning. Informa- 
tion on the three birds containing toxic 
concentrations of dieldrin is presented in 
Table 5. Minimum lethal concentrations 
of dieldrin in brain tissue of bald eagles 
have been reported to range from 3.9 pg/g 
(Prouty et al., 1977) to 8 pg/g (Coon et 
al., 1970). Lethal concentrations of diel- 
drin between these values also have been 
reported in bald eagles (Belisle et al., 1972; 
Kaiser et al., 1980). Death in an osprey 
was attributed to poisoning by dieldrin 
when it was determined that concentra- 
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TABLE 2. 
in Florida, 1971-1978. 

Concentrations of chlorinated hydrocarbons in brain, muscle and liver of insectivorous raptors 

Concentration (pg /g  wet weight of tissuey 

DDT' 
Species and Sam- Totald equiv- 

date collected County Ageb Sex Wt. (8) plP DDE DDD DDT DDT alents Dieldrin PCB 

American kestrel 
12/25/71 Palm Beach 

11/12/74 Pinellas 

11/26/74 Pinellas 

11/26/74 Pinellas 

12/3/74 Pinellas 

12/3/74 Pinellas 

12/05/74 Pinellas 

12/14/74 Pinellas 

12/15/74 Pinellas 

1 /1/75 Pinellas 

1/1/75 Pinellas 

1/10/75 Pinellas 

1/16/75 Pinellas 

2/23/75 Pinellas 

3/6/75 Pinellas 

4/22/76 Pinellas 

A F  8 0 L  
M 

A M 1 0 0 B  
L 
M 

A M 1 0 0 B  
L 
M 

A F 1 0 0 B  
L 
M 

A M 102 B 
L 
M 

A M 101 B 
L 
M 

A M 1 0 0 B  
L 
M 

U' M 100 B 
L 
M 

A F U B  
L 
M 

A M  9 8 B  
L 
M 

A M 101 B 
L 
M 

A M 1 0 0 B  
L 
M 

U F 1 0 3 B  
L 
M 

U M 1 0 0 B  
L 
M 

U U U B  
L 
M 

A F  9 7 B  

11.00 1.60 0.00 13.00 
9.80 0.00 0.00 9.80 
1.20 0.00 0.00 1.20 0.08 
4.00 0.00 0.00 4.00 
2.20 0.00 0.00 2.20 
0.70 0.00 0.00 0.70 0.05 
1.80 0.00 0.00 1.80 
2.80 0.00 0.00 2.80 
0.40 0.00 0.00 0.40 0.03 
0.38 0.00 0.00 0.38 
0.70 0.00 0.00 0.70 
0.71 0.14 0.19 1.00 0.27 
3.30 0.00 0.00 3.30 
2.60 0.00 0.00 2.60 
1.40 0.22 0.00 1.60 0.14 
3.50 0.00 0.00 3.50 
9.30 0.54 0.00 9.80 
0.18 0.00 0.00 0.18 0.01 
1.30 0.00 0.00 1.30 
0.22 0.00 0.00 0.22 
1.70 0.00 0.00 1.70 0.11 
1.90 0.00 0.00 1.90 
3.60 0.28 0.39 4.30 
0.07 0.00 0.00 0.07 0.00 
0.42 0.00 0.00 0.42 
0.44 0.00 0.00 0.44 
0.90 0.00 0.00 0.90 0.06 
1.50 0.00 0.00 1.50 
2.80 0.00 0.00 2.80 
0.93 0.00 0.00 0.93 0.06 
2.10 0.00 0.00 2.10 
5.20 0.00 0.00 5.20 
0.84 0.00 0.00 0.84 0.06 
1.50 0.00 0.00 1.50 
4.20 0.00 0.00 4.20 
1.30 0.00 0.00 1.30 0.09 
6.40 0.00 0.00 6.40 
3.10 0.00 0.00 3.10 
1.00 0.00 0.00 1.00 0.07 
1.90 0.00 0.00 1.90 
1.40 0.00 0.00 1.40 
0.86 0.00 0.00 0.86 0.06 
2.40 0.00 0.00 2.40 
3.00 0.00 0.00 3.00 
0.00 0.00 0.00 0.00 0.00 

0.40 5.30 
0.44 8.90 
4.10 0.92 

15.00 2.40 
7.20 2.10 
0.91 1.80 
2.30 5.00 
2.70 8.10 
0.21 15.00 
0.49 12.00 
0.53 19.00 
1.40 0.51 
5.80 1.60 
5.10 1.00 
0.34 2.30 
1.40 1.10 
2.30 5.40 
0.32 1.00 
1.50 12.00 
0.30 2.90 
1.40 5.20 
1.70 7.30 
2.60 13.00 
0.80 2.80 
7.00 21.00 
9.50 28.00 
1.10 1.40 
1.90 2.40 
2.80 4.90 
6.80 0.49 
1.00 2.00 
4.00 2.20 
4.00 4.10 
7.00 6.30 
9.30 8.70 
1.70 2.30 
6.00 11.00 
3.10 5.20 
0.96 3.60 
1.50 6.70 
1.10 2.80 
0.75 2.80 
2.50 5.60 
2.50 8.80 

N.A.8 N.A. 
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TABLE 2. Continued. 

Concentration ( p g / g  wet weight of tissue)' 

DDT' 
Species and Sam- Totald equiv- 

date collected County Ageb Sex  Wt. (g) ple' DDE DDD DDT DDT alents Dieldrin PCB 

1/14/77 Citrus A M 105 B 0.00 0.00 0.00 0.00 0.00 N.A. N.A. 
1/23/77 Alachua A M 108 B 0.00 0.00 0.00 0.00 0.00 N.A. N.A. 

Eastern screech-owl 
7/10/74 Alachua A F 100 B 13.00 0.00 0.00 13.00 0.87 1.00 3.80 

L 45.00 0.00 0.00 45.00 2.40 5.80 
M 20.00 0.23 0.68 21.00 1.20 3.80 

9/30/74 Alachua A F 110 L 1.70 0.00 0.10 1.80 0.02 0.58 
M 1.10 0.00 0.08 1.20 0.01 0.38 

M 0.13 0.00 0.00 0.13 0.01 0.11 
3/1/75 Hillsborough A M 80 M 2.00 0.00 0.03 2.00 0.04 1.70 

L 2.20 0.00 0.00 2.20 0.09 0.92 
5/18/75 Pinellas A F 100 B 69.00 0.00 0.00 69.00 4.60 N.A. N.A. 
6/11/75 Hillsborough J M 60 B 5.50 0.00 0.00 5.50 0.37 N.A. N.A. 
6/11/75 Hillsborough A M 106 B 2.40 0.00 0.00 2.40 0.16 N.A. N.A. 
6/20/75 Pinellas A M 70 B 0.56 0.00 0.00 0.56 0.04 N.A. N.A. 
6/30/75 Pinellas A F 99 B 0.00 0.00 0.00 0.00 0.00 N.A. N.A. 
9/24/75 Pasco J M 60 B 1.60 0.56 0.28 2.40 0.50 N.A. N.A. 
12/28/75 Pinellas A F 78 B 0.10 0.00 0.00 0.10 0.01 N.A. N.A. 
5/7/76 Lafayette A M 76 B 11.00 0.00 0.00 11.00 0.74 N.A. N.A. 
5/16/76 Pinellas J U 68 B 2.00 0.00 0.60 2.60 0.73 N.A. N.A. 
5/17/76 Pinellas J M 67 B 18.00 2.40 0.00 20.00 1.70 N.A. N.A. 
5/31/76 Pinellas J U 75 B 3.20 0.00 0.00 3.20 0.21 N.A. N.A. 
6/13/76 Pinellas A M 88 B 13.00 0.00 0.00 13.00 0.87 N.A. N.A. 
1/12/77 Citrus A F 112 B 0.00 0.00 0.00 0.00 0.00 N.A. N.A. 
12/13/77 Putnam A F 112 B 0.00 0.00 0.00 0.00 0.00 N.A. N.A. 
1/11/78 Alachua A F 123 B 0.00 0.00 0.00 0.00 0.00 N.A. N.A. 
4/4/78 Alachua A F 191 B 0.15 0.00 0.00 0.15 0.01 N.A. N.A. 

10/31/74 Hillsborough U U U L 0.15 0.00 0.00 0.15 0.02 0.09 

' All values are rounded to two significant digits. 
A = adult. J = juvenile. 
L = liver, M = muscle, B = brain. 
Total DDT is the sum of the tissue concentrations of DDE. DDD and DDT. 

e DDT equivalents - DDT + (0.067 x DDE) + (0.20 A DDD) according to the equation of Stickel et al. (1970) 
' U = unknown. 

N . A  = not analyzed 

tions in brain tissue were in excess of 7 
pg/g (Wiemeyer et al., 1975). In Japanese 
quail (Coturnix coturnix japonica) and 
rock doves (Columba liuia), concentra- 
tions of dieldrin in brain tissues of 17 and 
10 pg/g, respectively, also have been as- 
sociated with mortality (Robinson et al., 
1967). 

Lethal concentrations of DDE in brains 
of raptors have been reported to exceed 
200 pg/g (Belisle et al., 1972; Porter and 
Wiemeyer, 1972; Henny et al., 1976; 

Prouty et al., 1982). The highest concen- 
tration of DDE in the 62 raptors sampled 
in this study was 69 pg/g in the brain of 
an eastern screech-owl collected in 1975. 
Based on the equation of Stickel et al. 
(1970), this amounts to 4.6 pg/g as DDT 
equivalents, less than one-half of the low- 
est concentration associated with mortal- 
ity. Consequently, it is unlikely that any 
of these birds died as a direct result of 
DDT poisoning. 

The highest concentration of PCB's 
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TABLE 3. 
in Florida, 1971-1981. 

Concentrations of chlorinated hydrocarbons in brain, muscle, liver and fat of omnivorous raptors 

Concentration (&g wet weight of tissue)' 

D D P  
Species and Sam- Totald equiv- 

date collected County Ageb Sex  Wt. (g) pla DDE DDD DDT DDT alents Dieldrin PCB 

Barred owl 
6/8/73 

12/28/73 

1/1/74 

3/1/75 

4/1/75 

10/7/75 
11/21/75 
3/4/76 
8/29/76 
9/24/76 
10/15/76 
12/24/77 

Black vulture 
3/28/72 

Alachua A F  

Marion A F  

Lake U' U 

Hillsborough A M 

Putnam A F  

Hernando A U 
Pasco A F  
Alachua A M  
Sumpter A U  
Levy A U  
Alachua A F  
Alachua A F  

Alachua U U  

Common barn-owl 
3/12/75 Hillsborough A M 

Cooper's hawk 
1/1/75 Duval U U  

Great horned owl 
11/27/73 Alachua A M  
1/27/74 Alachua A F  

7/11/74 Duval A F  

6/25/76 U U  
Red-shouldered hawk 

6/1/74 Lake A M  

550 

860 

U 

450 

662 

650 
863 
720 
790 
750 
760 
822 

U 

400 

U 

700 
890 

900 

U 

360 

L 28.00 0.39 
M 7.90 0.25 
B 0.31 0.03 
F 30.00 0.00 
L 1.70 0.00 
M 0.93 0.03 
B 0.08 0.00 
L 0.23 0.01 
M 0.08 0.00 
B 0.55 0.01 
L 1.30 0.00 
M 0.43 0.02 
F 2.10 0.00 
L 0.34 0.00 
M 0.12 0.00 
B 0.00 0.00 
B 0.00 0.00 
B 0.00 0.00 
B 0.00 0.00 
B 0.00 0.00 
B 0.90 0.00 
B 0.00 0.00 

0.00 28.00 
0.51 8.70 
0.00 0.34 0.03 
0.58 31.00 
0.01 1.80 
0.00 0.96 
0.00 0.08 0.01 
0.00 0.24 
0.00 0.08 
0.00 0.56 0.04 
0.00 1.30 
0.03 0.48 
0.00 2.10 
0.00 0.34 
0.00 0.12 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.90 0.06 
0.00 0.00 0.00 

3.80 
0.87 
0.23 
0.00 
0.00 
0.00 
0.10 
0.28 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
N.A.8 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

64.00 
15.00 
0.29 
2.30 
0.23 
0.04 
0.06 
0.17 
0.06 
0.36 
0.55 
0.22 
1.80 
0.81 
0.15 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

F 3.00 0.98 0.52 4.50 0.71 3.80 
M 0.13 0.03 0.00 0.16 0.02 0.29 

L 0.11 0.00 0.00 0.11 0.18 0.45 
M 1.50 0.00 0.00 1.50 0.26 2.10 
F 2.30 0.00 0.00 2.30 0.72 3.60 

B 8.90 0.00 0.00 8.90 0.60 2.40 0.32 
L 23.00 0.00 0.00 23.00 5.60 2.00 
M 5.70 0.00 0.00 5.70 1.40 1.50 

8.90 
26.00 
53.00 
1.70 
6.50 
12.00 
2.30 
0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.25 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

8.90 
26.00 
53.00 
1.70 
6.80 
12.00 
2.30 
0.00 

0.00 
1.70 1.10 

2.00 
0.6 

0.49 0.36 
5.40 
0.13 

0.00 N.A. 

1.60 
12.00 
26.00 
0.83 
2.50 
15.00 
0.59 

N.A. 

B 1.00 0.00 0.00 1.00 0.07 6.00 0.28 
M 1.20 0.00 0.00 1.20 4.20 0.95 
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TABLE 3. Continued. 

Concentration (fig/g wet weight of tissue)’ 

DDT‘ 
Species and Sam- Totald equiv- 

date collected County Ageb Sex Wt. (9) plec DDE DDD DDT DDT alents Dieldrin PCB 

6/13/74 Alachua A M 420 

7/7/74 Alachua A F 390 

9/22/74 Lake A M 420 

12/15/74 Pinellas J U 500 

2/5/75 Hillsborough A F 500 

2/21/77 Taylor A F  U 
9/2/77 Union A F 370 
1/31/81 Gadsden A F 660 

Red-tailed hawk 
12/28/74 Alachua J F 1,130 

1/21/75 Alachua A F 1,220 

B 0.09 0.00 0.00 0.09 0.01 0.00 0.37 
L 0.23 0.00 0.00 0.23 0.01 0.31 
M 0.11 0.00 0.00 0.11 0.31 0.13 
B 0.57 0.00 0.00 0.57 0.04 0.61 2.70 
L 1.50 0.12 0.30 1.90 1.10 3.50 
M 0.20 0.00 0.00 0.20 0.12 0.64 
B 0.21 0.00 0.00 0.21 0.01 0.27 0.46 
L 0.71 0.00 0.00 0.71 0.74 0.58 
M 0.31 0.00 0.00 0.31 0.27 0.19 
B 1.30 0.00 0.52 1.80 0.61 11.00 1.80 
L 1.60 0.50 0.00 2.10 11.00 0.25 
M 2.50 0.37 0.16 3.00 14.00 0.31 
B 0.13 0.000.00 0.13 0.01 2.60 1.50 
L 0.23 0.00 0.00 0.23 3.40 3.50 
M 0.53 0.00 0.00 0.53 4.20 7.90 
B 1.30 0.00 0.00 1.30 0.09 N.A. N.A. 
B 0.50 0.00 0.00 0.50 0.03 N.A. N.A. 
B 0.80 0.00 1.20 2.00 1.30 N.A. N.A. 

B 0.02 0.00 0.00 0.02 0.00 0.01 0.14 
F 1.90 0.14 0.23 2.30 0.32 1.60 
L 0.12 0.01 0.00 0.13 0.16 0.34 
M 0.09 0.01 0.02 0.12 0.02 0.11 
B 0.04 0.00 0.00 0.04 0.00 0.03 0.08 
L 0.04 0.01 0.00 0.05 0.02 0.10 
M 0.06 0.01 0.01 0.08 0.02 0.15 

Sharp-shinned hawk 
12/25/71 Polk A F 110 

10/24/74 Pinellas A M 110 

12/18/77 Alachua A F 127 

19.00 
0.24 
0.66 
0.25 
22.00 
2.10 
0.70 
8.50 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.67 
0.00 0.13 
0.00 0.00 
0.00 0.00 

19.00 
0.24 
0.66 
0.25 
23.00 
2.20 
0.70 
8.50 

0.45 6.30 
0.01 0.23 
0.02 0.56 

0.02 0.04 0.05 
1.50 2.50 
0.16 0.33 
0.08 0.26 

0.57 N.A. N.A. 

a All values are rounded to two significant digits. 
b A  = adult, J = juvenile. 
e L = liver, M = muscle, B = brain, F = fat. 

Total DDT is the sum of the tissue concentrations of DDE. DDD and DDT. 
DDT equivalents = DDT + (0.067 x DDE) + (0.20 x DDD) according to the equation of Stickel et al. (1970) 

N . A .  = not analyzed. 
‘ U = unknown. 

found in any tissue was 64 pg/g in the 
liver of a barred owl. Lethal carcass con- 
centrations (lipid weight basis) of PCB’s 
in raptors have been projected to be about 
26,000 pg/g (Wiemeyer and Cromartie, 

1981). As with DDT and metabolites, it is 
highly unlikely that PCB’s were the prox- 
imate cause of death in any of the 42 birds 
sampled in this study. 

Concentrations of DDT and metabo- 
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TABLE 4. Concentrations of chlorinated hydrocarbons in brain, muscle, liver and fat of ospreys in Florida, 
1974- 1975. 

Concentration (pg/g wet weight of tissue)' 

DDT' 
Species and Sam- Totald equiv- 

date collected County Ageb Sex  Wt. (9) p k  DDE DDD DDT DDT alents Dieldrin PCB 

Osprey 
6/1/74 Lake A M 1,160 B 0.02 0.00 0.00 0.02 0.00 0.00 0.05 

F 0.91 0.43 0.12 1.50 0.08 1.00 
L 0.37 0.18 0.05 0.60 0.04 0.43 
M 0.17 0.09 0.05 0.31 0.02 0.18 

10/15/74 Hillsborough A M 1,280 B 0.01 0.01 0.00 0.02 0.00 0.01 0.50 
F 0.81 1.30 0.00 2.10 0.07 1.20 
L 0.02 0.01 0.00 0.03 0.00 0.06 
M 0.11 0.60 0.00 0.17 0.01 0.32 

5/23/75 Hillsborough A M 1,050 B 0.00 0.00 0.00 0.00 0.00 N.A.' N.A. 
6/15/75 Citrus I M 730 B 3.60 0.00 3.80 7.40 4.00 N.A. N.A. 

' All values are rounded to two signihcant digits. 
A = adult, J = juvenile. 
L = liver. M = muscle, B = brain, F = fat. 
Total DDT is the sum of the tissue concentrations of DDE, DDD and DDT. 

a DDT equivalents = DDT + (0.067 x DDE) + (0.20 x DDD) according to the equation of Stickel et al. (1970). 
' N A .  = not analyzed. 

lites in brains of American kestrels col- 
lected in 1975 (n = 6) were compared with 
values reported by Johnston (1978) for 
American kestrels collected during the 
same year (n = 3). For American kestrels 
in the present study, the geometric mean 
concentration was 0.97 pg/g (range 0.84 
to 1.33 pg/g), whereas values reported by 
Johnston (1978) yielded a geometric mean 
concentration of 0.68 pg/g (range 0.42 to 
1.03 pg/g). In brains of American kestrels 
collected during 1976 and 1977, neither 
DDT nor its metabolites were detected. 

Of the 1 1  different species of raptors 
examined, two (eastern screech-owls and 
American kestrels) were largely insectiv- 
orous. I t  might be expected that these 
species would accumulate lower concen- 
trations of persistent chlorinated hydro- 
carbons than the omnivorous and pisciv- 
orous species for two reasons. First, insects 
have a much shorter lifespan than most 
vertebrates, and their potential to accu- 
mulate persistent chlorinated hydrocar- 
bons would be diminished compared with 
the longer-lived vertebrates. Second, many 

of the vertebrate prey species, especially 
fish, occupy higher trophic levels than in- 
sects. At each successive trophic level, pes- 
ticide concentrations commonly increase 
by a factor of at least ten (Sherburne and 
Dimond, 1969). Comparison of concen- 
trations of DDT and metabolites in mus- 
cle, brain, and liver between insectivorous 
and omnivorous raptors collected in 1974 
and 1975 revealed that the insectivores 
contained higher concentrations than the 
omnivores. Individual specimens of east- 
ern screech-owls, year-round residents of 
Florida, collected during three consecu- 
tive years (1974 through 1976) contained 
high concentrations of DDT and metab- 
olites in all tissues analyzed. Eastern 
screech-owls collected after 1976 con- 
tained very low concentrations of DDT 
and metabolites. Concentrations of DDT 
and metabolites in muscle samples from 
American kestrels averaged 1.6 pg/g and 
3.0 pg/g for birds collected in 1974 and 
1975, respectively. Feeding American 
kestrels 10 pg/g DDE in the diet (dry 
weight basis) has been shown to reduce 
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FIGURE 1. 

egg shell thickness by 10% (Wiemeyer and 
Porter, 1970). Furthermore, American 
kestrels in the southeastern U S .  generally 
were exposed to higher concentrations of 
DDE in their prey than their northern 
counterparts (Lincer and Sherburne, 
1974). Among the three specimens col- 
lected in 1976 and 1977, only one sample 
(brain) contained detectable concentra- 
tions of DDT; however, these probably 
were northern birds inasmuch as they were 
obtained during winter and early spring 
when migrants are present in abundance. 

In ospreys, high concentrations of DDE 
have been associated with decreased re- 
production in the Barnegat Bay area of 
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insectivorous (0) and omnivorous (A) raptors col- 
lected from 1971-1975. - represents the geomet- 
ric mean values 

New Jersey (Wiemeyer et al., 1978). Since 
1969, average concentrations of DDE in 
osprey eggs collected from the Connecti- 
cut-Long Island area have decreased by 
a factor of five (Spitzer et al., 1978). Wie- 
meyer et al. (1980) determined that os- 
preys (n = 6) collected in Florida from 
1968-1973, contained brain concentra- 
tions of DDT and metabolites between 
0.23 and 14 pg/g (geometric mean = 2.7 
pg/g) and carcass concentrations between 
0.75 and 52 pg/g (geometric mean = 4.0 
pg/g). Johnston (1978) reported that con- 
centrations of DDT and metabolites in os- 
preys have been very low in Florida from 
1973 through 1976 with geometric mean 
concentrations in adipose tissue and uro- 
pygial glands of 0.87 and 0.90 pg/g, re- 
spectively. Of the four ospreys collected 
in the current study, three were found to 
contain total DDT concentrations in brain 
tissues of 0.02 pg/g or less. One juvenile 
osprey collected in 1975, however, was 
found to contain relatively high brain 
concentrations of DDE (3.6 pg/g) and 
DDT (3.8 pg/g). The reason for these high 
concentrations cannot be explained by the 
theory that these birds accumulate DDT 
while wintering in those Caribbean coun- 
tries which allow its use (Johnston, 1978), 
inasmuch as this was a young bird that 
had never undergone a winter migration. 
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TABLE 5. Raptors from Florida with hazardous or lethal concentrations of dieldrin in the brain 

Species and Brain dieldrin 
date collected County b g / d  Postmortem findings 

Red-shouldered hawk 
12/15/74 Pinellas 10.82 Possible poisoning 
6/ I /74 Lake 6.01 No abnormal findings 

1/1/75 Pinellas 6.82 No abnormal findings 
American kestrel 

Because concentrations of DDT in brain 
tissue were greater than DDE, recent ex- 
posure to the insecticide likely occurred, 
possibly the result of illegal use in Florida. 

Even when species were grouped ac- 
cording to their dietary habits, it was not 
possible to identify any long term trends 
in concentrations of pesticides. For three 
of the four species in which the number 
of birds sampled was 10 or more, total 
concentrations of DDT in brain tissues ap- 
peared to decline after 1975 (eastern 
screech-owls, American kestrels, and 
barred owls). Screech-owls and barred owls 
are year-round residents in Florida, and 
whereas both resident and winter-migrant 
American kestrels are found in Florida, 
nearly all specimens were obtained when 
northern birds were present and numer- 
ous. In red-shouldered hawks, however, no 
such decline in brain DDT was observed. 
This finding is consistent with data from 
the National Pesticide Monitoring Pro- 
gram indicating no significant decline in 
DDE, DDT, or DDD concentrations in the 
wings of black ducks (Anus rubripes) and 
mallards (Anus plutyrhyncos) collected 
along the Atlantic flyway in 1972 and 1976 
(White, 1979b). This lack of decline in 
DDT concentrations may reflect the small 
number of birds obtained in more recent 
years, and suggests that more specimens 
are necessary to determine if, indeed, this 
trend is real. 

In his analysis of adipose tissue, brains 
and uropygial glands from 71 raptors in 
Florida, Johnston (1978) found no evi- 
dence that concentrations of DDE and 

dieldrin diminished between 1971 and 
1976. He also discussed possible reasons 
for the persistence of DDT tissue residues 
following the total ban of the use of DDT 
in the USA in 1972. One explanation was 
that long-lived birds may have accumu- 
lated their current body concentrations of 
DDT and metabolites prior to 1972. Be- 
cause DDT distributes predominantly to 
adipose tissue, and because the only sig- 
nificant mechanism for excretion of intact 
lipids is through uropygial secretions and 
egg yolk, the fraction of the body burden 
eliminated over time is very small. The 
half-life of DDE in common grackles 
(Quiscalus quiscalus) has been projected 
to be 229 days which suggests some sup- 
port for this theory (Stickel et al., 1984). 
Another possible explanation for residues 
of DDT is that several migratory species 
including red-shouldered hawks, red-tailed 
hawks and American kestrels, may have 
been collected while migrating to or 
through Florida from the West Indies or 
Central American countries where DDT 
continues to be a commonly utilized pes- 
ticide (Johnston, 1978). 

Although the data presented in this pa- 
per did not indicate any definitive trends 
in concentrations of chlorinated hydrocar- 
bons in populations of raptors in Florida, 
an obviously large variation in concentra- 
tions of these substances between individ- 
uals within a species was noted. Because 
of this variation, it is important that great- 
er numbers of raptors be analyzed before 
truly representative population trends can 
be identified. 
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BOOK REVIEW.. . 
Veterinary Anesthesia, 2nd Edition, W. V. 
Lumb and E. W. Jones. Lea and Febiger, Phila- 
delphia, Pennsylvania 19106, USA. 1984. 693 
pp. Price $69.50 (US) in USA, $87.00 (US) out- 
side USA. 

There are several good textbooks on veteri- 
nary anesthesiology, but none are more com- 
plete, current, or practical than the second edi- 
tion of Lumb and Jones, Veterinary Anesthesia. 
The text, which begins with general principles 
and concepts, provides a review for those trained 
in anesthesiology and, for the non-anesthesiol- 
ogist who Einds it necessary to anesthetize ani- 
mals, will serve as a foundation for understand- 
ing the more technical discussions that follow. 
Important basic chapters deal with the physi- 
ology of the response of the nervous, respira- 
tory, and cardiovascular systems to anesthetic 
agents. 

Before a discussion of the administration of 
anesthetics the reader is directed to a detailed 
discussion of artificial respiration and oxygen 
administration. The major portion of the text is 
devoted to detailed discussions of pre-anes- 
thetic agents, injectable anesthetics, and inhal- 
ant anesthetics, along with the equipment and 
facilities for administering of the same. The au- 
thors have consulted nearly three hundred ref- 
erences on the use of single and combined drugs 
to attain total anesthesia. 

Eighty pages of the text are devoted to the 
anesthesia of laboratory and zoo animals in- 
cluding crustacea. Many animal groups are dis- 
cussed, and the reviewer is unaware of a better 
source which can serve as a quick reference for 
many of the discussed species. 

The pharmacology of the immobilizing agents 
(etorphine, xylazine and ketamine) is detailed 
in other chapters in the text. This book is not 
meant to be a detailed treatise on immobiliza- 
tion, although it is discussed. It may be tempt- 
ing to use multiple drugs when immobilizing 
and anesthetizing a wild animal. The authors 
discuss some of the ramifications of microsomal 
enzyme induction, caused by numerous drugs, 
which may modify the effect of an anesthetic 
agent. Concluding chapters include monitoring 
anesthesia, drugs and equipment for anesthetic 
emergencies, and anesthetic complications. A 
number of appendices list generic and trade 
names of drugs, sources, abbreviations and 
symbols. The index is thorough and easy to use. 
Diagrams and photos are used extensively and 
effectively. This is a complete and practical 
treatise on a complex subject. 

Murray E. Fowler, School of Veterinary Medicine, 
University of Califomia, Davis, Califomia 95616, 
USA. 
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