e

= S SN
C APR O 1513

RICES STBJECY 10 Wi,

4

PB-235 3?(9/
PESTICIDES, POLYCHLORINATED BIPHENDLS

AND HEAVY METALS IN UPPER FOOD CHXIN
LEVELS, EVERGLADES NATIONAJL PARK AND
VICINITY '

John C. Ogden, et al

Evergiades National Park

\_

,

Prepared for:

Department of the lnterior

August 1974

DISTRIBUTED BY:

e

N

Rational Teshnieal laformation Service
Y. S. DEPLRTI Y OF CRiITRSERGE
5285 Port Roy2! Road, Sprinsfield Va. 22151

¢

DSW 037696

STLCOPCB4021520

./

s e e



BIBLIOGRAPH A i. iteporz No, - 2. .

secpy o oo | DToSFEB-74-16 - f ‘ PB 235 35% T
4. T wele aed sungirle I8 Repait Date
PEST CIDES, POLYCLLORILATED LIPHENOLS AID MHEAVY HETALS It . March 1973
UPPER FOOD CHAILIl LLVLLS, EVIRCLADLS NATIOUAL PARY, AlD VICINITY.

&. -

.

7. Auwthor(zy Jonn Co Ogden, WAlIian 8. Koserteon, 8[%d°"mn804am2ﬂthtp.
sary E, Davis and Thonas V. Schmidt ) No.

9. Petlorming Organization Kame 37d Address

Everglades llational Park

P O Box 279

Komestead, Florida 33030

10. Pioject/Task,/Rork Unit No,

t3. Cootract/Grant No.

Y2 Sponsering O:garization Name and Addeess . : . 1. Type of Report & Peiiod
. S. Departrent of tlhe Interior ) Covescd

National Pari: Service, Southeastern Regioa : Final

240) Vhipple fvenue 1%

Atlanta, Georgia 230344
15. Supplementary Notss

South Florida Environmental Project: Ecological Report No. DI-SFEP-74- 16

16, Abstiaces

- A gencral concern over possible enviroumental pollution by nan -nade poisons prompt-
ed the exten:ive survey of chlorinated insecticides, polvchlorinated biphenyls, and
metals in urper trophic levels of material collected in and adjacent to Lverglades
National Park. Collections were uade between 1971 and 1973, and analyses conducted by
WARF, Inc., liedason, Wisconsin. The resulting analyses provides a base line for future
analyses, and clues for particular poisons or particular species in necd of wmore in-
tensive study. These data revealed that DUT, DDE, DDD, Dieldrin and PCls appear to
exist in concentrations well below amounts lknown to have either acute or clhironie effcctd
Less is Lknowvn of the significance of the various metal concentrations reported here, |

although 'levels of mercury in freshwater vertebrates and arrcnlc in marine species are
great cnough to deserve nore intensive estudy.

K

17. Key Vords and Document Ana'ysis. 176 Descripiors
Pesticides

Polsous

Metals

LuvironTental surveys

17b. Mertifices Gpen-Euded Terme

Everploces National Tark

Everglades
Food chain Reproduced Ly
Food wcb : NATIONAL TECHNICAL

INFORMATION SERVICE

U $ Department of Commerce

" COwAT] e Springicld VA 22101 : .
[ b IR A B

pram o pm————

- ) T T
L A L L AR R R L I |

e e ey e e

00 Seoerny iy v ats

Relensce endinited,

f "‘Q“‘“ CLASKITITD h';; .";-' QS‘D

tms - . e

FOHM TS 1Y LIE V. 22T )

THIS FOLM MAY BF REORODECED WIEIMIL S HAvat

DSW 037697

STLCOPCB4021521



SOUTH FLORIDA ECOLOGICAL STUDY

Pesticides, Polychlorinated Biphenols and Heavy Metals in upper food
chain levels,

Everglades National Park and vicinityi

" Final Report

John C. Ogden, Research Blologist
William B. Robertson, Jr., Hesearch Biologist
Gary E. Davis, Marine Research Biologist

Thomas W. Schmidt, Aquatic Research ﬂidlogist

Division of Natural Science and Resource Management Studies {
Everglades National Park
March, 1973

Revised August, 1974

LUSW 037698

STLCOPCB4021522



FORWARD

A potentially serious threat to southern Florida wildlife is
poisoning by certain human-produced toxgc insecticides, industrial
compounds or metals which escape or are released into the environ-
ment. BSerious populotion declines in species of wildlife due to such
poisoning have previously been documented in many other regions of
the world, particularly among carnivorous species of vertebrates at
the top of aquatic food chains (for example: Ames 1965, Blus et al,
1974, Herman et al 1969, Wurster and Wingate 1968). The poisons ave
absorbed or ingested at vavrious levels of food chains, and become
concentratéd uvpward at highter trophic levels as each contaminated
individual is consumed by a larger animal. In strong concentrations
the#e poisons cause direct death to adult animals. Of equal concern,
lesser concentrations may result in embryonic mortality,’thinning of
bird eggshells, or chromosvmal alterations in first‘generation young

produced by contaminated adults.

DSW 037699

STLCOPCB4021523



e s e

INTRODUCTION

Southern Florida supports a good many species of aquatic vertebrates
potentially endangered by environmental ﬁoisons. Field studies and
gsurveys of some of the species (eagles, ospreys, wading birds, pelicans,
and alligators) b§ National Park Service biologists have reveale& levels
of reproductlve success during the 1960s and early 197Ds which appear
adequaty: for maintalning stable populations. Scattered samples of south
Florida sediments, plants, water, vertebrate tissue, and avian egps,
which have previously becen analysed for various environmental pollutants
have generally contained guite low concentr#tions of these poisons, as
one would cxpect from thd successful vertebrate repro@uction observed.
However, it was apparent that at least swall concentr;tions of various
environmental poisons were distributed throughout souﬁh Florida eco-
systems, The total number of samples from south Flor#da which had been
previously analysed, however, was altogether inadequate for a thorough
understanding of this entire problem. This present project was design-
ed to improve the knowledge of the distribution of the environmental
pollutants which arc known to, or strongly suspected of, adversely
affecting upper trophic level vertebrates and invertebrates, and/or

are known to be present in south Florida environments.
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STUDY AREA AND METHODS

Iin all, 95 samples were collected and submitted for:chemical analyses
by WARF, Inc., Yadison, Wisconsin. This collection of samples repre~
sented an extensive rather than intensive look at lbcal environmental
contaminants in an effort to determine which contaminants and which
species may be i{n need of further study. These samples were collected

primarily between June, 1971 and January, 1973, as follows:

*)., 5 Osprey eggs from western Florida Bay, 3‘cb11ected January
1969, 2 collected February-narch 1972.
2. 8 Brown Pelican eggs from western Florida Bay, collected
March 1972,
3. 5 Coumon Egrek eggs from ceniral Shark Slough everglades,
collected March 1972. |
4, 5 Common Egret eggs from western Fiorida ﬁay, collected
March 1972.
#5, Breast and brain tissue (total 6 samples) from 3 White Ibis,
collected Chokoloskee Bay, June 1971.
6. 4 White Ibis eggs from western Florida Bay, collected
April 1972. '
7. 5 White Ibis eggs from Conservation Area 3B everglades,
collected April 1972,
8. 5 Double~crested Cormorant eggs from western Florida Bay

collected March 1972.
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*9, Breast and brain (total 6 samples) frou 3 Sooty Terns from
the Dry Tortugas, collected August 1971,

*]10, S Cattle Epret egps from Taylor Slough everglades, collected
June 1972. -

*]11. Cowbined breast and brain tissue {rom 1 Red—shéuldefed Hawk,
near Mahogany Hammock, collected November 1972,
12, Combined breast and brain from lbkndte Tbis, &d—mile Bend,
collected September 1972,

%13, 4 American Alligaior eges frém central Shark Slough ever-
glades collected June 1972.

14. 5 American Crocodile eégs from eastern Floridaihay. collected

rlay 1972.

‘
t

15.. 2 sanples of Pinfish (3 and 4 fish respectivel&) from Florida
Bay, collecged December 1971, and ‘eptember 1972, )

16. 1 sample of 7 Pinfish from south Biscayne Bay, March 1972.

17. 2 samples of Stone Crabs (4 and 4) from Florida Bay, conllected
December 1971, and May 1972.

18. 1 sample of 3 Stone Crabs from south Biscayne Bay, collected
October 1972,

19. 2 samples of Sea Catfish (3 and 3) from Florida Bay, collected
Januvary 1972, and september 1972.

20. 2 samples of Crevalle Jacks (4 and 3) from Florida Bay,

collected December 1971, and June 1972.
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21, 2 samples of Silver Mullet (4 and 4) from Florida Bay,
collected January 1972, and June 1972,
22. 1 sample of 3 Silver Mullet from south Biscayne Bay,

collected November 1972.

"23. 2 samples of Spiny Lobsters (4 and 7) from Florida Bay,

collected December 1971 and May 1972,

24, 1 sample of 2 Spiny Lobsters from south Biscayne Bay,
collected October 1972. .

25. 1 sample of 6 Spiny Lobsters from Dry Tortugas, collected
March 1972.

26. 2 samples of Gray Snapper (5 and 3) from Florida Bay,
collected December 1971; and June i972.

27. 1 sample of 2 Gray Snapper from south Biscgyne Bay,

collected January, 1972.

28. 1 sample of 18 Pink Shrimp from south Biscayne Bhy,

collected March 1972,

29, 1 sample of 2 Blue Crab from south Biscayné Bay, collected
October 1972.

30. .1 sample of 4 Bluegill from the upper Shark Slough everglades,
collected July 1972.

31. 1 sample of 4 Bluegill from Taylor Slough everglades,
collected November 1972.

32. 1 sample of 2 Florida Gar from upper Sharkjslough everglades,

collected August 1972,
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33. 1 sample of 3 Largemouth B;ss frbm Taylor Slough
everglades, collected October 1972, ‘
%34, 1 sample of 3 leopard Frogs from upper Shark Slough
everglades, collected October 1972. |
*35, 1 sample of 87 Mosquito Fish from upper Shark Slough
everglades, collected October 1972. ‘
*36. 1 sample of 50 Mosquito Fish from Taylor Slough ever-
glades, collected Jenuary 1973,
*37. 1 sample of 9 Everglades Crayfish (Procambarus) from

6pper Shark Slcugh evcrgladés, collected Octoter 1972,

All samples were analysed for resldues of certain persistgnt chlorinated
insecticides {(DDT, DDE, PDD, and Dieldrin), and for the pérsistent
chlorinated industrial compounds known as Polychlorinated‘Biphenols.
Each sample was also tested for residues of arsenic, mercury, cadmium,
lead, zinc and copjer, with the exceptlon of some of the samples in
the groups marked with an asterisk (*) which lacked sufficient volume
for total analyses. The analyses were done on whole eggs:(excluding
shells) of birds and crocodilians, breast and brain tISSué of Hhite
Ibis and a Red-shouldered Hawk, and from homogenates of whole animals
in the fish, frog and invertebrate samples. VThe results éf these
analyses are presented in Table 1, and are expressed in pgrts per

willion, whole wet weight basis.
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DISCUSSION

The egp analyses provide hoth a measure of residue levels present
in the adult females of each species, and a means for comparing
residues in the egps with a measure of shéli thickness, Several
research studies have previously shown that sufficient amounts of
P DDE, and possibly Dieldrin, affect calcium metabolism in birds,
) resulting in.production of thin-shelled eggs (Birman et al 1970,
: Lockie et al 1969, Wizwcyer and Porter 1970). Increased breakage
- of these eggs during incubation, in some cases to thé point of elimi-
nating all successful reproducgton in a bopglation or colony of
contaminated birds, hus been document~’ (Keith et al 1?70). Other
studies of laboratory or field contaminatéd populationg of birds
generally showed adversely altered hatching succesr whgn egg shell
; thickness was reduced by approximately 10-20 percent ffom normal
thickness (Wiemeyer and Porter 1970, Wiemeyer et al 1952). Ve
measured shell thickness for the eggs collected during this project
~and present these data in Table II, Although no great amount of
shell-thickness data from normal, non~contaminated populations of '
birds are available in the literature, it appears that for at least
two species, Osprey and Brown Pelicans, the shell meaéurements from
Florida Bay eggs are similar to shell measurements from epgs collected
prior to 1947 from non-contaminated populations of these sawe two
species (Anderson and Hickey 1972, Blvs et al 1974). JWe believe it

quite likely, therefore, that 1971-1972 eggs produced in the south
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Florida everglades region did not contain sufficient contaminants

to produce a degree of shell-thinning that would reduce productivity

, for anv species. ,

The factofs whiclh determine rates and patterns of distriBution, as

well as toxicity of the various envitonmenial pollutants; are extremely

! : complex and only partially understood. Varilous studies have shown that

% : temperature, turbidity, and flow rate of water, age and size of animals,
presence of other chemicals in local environments, arnd rates of input
of toxic chemicals into ecosystems are only some of the factors which
determine distributfon and toxicity of chemical pollutants in local
areas (for example: Durham 1969, Gish and Chura 1969, Kearney et al 15969).
An additional difficulty in interpreting residue data is that many
potentially toxic metals occur naturally an small amounte in most environ-
ments. The natural levels of these metals are not well known in various
tissues of most animals, making it difficult to understand the significance
of concentrations detected during spot sampling. The metal residues
revealed by WARF analyses, while representing a conslderable increase in
our knowledge of the distribution of these potential pollutants in sauth
Florida, are still insufficient to allow definitive interpretation of the
origins, rates of concentration, distribution or toxicity with the lecal
conditions where they are found. Sowmewhat better understanding of the
significance of insecticides and PCB residues can be msde from the WARF
analyses, ﬁrimarily because of the voluminous amounts of background
information tﬁat have accumulated as a result of world wide attention and

study of these chlorinated hydrocarbon compounds.,

8
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Where WARF analyses proved most useful was in: 1) providing
additional data on distribution and concentration of sevéral
potential environmental poisons, including the fixst fnformation
from several local species not previougly tested; 27 by providing
base~line data for futuie measurements of these same con;nminants
in the same species obtained by similar collecting procedures; and :
3) by providing clues for wnere there 1is need for intcnsive investi~
gation of particular contaminants that may be at or near dangerous
concentrations. Following is a summary of the apparent;éignificance
of levels of DDT and its metabolites, Dieldrin, PCBs, Arsenic,
Mercury, Cadmium, Zinc, Lead ana Copper revealed by the WARF analyses,

ARALYTICAL INTERPRETATION

1. DDT and Metabolites (DDE, DDD). An import comment on DDT and it's

break-down products, DDE and DDD, is that varioqs species of vertebrates

bave been shown to exihibit widely different sensitivities to these A
poisons, so that a lethal amount for one species cannot be assumed to |
be lethal for other similar sized species. 1In general, concentrations
between 25 and 50 ppm in brain tissue can be considered approaching
probably lethal levels for large aquatic and raptorial birdé (for
example: Beli;le et al 1972, Blus et 3l 1974). The residues of DDT,
DDE and DDD revealed by WARF analyses, hbwaver, are at quite low con-
centrations in all epecies tested,'and i; probably is true that no
significant mortality or impaired reproduction in the Everglades
National Park region is occurring due to these poisons, DDE in bird
epgs at concentrations greater than 10 ppm might result in enough egy

9
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shell thinning to depress reproductive success on some'spccies {Cade

et al 1971, Wiemeyer and Porter 1970), but the highest concentrations
of DDE detected by WARF in bird eggs ;ere slightly above 1 ppm in

three Osprey eggs. No other fish eating bird eggs, including pelican,
cérmorant, and Common Egret eggs collected from the same portion of
Florida Bay as were the Osprey eggs, contained concentrations as high
as 1 ppm. Two of five Cattle Egret eggs contained:DDE greater than

1 ppm, including one egg with about 5.5 ppm DDE. Cattle Egrets are

not fish eaters, but fged on large insects captured in fields (Fogerty
and lletrick 1973), and individual egrets may accumulate relatively high
concentrations by repeatedly feeding in apgricultural fields recently
sprayed with DDT. Tissueg from Dry Tortugas Sooty Terns were particular-
1y clean of these compounds.,

The iiighest concentrations of DDE were found in eggs of Awerican
Alligators, (mean value for four eggs, 2.42 ppm; range i.79-3.00 ppm),
and American Crocodiles (mean for five eges, 1.85 ppm; range 0.78-3.23
PPR) . Sovlittle ie known of the affects of DDI, and its metabolites,
on crocodilians that it is difficult to interpret these data. It is
interesting that the freshwater fish or invertebrate sample with highest
DDE residues was the Florida Gar, a species thought to be important as.
food for alligators. Where crocodiles obtained high DDE concentrations
is more puzzling, for residues of DDZ in silver mullet and crabs, two

important crocodile foods, were particularly low.

10
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None of the species analyzed by WARF contained concentrations

that approach residue levels known té produce chronic damage to these
species. We also recognize, however, that the low levels in decapod
crustaceans could reflect the extreme sensitivity these animals have

for these compounds (Butler 1969). Greater concentratjons, in the

range of 1 to 10 ppm, tend to be lethal in some species. All samples
submitted to WARF were from live, presumably healthy, individuals, and
would alvwost have to be clean of these poisons. fhis sensitivity is

not surprising since these compounds were designed for destruction of
closely related arthropod pests.

2. Dieldrin. In general, fai ly low levels of Dieldrin in the range of
10-20 ppon in brain tissues, may result in death or abnormal behavior

in come birds, particularly in combination with relatively ligh levels
of other iusecticides (Stickel et al 1969). Concentrations as low as
1-5 ppm in bird eggs have been reported to cause egg shell thinning in
some species (Lockie et al 1969 and Stoewsand et al 1971). " These éon—
cenirations are considerably greater than any detected by the WARF
analyses,

Al)l samples tested by WARF contain concentrationa of Dieldrin less than .
1 ppm. Bird eggs generallv contained less than 0.10 ppm, except for
Cattle Egrets, where 5 eggs contained a meal level of 0.18 ppm (range:
none detected to 0.66 ppm). The relatively high concentrations in Cattle
Egret egps is a reflection of this'speCies‘ food habits in south Florida
of large insects captured by farmland fields, including fields where

local applications of Dieldrin‘may occur,

11
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3. Polychlorinated Biphenols, PCBs occurring in the environment are

industvrial compounds used as plasticizers in the production of paints,
resins, and electrical insulators, and they may be applied with pesti*I
cides to extend the kill~life of the poisons (Rammond 1972, Peakall and
Lincer 1970). PCBs have been found to be approximately 1/4 to 1/5 as
toxic as DDT in some birds studied, and two or three orders of magnitude
less toxic to fish than DDT. Like DDT, PCBs which escape into the
envifonment remain as persistent poisons., A steady diet of.PCBs to
adult birds, in concentrations of approximately 10 pph, may result 4in
chromosomal alterétion in young produced by these aduits, and concentrations
of about 50 ppm in the egps laid by these adults (Peakall et al 1972).
PCB concentrations revealed by the WARF analyses were-higﬁest in fish
eating birdé from Florida Bay (mean value 1,43 ppm in Osprey eggs;

1.21 ppm in Common Egret eggs; and 0.84 ppm in pelican eggs). Highest
concéntrations in freshwater samples were from Common Egret eggs (mean
0.33 ppm) and Alligator eggs (mean 0,30 ppm),‘from the Shark Slough.
These concentrations are well below those known to cause serious adverse
effects on wildlife. Samples from several other fresh-water and marine
vertebrates (White Ibis, cormorant, aﬁd crocodile eggs; Sooty Tern tissue)
contained no detectable PCB residues. Marine and freshwater fish and
invertebrate samples generally contailned less than 0.10 ppm PCBs, con-
siderably below concentrations thought to affect these species (Hammond

1972).

12
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4. Mercury. The U. §. Food and Drug Administration has declored that
‘fish and other food which contain more than 0.5 ppm mercury are unsafe
for human consumption. Recent studies of wildlife in the United States
and Canada have revealed that several spcctés of fish and game birds
contain concentrations of mercury at or above this 0.5 ppm level {(for
example: Adley and Brown 1972, Fimreite 1974). 1In fact, 1t appears
that such concentrations may not be rare in wildlife; indicatiﬂg that
there is widespread mercury pollution, particularly in freshwater eco-
systems. There is little information on whether these mercury con-

centrations have rhronic effects on the species.

Highest concentrations revealed by the WARF analyses were, as in other

regions, primarily invertebrates which liQe or feed in freshwater. Brain

and breast tissue from White Ibis ranged between approximately 1 and 2.5

Ppm mercury, combined breast and brain from a Red-shouldered Hawk contain-

ed 0.78 ppm, 4 allipator eggs had a mean 0.69 ppm, two blgegill samples

averaged 0.58 ppm, and a sample of Florida gar contained 0.60 ppm, Common

Egret eggs from the Shark Slough contained a mean 0.37 ppm mercury, com-

pared with a mean 0.16 ppm in Common Egret egge from’Florida Bay. The

same relationship was not apparent between White Ibis eggs collected in ;
the everglades and Florida Bay, where the values werec only slightly
higher in the freshwater region.

Highe.t mercury concentrations in marise species were a mean of 0.59

ppm from the seven carnivorous Crevalle Jack samples, and 0.36 ppm in

13
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cormorant egps. The relatively high concentrations of 0.24 ppm in
bottom feeding Sea Catfish seemed to.reflect their higher trophic
position than the similar bottom féeding Silver Mullet, with mércury
concentrations of 0.05 ppm. Species with similar feeding wethods

may be expected to contain more nearly similar amounts of various
residues, but the fact that they do not points out the possibility

of different rates of assimilation of these poisons by different
specles,

The mercury concentrations reported here apparently are too low to
have acute effects on wildlife, but there is no certainty that chronic
‘problems do not occur. The relatively high concentrations in scme
freshwater vertebrates deserves further monitoring qnd study, with
emphasis on sources of the meréury. and the possible effects on pro-
ductivity in these fresﬁuater specles.

0f particular interest are the seemingly bhigh concentrat@ons of
arsenic, zinc, lead and copper in wore marine.specigs. Many marine
organisns are known to selectively accumulate heavy‘metals, a pheno-
menon that has been reported for over 50 years (Harﬁey, 1957). 1t has
been established that marine biological systems accumulate arsenic,
zine, lead, copper and cadwlum concentrations several thousand times
greater than ambient cea water (FUPCA 1968, Goldberg 1970). Zinc and
copper concentrations are well within & range considered normal for
estuarine fish. The WARF samples contaln concentrations of these metals,
other than arsenic, less than could be.expected by biological
accumulation from average se; water concentrations. Arsenic concentrations

14
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in some marine fisﬁ (7.5 ppm) and 1nvertebratesr(18.8 ppm) are slightly
higher than expected by accumulation, but probably not by a significant
amount. The levels of arseni? found in this study approached the present
tolerance of 7 ppm for combined lead arsenate on food crops, and

may constitute a health hazard (Pakhala et al,, 1972).

The possibility of arsenic at concentratio&s great enough to have
adverse affects is real, and this situation deserves further in-
vestightion. We also recommend that monitoring of the cther metals

be scheduled on some regular basis, particularly in conjunction with

any studies undertaken of the population dynamics qf éarine species

in Everglades National Park,
SUMMARY AND RECOMMENDATIONS

A general concern over possible environmental pollution in southefn
Flotida by manfmade poisans prompted this extersive survey of chlorin-
ated insecticides, polychlorinated biphenols, and metals in upper
trophic level samples. The resulting analyses provide a base line

for future analyses, and clues fo. particular poisoﬁs or particular
species in need of more intensive study. These data revealed that
DDT, DDE, DDD, Dieldrin, and PCDs appear to exist in concentrations
vell below amounts known to have either acute or chronic effects on
local species. Less is known of the sigﬂificance of the various metal
concentrations reported here, although levels of mercury in freshwater
vertebrates, and arsenic in marine species are great enough to deserve

more intencsive study. We recommend the following:
15
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1. A regular program cb monitor amounts of environméntal poisons

in upper trophic level species in the southern everglades and adjacent
estuéries should be established., Not less than 50 samples representing
select freshwater and marine species, primarily those tested in this
present study, should be tested for insecticides, PCBs, and metals,

on a routine basls every 2 or 3 years. Some effort should be.made to
collect samples from areas where little sampling has been done thus far,
for example in the west coast rivers and bays 50uthlof Everglades City,
the lower cypress sloughs, and in Conservation Area 3.

2. Concentrations of mercury invfreshwater vertebr;tcs, and arsenic

in marine animals were high enough to warrent further investigations
soon. Some money and time should be programmed for further analyses

fﬁr mercury and arsenic to determine percent of metﬂyl mercury present
in total mercury reported, obtain a better understanding of distribution
and source of mercury and arsenic in these ecosystems, and for further
literature review to provide interpretation of significance of mercury

and arsenic concentrations being detectad locally. .

16
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TABLE [, Pesticide, Poiychlerinsicd Diphoruls, and heavy metal conceatsRicns
fppmm) in sovth Flurida saimals 1971-72.
RINEES
Wievdhepr Tretticn Samale Masrerial DD DO DIT Diclarin Pcn As e - A PR
1 Fiorids Lay Qsprcy Fgaae 1,93 €. 30 ND# 0.637 2,27 - .. .- .- .- -
2 Fiorica Bay Osprey Eggte 0,96 6.21 0. 080 0.012 0,64 - -- - .o . .-
3 FlozlZa Day Quprey Ejg 1.24 ©.29 X\D 0. 716 1.33% - .o - - e .-
4 Floriza Bay Osprey Egg 0.86 0.13  0.016 0.0t0 1,50 €10 0,07 <05 4.6 <.Z 0.7
3 lorida Day Qaprey Egg 1.09 0.£78 ©0.0l¢ 0.0i0 1,37 Q.30 021 .05 6.8 «0.2 €. 59
6 Clorida Bay Browa Pellean ¢35 6.12 C.C56  0.047 0. 039 0.3) «<0.10 0.22 <',°5 e g2 .l el
7 Flosida Day Brown Prlican erg 0.0? C.0s7T G047 0,020 0.25 «<0.10 0.36 .05 4.7 «f.2 c.72
3 Florida Lay Berown Pelican ¢33 0.11 0.053 0.078 0.0%5% 0.37 <C.10 0,50 £ 05 1.} g2 .02
2 Flurida Bay Drown Pclican egg 0.09. 0,016 c.Cla 0,012 0.31 «n.10 0.33 <403 LI <2 l.is
1 Florida Day Brown Pellcan gy Q.22 0,053 0,033 0,030 0,69 €10 0,44 .05  b.6 <l.2 1ot
193 Flr ida Bay Browa Polican ogg 0.63 ¢.110  0.U0 0.230 3,24 <210 0.(5 5 7.9 <. 2.4l
12 Flarida Bay Browa Pclican egg '0.20 0,073  0.037 0. 030 1.G60 <0.10 c.12 &85 6,2 <% 2 2,34
13 Florida Bay sown Palican ¢3¢ .14 Q.084  0.047 I 0,038 0,2 «0.10 0,28 <.05 9.3 «0.2 .04
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TABLE 1. Continued -
Logotion Sample Marer(al DDZ___DDD __DOT Dleldrein  PCD As __Hr €4 7e Pt Cu

14 Shark Valley Common Egret egg C.47 0,041 0,002 0,910 0.2% <0.]% 0.28 <0.CS 8.7 <0.2 0.85

15 Startk Vailey Common E3ret egg 0.29 0.022 0.041 ND .19 -<°. 190 0.19 «0.05 6.3 <1 0.7
153 Shark Valley Common Egret €338 0,42 6. 022 0,047 0.075 0.31 <0.10 0,26 <0,0% 6.5 =3.2 .26
27 Srark Yalley Common Zgret egz 0.52 0.022 0.047 0.010 0,28 «<0,10 0.91 <005 6,7 <0.3 1.02
13 Sharx Valley Common Egret egz 0.89 0,031 9,082 N2 0,56 <0.i0 0.21 <0.¢53 9.8 «0C.3 0.81
19 Finrlda Bay Comumon Egret ¢gs 0.14 0,022 0.01¢ ND ND <0.10 0,19 <0.05 8.4 <02 1,08
20 Fierida Day Common Lgret egg 0.14 XD 0,016 ND KD «<0,10 0.17 <0.0% 5.9 <0.2 .16
sl Flori-da Lay (iom:r.on Egret epg 6.52 0,016 0,037 0: 025 G.87 <0,10 Q.13 -(.7..-'.‘5 8,3 <C.2 1.. Qo
2 rlorida Lay Common Egret cgg 0,94 0,031 0,094 0.039 5,00 <0, 10 0,27 <o0% 4.1 <«2.2 1,08
23 Tioeida Lay ' Common Egret egg 0,097 ND 0.016 0.02% 0.13 ~m. 10 0.13 <903 £.3 <=¢C.2 C. 94
2+ . Tayior Slough Cactle Ezvet egg®@® 0,18  0.016 0..073 NS ND «0.2) Q.05 — — — —_
2 Taylor Slough Caitle Egret cgyses 5.49 o1l 0.21 O.&(0 0,35 «0,20 0,05 —_ - — _
26 Taylor Slough Caztle Egret e2g _ 0.19 0.008 0,040 0,110 ) ND <0,07 0.05 —_ — - -
23 Tayior Siough Catile Egrot egg 1.63 0.035 0,035 0.]20 XD <Q20 0.C5 — __ — __'
28 _Taylor Slough Cattle Egret egg 0,12 0.047 0,051 0,034 ¥o a3 603 _— —_—
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TADLE L, Continued .
T, ¢matian Saavale Maw siat DOF DAY DOT  Dicldrin BCL__As 1. (N 7 A T

29 » Fleridy Day White lbis exg C.031 0.051 ND  0.837 N <0.10 0.33 <03 7.0 <ML2 [
30 Flerida Bay White 159 epg . 0.062 2.6 0.031 XD ND €.l 0.¢9 <050 .0 <&i,2 y.C0
32 5.16 G.Clé 2.016 0,020 0.19 <C.19 C£.27 <. C3 3.6 <n2 1,04
32 Tlorica Day White Ibls e23 0.1+ 0.0 c.eLod G.003 D .24 G.C% (03 $. £ o2 t.os
33 Cons. Area 33 White 1bis epg 0,977 0.0I5 0.015 0.020 ND 010 K2,95 <. 03 7.6 4G5 0. na
34 Cons. Avea 33 Whiie Its ez 0.8 0.8i9 §.837 G.01C ND  «i.10 .09 05 6.6 <52 1.0

- 35 Comz, Arca 35 S.1+  Q.01% ) ND  3g.ei2 IS s A N D i o] RO 4 e
pta Cens. Area 13 White Ibis oz Q.16  9.032 €.03F XD NS <253 Ut PR ) .S 1,15
37 Conas, Arva 1B Whalte Ibis azg 6. 062 ND c.015 0.920 ND <0.i0m.t5 05 a6 <8 1,15
33 Florida 3uy Cormerint c3g €.031 0.93 XD XD N2 <C,i0 0.4+ .06 T2 a2 d.¢eq
37 Flarida Loy Cozmorant ¢23 0.031 XD \D XD XD w1 . ; .25 .. 5.2 AR
53 Florids Bay Cormorant cgg 0.047 WD XD ND XD <0.10 0,44 LG5 %2 e 0.0
41 Flarida Bay Comrorant c5g 0.047 ND ND ND 0.25 <39.:10 Q.34 .35 3.4 .3 .33
42 Tiorida 2oy _Cormozrant egy 0.053 N\D XD 2 N2 <C.19 C.4s .63 -2 6.2 2,49
<34 hokuloskea Bay White Ibis brc;st‘ .09+ ND NXD 0. 016 XD — 0.¢7  _ —_ . —_

/ .
. R .an o i ——— =
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Contlaved

TABLE I, -

Sample

lombes lceatlon Samole Materiat ONE _©TDPD __ DDT  Dicldrin  PCB A4 He (o 7n I'h Cu
<35 Chokolevve Day  White {ble brain 0.9 ND ND ND ND .- .- - .. .. ae
L7 Choxolnskee Bay White Ibls breast 0.081 ND ND h$a] a.37 1.7 0.0% 9.0 8.2 9,0 3.4
41> Choxoloskee Bay Whita Ibls brala 0.992 0,092 ND ND hyel .- .- .- .o . -
<5a Chokoloatice Bay White [bis breast 0.16 ND ND ND ND .- 2,62 S -a .- ..
55 Chokoloskee Say White ibis braln 0.32 ND KD ND .28 .. .- ve .. .- .-
16 Mahogzany Hammecek  Red-shoudcred Hawkweee 0.091 0.00% ©.0¢5 €.00%5 0.78 0.15 0,78 - - . e
Exs #0-Alile Evnd Whito bis 0,010 0.005 ¢O.C05 0©.023 0.05¢ 0,07 1.40 0,03 10, 0.2 P
45a Dry Tortugas Soaty Tera breaas 0.039 ND ND ND ND L05 s . .e e
aSh Dry Tortuaae Sooly Tern brala ND ND ND 0.13 ND - . - . .- .-
%3 Dry Toriugns Saoty Tern breast 9.031 XD D 0.013 ND .- .08 - . - -
05 Dry Tortuzas Sooty :.‘ern braln ND ND ND 0.080 ND - -- TS .- -a -
59a Dry Tortugas Scoty Tera dreast 0.062 ND ND 0.020 \D .- 0.06 .- . .- e
53b Dry Tertigas Sooty Torn brain 9.16 ND XD 0.10 1.92 .. .- - - .- .
m Shark Valley Allizater gy 2,51 0.053 0.i0 0.064 0.40 ©6.03 0.41 o o - .o
52 Shark Valley Alligator ogg 1.79 0,047 0.047 ND 0.25 0.2 0,71 -~ -- .- ..
53 Shark Valloy Alligator egg 2.38  0.044 0,044 0,019 %22 0.2 0% -- - - -

PR g I st dickerhend
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TADLEL Contlrued
Sample .
Manles Location Samp's Material DDT D.")T? DOT__ Dirldrin - PCR  As Hy Cid 2n Fb Cu
3 Shark Vulley Allizator egg 3.0 3.042 0.060 ND ¢.36 0,05 C.53 .. .o aa .-
55 Florica Day Crocodile egg 3.23 O.le 0.59 ¢.019 ND 0.08 0.13 0.0% 8.2 G.) e,9
5% Flerija Ray Crocadlle egg 1.4 0.1 0.33 0. 024. ND 0.98 0.08 0.C5 3.8 0.3 .02
ST Florida Bay Crocodile egg 1,72 0.1S 0.29 XD XD 0.08 0O.Cy 0.05 .2 .3 3. 9%
58 Flarlda Bay Crocodile ¢gg 1.87 0,002 0.31 ¢,0 XD 0.06 0.10 0.0% 8.0 0.4 0,82
59 Florida Bay - Crocedils cgz 0.78 0,055 .0.1s XD ND 0.06 C.07 0.05 1L 0.2 1%5.¢
2 Shark Yalley Blueglill (4)sorae C,013 0.006 0.006 XD KD - 0.0% C.%¢ Q.05 23, o.3 e n’?
[ Stark Valley Florlda Car () 0,20 ©.063 0,052 N 2,057 0.5 9.60 0,05 206, 0.6 ¢. 87
62 Tuylor Slough Dluegill (4) 2.030 0,014 0, 02? 0,006 0.0 .;3 0.0% 0.22 0.0% 2., 0.5 0.5
) ":q_xor Sleagh . Largemeuth Bass (3) 0.0(Z 0.032 0,937 0,005 0.055 9,u5 0,31 0.08 lt. 0.5 3.5
b Shase Valley ’ Leopard Freog (3} 6,022 0,010 ¢ 016 0.010 0.082 0,07 0.07 <wee . .. oa
(1] Shark Valley Mosqultofish (37) 0.013 0.010 0.0i0 0.010 0.19 0.07 0.15 sese oo - e
66 Shark Valley Crayfish (9) 0,006 0.006 ©0.036 0.006 . 0.1¢ 0.33 0,05 ~eces oa - “
(44 Taylor Slough tosqultafizh {50) 0.037 0.008 0.008 0,008 0.12 0,07 0.17 eeee .. .e P
58 Tlorida Bay Crevalle Jack (4) 0.006 NO .ﬂ. 08% ND ND 0.35 0.39 ©0.05 13, G4 ¢ &1
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TADLE !, Contlisved .
Sarsale .
Noimhor soz3inn Sample NMaterinl DDE__ DDD DDT _ Dieldrin PCD__As e C n bt} S
€9 Tlorida Bay Gray Seapper (5) N2 ND NG XD ND 1.4 0,13 0,07 192.: L5 .M
kL] . Florida Bay Silver Mullet{$) 0,068 0.205 0.006 ND ND 1.¢ 0.07 0,05 30, 6 1.15
T Fiorida Day Sea Catfian {3} 0.032 0,095 0.005 0.CU5 ¢.18 3,22 0.1% 0,22 119, %5 as
w2 Flozida Day Pinllsh (3)- 0.00% 0,005 0.005 2.003 0.C49 2.05 0.08 9.1F 2T, 0.5 .9
73 Fluzida Bay Pinflsk () ¢.009 D.03% 0,004 0.6C5 g.11 3,52 0.1Z 0.05 19.2 2.2 [ 73
T Fleslda Day Sea Catfish {3) 0.036 ND C.005 0.085 0.06 7.47 0,24 DB.15 120, 2.2 0,58
73 Florida B;.); Crevalle Jack {3} 0.029 0.017 0,014 0.C06 0.}2 0,5 O.Bv C.35 122 3.2 C.78
7 Flaa da Eay Sllver Mullet (&) 0.037 0.037 . ND 0.01S g.79 2,%! 0,0% 0,03 23535 0.2 .4
7 Florida Day Gray Sraprer l.3) 0.012 0.005 0.00S 0,005 0.0% 2,231 .29 C.0% l?.i o 0.9¢
e Ciacayne Bay Plriizh (T) 0.066 0.005 £.09G N3 ND 2.7 0.06 6,05 22, 0.2 .73
9 Biseayre Bay Cray Saapper (2) 0,11 0.05% 92.036 ND 0,047 1,0 0.14 0.1t ) il, Q0,4 ¢.39
10 So. Bisc. Tay Silver Mullet {3) 2.037 0.217 ¢.010 0.612 0,0%3 1.22 0,3 o0.006 23, C.-S c.%
3 5. Bisz. Ray Stone Crabs (3) 0.00% 0.00% 0,005 0,005 0.024 1.8 0.08 0.76 39, 3.5 26,7
&l So. Zisz. Bay Eluo Crab (2} 0,003 9.005 0.005 0.03% 0,825 T.&8 Q.05 0.4 IT. 9.5 1.1
33 So. Pisc. Bay Spiny Lebster (2) 0.C08 0,003 Q.00 0,005 0.024 15,5 Q.08 0,17 2¢. 0.5 32.2

L3 a Y ANl - mam e @ e St T



#16.4{CUE 507 PAVIQII0D STRWIBE IJOLM JO IDYENY YL XDICTHUL (| UL 4 WX enre
SREEI VITIG NUT LIBPNIA ANIICTLGT 0

WdC 1§00 = 52 TON PuT ‘Wl g6 o o £T ON VOIIEIIUIILOD IUTLAGIEIAND ey
QN = 2 ‘ox PUT WdE 110°0 @ T TON X KO NIWIdTId ULINIT s

IWNOWE IIGUIDN I OU FIILAL G5,

0°Tt  +'0 L 6rlt0 s¢°0 88t as cNx  axN an  axN (9} s1019qoT Lujdg vetniiog Aig 8

[N % 0 BTl €0'0 §3°0  $°si an <600 aN aN ax {2) va379q0y Auydg Leq trizoly 8]

[ G S ¢ U200 6870 LS ax as as as CN it) 32157 Lvidg Aeg Trrsory 28

et 0'l §9'0 f£t°0 6 cN X 500°0 ax §00°0 {r) qraD dueg deg =p1z013 95

0%t €1 $°*T &(°. (‘0 l&'8% ¥06°C $00°'0 §00°0 §00°C 210°0 (£} qeany svolg Arvg Tozelg 58

N G 51 60°0  %2°C - ax a GN ax as (1) doiays Uiy Aeg *ss1g cos *9
0 G (P2 5] L3 Y U4 Ui-iteid 1A caa - Jaod REEA R TS uliv3w7g SO
acwicg

panupivey 1 3T VYL

037721

D3SW

STLCOPCB4021545



995120¥90d0D11S

Msa

22¢L2€0

Lo TN bt + e a1t

o NPl A b e

v

k2

TABLE II -

e it omes o e a4 = —t At N s = e evm o ewaa

Eggshell thickness measurements pesticides and heavy metal monitoring
South Florida Environmental Study :

ki

e ———_— Pk = A - e

ok L Ay AR RN L M T ok M ) " o e ¢ e

Snecies Location : ' Number Mean (mm) Range (mm)
Osprey Florida Bay T2 . 590 575 « . 605
Brown Pelican Frank Key Yy . 576 .545 - . 621
Brown Pelican Palm Key 4 , . .. 566 «536 - ., 640
Common Egret Frank Key 5 .336 .287 - . 351
- Common Egret Shark Slough 5 . 346 .335 - ,371
Double~crested Cormorant Frank Key ] ' ‘ | .436 410 - .1‘190
24
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