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FORWARD

A potentially serious threat to southern Florida wildlife is
poisoning by certain human-produced toxic insecticides, industrial
compounds or metals which escape or are released into the environ-
ment. Serious population declines in species of wildlife due to such
poisoning have previously been documented in many other regions of
the world, particularly among carnivo~ous species of vertebrates at
the top of lquldc food chains (for exaople: Ames 19€5, Blus et al,
1974, Hernan et al 1969, Wurster and Wingate 1968). The poisons are
absorbed or ingested at various levels of food chains, and become
concentrated upward at higliter trophic levels as each contaminateu
individual is consumed by a larger animal. In strong concentrations
these poisons cause direct death to adult animals. Of equal concern,
lesser concentrations may result in embryonic lnotu.‘.lty,v thinning of
bird eggshells, or chromosumal alterations in first generation young

produced by contaminated adults,
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INTRODUCTION

Southern Florida supports a good many specics of aquatic vertebrates

potentially gered by envir al potaons., Field studies and
surveys of some of the species (eagles, oapreys, wading birds, pelicans,
and alligators) by National Park Service biologists have r-venled levels
of reproductive success during the 1960s and early 19708 which appear
adequatu for maintaining stablc populations. Scattered samples of south
Florida sediments, plants, water, vertebrate tissue, and avian eggs,
which have previously been analysed for various environmental pollutants
have generally contained quite low concentrations of these poisons, as
one would axpect from the successful vertsbrate reproduction observed.
However, it was apparcnt that at least small concentrations of various
environmental poisons were distributed throughout south Florida eco-
systems. The total number of samples from south Florida which had been
previously analysed, however, was altogether inadequate for a thorough
understanding of this entire problem. This present project was design-
ed to 1mprove 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 eouth Florida environments.
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STUDY AREA AND METHODS

e In all, 95 samples were collscted and submitted for chemical analyses
by WARF, Inc., lladfson, Wisconein. This collectfon of samples repre-
sented an extensive rather than intensive look at local environmental
contaminants in an effort to determine which contaminants and which
specics way be ‘n need of further study. These samples were collected
primarily betwecen June, 1971 and January, 1973, as followa:
"], 5 Osprey eggs from western Florida Day, 3 collected January
1969, 2 collected February-ilarch 1372.
2. 8 Brown Pelican eggs from western Florida Bay, collected
Hfrch 1972. ‘
3. 5 Common Egre.t eggs from central Shark Slough averglades,
collected March 1972.
4. 5 Common Egret eggs from western Florida Bay, collected
March 1972.
#*S, DBreast and brain tissue (total 6 samples) from 3 White lbis,
’ collected Chokoloskee Bay, June 1971.
f 6. & White 1bis eggs from western Florida Bay, collected
l April 1972 '
7. 5 White Ihis egge from Conservation Area 3B everglades,
‘ collected April 1972.
' 8. 5 Double~crested Cormorant eggs from weatorn Florida Bay

collected Merch 1972,
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%9, Breast and brain (total 6 samples) fro:a 3 Sooty Terns from
the Dry Tortugas, collected August 1971,

410, 5 Cattle Egret epgs from Taylor Slough everglades, collected
June 1972,

%11, Combined breast and brain tissue from 1 Red~shouldered Hawk,
near Mahogany Hammock, collected November 1972.

12. Combined breaet and brain from 1 White Tbis, 40-miles Bend,
colhctué Septesber 1972,
#13. 4 American Alligator eggs from central Shark Slough ever-
glades collected June 1972.

14. 5 Americun Crocodile oigt from eaaterr. Florida Bay, collected
May 1972,

15. 2 samples of Pinfish (3 and 4 fish respectively) from Florida
Bay, collected December 1971, and Teptember 1972. )

16. 1 sample of 7 Pinfiah from south Biscaynas Bay, March 1972.
17. 2 samples of Stone Crabs (4 and 4) from Florida Bay. cnilected
December 1971, and May 1972.

318. 1 sample of 3 Stone Crabs from south Biecayne Bay, collected
October 1972. '

19. 2 sanples of Sea Catfish (3 and 3) from Florida Bay, collected
January 1972, snd September 1972,

20. 2 samples of Crevalle Jacks (4 and J) froam 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 Biscayne Bay,
collected January, 1972.

28. 1 sample of 18 Pink Shrimp from south Biscayne aiy.
collected March 1972.

29, 1 sample of 2 Blue Crab from south Biscayne Bsy, collected
October 1972.

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

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

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

collected August 1972,
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33. 1 ssmple of 3 Largemouth Baas ft;m Taylor Slough
everglades, collected October 1972,

#34. 1 sawple of 3 leopard Frogs from upper Shark Slough
averglades, collected October 1972,

*35. 1 samplc of 87 Mosquito Fish frow upper Shark Slough
everglades, collected October 1972.

36, 1 sample of 50 Mosquito Fish from Taylor Slough ever-
slades, collected Jenuary 1973,

#37. 1 sanple of 9 Everglades Crayfish (Procambarus) from

upper Shark Slcugh everglades, collected Octoter 1972,

All samples were analysed for residues of certsin persistent chlorinated
insecticides (DPDT, DDE, DDD, and Dieldrin), and for the persistent
chlorinared industrial compounds known as Polychlorinated Biphenols,
Each sample was also tested for residues of arsenic, mercury, cadmium,
lead, zinc and cop; er, with the exception of some of the samples in
the groups marked with an asterisk (*) which lacked sufficient volume
for total analyses. The analyses ware done on whole eggs (excluding
shells) of birds and crocodilians, breast and brain tissue of White
Ibis and a Red-shouldered iliawk, and from homogenates of whole anivals
in the fish, frog and invertebrate sampies. The results of these
analyses are presented in Table 1, and are expressed in parts per

willion, whole wet weight basis.
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DISCUSSION

The egy analyses provide hoth a meagure of residue levels present
in the adult females of each specics, and a means for comparing
residues in the eggs with a weasure of shell thickness. Several
research studies have previously shown that sufficient amounts of
DDE, and possibly Dieldrin, aflect calcium metabolism in birds,
resulting in production of thin-ghelled eggs (Birman et al 1970,
Lockie et al 1969, Wizueyer and Porter 1970). Increased breakage
of these eggs during incubation, in some cases to the point of elimi-
nating all successful rnproduc;lon in a pop;ll!ion or colony of
contaminated birds, his been document~’ (Keith et al 1970), Other
studics of laboratory or field contaminated populations of birds
generally showed adversely altered hatching success when egg shell
thickness was reducad by approximstely 10-20 percent from normal
thickness (Wiemeyer and Porter 1970, Wiemeyer et al 1972). Ve
weasvred shell thickness for the egps 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
wwo species, Osprey and Brown Pelicans, the shell measurements from
Florida Bay eggs are similar to shell measurements from eggs collected
prior to 1947 from non-contaninated populations of these saue two
species (Anderson and Hickey 1972, Blvs et al 1974). We believe it

quite 1ikely, therefore, that 1971-1972 ¢ggs produced in the south
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Florida everglades region did not contain gufficient contanlnan!;

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

for any species.

The {actors whick determine rates and patterns of distribution, as

well as toxicity of the various environmental pollutants, are extremely
complex and only parcially understood. Various studies have shown that
temperature, turbidity, end flow rate of water, age and size of animals,
presence of other chemicals in local environments, and rates of fnput

of toxic chemicals Into ecosystems are only scme of the factors which
deternine distribution and toxicity of chemical pollutants in local

areas (for example: Durham 1969, Gish and Chura 1969, Kearney et al 1969).
An additional difff{culty in interpreting residue data is that many
potentially toxic metals occur naturally in small amountc in most environ-
ments. The natural levels of these metals are not well known in various
tissues of most animals, making it difffcult to understand the significaace
of concentrations detected during spot sampling. The metal residues
revealed by WARF analyses, while representing a considerable increace in
our knowledge of the distribution of these potential pollutants in south
Florida, are still insufficient to allow definitive interprecation of the
origins, rates of coucentration, distribution or toxicity with the locsl
conditions whera they are found. Somewhst betier understanding of tha
significance of insecticides and PCB residues can be made from the WARF
enalyses, p'rhuruy because of the voluminous amounts of background
information that have accumulated as a result of world wide attsntion and

study of these chlorinated hydrocarbon compounds,
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Where WARF analyses proved most useful was in: 1) providing
additional data on distribution and concentration of several :
potential environmental poisons, including the first information
from seversl local species not previously tested; 2) by providing
base-line data for futuie measurements of these same contaminants
in the same species obtained by similar collecting procedures; and
3) by providing clues for wnere there is need for intensive investi-
gation of particular contaminants that may be at or near dangerous
concentrations. Following is e summary of the apparent significance
of levels of DDT and its metabolites, Dieldrin, PCBs, Arsenic,
Morcury, Cadmium, Zinc, Lead and 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, i¢ that various species of vertebrates
have been shown to exihibit widely different sensitivicies to thesc .
poisons, 8o that & lethal awount for one species cannot be assumed to
be lethal for other similar sized species. In general, concentrations
between 25 and 50 ppm in brain tissue can be considered approaching :
probably lethal levels for large aquatic and raptorial birds (for
example: Belisle ot al 1972, Blus at 3l 1974). The residues of DDT,
DDE and DDD revealed by WARF analyses, however, are at quite low con-
centrations in all species tested, and it probably is true ther no
significant mortality or impaired reproduction in the Everglades
National Park region is occurring due to these poiwons. DDE in bird
aggs at concentrations greater than 10 ppm might result in enough egs;

9
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shell thinning to depress reproductive success on some species (Cede
et al 1971, Wiemeyer and Porter 1970), but the higheat concentrations
of DDE detected by WARF in bird eggs \;trn slightly above 1 ppm in
three Osprey eggs. No other fish eating bird eggs, including pelican,
cormorant, 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 cgg with about 5.5 ppw DDE. Cattle Egrets are
not fish aaters, but feed on large insects captured in fields (Fogerty
and Netrick 1973), and individual egrets may accumulate relatively high
concentrations by repeatedly feeding in agricultural fields recently
sprayed with DDT, 'tiuucp from Dry Tortugas Sooty Tarns were particular-
ly clean of these compounds.

The iighest concentrations of DDE were found in egge of Awerican
Alligators, (mean value for four epgm, 2.42 ppm; range 1.79~3.00 pra),
and American Crocodiles (mean for iivc eggs, 1.85 ppm; range 0.78-3,23
ppm). So little is known of the affects of DD, and its 'nubou:u.
on crocodilians that it s difficult to interprer these date. It is
interesting that the fresiwater 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 puszling, for residues of DDZ in silver mullet and crabs, two

importsnt crocodile foods, were particularly low.
10
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None of the species analyzed by WARF contalned concentratione

that approach residue levels known to produce chronic dumage tn these
species. We also recognize, however, that the low levels in decapod
crustaceans could reflect the exireme sensitivity these an{mals have
for these compounds (Butler 1969). Greater concentrations, 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 alwost have to be clean of these poisons. This sensitivity is
not surprising since these compounds were deaigned for destruction of
closely related arthropod pests.

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

in some birds, particularly in combination with relatively 1'igiv levels
of other iusecticides (Stickel ot el 1969). Concentrations as low as
1-S ppm in bird eggs have been reported to cause egg shell thinning in
soma spacies (Lockie et al 1969 and Stoewsand at al 1971). These con-
centrations are considerably greater than any detected by the WARF
analyses.

All sanples tested by WARF contain concentrations of Dieldrin less than
1 ppm. Bird eggs generallv contained less than 0.10 ppm, except for
Cattle Egrets, where 5 egge contained & meal level of 0.18 ppn (range:
none detected to 0.66 ppm). The relatively high concentrations in Cattle
Egret eggs 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 Bighenjlu. PCBs occurring in the environment asre
industrial compounds used as plasticizers in the production of paiats,
resins, and electrical insulators, and they may be applied with pesti-
cides to extend the kill-1ife of the poisons (Hammond 1972, Peakall and
Lincer 1970). PCBs hava 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
environoent remain as persistent poizons. A steady diet of PCBs to
adult birds, in concentratious of approximately 10 ppm, may result in
chromosomal alteration in young produced by these adults, and concentrationa
of about 50 ppm in tho eggs laid by these adults (Peakall et al 1972).
PCB concentrations revealed by the WARF analyses were highest in fish
eating birds from Florida Bay (wean value 1.43 ppm in Osprey eggs;

1.21 ppm i{n Common Egret eggs; and 0.84 ppm in pelican eggs). Highest
concentrations 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. Sanples from sevaral other fresh-vater and marine
vertebrates (Whita Ibis, cormorant, and crocodile eggs; Sooty Tern tissue)
contained no detectable PCB residues. Marine and freshwater fish and
invertebrate samples generally contained less thsn 0.10 ppm PCBs, con—
siderably below concentratione thought to affact these species (Hammond

1972).

12
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&. Mercury. The U. S. Food and Drug Administration has declored that
fieh 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 spccies of [ich and game birds
contain concentrations of mercury at or above this 0.5 ppa level (for
example: Adley and Brown 1972, Fimreite 1974). 1n fact, 1t appears
that such concentrations may not be rare in wildlife, 1nd1cltin.| that
there is widespread mercury pollution, particularly in freshwater eco~
systema. Thare is little information on wherher these mercury con-
centrations have rhronic effects on the species.

Highest concentrations revealed by the WARF analyses were, as in other
regions, primurily invertebrates which live or feed in freshwater. Brain
and breast tissue from White 1bis ranged between approximately 1 and 2.5
ppn mercury, combined breast and brain from a Red-shouldered Hawk contain-
el 0.78 ppm, 4 slligator eggs had a mean 0.69 ppm, two bluegill samples
averaged 0.58 ppm, and & sample of Florida gar contained 0.60 ppm. Common
Egret egga from the Shark Slough contained a mean 0.37 ppm aercury, com—
pared with s mean 0.16 ppam {n Common Egret eggs from Florida Bay. The
same relationship was not apparent between Whitc Ibis egge collected im
the everglades and Florida Bay, where the values werc only slightly
higher in the freshwater region.

Highe.t mercury concentrations in marice species were & cean of 0.59

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

13
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cormorant eggs. The relatively high concentrations of 0.24 ppm in
bottom feeding Sea Catfish seemed to'teilect thelr higher trophic
position than the similar bottom feeding Silver Mullet, with mercury
concentrationa of 0.05 ppwm, Speciea with similar feeding unethods

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

of differcnt rates of assimilation of these poisons by different
species.

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 scoe
freshwater vertebrates deserves further monitoring and study, with
enphasis on sources of the mercury, and the possible effects on pro-
ductivity in theee freshwater spacies,

Of particular interest are the seemingly high concentrations of
arsenic, zinc, lead end copper in wore marine species. Many marine
organisns are known to selectively accumulate heavy metals, a pheno-
menon that has been reported for over 50 years (Karvey, 1957). It has
been established that marine biological systems accumulate arsenic,
zinc, leed, copper and cadmium concentrations several thousand times
graater than ambient sca water (FWPCA 1968, Goldberg 1970). Zinc and
copper concentrations are well within & range considered normal for
estuaring fish. The WARF samples contain concentrations of these metsls,
other than arsenic, less than could be expscted by biological
accumulation from average sea water concentrations. Arsenic concentrations

14
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in some marine fish (7.5 ppm) and invertebrates (18.8 ppm) aré slightly

higher than expected by accumulation, but probably not by a significant

amount. The levels of arsenic found in this study approached the present

tolerance of 7 ppm for combined lead arsenate on food crops, and
wmay constitute a health hazard (Pakhala et al., 1972).

The possibility of arsenic at concen:rltior;l great enough to have
adverse affects 18 real, and this situation deserves further in-
vestigation. We also racomumend that monitoring of the other metals
be scheduled on sowe regular basis, particularly in conjunction with
any studies undertaken of the population dynamice of marine species

in Everglades National Park.
SUMMARY AND RECOMMENDATIONS

A genearal concern over possible environmental pollution in southern
Florida by man-wade poisons prompted this extensive survey of chlorin-
ated imsecticides, polychlorinated biphenols, and metals in upper
trophic level samples. The resulting analyses provide a base line
for future analyses, and clues fo. particular poisons or particular
species in need of more intensive study. These data revealed that
DDT, DDE, DDD, Dieldrin, and PCDe appear to exist {n concentrations
well below amounts known to have either acute or chronic effects on
local species. LlLess fa known of the significance of the various metal
concentrations reported here, although levels of mercury in freshwater
vertebrates, and arsenic in marine species are great enough to deserve

wore intencive study. We recouwmend the following:
15
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1. A regular program to monitor amounts of environmental poisons

in upper trophic level species in the ‘southern everglades and adjacent
estuaries 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 metala,

on a routine basis svery 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 south of Everglades City,
the lower cypress sloughs, and in Conservation Area 3.

2. Concentrations of mercury in freshwater vertebratcs, and arsenic

in marine animals were high enough to warrent further investigations
soon. Some money and time should be programmed for further analyses
for mercury and arsenic to determine percent of methyl 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 marcury

and arsenic conéentrltion. being detectad locally.

16
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2 Tayler Slough Castle Egret o5 0.1z 0.047 0.051 0,034 x> o3 ees __  __  __  __
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DID.

PCE_ Ny

SNOW

©
w
0
~N
-~
-

White Ibis ¢35
White 1500 o6

s e

Ibis €23

Walte Is €03

Waite Ibis 2§

zaat ¢36
Cunmarant €21
Cormorant €55
Cormorant o5

Cormerant ¢58

White Idis breast

0.031

3.03

0.¢16

0.8i%

0.01%

0.019

2.016

0,051

ND

0,032

NP

~ND

N «<0.10 0.3

XD «<Zie 0.€°

.19 <619 €37

XD 825 .ot

AD 13429

XD <19 .09

X2 <d.ie<a.cs
XD <818 0.4
XD il 3N
ND <18 C.4%
.25 <32 0.3%

N2

D 0.57
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fecatina

Samole Material

TABLE L. Ceatlaucd

Chokeleive Bay
Chouslusieee Bay
Chexelosuce Bay
Chekolosties Bay
Chekeleshee Say

White ibie Srain
White [Sis breast
White Idis brain
White bis breast

White Inia brata

<8-31ilc Bond
Dry Tortugae
Dry Tortuzas
Dry Trsioas
Dry Tostuzas
Dry Toriugas
Dry Tert igae
Shark Yelley
Shark Valley
Shark Valley

White Toie

Soep Tern breast
Sooty Tera brals
Sooty Tera breoss
Seccy Form brala
Sooty Tern breast
Souty Tera brela
Alligazer cpg
Alligator ogg
Alligator egg

At et e B # e o v e

o.0n
D

0.083
©.047

0,044

ony_ Dicldria  PCB A, ME___Ca  7n Ph___Cs
X3 Np NO o .. - - .- . -
NO XD 0.37 L% 0.0% 990 @2 ‘vo 3.
ND NO ~No .. .. - . . -
KD N2 NO - €2 .. . - .-
ND NO L8 .- - - - - .-
©.0¢5 ¢.008 0.78 015 ¢.7F . - . -
9.cos 0,023 0.05¢ 0,07 1.40 o0.05 10. 0.2 .2
ND N ND .05 .. - e -
ND 013 ND e . - . . .-
D 0.018 N2 e .08 .. . - .
ND  0.0%0 XD .. - . . . .-
NO 0.020 xp - 0.0 .- .- .- ..
ND  0.i@ .92 .. . . e - .
015 0.064 0.40 0.05 .41 - - . .
0.047 NO 0.25 0.2 ATl .o . - -
0.044 0,019 .22 0.2 03 .. .- - -



TANLEL Contlrscd

Loeatien DOF.__DND DOT__Divldrin - PCH _ As 1% (<1 Za E> Cu
s Skask Vulley Allizater eg 3.¢0 2.042 0.060 XD 9.36 0,05 C.53 .. - - .
113 Fiortda Day Crocadile 53 3.33 0.1 0.3%  c.01y ND 0,08 0.14 008 82 ) &
8% Flostia Bay Crococlle egg L6 011 0,33 0.024 KD 0.08 0.0 0.05 %8 0 .2
7 Florida Jay Crocodile egg L2 0.8 0.29 X0 o 0.04 0.¢3 0.0% .2 e.3 65
s Flori-ia Bay Crotodile 53 137 0.0 0.1 ool XD 0.08 0.19 0.05 8.4 0.4 0.82
59 orida By - Crocedile eg3 0.78 0.055 .0.1s N2 hi-] 0.06 c.o7 n 0.2 15.0
._ [£] Shark Yaliey Bluegill (3)srese ©.0)3 %.2Ué 0.006 XD " KD - 0.0¢ .95 0.c5 23, 0.3 @t
- (13 Stash Valley Floriia Car () 0.20 0,083 .03 XD 0,047 0.3 9.0 0,05 2. G.8  £.87
[T 2 Toyior Slough Dloegill (4) 2,050 0.014 0,037 0.006 0,075 0.0% 0.22 0.09 . 0,5 0.
ay Taylor Sluagh . Largemeuth Bass (3} 0,002 0.032  0.037 0,008 0.055 305 A.3M 008 le, 0.3 35
b Stazk Valley . Leopard Frog (% .02 0,030 ¢ 010 0.010 0.082 0,07 0.07 -ee .. -- .-
s Shark Valley Mosquitadeh (87} 0.013 0.010 0.010 0.910 0.19 0.01 0.5 - - -
66 Sharx Valley Crayfish (9} 0,006 0.006 0.636 0.006 ! 0,10 0.33 0.0% .ecs o - B
<1 Tayler Stouah tosqultefian {(50) ©.037 0.008 0.008 0.008 0.12 0,07 0,17 e.ce- ..o s ee
8 Flaride Day Crevalle Jack {4) 0.006 NO VO.N’ ND ND #.35 0.33 0.05 13, 6.4 X 1

SNOW




$226€0 SNOW

Zocazlen Sample Moterial DOE.
¢y Florida Day Geay Saspper (5} N3
1 Florida Bay Stiver Malter () 0.058
i Fiorida Pay Sea Catfisn §3) [ N1
] Flozida Day Piafish (3 0.008
3 sida Bay Plaflak (4 0.029
T Flrlds Bay $ea Catfish l!l_ 2,036
L] Fiorida Bay Crevalle Jack 13) 0.029
™ Filod ¢a Bay Silver Mullet (4) 9,037
7 Florids Bay Gray Snaprer (.u 0.012
kl Ciscayne Bay Predio (T} 0.u06
w9 Blscayza Bay Cray Scapper 12) 0.11

20 So. Bise. Lay Silver Muliet (3) 2.037
[} S. Bisc. Bay Stone Crabs (3) 9.008
&2 So. Bisz. Bey Elue Crad (2) 0.00%
3 Se. Bisc. Bay  Splay Ledster ) 0,008

TADLE L.

X2

0.908
0.095
0,008
£.993%
ND

0.7
0.0v7
9. 005
2.008
0.059
e.n7
0.008
.03

0.003

Contizued .

DOT _Dielésin PCB Ay Hr €4z T
No XD ND 3.4 013 0.07 12D LS €73
0.006 ND ND ¢ 067 0.08 30. &6 Lle
0,005 0.t0s 018 3.1z 033 012 119, a3 o
0,005 2.005 €.C49 2.05 0.06 013 L w5 €9
0,004 0,008 G35 3,52 012 0.05 19.2 4.2 O.¢b
.005 0.008 0.06 .47 0,24 0.1% 126, 0.2

0.014 0.¢0¢ 6.3z 0.53 O.bv €93 123 2.2

‘xo oo 0.9% 2.5t 005 0.05 255 2.2 .4
6.00§ 0.003 9.08 2,23 .29 .98 17, 3.2 0.9
s.0% No NO LY 006 6.05 22 0.73
2.036 ND 0.047 1.3 Q.34 011 3L 0.4 039
¢.0l0 0.012 0.07) L2 0.65 0.06 23 G5 C.9
0.005 0.00S 0,024 11,3 0.98 0.7 39 2.5 287
0.005 0.03% 0023 .64 0.05 0.4 . 2.5 L1
0.005 0,038 0.024 18.5 0,08 0.7 26 A8 .2




i TABLE L Conilaued

Iocasion $.mole Matertal anF _ _pn DT e PCD As N3 [T & " <
a8 So. Bisz. Bay Piak Shrimp (18) D ND N» LD ND .- 9.¢3 9.0 1 C3 L€
t 1] Flerica Biy Stone Ceab (9 9.012 0,008 0.005 0.00% 0.04 8.9 0.1 1% 2.8 .2 18,0
"w Flosids Bay Sivac Crad id) 9.008 ND 0.005 ND N2 .l 0.13 o0.6% 1.0 .7 3.2
(13 Flerida Day Spiay Lederer (1) N> ND Np ND AD 157 @03 021 - L4 10
(1} Floriaa Cay Spiay Lobeters (T} XD NO Xp 9.03% ND 15,8 0.c5 0.0 1.3 @2 13.0
* Dry Tor:ugas Spiay Lobsters (6} ND ND ND X2 ND 1.8 005 o.30 17, 0.3 11.e

SHD Suseics RO GO elable AMOuRt
ie concence tiaa ia No. 3 » 0,011 2pm, and No, 2 * ND
¢ Crpetinttane senceniratia No, 24 - 0.033 ppm, and No. 28 = 0,037 2pm
ineG Lruae: Hrain tissue
Nam'er la { ; ledliates \he pumber of whole animals combiacd for analysis

GLZ6ED SNOW




TABLE II

Eggsehall thick me: ts pelqcld-e- and heavy metal monitoring
South Florida Eavironmental Study

E Species Location N Number Mean (mm) Range (mm)
Osprey Florida Bay : 2 «590 575 - . 605
Brown Pelican Frank Key " .576 .545 - . 621
: Brown Pelican Palm Key ’ 4 - .566 .536 - ,640 ’
Common Egret Frank Key 5 . .336 .287 - ,351 !
Common Egzot SharkSlough - 5 .346 335 - 371 :

Double-crested Cormorant Frank Key 5 .436 .410 - ,490
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