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ORGANOCHLORINE PESTICIDES AND PCBs IN SOUTHERN FLORIDA FISHES:

THEN AND NOW
by Kim H. Haag and Benjamin F. McPherson

Crganachiorine pesticide residues, including DOT and its degradation products, have remained prevalent
in freshwater fishes in southern Florida over the last 25 vears. Highest concentrations of pesticides and
PCBx were found and conrinue fo be found in fishes from canals of the northern Everglades.

INTRODUCTION

The oécumence of FH."--1:||.'||J|:\. and
other organic L11III|'I-\.HI:I1|.L‘. i southern

Florda has been the focus of emvironmen-

tal studies for at least 25 years, Pesticides
and polychlorinated biphenyls (PCBs) are
of environmental concern because of their
potential toxic effects on humans and
wildlife. At high concemtratioms, pesti-
cides and PCBs may cause acule monal-
ity Ad lower, chromic concentrutions they
muay couse impuirment through processes
such ps cancer and reproductive disruption
(Colbom and others, 1995} Successiul
efforts (o protect human health and the
biotic integnty of southern Flonda eco-
systems are depemdent on an mmproved
and exponded understanding of the effects
of pesticides used in the region

Pesticides have been used in agncual-
tural and urban sreas in southem Flomda
for more than 50 years. However, the
types and amounts of pesticides hove
changed ower time, because of changes in
techrology, State and Federal regulations,
and changes in land use. Pesticide appli-
cation is closely related to lond use (fig.
1}. Beginning in the late 1%9%60's and early
1971F s, persistent crganochlorine pesti-
cides have been detected in fish that are o
part of the Everglades food chain (Kolip-
inski and Higer, 19%; Ogden und others,
1974; and McPherson, 1973)

PCBs were manufactured in the
United States from 1929-T9, They were
uaed in the production of plastics, paints,
and adhesives, and as pesticide additives.
They are still commonly found as insualat-
ing and cooling fluids in clectrical rans-
fioarmmeers and capacitors.

In recent vears. many organochlorine
pesticides and PCBs have been linked o
Rormodne |J:|.~\.r'l..I|Ih|l|'| and |-d‘.'|‘.'||!'n..'!J.:|.h.'[il.'|.‘
problems in squeatic invertebrates, fishes,
bards. and mammals (Colborn and others,
1993 ), Most of the organochlorine pesii-
cides are no longer sold in the

United. States. Por example, DDT was
hanned for use in the United Staies in
1972 following repors that it causes egg-
shell thinning in some hirds; chlordane
was banned from sale in the United Siaes
in 1988, However, crganochlosine pesti-
cides are still found in the environment
and continue 1o pose potential threats 1o
wildlife and humans.

Severul agencies anid 11||:|::|:|u.1|ix:-||~
have underaken recent monitoning efforts
1o document the occurrence of rrur.[l.'::dn:.-
m wider, bed sedument, and anemal ssee
in southern Florda, The South Flonda
Water Management Disiriet | SFWMD
hq-l-::m R g B rrl:xl!i.-::dus-. i water and
bt seclimient i sowthem Florida o e
mad 1980 (PleaiTer, 1985, 19917, The
L5, Geological Survey (USGE), through
its Paationn] Water Quality Assessment
(NAWOIA) program, 15 measunng the
ocowrrence of pestcides i waler af sev-
eral sites and has comducted pesticide

oocurmence surveys in bottiom sediment
and fishes since 19495,

The objective of this report is to com-
pare concentrations of pesticides und
PCHs in fishes collected in 1995 in south-
erm Florida with concentrations measured
in fishes collected in the 1970's, when
environmenial data on these conaminants
first became available. There are limita-
thms 0 comparing historic data with
recent MAWOA data. For example, collec-
Lo sites are nod identical, and methods of
sample analysis are not precisely the same
over this time span. However, a general
camparison of hstone and recent data is
useful because it can indicale geographic
HITEs 'a'l-lbL'rL" comlEamumant conceniraions
remain high, and it can document the per-
sistence of selecied compounds which
have been banned from use,

ALABAMA| o bncos
: T
", iy,

EXPLANATION

Lirban kamd
Agricultural land
Waler Conseraion Areas 1-3
Big Cypraas Matanal Presare
Evergiades Malional Park
Cither

(NEHEN

Figure 1. Selected land use ;m southermn Flonda.



METHODS

The SFWMD sampled lorgemaouth
bass {Micropterus salmeides), redear sun-
fish | Lepomis microloplus), and lake
chubsacker (Erimyvzon sucetfa) during

1970-73 at sites in the northern and south-

ern Everglades {McPherson, 1973 ), Fishes
collected during 1970-73 were amaly zed
for pesticides at the USGS Water Quality
Laboruosy in Washington, DVC. and ot the
[rzpaniment of Health, Education and
Welfare, Public Health Service, Food und
Drug Administration Laboratory in
Atlama, Ga. (McePherson, 1973). Fish
samples consisted of whole fsh and most
samples were composites of 5-10 individ-
ual fish of the same specics. The SFWMD
again collecied largemouth bass, redear
aunfish, and lake chubsocker at sites in
central amd southern Florida in 1978
iMilleson, 19800, These composite sam-

ples of whole fish were analyzed for pesti-

chdes at the USGS Ailanta Central Water
Cruality Laboratosy (Milleson, 19801 The
USGS colbected largemouth bass and
Florida gar { Lepisestens plarveitinens) at
149 sites i southern Florida during August
throsgh December 19935, as a pan of the
Southern Flonda MAWOQA project. Com-

posate samples of whole fish were ana-
Ivied For pesticides at the USGE Mational
Water Quality Laboratory in Denver,
Ciolo, Procedures for processing and anal-
yaes of these fish-tissue samples are
deseribed in Crawiord and Looma | 1993),
and 10 Leaker and others { 1995).

RESULTS

DT or 1% 1hgr.|i.lu.th‘:|ll peoducts
(DDE andd D) were detected in 49
composile fish samples collected from 12
sifes during 1970-T3; concentrations
rnged Croen & o BN miciogeams per
kilopram (P ol DOT figs. 2 and
3 Concentrations of total DOT in 23
compasite fish samples collected in 1973
ranged from 3 1o 1,650 pgkg, with the
highest concentrution in a sample of
redear sunfish. In these two studies, high-
est concentrations of DT and is degra-
dation products were in fish from canals
that surround or separate Water Conserva-
tion Areas (WCA) 1 and 2 (lig. 1)

In 1995, DT or 1s degradation
products were detected in 25 of 37 fish
samples from 15 sites in southern Florida
(figs. 2 and 3). Concentrations of woal
DDT runged from less than 5 to 1,170 pg!

kg in Flonca gar and fromm less than 3 w0
610 ugkg in lorgemouth bass, The most
commonly detected and abumiant DT
degradation product was pp'-DDE (g
4). Highest concentragions of wtal DOT in
fishes collected in 19495 were detected in
canals of the northemn Everglades near
agricultural fands

Drieldrn and toxaphene were wo
odher pesticides commonly detected in the
early 1970s in hshes from the Everglades,
Concentrations of dieldrin i lrgemouth
bass were as high as 130 pgfkg and con-
centrations of toxaphens were as lagh as
5,000 pgka. In 1995, dieldrin was
detected in 5 of the 27 fish samples col-
lected, and concentrations ranged from
less than 5 1o 18 pg'kg (table 1), Tox-
aphene was not detected in fish samples
collecied in 19495, but manimum detection
levels were less than 2060 gk, Other
pesticides detected in fish tissoe in | 995
included: cxychlordane, trans-nonachlor,
cis-nonachlor, mirex, rans-chlordane, und
cig-chlordane. During the 1970's and in
P05, pesticides were most freguently
detected and present in highest concentra-
tions in fish from canals of the northern
Everglades.
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Figure 2. Concentration of tatal DOT in largemouth bass at locations where concantrafions exceeded 100 pg'kg.
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Figure 3. Concentration of total DOT in largemouth bass al lecations where concantrations were kess than 100 pghkg.

PCBs were detected in most fish sam-
ples collected in the 19705, and concenira-
tions ranged from 30 w 260 pphke. PCBs
were detected in 3 of 27 fish samples col-
bected in 1995 and concentrations ranged
from less than 50 peks o 140 peke. The
highest PCB concentration in 1995
occurmed in a largemouth Bass sample col-
lecied from Black Creek Canal (1able 1),
which flows through a highly urhanized
area of southeastermn Flonda

DISCUSSION

Recently, a consensus has developed
among Federal and Stale agencies and
environmentalisis that the southern Flor-
ida ecosystem, and the remaining Ever-
glades in particular, should be protected
and restored, 1o the extent possible, 1o 118
predevelopment condinions, The primary
gaoals of restoration include the delivery of
.td-l!qu:lu‘.' amoanis of gl:l-cu:l »;.|||.a|:i|:,l waler al
appropriste imes of the year 10 sustain the
matural ecosyatem. Effors are underwiy
i chefime the quantity, tming, and gquality
of water reguired lor sustainability, Thus
far, st efforts in relation 1o wter gqual-
ity have been directed towird defining
acceptable concentrations of nautrients,
principally phosphorus, Much bess 15

Tenvivweny abwount the occurrence and padential
effects of toxie substances on the ecosys-
nem., Studies are underway o define the
extent and sources of mercury contaming-
tion in the regon, In contrast, litle has
heen done thus far 1o define and under-
stand effects of pesticudes and other

organic compounds on the ecosystem,
ulthough it 15 well-known that these chem-
wals can decimate wikdlife populations
through direct lethal effects and through
mre subtle long-term effects on repro-
duction and survival (Colbom and others,
I9REL It has been known since the early
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Figure 4. Concantration of DOT and degradation products i southesn Florda fishes in
1985, Fish at sites 6 and 7 had multiple DOT degradation products; fotal DOT at all other
sikes was principally p.p' DDE.




Tahle 1. Pesticides and organic compounds detected in composite samples (whole fish) ol lirgemaonth bass
amd Florida gar at 15 sites in southern Florida, August through December, 19495,

Minirmum Mumbar of haximum
dataction riteriios oo 100 Location of maximum
w m-h}ﬂh&tﬂ abeve MOL in pg'kg concentration

cis-Chlordane 50 E | T2 Hillshoro Canal w1 5-6

oy -Chlordane 50 I 56 Miami Canal al 5-8 |
rans-Chlordane 50 k] 6.6 Hillshoro Canal ot 5-6 |
Cop D0 50 5 XS Hillshoro Canal al 5-6 |
p.p-DDD 510 & 130 Hillshors Canal at 56
pp-DDE 50 5 TG Hillshoro Canal ot 5-& |
“o.p-DDE 510 k) 6.9 Hillsboro Canal at 5-6 |
pp-DDT 50 4 6 Hillshoro Canal al 56
Dieldnn 50 5 £} Hillshoro Canal ut 5-6 |
Mirex 50 I e Peace River al Arcadia |
trans-Nonachlos 50 5 T4 Hillsboro Canal i 5-6 |
cis-Nonachlior 50 k] T Hillshoro Canal ot 5-6 |
"PCHs 0.0 3 140 Black Creek Canal |

a. Oiher compounds with an MDL of 5.0 pg'kg that were included in the analyses bat nod
detected are: aldrin, @-BHC, i-BHC, 8-BHC, v-BHC, DCPA, o,p’-DDT, endrin, heptachlor,
heptachlor epoxide, hexachlorobenzene, o.p’- and p.p’ -methoxychlor, and pentachloroanisole

b Oither compounds with an MDL of 50 micrograms per kilograms (pg/kg) that were included
in the analyses bul were not detected are: woocaphene

1970 s that pesticudes are accumulating in
wildlife of the Everglades National Park.
Concentrations of DDE were found in
epps of alligators, crocodiles. and birds
ranging from 1.000-5,5300 pgfky (Ogden
amd oghers, 1974). Scentisis and environ-
memalists are concerned that ixins such
as pesticides may be responsible, along
with loss of wetlands habitat, for the large
declines in wadhing bird popalations in
southern Flonda over the last 50 years,

Major goals of Everglades restoration
could be met with regard bo adequate
amounts of waler delivered ol appropriate
times of the yeor. and ved this delivery
could fail to sustain the natural system
because of unforeseen adverse affects of
toxic compaounds., such as DDE, The data
presented in this report mdicete that DEE
is still prevalent in the Evengludes food
chain more than 25 vears after apphcation
of DOT has ended. The sources and trans-
port of DDE in the food chain are not
understood. Determination of the extent to
which toxing are in the food chain, and
their long-term adverse effects on ecosys-
tem integrity would be valuable informa-
ticn for the restoration effort.
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The Mational Water Cuality Assessment (MAWOA ) Program

I 1991 the U85 Geological Survey began the NAWEA Program re descrile the sianes
of and rrendys v the gualite of a large represenravive paet of the Nation s sierface-and
grovid-weler resoirces and to identify the maneral and haman factors thar affect the
gualiny of these resorees. The NAWEA Program iz desigred o produce wale r-giality
orferrmnction bhat s aseful fo pedicvmakers ard panagers of Federal, Sate, and locael
tevels, The 6 proposed study anits represend 60 o 70 percent of e Natton 5 warer use
andd popalatien served e publiec warer sapplies, The Southern Florida study was begun
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