TECHNICAL MEMORANDUM

CHLORINATED HYDROCARBON PESTICIDE RESIDUES IN
FRESHWATER FISHES WITHIN THE SOUTH FLORIDA
WATER MANAGEMENT DISTRICT

James F, Milleson

{REVISED)

This publication was produced at an annual cost
of $119.99 or $.24 per copy to inform the public.
500 690 Produced on recycled paper.

South Florida Water Management District
Environmental Sciences Division
Resource Planning Department
March 1980







TABLE OF CONTENTS

ACKNOWLEDGEMENTS

ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

RESULTS AND DISCUSSION

SUMMARY

SELECTED REFERENCES

APPENDIX I - Analytical Laboratory Methods

APPENDIX II - Results of Analyses for Pesticide
Residues in Fish other than Large-
mouth Bass, Redear Sunfish and
Lake Chubsucker

Page

i1

22

23

25

26



LIST OF TABLES

Fish Species Analyzed for Pesticide Residues from the South
Florida Water Management District

Concentration of DDT and Derivatives from Five Largemouth Bass
(Micropterus salmoides) obtained from Water Conservation Area 1
(L-39) on February 16, 1971

Pesticide Residues in Largemouth Bass, Redear Sunfish,'and L.ake
Chubsucker from South Florida Water Management District Waters,
August 1970 - March 1978

Selected Pesticide Residue Data for Whole Fish from Throughout
the United States

LIST OF FIGURES
Location of Sample Sites and Dates of Fish Pesticide Sampling

Concentration of Total DDT-R in Largemouth Bass (ug/kg)
1970-1978

Concentration of Dieldrin in Largemouth Bass (ng/kg) 1971-1978

18

19



ACKNOWLEDGEMENTS

J. Walter Dineen, Director of Environmental Sciences Division, South
Florida Water Management District, proposed and initiated this data gathering
program in 1970.

Ben McPherson and Aaron Higer of the United States Geological Survey,
Miami, and W. Michael Rogers of the Food and Drug Administration, Atlanta,
cooperated with the District by arranging for laboratory analyses of pesticide
residues in the fish samples.

Robert L. Goodrick collected the majority of the fish samples. He was
ably assisted by numerous other former and current employees of the South
Florida Water Management District, including J. Walter Dineen, Gary Pesnell,
Gene Guerin, Robert Martens, Michael Marshall and Michael Sias.

Critical review of this report and many positive suggestions were

provided by David Swift, Daniel Haunert and Robb Startzman.



ABSTRACT

Samples of fish were collected from freshwater habitats in central
and south Florida from 1970 to 1978 for analysis of persistent pesticide
residues. Residues of four chlorinated hydrocarbon insecticides (DDT,
dieldrin, chlordane and toxaphene)} and one industrial compound (PCB)
were found in nearly all fish samples from almost every location. Pesticide
residues were highest in fish collected from watersheds influenced by
drainage water from agricultural areas. Fish collected from the Kissimmee
River Basin contained extremely low Tevels of pesticides.

Concentrations of persistent chlorinated hydrocarbon compounds in
whole fish from central and southern Florida freshwater habitats were
considerably lower than in fish from many other watersheds in the United
States. Pesticide concentrations reported from whole fish in this study
were less than Food and Drug Administation tolerance levels established
for edible portions of fish. DDT concentration in fish from agriculturally
influenced areas in south Florida generally ranged from 0.2 to 0.8 ppm.
Fish samples collected from the Kissimmee River Basin had DDT residues of
0.03 ppm or less. High toxaphene residues of 5.0 ppm were reported in
some specimens from agriculturally influenced watersheds in 1971. By 1978
the highest toxaphene residue had declined to 2.7 ppm in the agriculturally
influenced areas.

There was no other consistent increase or decrease in concentrations

of pesticide residues in the areas examined between 1970 and 1978.
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INTRODUCTION

Some of the effects attributed to the presence and accumulation of
persistent, man-made chemical compounds on the environment were first
brought to national attention in 1962 with the publication of Rachael Carson's

Silent Spring.

One group of particularly persistent chemical compounds that are
potentially hazardous and toxic to the environment and to humans are the
synthetically produced chlorinated hydrocarbon pesticides. These compounds
are relatively insoluble in water, but are highly soluble in animal fatty
tissues. Chlorinated hydrocarbons are extremely stable, and as in the case
of DDT, the breakdown metabolites, DDD and DDE, are also highly toxic.
Additionally, these compounds are extremely mobile in the environment.
Chlorinated hydrocarbons adhere to soil and dust particles, and therefore
may be physically transported by wind and water. Chlorinated hydrocarbons
are transmitted and concentrated through both aquatic and terrestrial food
webs by a process called "biological magnification" or “"bicaccumulation",

Chlorinated hydrocarbons have been widely used for the control of
insect and rodent populations throughout agricultural and urban areas of
the world for the past four decades. A National Pesticide Monitoring Program
was established during the 1960's to provide a continuing nationwide assessment
of the general levels of pesticide residues in the environment, and to locate
possible problem areas within specific segments of the environment (Henderson,
et al, 1969). Due to the integral relationships between natural ecosystems
and agricultural and urban land uses in south Florida, the South Florida
Water Management District (SFWMD) initiated a pesticide monitoring program
in 15870.

This program was designed to gather baseline data concerning the presence



and abundance of persistent pesticides in selected freshwater fish species,
and to determine the long term trends of these compounds in south Florida.
This report presents the results of the pesticide residue monitoring program
from 1970 through 1978, The pesticide monitoring program will be continued

at approximately five year intervals. The data derived from future analyses

will be included in subsequent reports.



MATERIALS AND METHODS

Samples of freshwater fish for analyses of pesticide residues have been
collected from various locations throughout the District since August 1970.
Figure 1 shows the locations and dates of sampling. The earliest samples
were collected from the water conservation area system, while later sampling
efforts included the Kissimmee River, Kissimmee chain of lakes, Lake
Okeechobee, and the Caloosahatchee River.

Fish were collected from canal and lake sites by electroshocking with
a 240 volt generator and two, six foot long electrodes extending into the
water from the bow of a boat. Stunned fish were netted and placed into a
shallow water-filled box until selection of individuals for analysis. Fish
from the interior marshes of the water conservation areas were collected
by fly-fishing. An attempt was made to sample fish species that represented
three different trophic levels at each location. The largemouth bass,

Micropterus salmoides, was present in 100 percent of the samples submitted.

The redear sunfish, Lepomis microlophus, and the lake chubsucker, Erimyzon

sucetta, were present in about half of the samples submitted.

Usualiy, five specimens of each species were composited for one sample.
An effort was made to obtain fish of each species that were approximately
equal in length from all areas. Largemouth bass were generally 8 to 12
inches in length, redear sunfish 4 to 7 inches in length, and chubsucker
10 to 11 inches in length. Because of some sampling difficulties there
were occasionally some individuals included in the composite samples which
were larger and/or smaller than the desired range. The selected specimens
were wrapped in atuminum foil, frozen, packed in dry ice; and shipped to the
laboratory for analyses.

Analyses of the August 1970, February 1971, June 1971, January 1972,
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March 1972, and April 1973 samples were performed by the U.S. Geological
Survey (USGS), Water Quality Laboratory in Washington, D.C. The August
1973 samples were analyzed by the Department of Health, Education and
Welfare, Public Health Service, FDA Laboratory in Atlanta. The USGS
Atlanta Central Water Quality Laboratory in Doraville, Georgia performed
the analysis of the March 1978 samples. The composite samples of fish
were ground whole in a laboratory blender, and analyzed using the labora-
tory methods presented in Appendix I.

Samples from August 1970 and February 1971 were analyzed for the
following chlorinated hydrocarbon compounds: aldrin, dieldrin, endrin,
heptachlor, lindane and the DDT compounds (DDT, DDD, DDE). Toxaphene
and polychlorinated biphenyl (PCB) analyses were performed beginning with
the June 1971 samples, and chlordane was added with the January 1972
analyses. The 1978 samples were analyzed for a total of 15 chiorinated
hydrocarbon insecticides, plus PCB and polychlorinated napthalenes (PCN).

Results are presented in ug/kg (micrograms of pesticide per kilqgram
whole fish, wet weight), or ppb (parts per billion). One thousand ng/kg
is equivalent to one mg/kg or one ppm (parts per million). The sum of

DDT and the metabolite product residues is reported as total DDT-R.



RESULTS AND DISCUSSION

I. Pesticides

Analysis of pesticide residues in the fish samplies collected from
the SFUMD indicated that five major chlorinated hydrocarbon compounds
were present regularly in the samples. These included four insecticides,
DDT and its metabolites DDD and DDE, dieldrin, toxaphene and chiordane,
and a widely used industrial chemical, PCB. (Endrin was present in 21%
of the 1978 samples).

a. DDT, dichloro-diphenyl-trichloroethane, {C1CgHgq)pCHC C13, gained
wide use as a pesticide in the middle and late 1940's throughout many
parts of the world, particularly for the control of malaria breeding
mosquito populations. DDT became such a popular pesticide that by 1958
production of the compound in the United States was seven times that of
a decade earlier (Ehrlich and Ehrlich, 1970). Breakdown of DDT in the
environment is slow with an estimated half 1ife exceeding 10 years.
Unfortunately, two of the breakdown products of DDT; DDE (dichloro-diphenyl-
dichloroethylene) and DDD (dichloro-diphenyl-dichloroethane), are also
extremely stable chemical compounds.

b. Dieldrin Cjy2HgClg , considered to be four times as toxic
as DDT (Ehrlich and Ehrlich, 1970), was used in south Florida primarily
for the control of sweet potato weevil (Higer and Kolipinski, 1970).

¢. Toxaphene, a chlorinated camphene containing 67-69% chlorine,
replaced DDT when its use was restricted in south Florida in 1969 (Courtney
and Roberts, 1973) and is widely used on corn, beans, cabbage, peas,
tomatoes and sod.

d. Chlordane, C,,H 018, was extensively used in this country for

106
control of fire ants and subterranean termites.



Chlorinated hydrocarbons act primarily on the central nervous system.
The ability of these compounds to affect the production of enzymes may
account for a wide range of detrimental effects. Chlorinated hydrocarbons
are more toxic to insects than to mammals due to the ease with which the
chemical is absorbed through insect cuticles.

e. PCB's, compounds produced by the chlorination of biphenyls,
are used in a variety of industrial processes, including the manufacture
of plastic and synthetic rubber compounds, and may be applied with pesti-
cides to extend the "kill 1ife" of the poisons.

As the dangers of some of these compounds have become further under-
stood, action has been taken by the Federal Government to ban their use
in this country. Use of DDT and dieldrin was outlawed by the United States
Environmental Protection Agency (EPA) in the early 1970's. Chlordane was
classified in 1979 by EPA as "restricted", with its use limited to the
control of subterranean termites. Toxaphene is still recommended for use
in south Florida in controlling cattle hornflies, bean leaf rollers, and

several types of corn infesting larvae.

II. Species of Fish Sampled

Thirty sets of fish samples have been submitted for pesticide analysis
since August 1970. Each set was from a specific location on a specific
date, and consisted of samples of one to six species of fish. Largemouth
bass (M. salmoides), redear sunfish (L. microlophus), and lake chubsucker
(E. sucetta) were the most frequently sampled fish. Table 1 Tists all
species of fish analyzed for pesticide residues, and the relative frequency
of analysis.

Largemouth bass greater than six inches in length are primarily

piscivorous (Chew, 1968) but also eat considerable amounts of decapods



TABLE 1. FISH SPECIES ANALYZED FOR PESTICIDE RESIDUES FROM THE SOUTH

FLORIDA WATER MANAGEMENT DISTRICT

Common Name Scientific Name Area Sampled® Frequency N=30
Largemouth bass Micropterus salmoides 1-8 100%
Redear sunfish Lepomis microlophus 1-8 57
Lake chubsucker Erimyzon sucetta 1-7 47
Bluegill Lepomis macrochirus 1,2,3,7,8 23
Gizzard shad Dorosoma petenepse 1,3,7 10
Warmouth Lepomis gulosus 7
Golden shiner Notemigonus crysoleucas 3 7
American eel Anguilla rostrata 2 7
Spotted sunfish Lepomis punctatus 1 3
Black crappie Pomoxis nigromaculatus 3 3
White catfish Ictalurus catus 2 3
Brown bullhead Ictalurus nebulosus 7 3
Walking catfish Clarias batrachus 2 3
Bowfin Amia calva 2 3
*Code

1 = WCA 1

2 = WCA 2

3 = WCA 3

4 = Lake Okeechobee

5 = Kissimmee River

6 = Lake Kissimmee

7 = Lake Tohopekaliga

8 = Caloosahatchee River



(McLane, 1955; Dineen, personal communication). Bass occupy a high
trophic level in the aquatic ecosystem and should accumulate high
concentrations of pesticide residues due to biological magnification.
The diet of redear sunfish consists primarily of diptera larvae,
copepods, other insect larvae as available, and gastropods (Wilbur,
1969}, The Take chubsucker is omnivorous, and its diet consists of
algae, plant matter, detritus, and diptera larvae (McLane, 1955). In
instances where comparisons among species from the same location were
possible, pesticide concentrations in redear sunfish were usually less

than largemouth bass and greater than lake chubsuckers.

III. Pesticide Residues in Fish

The results presented in this report are subject to several types
of variability. The most recent pesticide results from the USGS
were prefaced with the statement, "Due to the complexity of the gas
chromatographic curves and unusually high levels of toxaphene found,
it became very difficult to interpret the curves accurately. Therefore,
we wish to qualify the data reported on samples that contained toxaphene,
chlordane, and the DDT's by status that the precision is estimated to
be 20%" (Higer, 1978). Occasionally the results indicated that inter-
ference by some compounds in the analyses masked the presence of dieldrin
or DDT (See Table 3 or Appendix II),

The size and age of the fish analyzed can affect the accumulation of
pesticide residues. Pesticide residues in fish specimens can vary during
the year since seasonal changes reflect surrounding agricultural land use
practices and climatic conditions. Additionally, there can be considerable
variability in the accumulation of pesticides among individuals from a

small population. A1l of these variables, analytical and biological,



should be considered when comparing the pesticide residue results among
species, locations, and dates.

Each sample was usually a composite of five individual specimens.
Table 2 shows the variation in DDT residues attributed to five largemouth
bass, analyzed individually. These fish were of approximately the same
size, and were taken from the same location, but exhibited a wide range
of concentrations for DDT and derivative products. It should be noted
that all other composite samples to be discussed in this report may repre-
sent a similar wide range of variability from the component individuals.

The concept that largemouth bass represent a higher trophic level
than redear sunfish, and consequently should accumulate higher
concentrations of pesticide residues, was usually valid although several
exceptions occurred. The reason for these exceptions may be related to
the variables discussed above.

Table 3 summarizes the pesticide residue data for largemouth bass,
redear sunfish and lake chubsucker. The data for all other species of

fish is presented in Appendix II.

IITa. MWater Conservation Areas

A1l of the sampling efforts from August 1970 to January 1972 were
conducted in the water conservation area (WCA) system.] These results
and the 1978 data generally showed that the highest concentrations of
pesticides were found in fish from WCA 1, followed by WCA 2 and WCA 3.
Within WCA 1, samples from L-40 in the north end had higher pesticide

residues than samples taken along the southwest side in L-39.

]The results of most analyses from 1971 and 1972 were published by
McPherson (1973).

10



TABLE 2. CONCENTRATION OF DDT AND DERIVATIVES FROM FIVE INDIVIDUAL LARGEMOUTH
BASS (MICROPTERUS SALMOIDES) OBTAINED FROM WATER CONSERVATION AREA 1
(L-39) ON FEBRUARY 16, 1971

Total Length of Fish Pesticide Residues wug/kg Total

mn  Inches DD DDE DDT  DDT-R

132 5.2 100 140 3.6 243.6

160 6.3 58 55 4.4 117.4

49 5.9 56 130 130 199.0

142 5.6 120 170 9.7 299.7

121 4.8 59 78 4.4 141.4
X 41 5.6 78.6  114.6 7.0 200.2
s 15.1 0.6 20.5  47.0 41 74.3
Coefriclent 1% 11 384 a5 59 37%
*cv_=i_- x 100

X

N



0g 09 - ¥ 09 - e o'd wll = 0L S J4axansgnyy
0oL 02 - % 02 89 v'9 9'9 0L - 8 g sseq yinowabue
Y£9-1  YEWOM
0s ooel - 1'e L9 - 8 £e w8 - 9 S Jeapay
ov 0005 - e 81 - oLL 89 wil - £ S sseq uwmoﬁamumJ
- - - - £ - éc FA nll = GL 5 J42ONSYNY)
- 05 - £2 oSt of Qzez 061 nb - 8B S Jeapay
14 00€ - 9°0 ¥9 ¥Z i €2 wEl - G S s58q yjnowsbder
95€-7  Y2YM
of - - 09 06¢ - orlL 0se ull = 0L S 434ORSqNYY)
ot 005 - 9°¢ ols - 02¢ 062 wel = 01 S sseq __Mmo_m__om.._u._
of 0005 - L's 0£9 - 0Bd 0SE w8 - L ] J4eapay
05 000 - oct 008 - 02¢ 08t w2l = 0l g sseq ynowabae
0F-71 -1 YM 1L-9
- - £°8 02 £t 02 wS'6 - 8 g Jdayansgnys
- - £y e ZL LL W8 =GP 5 Jeapay
- - ol ¥ [ 4 €t wb = GG S sseq yinouabaey
¥i9-1 - € YOM
- - ée §°8 L 6'9 wOL - 6 § 4ayonsqnyj
- - 691 bs 29 £5 u5°8 -9 L Jeapay
- - 0s2 28 091 BE W0l- 8 9 sseq yinowabae
a5e-1 ~« 2 ¥YM
- - Lt - LL 6°8 ub - 8 S J@YINSNLYYH
- - ¥9 ¥'e Le ¥ el = ¥ § 03Py
- - ool 52 6¢ 9 70l -G-8 G sseq yinouabie
6€-7 - | YIM LL-2
v psl BE £6 £2 Wl - 6 g sseq yinowabue
obneb p-¢ - yEYOM
- 602 05 021 6¢ WOL -6 g sseq yinowsbaeq
abneb /1-2 - Y2¥IM 0L-8
904 usydexol — BUEPIOLY) Utapul utapiata d-10aq 1oa aaa q0d  yjbuay [e30) S|enpiaipug saldadg a3eQ
Le10] abuey azyg J3quny uoL3e3g
B%/6M sanpissy ap1o11sag
. BL61 HIYWW - O/61 1SNONY
SHILYM LITYLISIA INZWIOVNYW HILWM YOINOTd HINOS WOHJ ¥ININSENHD INYT ANV “HSIANNS WV3IOIY “SSYE HINOWISUVT NI SINQISTH 301011534  "E 379Vl

-i2-



- 0e0t 1] 14 ¥e '8 059 - 0s¢ ooy 2EL - & S NEYRUT TR
- 047 00¢g - 8l 0591 - (1]%¢] 028 8-9 g Jeapay
- o04g - 2§ L2 8L - 8L - wel = £ § sseq yjnowabue
£ - | YOM BL-E
- - = 0og - oL 02 wb - ¥ ‘etu 558q Wnowabae)
JAMULSSLY dYe]
_ . - 0f - 0 - JEL - ¥ ey sseq yjnowdbue
_ _ _ 02 - 0z - TR ‘ecu sseq yjnowabaeq
6} |eyadoyol ayeq £.-8
02 092 58 - 0z 08l 2’8 02l 25 W0l - ¥ g Jdeapay
9z 002 0Ll - L*2 q8b T4 08e 08 wGL = LL ¥ sseq yjnowabueq
YZYOM 30 35%] - 9£-1 €Lt
S> - - £°0 2 - 2L PO wl = ¥ g J4eapay
9 - - £°0 g 0L 0t 9°0 WL -9 § sseq yrnowabue
49 1o0d  BE-) eL-t
01 0g - - 1L 82 S 6l 1 wel - 8 5 55eq yjnowsbuae
2451
0s 08 - - 1°2 1 ¥4 ot oSt g€ wbt - G676 [ Sseq yjynowsbue?
¥i9-T £ WM
SL ) - - 80 fi £°S 33 £°g wi -9 Z sseq yjhowabuae
atneb /| -z
0L 05t - - £'9 ¥e9 1/ oLt ol wbl - 9 S SSBq Yjnowsb.e
3ge-1
ol g - - £'0 9 - 6'Y L'1 wEl - § g A8}onsqny)
11 ot - - A ov S'Y 62 L°9 w0l = £ ] sseq yjnowabue
ASE€-1  YeWIM
1 noee - - 62 06g - 091 0Ee wOL 1 s5eq ynowabaey
01
SE 051 - - §'2 2éé - ot 26 W - € § Jvapay
0§ 0s1 - - 92 202 - 09l 8Y wb = 9 § sseq yihowabuw
B6£-T =~ L YIM 2L-1
dd auaydexo] ~suepJoilyd utJdpug uLdpLaLq y-1da 1da 3dq aag  yjbuay ejoy S1enplALpuUl $318dg 232Q
|e3o] abuey az1Lg WEL TTY 10}3e207
By /6rl sanpLsay apLo131sdy
"IU0) "€ FNavl

~13-




2|qejLesr J0u BIRp “B°U
posJaAdd g Aew Sopdwes .
FIUBADLIIGUL &

apew SESA|RUR OU SI3RDLpUL Rue|q

sisApeue uL pajoalap Jou s3EILpUL -

it - Fd - L L5l 6L 6L 64 wll = ¥ § Jvapay
0oL L£ 8ty £ E61 5¢ oLl 8 ubl = 9 § sseq yynousbae
: 42ALY BBYDJRYRSOO( L)
- - £y - £°0 £ - 82 9°0 wel = L1 5 4a)ansqny)
8°s - tl - 972 9l - 148 v'e wb = £ S JARBpaY
8y - B¢ - 8°0 14! - gl E°L wEL — 0l 5 sseq yjnowabae)
SHMLSSLY aqeT
£t - 9 - 70 £ - 9°2 - oll - 8 € Jdayonsqny)
8'E 659 t°5 - 90 g - A - wb - ¥ g JAeapay
LL - l - - 81 - A M WEl - § § S58q YInouab.e)
ebieyadoyo| a3eq
e - 8¢ - - ¥ - L'E 0 wil - 9 ] 432NEgNYH
8¢ - - 9°0 92 8 971 85 £°0 w6 - G S JB3IpIY
8y - L9 - £°0 Fl - £l 8°0 wbl - £ S s52q yinowabaeq
9 L00d - 8£-D
L°2 - e S0 5°1 €91 Zt 96 59 « €1 - 01 g Jayonsqnyn
- 092 oL - L o8 - oLy 0Ed W8 -9 g AB3pdY
89 £01 ot - g1 2ne - 091 v wEl - § g sseq ynowabue
saqoyIsey) R
8¢ 6°6 L4 - £°0 Lt - £l 8¢ wek = 9 § 430NsSqnYy)
6'S 0t LL §°0 L7l ¥e - {1l £°9 w6 - § S xd €BPAY
£2 - bl 8'0 8S 0L St 09 Wl - L § sseq yyhowsbue
Y91 - € YoM
6't - 6°S - L0 8 - 8 - wll - § § 4a832nsqny)
£°8 £ 9l - - 19 'L 62 2't Wl - 9 5 #x A EBPDY
- 022 9t - 1 £81 - 061 23 wELl - £ S 558q yjnowabaeq
45€-71 ~ 2 YN BL-€
934 auaydexo] asuepioLy) ulJpu3 uLdplatq 4-1ad 1aa iaa aaa  ybua7 [=y0] S|enpLALpu] SaL0adg ajeq
Le3o] obuey 8z§5 Jagquny uocL3e307
63/68 sanplsay sp1aLysay
"uo) g 319yl

-14-



In Water Conservation Area 2A, the fish taken from the southwest
side, in L-38E, usually had higher concentrations of DDT-R than samples
taken from the southeast side in L-35B. Total DDT-R values in large-
mouth bass from the central portion of WCA2A, near the 2-17 gauge, ranged
from 47 ug/kg to 209 ug/kg. With the exception of the results from L-38E
on January 1972, background levels from the interior of WCA2A were similar
to the results from the canals. This indicates considerable areal move-
ment of the pesticide residues through WCA2A food chains.

L-67A flows from the Miami Canal to Everglades National Park in the
southern portion of WCA 3, and receives water from agricultural areas to
the north and from urban and agricultural areas to the east. The data
from January 1972 indicate considerably higher pesticide residues in
fish collected from L-67A than in fish from L-67C, an isolated canal
situated about a mile to the east. Generally, pesticide residues in
fish from WCA 3 were much Tower than in fish from WCA 1 and WCA 2.

Toxaphene and dieldrin concentrations were much higher at the north
end of WCA 1 (L-40) and the southwest portion of WCA 2 (L-38E) than
throughout the rest of the water conservation area system. Dieldrin
was present in only one sample from WCA3A prior to June 1971. After
June 1971, dieldrin was found, although usually in small amounts, in
nearly every sample taken. The concentration of toxaphene, estimated
at 5000 pg/kg (5.0 ppm), was high in some fish from WCA 1 and WCA.2 in June
1971. Subsequent samples from L-40 and L-7 in January 1972 and March
1978, respectively, show that toxaphene residues have decreased by about
50% or more, depending on the species of fish examined.

Samples were analyzed for chlordane beginning in January 1972.
Redear sunfish and largemouth bass from L-36 canal, outside WCA 2 and

adjacent to sod farms, contained chlordane residues of 85 and 170 ug/kg,

15



respectively in April 1973. Chlordane was not detected in any of the fish
samples from within the WCA system until March 1978; however, nearly all
fish from the WCA's contained chiordane residues in 1978. Chlordane concen-
trations of 240 ug/kg in lake chubsucker and 300 ug/kg in redear sunfish
from WCA 1 were considerably higher than residues measured in fish from

WCA 2 or WCA 3.

DDT was an identifiable component of the total DDT-R in fish analyzed
in August 1970 and February 1971, and, with one exception, accounted for
15 to 47 percent of the total residue. From June 1971 to 1978 the amount
of DDT in proportion to the total DDT-R generally declined in the fish
analyzed, and 57% of the samples had no DDT. By 1978 only two of the nine
fish samples from the WCA system contained any DDT at aill. This data
appears to document that DDT is being broken down into its derivative

products in the environment since its use was banned in the early 1970's.

IIIb. Kissimmee River Basin

Pesticide residues in fish from Lake Tohopekaliga, Lake Kissimmee
and the Kissimmee River were at least an order of magnitude less than
residues in the fish from agriculturally impacted waters in WCA 1 and WCA
2. These low concentrations can be attributed to the lack of intensive
crop agriculture in the Kissimmee drainage basins. Rather, much of the
agricultural land use is range pasture which requires much less insect

control treatment.

I[IIc. Qther Areas

Samples were obtained from Lake Okeechobee and the Caloosahatchee
River for the first time in March 1978, so no comparison can be made
with previous data. On a relative scale, total DDT residues in fish
from these two areas were nearly as high as from the agriculturally in-

fluenced portions of the WCAs - although levels of chlordane and toxaphene

16



were generally lower. Fish samples from the Caloosahatchee River still
contained appreciable amounts of DDT, whereas in most other areas, DDT
has almost entirely broken down to DDD and DDE. This may suggest that
there is a continued use of DDT within the Caloosahatchee River drainage
area,

Figures 2 and 3 graphically show the concentrations of DDT-R and
dieldrin, respectively, in largemouth bass throughout the District. The
numbers adjacent to each data point on these figures refer to the sampling
date. These figures indicate that there has been no consistent increase
or reduction of DDT-R and dieldrin residues in bass during the last

eight years.

IV. Effects of Pesticide Residues on Fishes

Although many species of fish are able to tolerate relatively high
residual concentration of pesticides in their body fats, other sub-lethal
effects attributable to pesticides include birth defects, growth of tumors,
genetic changes, altered hehavior patterns, low adaptability to environ-
mental stresses such as temperature and salinity, reproductive failures,
mortality of fry, and changes in swimming ability and oxygen consumption
(EPA, 1973; Menzie, 1972). Indirect effects of pesticide accumulation
in aquatic ecosystems on fish include reduction in the food supply,
reduced photosynthetic activity of aquatic plants and increased BOD

from dying phytoplankton (EPA, 1973}.

VY. Comparisons

The EPA has established Federal Water Quality Criteria for concentra-
tions of chlorinated hydrocarbon compounds in fresh water (DDT, 0.001

ug/1; PCB, 0.001 ng/1; toxaphene, 0.005 pg/1; chlordane, 0.01 ug/1). The
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Food and Drug Administration (FDA), U.S. Department of Health, Education
and Welfare, has tolerance levels for pesticides in edible portions of
fish (DDT, 5.0 ppm; PCB, 5.0 ppm; toxaphene, 7.0 ppm; dieldrin, 0.3 ppm).

Pesticide residues in whole fish are an appropriate means of
expressing environmental pesticide contamination and provide a gross
means of comparison between locations and dates. Data interpretation
and comparisons must be made with the numerous sources of variation kept
in mind {food habits, size, age, species, fat content, etc.).

The Tevels of pesticide residues in freshwater fish from this study
were considerably lower than FDA tolerance levels., This is impressive
since these samples contain fatty tissues and internal organs, which
tend to accumulate pesticides, that are not included with the edible
portion for FDA limits.

In comparison, pesticide residues in whole fish from SFWMD watersheds
were considerably lower than the values reported from many other areas of
the United States. Table 4 provides some examples of pesticide residues
in whole fish and indicates the wide range of values reported. Total DDT-R
residues in fish from agriculturally influenced water bodies of south
Florida generally ranged from 200 to 800 ug/kg (0.2 to 0.8 ppm). Table 4
shows total DDT-R values for fish in Lake Michigan from 2240 to 4230 ug/kg
(2.2 to 4.2 ppm) and also reports a value of 10,150 ug/kg (10 ppm) total
DDT-R in largemouth bass from the Tombigbee River, Alabama. In contrast,
the total DDT-R in fish from the Kissimmee River and Kissimmee Tlakes
were 30 upg/kg (0.03 ppm) or less, and rank among the least contaminated

fish reported.
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SUMMARY

1. Pesticide residues in whole fish from within the South Florida
Water Management District are lower than FDA tolerance levels for edible
portions of fish, and less than the concentration in fish reported from
many other parts of the country.

2. Within the District, fish from areas most directly influenced
by agricultural drajinage waters exhibited the highest concentrations of
pesticide residues. These areas included the canals in the northern
portion of WCA 1 (L-40, L-7), the canal in southwast WCA 2 (L-38E), the
canal on the outside eastern edge of WCA2A (L-36), Lake Okeechobee and
the Caloosahatchee River.

3. Fish from areas less influenced by intensive agricultural prac-
tices (WCA 3, Kissimmee River, and Kissimmee basin lakes) had very low
levels of pesticide residues.

4. Toxaphene, which replaced DDT around 1969 in south Florida, was
present in relatively high levels in those areas influenced by agricul-
tural runoff.

5. There has been no consistent decrease or increase in residues
of DDT or dieldrin in fish during the first eight years of this sampling

program.
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