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FATE AND TOXICITY OF TEMEPHOS APPLIED TO AN INTERTIDAL
MANGROVE COMMUNITY

RICHARD H. PIERCE,I2 ROBERT C. BROWN,' KATHRYN R. HARDMAN,' MICHAEL S. HENRY,'
CATHY L. P. PALMER,, T. WAYNE MILLER3aNn GEORGE WICHTERMAN3

ABSTRACT. The distribution, persistence, and toxicity of the mosquito larvicide temephos was
monitored following aerial applications to an intertidal mangrove community in Lee County, Florida.
The amount of temephos penetrating to the mangrove flooi ranged from iS to lO% of tlie amount
entering thel-pper leaf canopy, with 50-60% of that applied remaining on the mangrove leaves. Rainfall
caused an additional influx of temephos from the leaves to the mangiove floor. Residues were detected
in intertidal water at 2 h, but not 4 h after application. However, temephos was observed to persist in
simulated tidal pools andon mangrove leaves for up to ?2 h and in oysters for up to 48 h after application.
Marine organisms placed in cages at 3 test sites and a control site were monitored for toiic effects.
Mortality - among natural mosquito larvae was simultaneously monitored. Mysids (Mysidopsjs
bohio_)exhibited a significant mortality at one site during 1 of 3 applications moniiored; however, no
correlation was observed between mortality and temephos concentration in water. No significant
mortality was observed for the other organisms, which included: brown shrimp (Ponoeus aztecus), grass
shlimp (Palaemonetes pugio), juvenile snook (Centropomi.s und.ecimalis) and-sheepshead minnowlCy-
prinodon uariegatus).

INTRODUCTION

This investigation was undertaken to observe
the distribution and persistence of the mosquito
larvicide, temephos, (Abate@ 4-E, American Cy-
anamid, Princeton, NJ) during routine aerial
applications to an intertidal mangrove commu-
nity, and to assess acute toxicity to select es-
tuarine organisms under natural field condi-
tions. Temephos is widely used as a larvicide
against pest mosquitoes, including: Aedes tae-
niorhynchus (Wied), Culex niqrinolpus Theo-
bald, and Culex quinquefasciatus Say (Boike et
al. 1985, Lores et al. 1985).

Previous studies of temephos persistence in
ponds in south Florida revealed 20-40 pg/liter
in the water immediately after aerial applica-
tion, which diminished to 2-E pe/Iiter after 24
h (Lores et al. 1985). Concentrations reported
by Sanders et al. (1981) were similar in treated
ponds 24 h after application, and Henry et al.
(1971) found 26 to 131 p.g/liter afterapplications
to a saltmarsh. Although well below acute tox-
icity levels to fish, these concentrations are
within levels causing sublethal effects (Gehrke
1988, Sanders et al. 1981). The 48-h toxicitv
(LC50-48) reported for brown shrimp (Penaeus
aztecus and the pink shrimp (Penaeus dttora-
rum) arc 5 pg/liter and 10 pg/liter, respectively
(American Cyanamid 1980), raising concern for
aquatic invertebrates present in areas where te-
mephos is applied (Christy 1982, Forward and
Costlow l978,Zucket 1978, Ruber and LaFrance
1983, Hughes et al. 1980). Ofparticular concern
is that at normal application rates, temephos

I To whom correspondence should be directed.'Mote Marine Laboratory, 1600 City Island Park,
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3 Lee County Mosquito Control District, P.O. Box
06005, Ft. Meyers, FL 33906.

has been shown to have a significant effect on
fiddler crab populations (Ward and Howes 1974,
Ward et al. 1976, Ward and Busch 1976).

Adverse effects ofpesticides on nontarget or-
ganisms depend not only on the concentration
of chemicals applied, but also on persistence and
availability to susceptible life stages of the or-
ganisms. The intent of this project was to deter-
mine the amount of temephos deposited within
various components of a mangrove community
(leaves, water, sediment, oysters) and the dura-
tion of chemical exposure within these matrices
resulting from routine mosquito larvicide appli-
cations. In addition, specimens of 5 species of
fish and crustaceans were held in cages within
the intertidal fringes of the mangrove commu-
nity to assess acute toxicity to representative
estuarine organisms inhabiting these regions.

MATERIALS AND METIIODS

Study sites: The study area consisted of inter-
tidal red mangrove forests (Rhizophora mangle)
at the mouth of St. James Creek, in the south-
east corner of Pine Island in Lee County, FL.
This area contains extensive mangrove and salt-
marsh that are routinely treated with Abate@
4-E for control of mosquito larvae by the Lee
County Mosquito Control District (MCD). Tidal
influence from San Carlos Bay maintains a
brackish water environment so that juveniles of
estuarine species inhabit this area. Three sepa-
rate test sites were established approximately
100 m apart within the application area, and a
control sampling site was monitored outside of
the larvicide application area. A schematic de-
piction of the various aspects of this study is
given in Fig. 1. Mangrove community compo-
nents investigated for temephos included: man-
grove leaves, intertidal water, simulated tide
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Fig. 1. Schematic of mangrove community components investigated for temephos residue distribution and

p"t.i-"t*.", and caged orgun-i.-, for acute toxicity tests. Simulated tidal pool (T), collected rainwater (R).

pool water, rainwater runofT from mangrove
leaues, sediment and oysters. The amount of
temephos deposited per surface area was as-
sessed by collecting aerial fallout on filter paper
deployed at the water surface and at the man-
grove canopy level. In addition to monitoring
iemephos distribution, various estuarine orga-
nisms were held in cages to assess acute toxicity;
and water quality parameters (pH, DO, T"C, S'/
oo) were monitored throughout each study.

Temephos residue monitoring; Temephos was
applied as Abate@ 4-E (43% active, American
Cyanamid Co.) by the Lee County MCD, using
a Bell Soloy helicopter. The application rate was
1 fl oz per acre, resulting in a theoretical depo-
sition of 3,200 p'glm".

Three treatment episodes were monitored en-
compassing 5 temephos applications. Episode-1
unco*passed a 148-h period including 2 appli-
cations (June L3 and June 17, 198?) with sample
collection for temephos residue analysis and tox-
icity monitoring of caged organisms at interv^als
of i h before application and 1, 6, 24 and 48 h
afber each applCation. Although a considerable
amount of new information was gained during
episode 1 (Pierce et al' 1988), these data are
considered preliminary, due to study desigrt

changes and methods development, therefore,
the results are not presented here'

Results of applications monitored subsequent
to episode 1 are reported. Episode 2 was a 24-h
period following one temephos application on
July 24,1987, with sample collection and toxic-
ity monitoring at intervals of t h before and 1,
3 and 24 h after application. The application
occurred during an out-flowing tide. Episode 3
encompassed a 96-h period including 2 temephos
applicitions (September 29 and October 2'
1987), with sample collection and toxicity mon-
itoring at intervals of t h before and 1,2, 4,7,
24 and 72 h aft,er the September 29 application
and 1, 2, 4, 7 and 24 h after the October 2
application. The September 29 application oc-
curred during an out-flowing tide (mangrove
floor exposed), and the October 2 application
oc.,.rr."d during a high tide (mangrove floor
underwater). Episode 3 was designed to investi-
gate the fate and toxicity of temephos during
repeat applications 3 daYs aPart.

Temephos surface irn'pact; The amount of te-
mephos impacting surface water under the man-
g.oue. *as determined by placing duplicate glass
fiber filters (Whatman, EPM-2000' 20 x 25 cm,
Whatman Ltd., Maidstone, U.K.) on Styrofoam



DECEMBER 1989 TEMEpHoS Flre rN A MANGRoVE Corralruurry 571

floats in the water adjacent to caged animals
under the mangrove canopy. During the third
application episode, the amount of temephos
falling onto the upper mangrove canopy also
was determined by placing duplicate glass fiber
filters on a Styrofoam platform on top of a 7-m
Iength of polyvinyl chloride pipe (Fig. 1).

For both the aerial and the ground filters,
samples were collected within t h after applica-
tion, folded up-side-in and placed in a l-pint
glass jar. An internal standard, chlorophenyl-
sulfone (CPS), was added followed by methylene
chloride (CHrClr), HPLC-grade (Burdick and
Jackson, Muskegon, MI), to initiate temephos
extraction and to preserve the sample. The CPS
was chosen as an internal standard due to chem-
ical and physical properties similar to temephos.
The samples were stored on ice the for transport
to the laboratory for immediate processing.

The glass fiber filters were processed by
blending in CHzClz, followed by filtration. The
CHzCIz was evaporated, replaced with methanol
(CHsOH) and reduced to 1 ml volume for high
performance liquid chromatographic (HPLC)
analysis.

Mangroue leaues: The amount of temephos
adhering to mangrove leaves was investigated
during the second and third application episodes
to assess the potential impact on herbivores and
the influx of temephos to the mangrove floor
during subsequent rainstorms. The temephos
associated with leaves was determined as a com-
posite of 30 Ieaves collected randomly from the
upper canopy within each test site and from the
control site at specific time intervals up to 72 h
after application. The average Ieaf area was 25
cm2 (1 side), providing 750 cm2 of leaf area for
each study site. The 30 leaves were placed in
glassjars, and the internal standard was added.
The Ieaves were then rinsed with CHzClz and
discarded. The jars containing the CHzClz and
the temephos residue were placed on ice in the
dark for transporb to the lab and processing for
HPLC analysis, as described above.

Sediment: Surface sediment (top 2 cm) was
collected at all designated times as a composite
from several places, consisting primarily of the
algal mat that covers the mangrove floor. The
samples (ca. 50 g) were stored in glass jars and
placed on ice in the dark for transport to the lab
for processing.

Sediment samples were extracted using a
Soxhlet apparatus. Approximately 20 g of wet
sediment were placed in the extraction thimble.
The internal standard was added and extracted
after 4 h with cHroH. The cHgoH was re-
moved, replaced with 100 ml CHzClz, and ex-
tracted until the solvent around the thimble
remained clear. The extracts were combined in
a l-liter separatory funnel, and water was added

to separate the CH3OH from the CHzClz. The
CHTCIz layer (bottom) was collected, and the
water/methanol fraction was again extracted
with 100 ml of CHzClz. The CHzCl2 fractions
were combined, evaporated, and the residue was
redissolved in 1 ml of hexane for subsequent
silica column cleanup as follows:

3 g20% deactivated silica + 2 g sodium sulfate
(pack wet in hexane);

wash column with 10 ml of 20% ether in
hexane followed by 30 ml hexane;

add sample to column in 1 ml hexane, wash
into column with 1 ml hexane:

elute column with 20 ml hexane (f1) to remove
pigment interference;

elute pesticides with 12 ml of 20% ether in
hexane (fz);

evaporate f2, redissolve residue in 1 ml meth-
anol and filter for HPLC analysis.

Water: Water samples were collected from the
top 5 cm of intertidal water during each sam-
pling episode. During episode 3, water also was
collected from simulated tidal pools (60-liter
galvanized metal tubs) filled with 40 liters of
ambient water. Rainwater was also collected
after falling through the mangrove leaf canopy
into empty 60-liter tubs. The rainwater-collec-
tion tubs were placed in the mangroves t h after
temephos application. A 3-liter water sample
was collected at each site in an amber glass jug.
The internal standard was immediately added
followed by approximately 100 ml of CHzCIz
with vigorous shaking. These jugs were then
transported to the lab for prompt extraction and
processing as described above.

Oyster* Oysters (Crassostrea uirqinica) werc
collected at all designated times from the study
sites. A composite of at least 12 oysters was
taken at each site from the mangrove prop roots
at the level ofthe surface water to assure recent
exposure to temephos-containing water. The
oysters were rinsed in ambient water, wrapped
in aluminum foil, sealed in plastic bags and
placed on ice in the dark for prompt transport
to the lab.

For temephos extraction, oysters were
shucked and homogenized in a 250 ml beaker. A
10-g sample was mixed with about 30 g sodium
sulfate to produce a friable powder. To this was
added the internal standard followed by approx-
imately 100 ml CH3OH. The oyster sample was
then homogenized using a Virtis tissue homog-
enizer (Virtis Co., Gardinier, NY) followed by
sonication using an ultrasonic probe (Sonics and
Materials, Ultrasonic Processor, Danbury, CT).
The sample was then filtered by suction through
a glass fiber filter, reextracted with 100 ml of
CHrCl, and processed as described above for
sediment.

In strurnentation: AII analyses were preformed
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using a Perkin-Elmer (Norwalk, CT) Sigma 1
data system coupled with a Perkin-Elmer series
38 liquid chromatograph, using a Perkin-Elmer
LC-95 uv/vis spectrophotometer detector. Ana-
Iytical conditions for liquid chromatography
were: column,25 cm x 4.6 mm DBs C-18 reverse
phase (Burdick and Jackson, Muskegon, MI)
mobile phase, 80/20, methanol/water; flow rate
1.5 ml/min; range 0.05; detector, UV at 254 nm.
Temephos reference standards were obtained
from Chem Service (West Chester, PA).

Field toxicity tests:

Test organisrns: Five species endemic to shal-
Iow estuarine environments were observed for
behavior and mortality. These organisms, rep-
resenting teleost fishes and crustaceans, were as
follows: a) mysid (Mysidopsis bohio, b) snook
(Centropomis undecimalis), c) brown shrimp
(Panaeus aztecus), d) grass shrimp (Palaemo-
netes pugio) and e) sheepshead minnow (Cypri-
nodon uariegatus).

Juvenile snook (58 days after hatch), adult
sheepshead minnows and adult mysids were ob-
tained from Mote Marine Laboratory cultures.
Adult brown shrimp were acquired through a
Iocal bait shop, and grass shrimp were caught
Iocally.

The panaeid shrimp were held in cylindricai
cages (0.5 m high, 1 m diam) that were floated
with 2 Styrofoam floats such that three-fourths
of the cage was underwater, as described by
Pierce et al. (1988). Two 3.3 m poles were
threaded through handles on opposite sides of
the cage and hammered into the bottom to allow
the cages to move vertically with the height of
the tide (Fig. 1).

The mysids, grass shrimp, sheepshead min-
nows and juvenile snook were held in small
cylindrical floating cages (16 cm high X 12 cm
diam) that were tethered to weights sunk into
the substrate, permitting movement with the
tidal flux (Fig. 1).

Natural food was available to the panaeid
shrimp. The mysids, sheepshead minnows and
grass shrimp were fed freshly hatched Artemia
nauplii, and the snook were fed a paste of
Salmon Moist (Rangen, Inc., Buhl, ID) daily.

Mortality monitoring: In each of the 3 test
areas, each species was contained in a separate
cage. A duplicate set of the caged organisms was
held at the control area with extra individuals
of each species available at test sites to replace
mortalities if needed during the acclimation
period. Natural populations of mosquito larvae
were present during each application episode
and monitored by Lee County MCD personnel.

Organisms were placed in cages at test and
control sites and allowed to acclimate f.ot 72 h.
During episode 2 (July 24,1987) four species of

test organisms were monitored. The number of
individuals at each site was as follows: M. bahia
(20 each at sites 1,2 and control;5 at site 3); C.
uariegatus (10 each at sites 1, 2 and 3;20 at
control); P. pugio (15 each at sites L,2 andS;t4
at control); and P. dztecus (20 at each site).
Episode 3 (encompassing temephos applications
on September 29 and October 2, L987) used one
cage of each test organism at each of the 3 test
sites and 2 cages ofeach at the control site. The
organisms tested during episode 3 included: M.
bahia (19-21per cage); C. undecimlars (9-10 per
cage); and P. aztecus (!7-26 per cage) at test
and control sites.

The condition of all test and control orga-
nisms was observed 24 h and t h prior to teme-
phos application. Any dead were promptly re-
moved and replaced with area-acclimated orga-
nisms. Following larvicide application, acute
toxicity observations were performed at the des-
ignated times by noting all live and dead orga-
nisms in each cage, as well as behavior and
natural functions. The G-test of independence
(Sokal and Rohlf 1981) was used to analyze the
field toxicity data to determine survivorship of
treated relative to control organisms.

RESULTS

Temephos residues; The accuracy and preci-
sion of temephos recovery was verified for all
matrices studied by spiking each sample type
with a known amount of temephos and the
internal standard. Accuracy of temephos con-
tent of field samples was ensured by adding the
internal standard to each sample prior to ex-
traction. Accuracy and precision of the standard
recovery for each matrix is given in Table 1
Data for those matrices exhibiting less than 85%
recovery were correctedto 100% recovery (sed-
iment and oysters). Detection limits for each
matrix are shown in Table 1. Data from field
studies presented in Tables 2 through 4 repre-
sent the analysis of one sample from each site
at each designated collection time. Samples of
each matrix were collected t h before each law-
icide application to detect any residues from
previous applications.

Surface area impact to nxangrot)e leaues and
/ilters: No temephos was found in the filters or
mangrove leaves at the control site during any
of the application episodes. The amount of te-
mephos recovered during episode 2 from leaves
and filter paper under the leaf canopy is shown
in Table 2. These data show a greater a,mount
of temephos applied to site 3 (3,100 pg/m') than
sites 1 and 2 (690 p1/m2 and 650 LLg/m2, respec-
tively), with the amount penetrating to the
ground-level filters ranging from 140 to ll5 pg/
.tt'"t tit.* 1 and 2, and 350 pgf m2 at site 3.
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Table 1. Temephos detection limits and percent recovery from environmental samples.

Sample matrix

Filter
ttglm"

Leaves
pg/m2

Water
trg/litet

Sediment
ttc/c

Oyster
Fc/c

Lower limit of detection
Replicates (n)
% recovery + SE

0.1
7

8 7 r 1 1

0.1
t)

8 9 + 2 0

0.05
8

6 4 + 1 0

0.01
b

9 1  + 3

0.05
q

7 t + 2 0

Table 2. Temephos concentrations in mangrove forest components following aerial application: episode 2,
July 24, 1987.

Sample
Sample

collection
time

(Site :)

Filter Leaves

0"g/m') 1ts/^')

Pre-application
Application
I N

Sample
collection

time
(Site :)

<0.1

140

<0.1

lr:)

<0.1

650

<0.1

3,100

<0.1 <0.1

350 690

Sample

Sediment Oysters

tus/e)
2

0"s/e)

Pre-application
Application

t h
3 h

24h

<0.05

0.45

<0.05

0.06

<0.05

0.1
0.3

<0.05 <0.05

0.3
0.5

<0.05

0.05

The amount of temephos collected on aerial
and ground filters during episode 3 is shown in
Table 3. For the September 29 application the 3
aerial filters contained 2,535 + 860 p,gfm2 , and
ground filters containedST2 + 125 p.gfm2,show-
ing about 15Vo penebation through the leaf can-
opy. Results of the October 2 application (Table
3) show 2,302 + 320 pg/m2 in aerial filters, and
1,595 + 590 pg/m2 on ground filters, represent-
ing an average penetration of70Vo.

The persistence of temephos on mangrove
leaves was investigated at each site during epi-
sode 3 as shown in Table 3. One hour after the
September 29 aerial application, the mean te-
mephos concentration among the 3 sites was
1269 + 466 pg/m2. Temephos concentrations on
the leaves gradually decreased with time, with a
marked decrease between the 7 and 24-h sam-
pling, coinciding with a light rain that occurred
between these 2 samplings. Aftet 72 h, the leaves
still had an average temephos concentration of
about 300 pg/m'. This concentration was pres-
ent on the leaves at the time of the October 2
application. Within 48 h after the October 2
application, the average concentration on leaves
from all 3 test sites had diminished from 1,484
+ 90 p/m2 (at I h) ro 1,120 -+ 120 pg/m2.

Sedirnent: No temephos was found in sedi-
ment at the control site during any of the appli-
cation episodes. Sediment temephos levels after
the July 24 application are given in Table 2
showing no detectable residues when the sedi-
ment was underwater (1 h), but some deposition
as the tide receded (3 h). Small amounts of
temephos also were found in the sediment sam-
ples following episode 3 (Table 3). These resi-
dues were also detected when the tide was out
and after rain, ranging from 0.4 p/gto 7.2 p/e.

Ambi.ent rooter: No temephos was found in
control site water at any of the designated sam-
pling times, and no residues were found in water
during the episode 2 study. During episode 3, no
temephos was detected in water after the first
(September 29) application, however, after the
subsequent application (October 2) temephos
was recovered during the first 2 h but not after
4 h. As shown in Table 4, the concentrations
ranged from 0.55 pg/liter to 35.14 pglliter.

Simulated tidal pools; Simulated tidal pools
were used only during episode 3. No temephos
was found in simulated tidal pools from the
control site. The average amount of temephos
in the 3 simulated 40-liter tidal pools t h after
the September 29 application was 3.5 + t.7 pe/
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Table 3. Temephos concentrations in filters, leaves and sediment following aerial larviciding: episode 3,
September 29 and October 2,1987.

Sampler

Filter Leaves SedimentSample
collection

time
(Site :)

0rglm')
z

1tglm') 0'e/s)
z

Pre-application
Appl. no. 1
(Sept. 29)

I N

4 h
7 h

Rain
24h
4 8 h
7 2 h

Appl. no. 2
(Oct. 2)

t h

4 h
7 h

24h

<0.1
Aerial

1,315 3,160
Ground

195 472

AJal

1,845 2,515 2,545
Ground

tfro 2,300 ty

<0.1 <0.1 <0.1 <0.1

3,130 1,397 1,765

4!

<0.1 <0.05 <0.05 <0.05

1.06 0.47t.24

490 869 257
500 582 793

291 576 259
161 368 106
23t 374 273

0.55 0.38

r,547 1,546

1,915 1,019
1,959 r,20r

987 r,272

<0.05 <0.05 <0.05

0.68

1,358

r,292
1,308
1,107

tControl sites contained no detectable amounts oftemephos.

Table 4. Temephos concentration in water and oysters following aerial larviciding: episode 3, September 29
and October 2, 1987 .

Sample

Sample
collection

time
(Site :)

Intertidal watert
(pelliter)

Simulated
tidal poolr
0rslliter)

Oystersr
Qe/e)

Pre-application
Appl. no. 1
(Sept. 29)

t h
2 h
4 h
7 h

Rain
24h
(Rainwater)2
4 8 h
t z n

Appl. no. 2
(Oct. 2)

t h
2 h
4 h
7 h

24h

<0.01 <0.01 <0.01 <0.01 <0.01

5.39 7.28
3.44 1.50
2.84 1.19
r.r7 0.96

2.30 1.84
(17.3) (2e.0)

0.86 1.26
t.r2 0.90

14.52 7.04

5.84 5.47
3.24 4.04
2.74 1.64

<0.01 <0.05

3.79 0.38
1.06
2.46 0.53
0.68 0.79

1.22
(2e.5)

l . l2
0.92

2.94 3.28

e K o

3.04 2.75
1.34

<0.05

0.61 0.55
0.87

2.48 0.53

1.06

0.99

3.27

r.72

8.40
16.95

0.58 35.14
0.55 11.84

2.44

4.58
2.87
t.7l

I No temephos was detected at the control site.
2 2.5 pglliter detected in control site rainwater.
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Iiter (Table 4). This concentration steadily de-
creased through 7 h. At the 24-h sampling, a
slight increase in temephos concentration had
occurred due to influx with rainwater falling
from mangrove leaves. After the rain, the con-
centration of temephos continued to decrease to
an average value of 1.0 + 0.1 pglliter at72h.

For the October 2 application, an average of
8.2 + 4.8 p./liter of temephos was detected among
the 3 sites. At 24 h, the average temephos con-
centration was reduced to 1.9 + 0.6 pg/liter.

Rainwater; Rainwater was collected only dur-
ing episode 3 (September 29 application). A
small amount of temephos was recovered from
the control site rainwater collection tub (0.8 pg).
This was not considered significant relative to
the test sites; however, it does suggest contami-
nation warranting further study to evaluate the
source. Approximately 300 ml of rainwater was
collected in the tubs and had an average concen-
tration of about 25 1rg/llter temephos (Table 4)
resulting in a total influx to the tub of about 8
pg temephos.

Oysters: No temephos was found in oyster
samples taken from the control site during any
of the applications. Temephos recovered from
oysters during episode 2 is shown in Table 2.
These results show temephos accumulation be-
tween t h and 3 h after application, with none
detected after 24 h. Temephos was detectable in
oysters within the first hour following both ap-
plications during episode 3. Concentrations rose
to a maximum at 24 h after the September 29
application and between the 4 and 7 h after the
October 2 application (Table 4) and then grad-
ually decreased. Temephos was found in only
one sample at 48 h with no temephos detected
after 72 h.

Temephos concentrations during the October
2 application were consistently higher than the
September 29 application. Oysters taken t h
following the September 29 application showed
about 0.35 + 0.03 p.g/C temephos, whereas those
taken t h following the October 2 application
averaged 2.24 + 0.95 pg/g temephos (Table 4).
Maximum concentrations were 2.48 and 4.58 pS/
g temephos for the September 29 and October 2
applications, respectively. Oysters retained
greater than 7 y.g/gtemephos 48 h after Septem-
ber 29, and for 24 h following the October 2
application.

Field, toxicity fesfs: Four species were observed
for mortality during episode 2 including: 60 M.
bahin, 45 P. pu6io, 30 C. uariegatus and 60 P.
aztucus, with additional cages of each organism
placed at the control site (as described above in
Methods). Observations fot 24 h after applica-
tion showed no mortality of any test or control
organisms.

Episode 3 provided 96 h of mortality monitor-

ing for 3 species (M. bahia, C. undecimalis and'
P. aztecus) encompassing 2 temephos applica-
tions. The number of individuals and results of
episode 3 acute toxicity studies are given in
Table 5. During this final episode, some mortal-
ity of the mysids was observed following the
September 29 application. Out of a total of 59
mysids at the 3 test sites, 8 died within 48 h
(14%), relative to 0 deaths out of 40 individuals
at control sites. Considering the individual test
sites, no mysid mortalities were observed at test
site 1, whereas 6 of 19 (32%) and' 2 ot 19 (ll%)
died at test sites 2 and 3, respectively, indicating
significant mortality at site 2, but not at sites 1
and 3 (Table 5). No significant mortality of
mysids occurred during the subsequent 24-h
period (48-72 h) or within the first 24 h after
the second temephos application (October 2).

The snook and brown shrimp suffered no
significant acute toxicity following either of the
applications (Table 5). The cage at test site 3
did have 2 of 10 individuals die (20%) between
48 and 72 h; however, none died after the second
temephos application. Deaths observed at 96 h
(24 h after the October 2 application) were due
to stress from being stranded in shallow, muddy
water due to unusually low ebb tides.

DISCUSSION

The theoretical application rate of temephos
to the mangrove community was L f\ ozfacre
(3,200 prg/m2). The actual influx to the upper
leaf canopy, collected on filters at each of the 3
test sites during episode 3, was 2,535 + 860 pS/
m2 during the September 29 application, and
2,302 t 323 pglm2 during the October 2 appli-
cation, showing good agreement with the theo-
retical amount.

A considerable amount of temephos remained
adsorbed to the leaves after each application.
The average among the 3 sites was 1,500 + 1,100
pg/m2for July 24;7,269 + 466 p.g/m2for Septem-
ber 29; and 1,358 + 89 p.g/m2 for October 2.
When compared to the amount collected on the
aerial filters, the leaves retained 50% and,60%
of that applied during the September and Oc-
tober applications, respectively.

The amount of temephos applied to the man-
grove community and that retained by the leaves
was quite consistent throughout the 3 larviciding
applications. The amount penetrating the leaf
canopy, and collected on ground-level frlters,
however, varied among the sites and from one
application to another. When compared to the
amount collected on aerial frlters (episode 3),
the ground-level filters contained l5%,L\Vo and
14% (meanli%) at sites 1, 2 and3, respectively,
for the September 29 application, and887o,9tVo
and 34% (mean 70%) at sites l, 2 and 3, respec-
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Table 5. Organism mortality following each temephos application (episode 3: September 29 and October 2
appllcatlons).

Application 1 Application 2

t-24h
L-24 h 24-48h 48-72h

Species replicate Live Live Dead Live Live DeadDead

5 9 1 5 1 8 5 9 r 2 6 0 1 1
2 r 0 2 r 0 2 I 0 2 7 0
1 9 0 1 3 6 1 8 r 2 1 9 t 1
1 9 1 t 7 2 2 0 t 0 2 0 0
2 0 0 2 0 0 2 0 0 1 8 2
2 0 0 2 0 0 2 0 0 2 0 0
4 0 0 4 0 0 4 0 0 3 8 2

2 9 0 2 8 t 2 7 1 2 2 2 1 7
1 0 0 9 1 1 0 1 0 3 ' � 7
9 0 9 0 9 0 9 0

1 0 0 1 0 0 8 2 1 0 1 0
1 0 0 1 0 0 1 0 0 8 ' � 2
1 0 0 1 0 0 1 0 0 1 2 9
2 0 0 2 0 0 2 0 0 9 1 1

6 3 0 6 2 1 6 6 1 0 6 6 0
2 0 0 2 0 0 2 0 0 2 0 0
t 7 0 1 6 ! 2 0 1 0 2 0 0
2 6 0 2 6 0 2 6 0 2 6 0
2 6 0 2 6 0 2 6 0 2 6 0

2 2 3 0 2 2 0
2 6 0 2 6 0 4 8 0 4 8 0

Mysidopsis bahia
test (composite)
Mb-1
Mb-2
Mb-3
Mb.C1
Mb-C2
Control composite
C e nt r opo mus undecim,alis
test (composite)
Cu-1
Cv2
Cu-3
Cu-C1
Cu-C2
Control composite
Panaeus aztecus
test (composite)
Pa-1
Pa-2
Pa-3
Pa-C1
Pa-C2
Control composite

t Dead organisms replaced with acclimated organisms.
2 Stranded cages.
t Added to system.

tively, for the October 2 application. This vari-
ation most probably resulted from changes in
placement of the collection filters relative to
canopy density, as well as helicopterpositioning,
wind and other variables associated with field
operations.

Temephos was found to persist in mangrove
Ieaves, tp to 72 h after application. The concen-
tration diminished to about 30% of the l-h
concentration at 72 h after the September 29
application, and to about 75% ofthe 1-h amount
at24h afber the October 2 application. The rate
at which leaf temephos concentrations de-
creased was greater following the frrst applica-
tion (893 pg/m2 /24 h) than after the second (187
pglm2l24 h), possibly influenced by the rain. At
the latter rate, temephos on mangrove leaves
had a half-life of about 48 h. Temephos in as-
sociation with mangrove leaves represents a res-
ervoir for impact on herbivorous animals and
their predators, as well as a source for continued
influx to the mangrove forest floor and to tidal
pools with falling leaves and rain.

Sediment appeared not to be a reliable indi-
cator of temephos fate in the intertidal region.
Interestingly, the amount of temephos observed

to collect on the mangrove forest floor (sedi-
ment) at each site showed a negative correlation
with the amount collected on ground-level fil-
ters. The amount of temephos recovered from
sediment varied with mangrove canopy density,
the ratio of surface to subsurface sediment col-
lected, and the tidal status at the time of appli-
cation and sample collection.

Intertidal water around the mangrove fringes
contained no delectable amounts of temephos
after episode 2 (July 24). None was detected
after the September 29 application; however,
considerable amounts were found after the Oc-
tober 2 application (ranging from 0.6 to 35 pg/
liter and 0.6 to 17 1rg/liter at 1 and 2 h, respec-
tively) with none detected at 4 h or more. These
results reflect rapid dispersion of temephos due
to tidal flow during the July and September
applications which occurred during out-flowing
tides. The October 2 application occurred at high
tide resulting in detectable amounts of temephos
in the water for at least 2 h, with subsequent
dispersion of temephos with the outgoing tide.

These results agree with concentrations re-
ported after aerial applications to ponds (Lores
et al. 1985) and after application to a saltmarsh
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(Henry et al. 1971). Fortin et al. (1987) reported
temephos activity to mosquito larvae up to 7
days in treated ponds. After the October 2 ap-
plication, some water samples contained teme-
phos concentrations above the 48-h LCso for
pink shrimp, P. duorarum (10 pg/liter), and
brown shrimp, P. aztecus (5 pg/liter) (American
Cyanamid 1980). Although the short exposure
time (2 h) reduced the potential for acute tox-
icity. These data indicate sufficient concentra-
tions for potential sublethal effects.

Simulated tidal pools showed an average of
140 + 68 pg temephos entering the 4O-liters of
water in tubs after the September 29 application,
and an average of 330 j 190 pg temephos enter-
ing the tubs after the October 2 application. The
Iarger influx during the October application is
consistent with the greater amount of temephos
recovered from the ground filters. The concen-
tration steadily decreased to about 1 pg/liter (40
peltub) at72h after the September application,
and to 2 pglliter (80 pgltub) at 24 h after the
October application.

Rainwater collected after the September ap-
plication contained an average of 25 pg/Iiter
temephos. This same quantity would have pro-
duced an increase of 0.75 ug/liter in the 40-liters
of tub water. The average increase for the sim-
ulated tidal pools was about 0.67 p/liter, which
is consistent with that entering with rainwater.
These results show that the amount of temephos
added from rain washings could represent a sig-
nificant influx to shallow tidal pools, prolonging
temephos exposure to aquatic organisms.

Although the simulated tidal pools did not
contain as much temephos as was recovered
from the tidal water, the concentrations were
within the lower range reported to cause mor-
tality from extended exposure (American Cy-
anamid 1980). These data raise concern for te-
mephos impact in saltmarsh pools not experi-
encing daily tidal flushing, especially regarding
invertebrate larvae released into that environ-
ment.

Interpretation of oyster temephos data re-
quires careful attention to the tidal cycle and
collection techniques. Oysters from episode 2
and the September 29 application of episode 3
exhibited similar temephos concentrations for
the first few hours aft,er application. No teme-
phos was recovered from oysters 24 h after epi-
sode 2, whereas the episode 3 oysters exhibited
an increase in temephos at 24 h and retained
the larvicide through 48 h at one of the sites.
The 24-h increase is consistent with additional
temephos influx with rain between the 7 h and
24 h sampling.

Oysters collected following the October 2 ap-
plication of episode 3 retained much higher con-
centrations of temephos than either of the pre-

vious studies, which is consistent with the
greater influx to the mangrove floor observed on
the ground-level filters and in the simulated
tidal pool tubs. These results show that oysters
did concentrate temephos at least 1,000 times
over that in the water, on a weight/weight basis.
Oysters continued to accumulate the larvicide
for 4 to 7 h following applications with gradual
depuration indicated by the detection of elevated
concentrationsfor 24 to 48 h. These data show
the need to investigate the sublethal effects of
temephos on oysters and oyster larvae.

Although temephos concentrations did exceed
toxic levels in the water around the caged orga-
nisms, the exposure time was sufficiently short
to avoid appreciable mortalities. The only sig-
nificant mortality observed was for mysids dur-
ing the September 29 application of episode 3.
Based on this mortality, it would appear that
site 2 received the highest concentration, fol-
lowed by site 3, then site 1 (Table 5). These
mortalities could not be compared with teme-
phos concentration in ambient water, however,
because none was detected in water following
the September 29 application. Ground-level fil-
ters at sites 2 and 3 did receive more than twice
as much temephos as site 1, indicating greater
Iarvicide influx at these sites. Interpretation is
further complicated by the fact that no mortal-
ities were observed following the October 2 ap-
plication when temephos residues were observed
in ambient water and 2 to I times as much
temephos was collected on the ground-level fil-
ters. Therefore, no direct correlation was found
between temephos concentration and organism
mortality.

Natural functions and behavior of organisms
were also observed, including ovigerous mysids
that continued to molt and release their larvae.
Although no quantitative data were kept for the
larvae, they appeared to be healthy.

Water quality parameters for each episode
showed no appreciable differences between con-
trol and test sites and no conditions that would
be detrimental to the caged organisms, except
for the C. undecimalis stranded at low tide at
the 96-h monitoring of episode 3 (Pierce et al.
1988).

CONCLUSIONS

These results demonstrate that under normal
larviciding conditions, temephos applied to an
intertidal mangrove system did not persist in
the water in sufficient quantities to affect ap-
preciable mortality to 5 representative species
of estuarine animals. Temephos did persist in
mangrove leaves and in simulated tidal pools for
more than 72 h, and in mangrove oysters up to
48 h after application. Additional temephos en-



578 JouRNlr, oF THE AunRrcel Mosqurro CourRor, AssocrerroN V o L . 5 ,  N o . 4

tered the water and mangrove floor with rain-
water dripping from the mangrove leaves. These
data indicate the need to consider chronic im-
pact to mangrove herbivores and their predators,
as well as to marine organisms inhabiting salt-
marsh pools not flushed by diurnal tides, and to
the growth and reproduction of oysters repeat-
edly exposed to larviciding applications.

ACKNOWLEDGMENTS

This project was funded by the Lee County
Mosquito Control District. We are especially
grateful to the helicopter pilots and ground sur-
veillance personnel for their technical expertise
and assistance with implementing the study.
Mote Marine Laboratory Student Interns, Mel-
issa Basch from Brown University, and Emily
Crumm from Kalamazoo College are acknowl-
edged for their roles in helping to collect and
process the many samples, and for helping to
monitor the acute toxicity tests. The authors
also appreciate the assistance of George Hen-
derson, Project Scientific Advisor from the State
of Florida, Department of Natural Resources.

REFERENCES CITED

American Cyanamid Company. 1980. Abate larvicide.
Technical bulletin on the toxicology and environ-
mental impact. American Cyanamid Co., Princeton,
NJ.

Boike, A. H., Jr., C. B. Rathburn, Jr., K. L. Long, H.
M. Masters and T. G. Floore. 1985. Current status
on the Florida temephos monitoring program-sus-
ceptibility levels of three species of mosquitoes dur-
ing 1984. J. Am. Mosq. Assoc. 1:498-501.

Christy, J. H. 1982. Adaptive significance of semilunar
cycles of larval release in fiddler crabs (genus Uco):
test of hypothesis. Biol. Bull. 163:251-263.

Fortin. C.. A. Marie and R. LeCIair. 1987. The residual
effect of temephos (Abate 4-E) on nontarget com-
munities. J. Am. Mosq. Assoc. 3:282-288.

Forward, R. B. and J. D. Costlow. 1978. Sublethal
effects of insect growth regulators upon crab larval
behavior. Water Air Soil Pollut. 9:227-238.

Gehrke, P. C. 1988. Acute cardio-respiratory responses
of spangled perch, Leiopotherapon unicolor

(Gunther 1859), to sublethal concentrations of zinc,
temephos and 2,4-D. Aust. J. Mar. Freshwater Res.
39:767-774.

Henry, R. A., J. A. Schmidt, J. F. Dieckman and F. J.
Murphy. 1971. Combined HPLC and bioassay for
the evaluation and analysis of an organophosphate
larvicide. Anal. Chem. 43:1053-1057.

Hughes, D. N., M. G. Boyer, M. H. Papst, C. D. Fowle,
G. A. Y. Reeves and P. Baulu. 1980. Persistence of
three organophosphorus insecticides in artificial
ponds and some biological implications. Arch. En-
viron. Contam. Toxicol. 9:269-279.

Lores, E. M., J. C. Moore, P. Moody, J. Clark, J.
Forester and J. Knight. 1985. Temephos residues in
stagnant ponds after mosquito larvicide applications
by helicopter. Bull. Environ. Contam. Toxicol.
35:308-313.

Pierce, R. H., R. C. Brown, M. S. Henry, K. R.
Hardman and C. L. P. Palmer. 1988. Fate and
toxicity of Abate applied to an estuarine environ-
ment. Final Report to the Lee County Mosquito
Control District, Feb. 1988. 51 pp.

Ruber, E. and K. LaFrance. 1983. Effects of temephos
on the respiratory rate of the salt marsh amphipod,
Gammarus mucronatug Bull. Environ. Contam.
Toxicol. 31:148-151.

Sanders, H. O., D. F. Walsh and R. S. Campbell. 1981,
Temephos: effects of the organophosphate insecti-
cide on bluegills and invertebrates in ponds. U.S.
Fish Wildl. Tech. Pap. 104. U.S. Dep. Interior.
Washington, DC.

Sokal, R. R. and R. J. Rohlf. 1981. Biometry: the
principles and practice of statistics in biological
research. W.H. Freeman and Co., San Francisco,
CA.

Ward, D. V. and D. A. Busch. 1976. Effects of teme-
phos, an organophosphorus insecticide, on survival
and escape behavior of the marsh fiddler crab, Uco
puquax. Oikos. 2?:332-335.

Ward, D. V. and B. L. Howes. 1974. The effects of
temephos, an organophosphorus insecticide, on
marsh fiddler crab populations. Bull. Environ. Con-
tam. Toxicol. 12:694-698.

Ward, D. V., B. L. Howes and D. F. Ludwig. 1976.
Interactive effects of predation pressure and insec-
ticide temephos toxicity on populations of the marsh
fiddler crab, Uca pu4u.ax. Mar. Biol. (BERL)
35:119-126.

Zucker, N. 1978. Monthly reproductive cycles in three
sympatric hood-buitding tropical fiddler crab (genus
Uca). Biol. Bull. 155:410-424.




