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INTRODUCTION

The negative impacts of agrichemical pesticides on various
components ofaquatic communities have received increased
attention in recent years. The potential for interactive effects
between multiple agrichemicals is always present, but
investigations of multiple agrichemical effects are limited
(Parott and Sprague 1993; Sexton et al. 1996). The toxic
effects of the suite of agrichemicals in watershed runoff
samples will invariably differ from laboratory studies which
focus on the independent effects of the chemicals. The need
for an experiment to quantifY the effects of a mixture of
pesticides on multiple endpoints at different trophic levels of
wetland ecosystems gave impetus for our present study.

Atrazine, chlorpyrifos, and monosodium acid methane
arsonate (MSMA) are pesticides used widely in the
southeastern and central United States. Methyl mercury is an
organic metal which enters the environment primarily
through anthropogenic activities (Slemr and Langer 1992).
The nature of these chemicals (herbicide, insecticide. or
metal) and the mechanisms of their independent effects have
been previously studied. Atrazine is a selective systemic
herbicide applied to agricultural fields to control weeds.
Atrazine toxicity is exerted on plants because it inhibits
photosynthesis by blocking the electron transport chain of
photosystem II located within in the cell. This results in the
destruction of chlorophyll and increased cellular levels of
CO,. Atrazine is relatively non-toxic to animals but has been
suggested to induce subletllal responses (Solomon et al.
1996). Effects of methyl mercury on aquatic plants can
include death and sublethal effects including inhibition of
mitosis, plant senescence, and decreased chlorophyll levels.
Methyl mercury accumulates in organisms by mimicking
the amino acid methionine and may then be transported
across cell membranes (Clarkson 1994). The compound \\111
then bind to thiol containing proteins such as enzymes. Upon
binding with proteins, methyl mercury can change or inhibit
the actiVity of proteins by modification of their structures.
When methyl mercury is converted to inorganic mercury,
increased hydrogen peroxide production, disruption of the
electron transport chain and decrease of chlorophyll can
result (Lindqvist 1991; Clarkson 1994). Chlorpyrifos is an
organophosphate non-persistent insecticide. It exerts
irreversible toxicity to animals by inhibiting
acetylcholinesterase activity. While chlorpyrifos is extremely
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toxic to aquatic invertebrates. chlorpyrifos is considered to
be relatively non-toxic to plants based on its mode of action
(Menzer 1991; Sorrano et al. 1995). MSMA is an
organoarsenic herbicide commonly used as a selective
contact grassweed herbicide. By mimicking phosphate in
absorption. translocation, and metabolic pathways, MSMA
exerts its toxicity by interfering with the normal metabolism
and growth of plants. MSMA is typically considered to be
non-toxic to animals, however, organic arsenicals have
been suggested to be responsible for several toxicological
consequences including neurologic, reproductive, carcino
genic and genetic potentials (Menzer 1991; Tomlin 1994).

MATERIALS AND METHODS

Research Facility Set-up

Sixty-six 500-liter mesocosms at the University of
Mississippi's Biological Field Station were filled with 15
cm of sand and a 5 cm thick top layer of sediment from a
nearby pond. Six baskets of Juncus effusus were planted in
each mesocosm. The mesocosms were then filled with water
from a spring pond. Chemicals were added to the
mesocosms on 10 Jlll1e 1996 (day 0). Atrazine, chlorpyrifos
and MSMA were present at ambient levels (non-detectable)
or added at nominal levels of 192, 51, and 219 ppb,
respectively, as expected from an Expected Environmental
Concentration (EEC) model for wetlands downstream of
agricultural fields receiving runoff two days after an
agricultural application (EPA 1995). Methyl mercury was
present at 0.2 mglkg or was added to bring total mercury in
the upper 1 cm of sediments to a nominal level of 0.4
mglkg wet weight.

Design and Analysis

Treatments were randomly assigned to sixty-six mesocosms
according to a center-point enhanced 2' factorial design.
Mesocosms were sampled on days I, 2, 4, 8, 16, and 32
after dosing on day 0 (10 June 1996). One third of the
mesocosms were sampled on days 1 and 8, another third
were sampled on days 2 and,16, and the final third were
sampled on days 4 and 32. Data was analyzed by ANaYA
using the SAS system (SAS 1987). Statistical significance
was determined at P < 0.10.



Sample Collection and Measurement

Measured response variables included gross and net primary
productivity, algall1uorescence, turbidity, and chlorophyll a
from phytoplankton. Primary productivity was detennined by
changes in diel measurements of dissolved oxygen
concenuation using the single curve method (Hall and Moll
1975; Wetzel and Likens 1991). Algal fluorescence was
measured by l1uorometry on a Sequoia Turner model 450
l1uorometer with SE 665 and NB440 filters. Turbidity was
detennined using the Hach 2100P turbidimeter. Biomass of
phytoplankton was measured as cWorophyll a (Wetzel and
Likens 1991).

RESULTS

Atrazine reduced algal l1uorescence (Figure la), turbidity
(Figure 2a), and cWorophyll a (Figure 3a) on day I through
day 8. An apparent recovery by the algal community was
detected on day 16 and continued through day 32 as atrazine
did not reduce algal fluorescence, turbidity and cWorophyll
a. A significant atrazine x methyl mercury antagonistic
interaction which was present on day I through 8 for algal
fluorescence (Figure la & Ib), turbidity (Figure 2a & 2b),
and cWorophyll a (Figure 3a &3b) was not present on day 16
and day 32.

Atrazine significantly reduced gross (Figure 4a) and net
primary productivity (Figure 5a) through day 32. A
significant atrazine x methyl mercury antagonistic
interaction was present for gross primary productivity on
each sample day except on day 16 (Figure 4a & 4b) and was
present for net primary productivity on each day except day
2 and day 16 (Figure 5a & 5b).

Chlorophyll b, glucose mineralization and bacterial
abundance were not significantly affected by methyl
mercury, atrazine and atrazine x methyl mercury treatments
(Hwang and McArthur, unpublished data).

Chlorpyrifos and MSMA did not significantly affect algal
fluorescence, turbidity, chlorophyll a, or gross and net
primary productivity (all P > 0.10).

DISCUSSION

The design of this study enabled us to examine various
treatment combinations of three agrichemicals and an
organic metal. Although atrazine is a herbicidic
agrichemical and methyl mercury is an organic metal, it is
well established that both are toxic to aquatic algal
communities. We would expect the independent effects of
atrazine and methyl mercury on the algal community to be
additive when the two chemicals are present together in our
treatments. Our data indicate that in the presence of
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mercury, the effect of atrazine is reduced for the response
variables examined. Explanation of the antagonistic
interaction observed between atrazine and methyl mercury
is difficult because limited information exists about
interactions between herbicides and metals. Methyl mercury
and atrazine may interact by a chemical-chemical means in
the water column or in the sediment. Based on their
chemical structures, this seems unlikely. They also may
interact on the cellular level ifmercury reduces the uptake
of atrazine or alters the effect of atrazine on the metabolic
processes of photosystem II. Hwang and McArthur found
that bacterial abundance and glucose mineralization did not
exhibit the same antagonistic atrazine x methyl mercury
interaction as the algal community (Hwang and McArthur,
unpublished data). Our measurements of cWorophyll b also
were not affected by the atrazine x methylmercury
interaction. Given that the bacterial community does not
photosynthesize and respond to atrazine in the same
manner as the algal community, a methyl mercury
alteration of atrazine toxicity on photosystem 11 appears
possible.

The effects of methyl mercury on glutathione levels in
phytoplankton and algae have been examined
demonstrating a methyl mercury dose dependent induction
of glutathione levels (Howe and Merchant 1992), while
glutathione has typically been shown to decrease when
exposed to methyl mercury (Clarkson 1994). Glutathione is
a tripeptide that can be responsible for the detoxification of
herbicides. Plants with high levels of a specific
glutathione-S-transferase (an enzyme that catalyzes the
conjugation of glutathione) are tolerant to atrazine (Marrs
1996). A mechanism may exist such that methyl mercury
stimulates glutathione-S-transferase which induces gluta
thione levels in the algal community and mediates
increased tolerance to atrazine. This possible mechanism
warrants future investigation and, if confirmed, could
clarify the antagonism of atrazine toxicity by methyl
mercury observed in the present study.
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Figure 1a. Changes in effect sizes of methyl mercury,
atrazine and methyl mercury x atrazine interaction for
fluorescence over the 32 day sampling period.

Figure 1b. Interaction of methyl mercury by atrazine
for fluorescence over the 32 day sampling period.
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Figure 2a. Changes in effect sizes of methyl mercury,
atrazine and methyl mercury x atrazine interaction for
turbidity over the 32 day sampling period.
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Figure 2b. Interaction plot of methy I mercury by atrazine
for turbidity over the 32 day sampling period.
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Figure 3a. Changes in effect sizes of methyl mercury,
atrazine and methyl mercury x atrazine interaction for
chlorophyll a over the 32 day sampling period.

Figure 3b. Interaction plot of methyl mercury by atrazine
for chlorophyll a over the 32 day sampling period.
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Figure 4a. Changes in effect sizes of methyl mercury,
atrazine and methyl mercury x atrazine interaction for
gross PPR over the 32 day sampling period.

Figure 4b. Interaction plot of methyl mercury by atrazine
for gross PPR over the 32 day sampling period.
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Figure Sa. Changes in effects sizes of methyl mercury,
atrazine and methyl mercury x atrazine interaction for
net PPR over the 32 day sampling period.
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Figure Sb. Interaction plot of methyl mercury by atrazine
for net PPR over the 32 day sampling period.


