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INTRODUCTION

Pesticides applied to paddy field have frequent-
ly been detected from environmental water.?
Their influence to aquatic organisms, especially
freshwater phytoplankton and zooplankton as
the primary and secondary producer, respec-
tively, has been investigated from the view point
of toxicity,” growth inhibition,®* absorption®
and impact on plankton community.®!® On
the other hand, Nakamura & Mochida!? paid at-
tention to the function of phytoplankton as a
scavenger decomposing pollution chemicals and
evaluated kinetically the pesticide-degrading
abilities of phytoplankton. Although Fuku-
shima'® has described that the pesticide-degrad-
ing ability of brackish and marine zooplankton
should not be neglected, little information on the
tolerance of zooplankton to pesticides and their
pesticide-degrading ability is available.

In the present study, these abilities of copepoda
calanoida, Sinocalanus tenellus and copepoda
cyclopoida, Oithona davisae, both of which were
dominant zooplankton and the vital secondary
producer in brackish lakes Shinjiko and Naka-
noumi, respectively, were evaluated by the 509
lethal concentration (LCso) for malathion, the
rate constant of malathion-disappearance caused
by the zooplankton and bioconcentration factor
(BCF) of malathion for the zooplankton.

MATERIALS AND METHODS

1. Zooplankton

S. tenellus and O. davisae are dominant zoo-
plankton in brackish lakes Shinjiko and Naka-
noumi, respectively. Zooplankton samples col-
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lected by slowly towing a NXX 15 plankton
net in each lake were carefully transferred to a
polychloroethylene tank. The adults were col-
lected by filtering the samples on nylon net
(98 pm opening). The collected zooplankton
was rinsed with each lake water sterilized by
being put through a 0.2 gm membrane filter
(Toyo Roshi Kaisha, Ltd.) and immediately
tested.

2. Pesticide

Malathion (S-1,2-bis(ethoxycarbonyl)ethyl O,0-
dimethyl phosphorodithioate, technical grade,
97.59%,), was donated by Sumitomo Chemical Co.,

Ltd. and wused without purification. Other
reagents were purchased from Wako Pure
Chemicals.

3. Measurement of 50% Lethal Concentration of
Malathion for Zooplankton

An acetone solution containing malathion (530
to 4910 ppm) was prepared and 0.1 ml of the
solution was added to a 200 ml-Erlenmeyer flask.
After drying up the acetone, S. fenellus or O.
davisae (43-56 and 25-30 individuals, respec-
tively) with 100 ml of each sterilized lake water
was added to the flask. After the zooplankton
was exposed to various concentrations of ma-
lathion for 24 hr, the dead zooplankton was
counted. The zooplankton that remained mo-
tionless when touched gently with a glass rod
was regarded as dead. The LCs values of
malathion for the zooplankton were evaluated
from their mortalities by probit analysis.!®

4.  Measuvement of Disappearance Rate of Mala-
thion

The disappearance rates of malathion were
determined in the presence of the zooplankton.
An acetone solution (0.1 ml) of malathion (less
than 50 ppm) was added to a 200-ml Erlenmeyer
flask. After drying up the acetone, S. fenelius or
O. davisae (2430 and 4900 individuals, respec-
tively) with 100 ml of each sterilized lake water
was added to the flask. The flask stoppered
with a silicone-gum plug was incubated at 20°C
under continuous illumination at 770 lux reci-
procal shaking. As a control, the zooplankton-
free sterilized lake water containing the pesticide
was incubated under the same conditions. An
8.0-ml portion of each incubating solution was
pipetted out at an appropriate time interval to
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count the number of zooplankton and to deter-
mine the residual amount of malathion.

5. Measuvement of Bioconcentration Factor of
Malathion for Zooplankton
Measurement of bioconcentration factor (BCF)
of malathion was carried out using the zooplank-
ton exposed to the pesticide for three days. The
lake water in the presence of zooplankton, used
for measurement of disappearance rates of the
pesticide, was incubated under the same condi-
tions for three days. A 50.0-ml portion and a
5.0-ml portion of the solution were pipetted out
and the concentrations of malathion within the
zooplankton and in the solution were deter-
mined, respectively. Three 1.0-ml portions of
incubating solution were also pipetted out to
count the number of the zooplankton. BCEF was
evaluated as the ratio of the concentration in the
zooplankton and the medium.

6. Detevmination of Malathion

The sampled solution (5.0 ml) was centrifuged
at 4000 rpm (Kubota Corporation KR/702) for
10 min. To 4 ml of the supernatant was added
10 ml of 109, NaCl aqueous solution and it was
extracted with three 15-ml portions of CH:Cls.
The CH:Cl: layers were combined, dried over an-
hydrous NasSOs and evaporated to dryness. To
the residue, 1.0 ml of acetone solution containing
propaphos (0.18 ppm) was added as an internal
standard.

The another sampled solution (50.0 ml) con-
taining the zooplankton was filtered through a
1.0 xm membrane filter (Toyo Roshi Kaisha Ltd.)
and rinsed with 10 ml of each sterilized lake
water. The zooplankton on filter was ground in
a mortar, to which AlOs was added, with a
pestle and extracted with five 3-ml portions of
CH:Cl:. The CH:Cl: layers were combined, dried
over anhydrous Na:SO, and evaporated to dry-
ness. The internal standard solution (3.0-ml)
was added to the residue.

Two microliters of these solutions were injected
into GLC (Shimadzu Corporation GC-7A) equip-
ped with a FTD (Rb) and the amount of mala-
thion was determined by the peak height ratio
method. The GLC conditions: Column; 29%
Silicone DC QF-1 on 80/100 mesh Gaschrom Q),
3 mm¢ x 1 m, glass column. Temperature; col-
umn 210°C, injection and detector 250°C. Gas
flow; He (carrier gas) 30, H: 2.4, air 185 ml/min.

7. Kinetic Analysis of Disappearance Rate of
Malathion

First-order kinetic analysis'’ was used to

evaluate the disappearance rate of malathion
caused by zooplankton.

The disappearance rate of malathion in the
brackish-water was calculated by the following
equations:

—d(S]/dt=(ko+kz[Z])*[S] (1)
In([S)/[S]o) =—ko-t—ks+[Z]-t 2)

where the concentration of malathion in medium,
concentration of zooplankton, the rate constant
of disappearance of malathion caused by zoo-
plankton and that of control are expressed by
[S], [Z], k2 and ko, respectively.

All analyses were carried out by using a com-
puter program on NEC - PC9801 RX.

RESULTS AND DISCUSSION

The mortalities of S. fenellus and O. davisae at
malathion concentrations less than 1.0 ppm were
very low (Fig. 1). The survival rates of S.
tenellus and O. davisae even at 0.64 ppm, which is
ca. 10 times higher than the LCso (0.065 ppm)® of
malathion for Moina macrocopa used frequently
in toxicity test of chemicals, were 92.9 and
100.09,, respectively. Thus, the brackish zoo-
plankton showed much higher tolerance abilities
to malathion than freshwater zooplankton M.
macvocopa. This also suggests that the former
zooplankton may have a high malathion-degrad-
ing ability. The LCso values of malathion for S.
tenellus and O. davisae were 1.95 ppm and >4.91
ppm, respectively.
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Fig. 1 Toxicity of malathion to Sinocalanus
tenellus and Oithona davisae.

®: S. lenellus, A: O. davisae.
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Fig. 2 Disappearance of malathion in the presence (@) and absence (O) of Sinocalanus tenellus

(A) and Oithona davisae (B).

Table 1 Rate constants for the disappearance of
malathion in the presence of Sinocalanus tenellus
and Oithona davisae.

Zooplankton ko(SD)® k4 (SD)P
S. teneilus 6.7 (0.8) 8.5(0.8)
0. davisae 26.8 (0.6) 3.7 (0.0)
» 10~ day—!.

® 102 (individual/ml)—! day—!.

The disappearance rates of malathion were in-
vestigated by using S. fenellus and O. davisae at a
concentration much lower than their LCso values.
The disappearance of malathion in the presence
of S. tenellus or O. davisae was more rapid than
that in the absence of the zooplankton (Fig. 2).
The rapid disappearance is probably due to their
high pesticide-uptake abilities and pesticide-
degrading abilities. The disappearance can be
analyzed by first-order kinetics. The rate con-
stants (kz’s) for the disappearance on individual
basis caused by S. tenellus and O. davisae were
calculated by using Eq. (2). &;’s for S. tenellus
and O. davisae were 8.5x 1072 and 3.7x107*
(individual/ml)~! day™, respectively (Table 1).

BCF (4530) of malathion for S. femellus was
slightly higher than that (3900) for O. davisae.
The ratios of accumulation amounts within these
zooplankton species to total disappearance
amounts were evaluated to be 0.5 and 0.29%,
respectively. It was considered that 81.3 and
70.59, of the total disappearance amounts must

have been caused by the S. fewellus and O.
davisae, respectively. The metabolites of mala-
thion were not detected from the zooplankton
nor from the solution on FTD-GLC.

Differences in pesticide-tolerance and degrad-
ing abilities may be explained by evaluating ac-
tivities of pesticide-degrading enzyme within the
zooplankton. On the other hand, there were
great differences in the %o values of malathion
between the lake water of Shinjiko and Naka-
noumi (Table 1). The degradation of malathion
was 4 times faster in the water of lake Nakanoumi
than in the water of lake Shinjiko. This dif-
ference must have been caused by difference of
pH in water. The pH of water in lake Nakano-
umi (7.5) was higher than that in lake Shinjiko
(6.6).

Our study demonstrated that two brackish
copepods S. femnellus and O. davisae showed
higher tolerance to malathion than that of fresh-
water cladoceran M. wmacrvocopa and that the
former zooplankton had the abilities to remove
malathion from the medium. Therefore, the
zooplankton might play an important role as a
scavenger for released pollution chemicals by
using their uptake and degrading abilities. It is
necessary to make clear to what extent the zoo-
plankton contributes as a scavenger for pollu-
tion chemicals in the ecosystem. More experi-
ments with other pesticides, along with popula-
tion research of zooplankton in lakes Shinjiko
and Nakanoumi, are necessary to address this
question.
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