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Abstract Organophosphates are known to inhibit
the enzyme acetylcholinesterase. In this study, the
AChE activity from the total soft tissues of Cor-
bicula fluminea Mull. was used as a biomarker of
organophosphate pollution in Pinacanauan River.
Clams were collected from two different sites and
at different seasons of the year. A colorimetric
assay on the total soft tissues of the clams showed
a directly proportional relationship between en-
zyme activity and condition of the riverine sys-
tem. In vitro experiments on the total soft tissue,
adductor muscles, digestive glands, and gills were
conducted to assess the degree of localization of
AChE as well as the sensitivity and tolerance
of the enzymes in these tissues to varying con-
centrations of malathion. The degree of enzyme
localization from highest to lowest is as follows:
adductor muscle > gills > digestive gland whereas
sensitivity to OP from greatest to least is: gills >
adductor muscles > digestive gland.
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Introduction

The rapid increase in the world’s population to-
day has led to a vast demand for food, which
paved the way for people to seek ways on how
to increase and improve crop yields (Eto 1974).
The introduction of pesticides has been one of the
major breakthroughs in the field of agriculture to-
day. Organophosphate (OP) pesticides are among
the most widely used since these compounds are
known to be effective in combating pests, at the
same time are readily degraded and hence, are
less persistent in various environmental compart-
ments. The mechanism of toxicity of OPs involves
the inhibition of the enzyme acetylcholinesterase
(AChE) that is responsible for the rapid hydrol-
ysis of the neurotransmitter acetylcholine (ACh).
The inhibition of the AChE enzyme leads to ex-
cessive amounts of acetylcholine in synapses and
neuromuscular junctions resulting to functional
signs and symptoms of cholinergic toxicity. Thus,
AChE has been extensively used as a biomarker
of OP pollution both in terrestrial and aquatic
environments. Although AChE has been widely
used as a specific biomarker of OP pollution, very
few studies have examined the effects of OP in-
secticides to aquatic invertebrates especially those

@ Springer



332

Environ Monit Assess (2010) 165:331-340

belonging to the benthic class, particularly clams
and mussels (Day and Scott 1990).

In this study, a freshwater bivalve mollusk
species, the Asiatic clam Corbicula fluminea Mull.
was studied for its possible utility as biomonitor
of OP pollution. As cited by various authors,
the obvious advantages for bivalves in environ-
mental monitoring include the following: (1) lim-
ited mobility and abundance which would make
sampling and collection relatively easy and inex-
pensive (Hartley and Johnston 1983; Muncaster
et al. 1990; Mora et al. 1999); (2) they are not
dependent on any type of host to complete their
reproductive cycle (Barnes and Riggert 2000);
(3) a single adult provides sufficient tissue to
permit analysis for organic and inorganic conta-
minants allowing for a measure of individual vari-
ability not permitted by use of smaller organism
(Muncaster et al. 1990); (4) they are known to be
sensitive to different types of pollutants and have
the ability to accumulate organic pollutants and
heavy metals (Soucek et al. 2001).

The present work provides some necessary data
that could be the basis for the possible use of
the clam C. fluminea AChE activity in vivo or in

Fig.1 Map of the
Pinacanauan River
showing the two sampling
sites. It is located in
Northern Isabela between
17°27'30” North and
121°50'00” East

(UG Ugad site, AN
Annanuman site).
Source: UP Diliman

Main Library
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vitro for environmental monitoring. Specifically, it
determined (1) levels of changes in AChE activity
in the soft body tissues of clams collected from
two sites along the Pinacanauan River in Northern
Philippines that differ in their level of associated
agricultural practices, in particular, the use of
organophosphate pesticides, at different seasons
of the year; (2) if changes in AChE activity of the
clam can be correlated with the level of OPs in the
water, abiotic factors, and seasonal changes; and
(3) differential distribution of clam tissue AChE
and sensitivity of tissue enzymes to malathion, an
OP commonly used in the locality.

Materials and methods

Sampling location

The site of collection of bivalves was the
Pinacanauan River, a major tributary of the
Cagayan River. It is situated in the Northern
Philippines between 17°27'30” N and 121°50" E
(Fig. 1). The Pinacanauan River traverses the
municipalities of Pefiablanca, Tuguegarao, San
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Pablo, and Cabagan where rice and corn are well-
established crops and use of OP pesticides is ram-
pant. This river provides numerous benefits to
the people in Northern Philippines as a source of
drinking water, home for fisheries, transportation
route, source of irrigation water, and for recre-
ation. The water body is essential not only for
its physical, ecological, and biological aspects but
also for its economic importance. Two sites were
selected namely: Ugad (UG) and Annanuman
(AN). Selection of sites was based on the presence
of C. fluminea as well as the level of anthropogenic
activities in the locality. Land alongside the river
in Ugad is intensively used for agricultural crops
like corn, rice, and tobacco. Annanuman, on the
other hand, is sparsely populated; the land uncul-
tivated, thus, was used as a reference or control
site in this study.

Hydrological parameters

The physico-chemical quality of the two study ar-
eas was monitored in situ every time samples were
collected. The surface temperature, pH, salin-
ity, and dissolved oxygen were obtained using,
respectively, an ordinary mercury thermometer,
hand-held pH meter, salinometer, and by standard
Winkler method (Adams 1990). At each collec-
tion, measurements were done on three consecu-
tive days at 0900 hr in the morning.

Chemical analysis of water samples

During each collection from the study sites
(specifically the Ugad site), a water sample was
collected in 500 mL acetone-hexane-rinsed am-
ber glass bottles and stored at 4°C on ice and
transported (within 10 h) to the National Pesti-
cide Analytical Laboratory (NPAL) in Quezon
City for organophosphate analysis with the use of
GC-NPD Analysis (NPAL 1990).

Sample collection and preparation

C. fluminea with a shell length ranging from 2.5
to 3.0 cm (average adult size) were collected in
three batches each made up of six individuals in
June 2005 of the hot-dry season, September 2005
of the wet season and December 2005 of the cool-

dry season. Individual clams were picked from
the streambeds by hand and placed immediately
inside a plastic bag filled with ice. The clams were
dissected over ice within 1 to 2 h after collection.
The total soft tissues were dissected out, weighed,
wrapped in aluminum foil, labeled, and stored in
liquid nitrogen.

Biochemical determination
of acetylcholinesterase activity

The method used combined features of the modi-
fied Ellman et al. (1961) and the method by Dellali
et al. (2001) and Bonacci et al. (2004).

Total soft tissues were homogenized at 4°C
in a 1:5 ratio (w/v) of 0.1 M phosphate buffer
optimized at pH 7.5. Centrifugation of the ho-
mogenates was done at 12,000 x g for a period
of 30 min, after which supernatants were obtained
and immediately used for assay of AChE activity.

AChE activity was measured using acetylth-
iocholine iodide (ASChI) as a substrate. ASChI
is hydrolyzed by AChE, producing thiocholine
and acetic acid. The thiocholine released from
the hydrolysis is made to react with 5,5-di-thio-
bis-2-nitobenzoic acid (DTNB) yielding the yel-
low compound 5-thio-2-nitrobenzoic acid (TNB)
which absorbs at 412 nm. In this study, 50 ul of
supernatant was placed into a reaction mixture
consisting of 850 ul phosphate buffer (0.1 M, pH
7.5), 1.875 mM DTNB, and 50 pl of 2 mM ASChI
to start the enzymatic reaction. Within a 30-min
period, change in optical density per minute was
noted using a Beckman/Spectronic spectropho-
tometer set at 412 nm for measurement. The tem-
perature of the medium was maintained at 25°C.
AChE activity was expressed in nmol min~! mg
protein~!. The quantity of proteins present in the
supernatant was determined using the Bradford
Method (Bradford 1976) with Coomasie Brilliant
Blue G-25 as a reagent and bovine serum albumin
as a standard. Absorbance for protein determina-
tion was read at 595 nm.

In vitro exposure experiments
Thirty clams were collected in three batches

during the month of December from the refer-
ence site and were brought to the laboratory for
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depuration in aged tap water within a period
of 24 h. Afterwards, the clams were dissected
for their total soft tissues, gills, adductor mus-
cles, and digestive glands. The different tissues
were separately pooled, weighed, minced, and
centrifuged at a rate of 12,000 x g. The super-
natants were incubated in solutions of malathion
(Bayer Company) for 5, 10, and 15 min at 25°C
in a shaking water bath. The following concen-
trations were used: 1072, 1073, 10~*, 107, and
107% M. For the assay, a volume of 50 pl of
the incubated supernatant was added to 850 pl
phosphate buffer, 50 ul DTNB, and 50 ul ASChI.
Samples from the reaction mixtures were tested
for hydrolytic activity at 1-min intervals. Like-
wise, as in the in vivo assessment, AChE activ-
ity was expressed in nmol min~! mg protein~!.
The experiments were conducted alongside neg-
ative controls that were not exposed to the
pesticide.

Statistical analysis

All determinations were performed in triplicate
for each single sample (in vivo) or pooled super-
natant (in vitro) and results were expressed as
mean value & SEM. The data were tested for ho-
mogeneity of variance. After normal distribution
was established, analysis of variance (ANOVA)
was run to test for significant differences be-
tween treatments. The multiple comparisons test
(Tukey’s post hoc) was done to determine which

Fig. 2 Variation in

values differed significantly. The entire statisti-
cal analysis was carried out using SPSS Soft-
ware version 10.0. Level of significance was set at
p < 0.005.

Results
In vivo and in situ AChE activity

Figure 2 shows the mean = SEM AChOE activ-
ity values of C. fluminea from the two sampling
sites at different times of the year. The Ugad site
exhibited AChE activity of 43.39 £ 4.16 nmol
min~' mg protein~! in June, 9.11 £+ 1.06 nmol
min~! mg protein~! in September, and 13.62 +
0.65 nmol min~! mg protein~! in December. On
the other hand, Annanuman displayed an average
AChHE activity of 50.55 £+ 0.49 nmol min~! mg
protein~! in June, 31.97 4+ 0.86 nmol min~! mg
protein~! in September, and 37.19 4 0.47 nmol
min~! mg protein~! in December. Similar trends
of varying AChE activity was exhibited in both
sites. Generally, the lowest enzymatic activity was
seen in September, the highest activity in June.
Statistical analysis revealed that clams collected
from Annanuman site had significantly higher ac-
tivity than those from Ugad site in September and
December but not in June.

The hydrological characteristics of the river
body registered a normal range in pH, tempera-
ture, salinity, and DO in all represented seasons

In Situ AChE Activity at Different Seasons of the Year

mUgad OAnnanuman
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of the year. The pH level varied from 7.4 to 7.5 in
both sampling sites. Both sites also exhibited the
same surface water temperature of 28°C in June
and September. A noticeable decrease to 24 and
25°C in sites 1 and 2, respectively, was recorded
during the month of December. Dissolved oxygen
(DO) ranged from 9.10 to 9.35 mg/L in site 1 and
9.20-9.45 mg/L in site 2 while salinity ranged from
0.5 to 0.85 ppt in site 1 and 0.55-0.75 in site 2.
The lowest level was recorded from site 2 in June
although this did not differ much while the highest
salinity was recorded from site 2 in September.
The National Pesticide Analytical Laboratory re-
ports no traces of OPs in the water samples from
June to December 2005 which only emphasizes
the short life of OP in the water, hence, the
relevance of assessment of biological impact.

In vitro effects of OP pesticides

The in vitro experiment was primarily utilized in
order to provide a reference value with which
relative inhibition can be estimated. Furthermore,
in this part, the amount of AChE present in
selected tissues was investigated. The digestive
glands, gills, and adductor muscles were chosen
because they have been reported to contain sig-

Fig. 3 Variations in the
AChE activity of the

tested tissues during a 1807
15-min exposure to

different concentrations 1607
of malathion. All tissues . u
revealed a highly S 1409
significant difference in A e
AChHE content and + 1207 B
activity with p < 0.005 g R
(DG digestive gland, AD S 1001 HM
adductor muscle, G gill, g
TST total soft tissue) = 80 o
E 60 B
= £
Q o
< 401 Ee
204 [

0 i

Control

10-6 M 10-5M 10-4 M 10-3M
Molar Concentration of Malathion (M)

nificant amounts of AChE (Escartin and Porte
1997). Results of the in vitro experiments are
shown in Figs. 3 and 4, which depicted only the
values obtained within 15-min exposures in as
much as these did not vary significantly from those
obtained during 5- and 10-min exposures.

In the control set-up, it was demonstrated
that the adductor muscles contained the high-
est amounts of the enzyme at activity levels of
154.77 £ 0.20 nmol min~! mg protein~!. Next
were the gill tissues, which displayed a mean en-
zyme activity of 27.49 + 0.14 nmol min~! mg
protein~—! and the digestive gland tissue rendering
the lowest activity of 17.52 4 0.30 nmol min~! mg
protein~!. Levels of AChE activity in the tissues
significantly differ from each other. The total soft
tissues registered a mean AChE activity of 40.39 &
0.57 nmol min~! mg protein~!. Furthermore, a
dose-dependent response in all tissue AChE was
observed in Fig. 3. The adductor muscles which
displayed a mean enzymatic activity of 154.77 +
0.20 nmol min~! mg protein~! were reduced to
8491 + 0.25 nmol min~! mg protein~! when
exposed to the lowest malathion concentration
which is 107® M. This was further lessened to
19.35 #+ 0.38 nmol min~!' mg protein~! upon ex-
posure to 10~> M which happens to be the highest

Variations in AChE Activity of the Tested Tissues to Different

Concentrations of Malathion

BAD @DG &G OTST

S .
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Fig. 4 Percent inhibition
of the tested tissues
during 15-min exposure 120 -
to varying concentrations

of malathion. Means with

different letters on the bar 100 1
indicate significant
difference in AChE
activity based on the
Tukey’s test at p < 0.005
(DG digestive gland, AD
adductor muscle, G gill,
TST total soft tissue)

80 1

60

% Inhibition

401

20 1

Percent Inhibition of the Tested Tissues during 15 minutes Exposure to Varying

Concentrations of Malathion

EDG ZAD G HTST

concentration of malathion used in this study.
Similarly, the digestive gland showed the same
pattern. It registered a mean AChE activity of
only 10.84 4+ 0.29 nmol min~! mg protein~! un-
der 107® M and 4.49 + 0.20 nmol min~! mg
protein~! under 1072 M. The gill and total soft
tissue were the most vulnerable since their en-
zyme activity went down to 3.75 £+ 0.21 nmol
min~!' mg protein~!' and 7.78 & 0.15 nmol min~!
mg protein~! upon exposure to the lowest con-
centration. The enzyme activity was further re-
duced upon exposure to highest concentration
registering an enzyme activity of only 1.1 +
0.10 and 2.16 £ 0.17 nmol min~! mg protein~!,
respectively.

Results of the exposures to varying concen-
trations of malathion, however, did not paral-
lel the results obtained in the control set-up.
Figure 4 shows the percent inhibition of the
enzyme in different tissues as a result of the expo-
sure. Gill AChE was found to be most susceptible.
A marked percent inhibition of 96.00 + 0.37%
upon 15-min incubation of the enzyme to the same
pesticide concentration was noted. Gill AChE has
an ICs of 0.0000075 mM. This pattern of response
was also observed in the case of the total soft
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tissue AChE since its percent inhibition went up
t0 94.69 % during a 15-min exposure to the highest
pesticide concentration (1072 M) and at the lowest
dose of pesticide exhibited 80.88% inhibition at
the maximum duration of exposure for the assay.
It revealed an ICsy of 0.000007 mM. Digestive
gland AChE, on the other hand, although oc-
curring at lowest activity levels in the unexposed
condition, was found to be quite tolerant. A 15-
min exposure to the highest pesticide concen-
tration yielded a significantly lower inhibition of
74.37%. Calculated ICs, of digestive gland AChE
is 0.33 mM. On the other hand, the adductor
muscle AChE was inhibited by 87.48 £+ 0.06% at
10~2 M within the same period of exposure. Cal-
culated ICs, of the adductor muscle is 0.0011 mM.

Discussion

The present study provides evidence that AChE
activity of C. fluminea may be correlated to the
characteristics of ambient water. Ugad is a highly
populated area, at the same time surrounded by
large rice and cornfields treated with OPs. The
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heavy downpour of rains due to successive storms
experienced between and during the months of
September and December was likely responsi-
ble for the decreased AChE activity observed in
the clams from the area during the two seasons.
The heavy rain caused agricultural run-offs, which
brought about influxes of pesticides into the river.

The data on the physico-chemical characteris-
tics of the water system rendered no relationship
with that of the AChE activity of the clams since
the obtained values were all within normal range.
A slight change in salinity observed in Ugad and
Annanuman site especially during the wet season
(September), which paralleled the lowering of the
ACHhE activity during this month, could have some
effect though very minor or none at all. Pfeifer
et al. (2005) has reported that salinity can affect
the activity of AChE but this was observed in
marine water. In this study, salinity may have only
very slight influence since the observed range was
normal for freshwater systems.

The chemical analysis of water samples derived
from the Ugad site gave no trace of OP pesticides.
This is because OPs like malathion relatively have
a short half-life of about 10-20 days in the wa-
ter column (Eto 1974). These synthetic chemi-
cals are also subject to degradation by air, UV
light, chemical hydrolysis, and soil microbes; the
very reason why the organochlorine compounds
previously used as pesticide were removed and
replaced by OPs (Galloway et al. 2002; Cooper
and Bidwell 2006). The Pinacanauan River is a
lotic system, with constant water flow. The water
currents might have immediately carried away the
leached OPs from the surrounding farmlands be-
fore the collection of the water samples. Various
authors like Bedford et al. (1968), Muncaster et al.
(1990), and Cairns et al. (1991) have alleged that
chemical analysis may not effectively predict the
potential for impact on aquatic system since total
contaminant loads may not always match those
concentrations that are bioavailable. A study by
Pereira et al. (1996) assessing the occurrence and
accumulation of pesticides and organic contam-
inants in river sediments and C. fluminea tissue
has also shown that chlorpyrifos was present in
clam tissue but not in dissolved and particular
phases at the same location. These results suggest
that chemical analysis alone may not accurately

indicate the compounds that have entered the
water at the particular location, although its use
as a method of detection is inevitable since data
derived from this analysis may also be useful. This
phenomenon only emphasizes the importance of
the use of biomarkers.

Clams from Annanuman consistently showed
high AChE activities. The relative reduction of
AChE activity observed during the second season
of collection may be attributed to the flooding
caused by the heavy downpour of rain during
these months. Other works had suggested the
probable importance of other factors. Varela and
Ausperger (1996) reported that AChE activity
of Elliptio complanata did not vary significantly
even upon exposure to pollution. The authors
attributed this to the ability of the mussels to
close its valves upon exposure thereby isolating
itself from the environment. This observation was
also confirmed recently by several authors who
demonstrated that valve closure in C. fluminea
can influence exposure profiles and AChE as a
biomarker (Cooper and Bidwell 2006; Simon and
Laplace 2004; Liao et al. 2005; Mora et al. 1999).
However, these prepositions were based on ex-
periments seen in laboratory organisms acutely
exposed to environmentally relevant concentra-
tions of OPs and this might not be the same in
chronically exposed organisms like those reared in
their natural environments.

The physiological demand of reproduction is
another factor influencing lowering of AChE ac-
tivity according to Varela and Ausperger (1996),
but this preposition may not apply in the present
case. McMahon and Williams (1986), Cataldo
et al. (2001), and McMahon (2001) had reported
that reproduction of the C. fluminea usually takes
place twice a year, in the months of May-July and
September to December. The observed levels of
activities of AChE in the present study do not syn-
chronize with this cycle. Owen et al. (2002) noted
that Euvola ziczac, a scallop species, showed no
reduction of AChE activity immediately prior to
spawning. Nevertheless, further studies can eluci-
date on the role of these factors.

The high AChE activity of the adductor
muscles was also seen in various experiments
in marine bivalves. As compared to a marine
species like Mytilus sp., however, C. fluminea has
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relatively lower AChE activity. The hemolymph
of marine bivalves usually drawn from the ad-
ductor muscles of the organisms yields an AChE
activity ranging from 300 to 1,500 nm min~! mg
protein~!. These differences seen between the
AChE activity of mussels and clams can be at-
tributed to species and habitat differences. In
terms of osmolarity, marine organisms tend to
store more proteins in their adductor muscles to
maintain osmotic balance in a highly saline en-
vironment (Pfeifer et al. 2005). In contrast with
other tissues tested in C. fluminea, the increased
activity noted in AChE of adductor muscles
may be explained essentially as related to its
function. By a neuromuscular mechanism, the
tissue regulates the opening of the shell of the
organisms. By its contained hemolymph, it func-
tions for osmoregulation as well as helps in pre-
venting the initial entrance of pollutants inside
the body. In addition, the adductor muscle con-
tains the hemolymph found to be essential in de-
fense system of aquatic invertebrates at the same
time reported to be one of the richest source of
AChE (Smith 1991; Galloway and Depledge 2001;
Galloway et al. 2002).

The sensitivity to OP of gills has been observed
in previous works on both marine and freshwa-
ter bivalves (Escartin and Porte 1997; McHenery
et al. 1997; Mora et al. 1999; Lehtonen and Leinio
2003; Bonacci et al. 2004; Brown et al. 2004). This
property has been explained as an aspect of the
role of the gills as a first line of defense against
contaminants and pollutants. Resultant inactivity
of the gills as a result of exposure would prevent
further entry of harmful substances through the
filter-feeding process (Hawkins et al. 1998; Lau
and Wong 2004).

In contrast, the digestive glands showed a
greater tolerance for the pesticide. Escartin
and Porte (1997) had demonstrated that the
gland possesses not only cholinesterase but also
carboxylesterases, which can remove significant
amounts of activated metabolites from parent
organophosphate compounds, thus preventing
them from reaching the main target AChE. These
esterases hydrolyze a wide range of xenobiotic
compounds and are believed to play a role in
detoxification and tolerance for some OP pesti-
cides (Maxwell 1992; Parkinson 1996), providing
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protection against neurotoxic compound poison-
ing (Gupta et al. 1985; Jokanovic et al. 1996;
Parkinson 1996; Escartin and Porte 1997).

The results of the in vitro experiments utilizing
the total soft tissues of the clams showed that
the concentration of pesticide rendering a 79%
inhibition might be around 10~° M since this inhi-
bition was obtained during a 10-15-min exposure
to this concentration of the pesticide. According
to the results of the in vitro experiments, this
level of pesticide would cause an inhibition of
AChE activity of 45.14% in the adductor mus-
cle, 38.13% in the digestive gland, and 86.36%
in the gill. To determine a more accurate assess-
ment of river systems, it might be worthwhile
also to have a complete profile of various in vitro
test systems. Apparently, the extreme sensitivity
of the gill AChE would limit its use to detect low
concentrations of pesticide since no clear delin-
eation of its activity can be drawn at the concen-
tration range (1072 to 10~! M). On the other hand,
among the four test systems, the adductor muscle,
which exhibited the highest level of activity, would
be useful in the detection within the higher ranges
of pesticide concentration in the water.

In conclusion, C. fluminea is a good sentinel
organism for water monitoring. In vivo exper-
iments using the total soft tissues showed that
AChE activity is largely affected by the season
and site of collection. The lack of interference
of the majority of the monitored environmental
parameters, specifically the temperature, pH, and
DO in its activity, makes it more suitable as a
specific biomarker of OP pollution. The in vitro
experiments on the selected tissues, in particu-
lar, clearly showed that the four tested tissues
(gills, adductor muscles, digestive glands, and total
soft tissues) contain significantly varying levels of
AChE activity which can be a basis for the devel-
opment of test systems working on limited ranges
of OP concentration. The adductor muscles and
digestive gland AChE are able to respond and tol-
erate higher concentrations of pesticide, the total
soft tissue AChE of intermediate range, while the
gill AChE would be exceptional in sensing lower
concentrations. It is recommended that further
studies on in vitro test systems be conducted on
a wider range of pesticide concentration for more
effective evaluation.
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