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Abstract

Chlorpyrifos is among the most widely sold organophosphates in the agriculture sector worldwide. Static bioassays were
performed in the laboratory to compare the acute toxicity between the technical grade (94% a.i.) and commercial formulation
(20% EC) of chlorpyrifos to four freshwater organisms: the crustacean zooplankton Cyclops viridis, the oligochaete worm
Branchiura sowerbyi, the gastropod Pila globosa, and tadpole larvae of Duttaphrynus melanostictus. The recovery of actual
chlorpyrifos concentrations in water after 2 h of exposure to the nominal concentrations ranged from 82.98% to 88.56%. The
commercial formulation (F) of chlorpyrifos was found to be 1.94 to 2.76 times more toxic than the technical grade (T).
Based on 96 h LCs, values of T and F chlorpyrifos, C. viridis was found to be most sensitive (0.56 and 0.25 ug/L) and P.
globosa as most tolerant (1482 and 536 ug/L) to chlorpyrifos. Changes in LCs, values of both T and F chlorpyrifos were
noted in respect of exposure hours for the three aquatic invertebrates and the tadpole larvae of the toad. In conclusion, the
acute toxicity of chlorpyrifos to some non-target freshwater organisms differs between technical grade and commercial

formulations.
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Introduction

Chlorpyrifos is a broad-spectrum chlorinated organopho-
sphate insecticide that is commonly used to control a wide
variety of pests (Deb and Das 2013). Several studies have
found that it is highly hazardous to non-target organisms
(Giddings et al. 2014; Huang et al. 2020; Rutkoski et al.
2020; Pal et al. 2021; Majumder 2023). The WHO (2019)
classified chlorpyrifos among the moderately hazardous
(Class II) technical grade active ingredients in pesticides. It
works inside the body of an organism by blocking acet-
ylcholinesterase, ultimately leading to an accumulation of
acetylcholine and thereby leading to hyperexcitation and
neurodisorders (Greer et al. 2019; Pal et al. 2021). Chlor-
pyrifos residues were found in surface water (Hashmia et al.
2020; Ganaie et al. 2023) and in fish tissues (Malhat and
Nasr 2011). Because of the widespread presence of
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chlorpyrifos in the aquatic environment, as well as its ability
to cause negative effects, it becomes an excellent choice for
toxicological research.

The majority of the pesticide-related toxicity study was
conducted using only the active ingredient of the test pes-
ticide. But, commercially formulated products of pesticides,
mixtures of active ingredients and other substances or
ingredients labeled as ‘inert ingredients’, ‘adjuvants’ or ‘co-
formulants’, are applied in agricultural fields to get better
efficacy for pest control. ‘Inert ingredients’ or ‘adjuvants’ or
‘co-formulants’ may be surfactants, solvents, emulsifiers,
propellant, antifoaming agents, carriers, diluents, stabilizer,
dyes, preservatives, penetration agents, odour masking
agent, etc. The composition of adjuvant is determined based
on the physical and chemical properties of the active
ingredient and the kind of formulation being produced
(Mesnage and Antoniou 2018). Adjuvants or inert sub-
stances promote the absorption and stability of active
ingredients, which is important for pesticide persistence and
efficacy (Tu et al. 2023). The term “inert” does not imply
non-toxic (U.S. EPA 2018). It is essential to comprehend
how the ingredients in a commercial pesticide formulation
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interact with one another. They could work synergistically
(Nagy et al. 2020). In many cases, such other ingredients
make formulated commercial products more toxic to the
organisms than the active ingredient of the pesticide itself
(Puglis and Boone 2011; Majumder and Kaviraj 2019).
Contribution of adjuvant to the toxicity of commercial pes-
ticide formulation was reported by Demetrio et al. (2014).
Exposure to the ubiquitous adjuvant or inert ingredient, o-(p-
nonylphenyl)-o- hydroxypoly(oxyethylene), has been linked
to endocrine disruption, birth abnormalities, and toxicity in
aquatic environments (Cox and Zeiss 2022). ‘Inert ingre-
dient’ may pose threats to pollinators (Mullin et al. 2015).
Therefore, research into pesticide risk assessment should
include consideration of the possible dangers to non-target
organisms from inert components (Tu et al. 2023). However,
due to trade secrets, many manufacturers do not disclose the
exact composition of the other ingredients in designed pro-
ducts (Cox and Surgan 2006). In consequence, the toxicity
study on non-target organisms using adjuvants or inert
ingredients is hampered (Cox and Surgan 2006). Therefore,
determining the toxicity of both the active ingredient and the
commercial formulation of the test pesticide may become
more judicious in order to obtain an accurate picture of the
ecotoxicological impact of insecticides on non-target
organisms (Pereira et al. 2009; De Silva et al. 2010).
Chlorpyrifos as an active ingredient in combination with
organic adjuvants showed better performances in pest con-
trol during a field trial (Hoesain et al. 2023). Several studies
documented that chlorpyrifos in its commercial form is more
toxic than the active ingredient alone (Demetrio et al. 2014;
Majumder and Kaviraj 2019; Majumder 2024). Accordingly,
comparisons were made in the present study between the
acute toxicity of the technical grade and commercial for-
mulation of chlorpyrifos to four common freshwater
organisms from four different taxa. As food for fish, the
freshwater crustacean zooplankton, Cyclops viridis, plays a
crucial role in the food chain of freshwater ecosystems and is
a representative member of pelagic communities. In addi-
tion, its ease of culture in the laboratory, short life cycle, and
high reproductive rate make it an ideal candidate for eco-
toxicological research (Sarkar and Saha 2016). Branchiura
sowerbyi, an oligochate, has long been preferred as a bio-
indicator organism to assess sediment associated con-
tamination due to its availability in aquatic environments,
high individual biomass, and role as fish food (Lobo and
Espindola 2014). Pila globosa, a gastropod mollusk, is
considered an important aquatic resource in local freshwater
bodies and is suitable to monitor the aquatic environment. It
is a representative member of benthic habitats, important in
the detritus food chain with its unique body plan, efficient
adaptation, and immunological system (Pal et al. 2021). In
most freshwater bodies in India, toad tadpole larvae are the
most abundant larval representatives during the rainy season.
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They can play an important role in the food chain, and their
appearance in fields is associated with water bodies and
coincides with pesticide application time (David and Kar-
theek 2015). So, tadpole larvae of Duttaphrynus melanos-
tictus have been selected as one of the test organisms in the
present study. In most freshwater aquatic ecosystems in
India, these species often form a sustainable direct or indirect
food chain (Majumder and Kaviraj 2015). As a result, acute
toxicity data for both technical grade and commercial for-
mulations of chlorpyrifos for these species will provide an
indication of the eco-toxicological risk of chlorpyrifos in
aquatic ecosystems vulnerable to pesticide runoff from
agricultural fields.

Materials and methods
Test organisms and their acclimatisation

Altogether four test organisms were used in the present
study. Among them, the crustacean zooplanktons (C. vir-
idis), tadpoles of D. melanostictus, and gastropod mollusks
(P. globosa) were collected during rainy season from a
local, natural pond in Kalyani, Nadia district, West Bengal,
India, that is far from agricultural lands and industrial
installations and there is no other source of contamination.
Initially, a culture of the crustacean zooplanktons, C. viridis,
was maintained in an outdoor vat with cow dung at its
bottom and filled with 400 L of water. Before the bioassays,
the zooplankton specimens (mean length: 0.009 +0.03 cm)
were brought from the culture vats and were acclimatised to
laboratory conditions for 96 h. Cow dung water was given.
Another test organism, D. melanostictus tadpoles (mean
length: 1.23+0.15cm; mean weight: 0.035+0.008 gm)
were transported in plastic containers filled with habitat
water taken from the same pond. They were allowed to
acclimatise to laboratory conditions for 96 h prior to the
start of experiment. Every day, the water was replaced.
Algae were given to the tadpoles as feed. Any dead tadpoles
were removed using forceps to ensure healthy water quality.
The feeding of the tadpoles was discontinued 24 h before
the experiment began. For P. globosa, medium sized,
healthy, active specimens (mean weight: 20+2 gm) were
used, regardless of sex. Following collection, they were
rinsed in freshwater and given a 0.1% KMnO4 solution
treatment to prevent pathogenic infection. They were
allowed to acclimatise to laboratory conditions for 96 h. The
crushed leaves of aquatic plants were provided as food. To
reduce debris loads, the water was changed every 24 h.
Their feeding was stopped 24 h before start of the test. The
fourth test organism, mature B. sowerbyi (mean length:
293+0.35cm; mean weight: 0.003 +£0.0004 gm) were
purchased from a nearby aquarium shop in Kalyani, West
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Table 1 Actual concentrations of chlorpyrifos (ug/L) used to determine LCs, values for different test organism

Chlorpyrifos Actual concentrations (ug/L)

Test Organisms

33.20, 99.60, 166.00, 265.60, 398.40, 531.20, 597.60, 796.80, 929.60, 1062.40, 1195.20, 1328.00, 1394.40, 1460.80, 1527.20,

1660.00

Branchiura sowerbyi

35.36, 53.04, 70.72, 88.40, 106.08, 123.76, 141.44, 159.12, 176.80, 194.48, 212.16, 229.84, 247.52, 265.20, 288.88, 300.56,

318.24, 335.92, 353.60, 397.80, 442.00, 468.52

0.37, 0.40, 0.42, 0.43, 0.45, 0.48, 0.49, 0.51, 0.52, 0.55, 0.57, 0.58, 0.60, 0.63, 0.64, 0.66, 0.67

Cyclops viridis

0.09, 0.12, 0.14, 0.16, 0.18, 0.21, 0.23, 0.25, 0.26, 0.30, 0.32, 0.33, 0.35, 0.39, 0.42, 0.44, 047, 0.49

265.60, 531.20, 796.80, 1062.40, 1328.00, 1593.60, 1859.20, 2124.80, 2390.39, 2656.00, 2921.60, 3187.20, 3452.80, 3718.39,
3984.00

Pila globosa

88.40, 176.80, 265.20, 353.20, 530.40, 618.80, 795.60, 972.40, 1149.20, 1326.00, 1414.40, 1591.20, 1768.00, 1944.80

24.90, 41.50, 58.10, 74.70, 91.30, 107.90, 124.50, 149.40,166.00, 190.90, 207.50, 232.40, 249.00

8.84, 17.68, 26.52, 35.36, 44.20, 53.04, 61.88, 70.72, 88.40, 106.08, 114.92, 123.76, 132.60, 141.44

Tadpole larvae of Duttaphrynus melanostictus T

T Technical grade, F Formulation

Bengal, India. After that, they had 96 h to acclimatise. Cow
dung water was added. Only healthy organisms
(2.93 +£0.35cm) were chosen and brought to the experi-
mental setup once they had acclimatised. After the accli-
matisation phase, test organisms were stocked at ten
individuals of crustacean zooplanktons, or five individuals
of tadpole larvae, or ten individuals of worms in a 500 ml
glass beaker and at five individuals of gastropod mollusk in
a 15L aquarium in continuously aerated deep tube well
water for the bioassay. All treatments, including control,
were made in three replicates.

Test chemicals

Two test chemicals were used. Technical grade chlorpyrifos
(94% active ingredient of O,0O-diethyl O-3,5,6-trichloro-2-
pyridinyl- phosphorothioate) was obtained from Krishi
Rasayan Group of Companies, Kolkata-700020 (India) and
a commercial formulation of chlorpyrifos under the brand
name Dursban (chlorpyrifos 20% EC; EC: emulsifiable
concentrate) was procured from the Dow Agro Sciences
India Pvt. Ltd., Mumbai-400079 (India).

Bioassay

Static bioassays were made according to the standard pro-
tocol (APHA 1995). The test medium for all tests was deep
tube well (300 feet underground) water stored in an over-
head tank: Temperature 27-32 °C, pH 7.4 £0.2; free CO,
342 +0.21 mg/L; dissolved oxygen 6.8 +0.3 mg/L; total
alkalinity 85.75+4.37mg/LL as CaCOs;; total hardness
237.33£6.01 mg/L. as CaCOj. Bioassays for the crusta-
ceans, worms, and tadpoles of the toad were conducted in
500 ml glass beakers, each containing 300 ml of water.
Bioassays for the gastropod were carried out in 15-liter
glass aquariums, each containing 2 liters of water. A stock
solution of 100 mg/L of technical (T) or formulation (F) of
chlorpyrifos was prepared by dissolving an appropriate
amount of the pesticide in 10ml of water or acetone.
Necessary dilutions were made before actual treatment. The
active ingredient of chlorpyrifos was mixed with acetone
due to its low solubility before being added to the test
medium. The actual chlorpyrifos concentrations used to
determine LCs, values of the pesticide for different test
species in the present study have been given in Table 1.
Two separate bioassays were made for each test organism:
one with the technical grade chlorpyrifos and the other with
the formulation (emulsified concentrate). In each category,
there was a control with an equal number of replicates.
Negative controls with and without solvent were used. For
the acetone control, 0.1 ml/L acetone was added to the test
water because the maximum amount of acetone present in
the highest concentration of this category of chlorpyrifos
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tested was less than 0.1 ml/L. No food was provided during
the bioassay to avoid interference of excretory products of
the test organisms with the test chemical.

Residue analysis of chlorpyrifos

After 2h of treatment, 250 ml water samples were taken
from each test container to quantify chlorpyrifos con-
centrations in water by Chromatographic methods. In a
500 mL conical flask, a 250 mL sample of water was added,
along with 25 g of sodium chloride (NaCl). The solution
was partitioned three times with 50 mL of a mixture of
hexane and dichloromethane (80:20). The organic phase
was collected over anhydrous sodium sulfate in a conical
flask and evaporated in a rotary evaporator. The volume
was made up to 10 mL with ethyl acetate. The extract was
filtered with a syringe filter using 25 mm, 0.22 p nylon filter
paper and transferred into vials for chlorpyrifos determi-
nation in a gas chromatograph equipped with an ECD
detector (Agilent 6890 N) with a wide-bore HP column
(HP-5, 30m, 0.32 mm ID, 0.25 um film thickness) and a
7683 B Series auto injector. As a carrier, N, gas was used.
The concentration of chlorpyrifos was determined from the
calibration curve prepared from standard chlorpyrifos con-
centrations, using ChemStation software. The instrument’s
limit of detection (LOD) and limit of quantification (LOQ)
were 5 pg/L and 150 pg/L, respectively.

Recovery of chlorpyrifos in water

—-—T

- ——F

Actual concentration
=
[
o
o

1200 1800 2400 3000 3600 4200 4800
Nominal concentration (ug/L)

0 600

Fig. 1 Recovery of chlorpyrifos in water after 2h of exposure of
technical grade (T) and formulation (F) of chlorpyrifos

Statistical analysis

Actual death of the test organisms was considered as mor-
tality. The lethal concentrations of chlorpyrifos (LCsg) at
which 50% mortality of the test organisms occurred and its
95% confidence limits were estimated for 24, 48, 72, and
96h from the mortality data using EPA-Probit analysis
version 1.5 statistical software based on the probit analysis
method of Finney (1971). LCs, data of the technical grade
and formulation of chlorpyrifos were compared following
the criteria described by Mayer and Ellersieck (1986),
Schmuck et al. (1994), APHA (1995) and Demetrio et al.
(2014).

Results

The actual recovery of chlorpyrifos in water after 2h of
exposure to both of the nominal concentrations of technical
grade (T) as well as formulation (F) of chlorpyrifos is pre-
sented in Fig. 1. The recovery percentage for T chlorpyrifos
was 8298 +£0.22%, whereas for F chlorpyrifos, it was
88.56 = 1.90%, and there was a linear increase in 2 h chlor-
pyrifos concentration with the increase in nominal concentra-
tion exposure. Table 2 shows the 96 h lethal concentrations
(ug/L) of technical grade (94% a.i) and commercial formula-
tion (20% EC) of chlorpyrifos to crustacean zooplankton (C.
viridis), worm (B. sowerbyi), gastropod mollusk (P. globosa),
and tadpole larva of toad (D. melanostictus). The gastropod P.
globosa was least sensitive, while the crustacean C. viridis was
most sensitive to both the technical grade (T) and commercial
formulation (F) of chlorpyrifos. The susceptibility of the test
organisms to chlorpyrifos varied with the chemical form of the
pesticide. The current study’s findings indicated that aquatic
organisms are susceptible to technical grade (a.i.) as well as
commercial formulations of chlorpyrifos in the following
order: C. viridis > Tadpole larva of D. melanostictus > B.
sowerbyi> P. globosa.

The results of the present study clearly indicate that the
technical grade (94% a.i) chlorpyrifos was less toxic to all
test organisms than its commercial formulation (20% EC).
The quotient of LCsy values (LCsy T/LCsq F) for C. viridis,
B. sowerbyi, and P. globosa in this study varies from 2.24 to

Table 2 96 h LCs, value (ug/L)
with 95% confidence limit in
parentheses of active ingredient

Test Organism

Techical (94% a.i) Formulation (20% EC) Quotient (LCsy T /

and formulation of chlorpyrifos
to different test organisms and
quotient calculation

LCso F)
Branchiura sowerbyi 303 (245-363) 135 (122-147) 2.24
Cyclops viridis 0.56 (0.54-0.57)  0.25 (0.24-0.27) 2.24
Pila globosa 1482 (1231-1733) 536 (434-650) 2.76
Tadpole larvae of Duttaphrynus 101 (86-119) 52 (42-63) 1.94

melanostictus
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Table 3 Regression parameters of log-probit lines for different test
organisms from 96 h toxicity data of technical (T) and formulation (F)
based on actual concentration of chlorpyrifos

2

Organism Chemical Slope (b) Intercept (a) n r
form
Cyclops viridis T 12.44 8.15 13 0.97
F 4.58 7.72 14 0.96
Branchiura T 1.83 0.50 12 0.90
sowerbyi F 322 —1.83 16 0.92
Pila globosa T 2.56 —3.09 13 093
F 2.39 —1.53 10 0.93
Tadpole of T 2.78 —0.66 9 0.90
Duttaphrynus F 2.28 1.02 9 091

melanostictus

2.76, while it is 1.94 for tadpole larvae of the toad, D.
melanostictus (Table 2). Regression parameters of the log
concentration-probit mortality line for 96 h mortality data
for all test organisms have been presented in Table 3 and the
slopes have been presented in Fig. 2. The slopes were found
more or less parallel between T and F. Figure 3 shows the
changes in LCs values of T and F chlorpyrifos with respect
to exposure hour for the three aquatic invertebrates and the
tadpole of the toad. The LCsy values decreased as the
exposure period lengthened. The LCsy concentrations that
were determined in the present study were based on actual
lethality, not ecological lethality.

Within half an hour of being exposed to chlorpyrifos, all
of the exposed test organisms became hyperactive. Neuro-
toxicants, like chlorpyrifos, can paralyse the exposed
organisms and cause behavioural abnormalities as observed
in this study. At first, C. viridis exhibited irregular, erratic
movements, and later, they were seen at the bottom of the
glass beaker with slow creeping movements. The tadpoles
of the toad displayed increased surfacing, gradually erratic
movements, and eventually balance loss. B. sowerbyi was
observed to be coiled, wrinkled, and irritated during acute
chlorpyrifos exposure, and fragmentation and degeneration
of body parts occurred with increasing exposure period. To
avoid chlorpyrifos exposure in the aquatic medium, P.
globosa was found to seal their shell and release excess
mucous.

Discussion

In this study, the crustacean zooplankton C. viridis was
found to be the most susceptible to chlorpyrifos, with 96 h
LCs values of 0.25 and 0.56 pg/L respectively, for 20% EC
and technical grade chlorpyrifos. The gastropod P. globosa,
on the other hand, was the most tolerant (96 h LCs, being
536 and 1482 pg/L), followed by the oligochaete worm B.

—6—P. globosa —>— D. melanostictus

B 5
5.5 A
4
3.5 1
0 1 2 3 4

Log concentration of technical grade chlorpyrifos

—@—B. sowerbyi —&— C. viridis

(3]

Probit
S
(9}

—o—P. globosa —@—B.sowerbyi —A— C. viridis —%— D. melanostictus

6.5 -

6 4
5.5
=2 5

)

2
o 4.5
4.
3.5 4

0 2 4

-4 -2
Log concentration of commercial formulation of chlorpyrifos

Fig. 2 Slopes of regression for 96 h mortality data

sowerbyi (96 h LCs, being 135 and 303 pg/L). The tadpole
larvae of D. melanostictus were moderately susceptible to
chlorpyrifos, with a 96h LCsy ranging between 52 and
120 pg/L.

Crustaceans have close phylogenetic relationships with
insects, which makes them more susceptible to insecticides
(Roque et al. 2005). They have similar biological pathways
to insects (Tamone and Harrison 2015), which makes them
sensitive to neurotoxicants that affect acetylcholine, which
is the mode of action of chlorpyrifos (Duarte-Restrepo et al.
2020; Ubaid Ur Rahman et al. 2021). Demetrio et al.
(2014) found that the susceptibility of another crustacean
zooplankton, Daphnia magna, to chlorpyrifos formulation
(96 h LCsp: 0.30 ng/L) is close to that found in the present
study. Moore et al. (1998) reported the 48 h LC5, value of
0.6 ug/L for the a.i. of chlorpyrifos in Daphnia magna,
which is similar to the LCsq value of chlorpyrifos in C.
viridis (0.58 pg/L) found in the current study. There is little
documentation comparing the sensitivity of B. sowerbyi
and P. globosa to chlorpyrifos to that of the current study.
When the susceptibilities of these two organisms to other
toxicants were evaluated (Tripathi and Pandey 2014; Saha
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Fig. 3 Changes in LCs, values of chlorpyrifos to different aquatic organisms (a: Cyclops viridis; b: Branchiura sowerbyi; ¢: Tadpole larva of
Duttaphrynus melanostictus; d: Pila globosa) with respect to exposure period. Different lowercase letters above bars indicate differences in LCs

values at each time point as per the criteria of APHA (1995)

et al. 2016), it was revealed that organic substances
released by B. sowerbyi might prevent toxicants from
accumulating in their bodies. Likewise, P. globosa 1is
structurally avoiding exposure to chlorpyrifos by shutting
its shell and producing a protective layer of mucus, which
is a defense mechanism.

The LCso value for tadpole larva of toad found in this
study (24h LCsp: 163 pg/L) is close to the 24 h LCsg
values obtained by Abbasi and Soni 1991 (177 pug/L) for
Rana tigrina, but lower than the findings of Sparling and
Fellers (2007) for Rana boylii (24h LCsy values as
3005 pg/L) and Bernabo et al. (2011) for Rana dalmatina
(96-h LCso values as 5174 pg/L). On the other hand,
Ramadani et al. (2022) reported 96h LCs, value of
commercial chlorpyrifos for Fejervarya limnocharis tad-
poles as 2.86ug/L. However, susceptibility of tadpoles to
pesticides varies with species and developmental stages
(Berrill et al. 1998; Bridges and Semilitsch 2000) as well
as testing protocols (Jones et al. 2009), thereby making
comparisons of tadpole susceptibility to chlorpyrifos
challenging.
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The present study clearly showed that the toxicity of the
commercial formulation of chlorpyrifos (20% EC) is higher
than that of its technical grade (94% a.i.), regardless of
species. Tilak and Veeraiah (2001), De Silva et al. (2010),
Demetrio et al. (2014), and Majumder and Kaviraj (2019)
found similar variations in toxicity between commercial
formulation (F) and technical grade (T) chlorpyrifos in
Labeo rohita, Perionyx excavatus, Daphnia magna, and
Oreochromis niloticus, respectively. According to the
Material Safety Data Sheet (MSDS), in the commercial
formulation (chlorpyrifos 20% EC) under the brand name
Dursban® used in this study, the ‘inert ingredient’ is the
solvent naphtha (petroleum), heavy aromatic (Dow
AgroSciences India Pvt. Ltd 2014). Solvent Naphtha (P)
HA is used widely in pesticide formulations (Tu et al. 2023)
and is listed as a neuro- and hepatotoxin (Haz-Map 2023).
Therefore, the added inert ingredients work synergistically
with the active ingredient chlorpyrifos, and may be
responsible for the increased toxicity of the formulated
product Dursban® in the present study. Adams et al. (2021)
also documented that the presence of the solvent naphtha
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clearly influences the toxicity of the cycloxydim herbicide
formulation.

The degree of the difference in toxicity between T and F
chlorpyrifos, on the other hand, differed with species. The
quotient of LCsy values (LCsy T/LCso F) for C. viridis, B.
sowerbyi, and P. globosa in this study varies from 2.24 to
2.76, while it is 1.94 for tadpole larvae of the toad, D.
melanostictus. Mayer and Ellersieck (1986) proposed that a
toxicant is more toxic when the quotient of two LCs, values
(higher LCsy value/lower LCs, value) is greater than 1.
Schmuck et al. (1994), on the other hand, assumed that
natural variability causes the quotient to vary between 0.5
and 2.0, and indicated that when the quotient value
approaches 2, a toxicant is more harmful. Based on the
findings of this study, the formulation was more toxic than
technical grade chlorpyrifos for all test organisms except the
tadpole larva of D. melanostictus, according to the criteria
of Mayer and Ellersieck (1986). The criteria of Schmuck
et al. (1994) also satisfied the findings for all other test
organisms. However, comparing sensitivity based on quo-
tient is not universally accepted. Because the criteria pro-
posed by Schmuck et al. (1994) and Mayer and Ellersieck
(1986) only considered one single point (LCsy) for the
concentration—effect function, Demetrio et al. (2014) pro-
posed accepting a criterion as valid only when the con-
centration effect lines were parallel. Table 3 shows the
regression parameters of the log concentration-probit mor-
tality line for 96 h mortality data for all test organisms. The
slopes of different species in the present study, shown in
Fig. 3, were not perfectly parallel and did not satisfy the
criteria of Demetrio et al. (2014). Therefore, it could not be
possible to unquestionably accept the difference in LCsg
values between the technical grade and commercial for-
mulation of chlorpyrifos based on quotient (LCsy T / LCs
F). Because the confidence limits of LCsy values do not
overlap, the LCs, values for T chlorpyrifos and F chlor-
pyrifos are different at each time point according to the
criterion of APHA (1995). Therefore, it is better to rely
solely on LCsy value and compare toxicity based on LCs,
values and their confidence limit, unless there is an overlap
of the confidence limit between the two LCsq values.

Conclusions

In conclusion, organisms (zooplankton, worm, mollusk,
and toad tadpole) exhibited varied sensitivities to chlor-
pyrifos exposure; results demonstrated all species were
more susceptible to the formulated chlorpyrifos when
compared to the technical grade chlorpyrifos. “Inert
ingredients” are not necessarily inert. Their existence as
adjuvants with the active ingredient in the formulated

chlorpyrifos showed synergistic effects, which is the main
reason for the enhanced toxicity of formulated chlorpyr-
ifos in the present study. Crustaceans are the most sensi-
tive of the test organisms since they are taxonomically and
physiologically similar to insects. Because chlorpyrifos
and other organophosphates were used to manage insect
pest populations by inhibiting acetylcholinesterase activity
and producing neurotoxicity, crustacean zooplanktons are
equally susceptible to insecticides. Therefore, it is neces-
sary to take into account the management of natural water
bodies as well as the assessment of environmentally
acceptable insecticide concentrations and their lethal
values for aquatic organisms.
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