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Dissipation behavior and human hazard index (HI) of ethion on okra (Adbelmoschus esculentus L.) fruits were
studied in Koonavaram village, East Godavari, Andhra Pradesh, India. Ethion was applied on okra crop with
knapsack sprayer during the fruiting stage, and fruit samples were collected on 0, 2™, 4™ 6™ and 8" days from
the time of application. Ethion was detected with the help of GC-MS/MS using dried and grinded fruit samples.
From the study, average ethion residues detected in the vegetable samples were in descending order of 8.02, 1.14,
0.14, 0.08, and 0.02 mg/kg, which were collected from the above-mentioned days. The correlation coefficient of
ethion residue concerning time was recorded as significant. Ethion dissipation percent was 85.74, 98.25, 99.04,
and 99.71 in samples with respect to the days of 2, 4, 6, and 8, respectively, which was compared with the residue
of samples collected immediately 2 h after applying ethion. During the study of half-life, on ethion was 0.95 days.
Pre-harvested interval of 2 days gap is required after the application of ethion. The human HI of ethion was
10.020, 1.429, 0.175, 0.096, and 0.029 for samples collected from the respective days, where the intake amount

for an average Indian adult of 60 kg is 150 g.

1. INTRODUCTION

Nation’s economic growth largely depends on the rate of agricultural
production and is the major source of food for both rural and
urban populations [1]. Agrochemicals play a key role in enhancing
agricultural production and reducing the effect of pests [2], but
rigorous uses of agrochemicals throughout the world are familiar for
all of us. There is a list of 30 varieties of fungicides, 108 classes of
pesticides, 39 brands of weedicides, six types of rodenticides, and
along five kinds of acaricides that have been used by the developing
countries [3,4]. Food gets contaminated by pesticides through an
adequate channel such as absorption or injection method. Intake
pesticide-contaminated food is 5 times more unsafe to the exposure
such as water and wind [5]. The World Health Organization argues
that the most popular consumed food groups are fruits and vegetables,
and around 30% of intake is rest on fruits and vegetables only. As
fruits and vegetables are eaten in a row or semi-cooked form, there
is a high chance of pesticide residue level compared to the other part
of plants that prepare through cereal processing [6]. The application
of insecticides and fungicides to protect vegetable crops is inevitable
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in agriculture. During rabi season, the requirement of crop protective
agents is very high as the intensity of pests and diseases is very high
on vegetable crops [7].

In okra (Abelmoschus esculentus L), fruit borer (Earias vitella,
E. insulana), white fly (Bemisia tabaci), red spider mite (Tetranychus
telarius), jassids (Amrasca bigutula), and aphids (Aphis gossypii)
incidence are very common. Farmers are applying insecticides in
higher doses than permissible limits and non-recommended pesticides
for the crop. Farmers are using ethion for the control of fruit borer and
sucking complex [8].

Estimation of ethion residues had done using gas chromatography. It
had found that the average deposition of ethion at the initial stage on
cucumbers was 4.97 and 2.40 mg kg™' at double and single dosages,
respectively. Degradation of ethion for half-life (T'2) of ethion on
cucumber was 1.8 and 2.1 at double and single doses, respectively.
Intake of cucumber is recommended after 7 days [9]. The studies
related to persistence of ethion and its residues in cowpea pods at
the initial deposit which was 11.23 ppm, and the half-life (T'%2) value
for the decay of ethion on cowpea pods was 2.90 days. The average
initial deposit of ethion was 0.254 mg kg', which dissipated to
0.013 (94.88%) mg kg™' on the 5" day [10,11]. Pesticide residues in
maize exceeded the acceptable daily intake (ADI), and consumption
was hazardous to humans in Ghana [12]. From the residual pesticide
content, human health hazards can be estimated for both short-term
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and long-term exposure. The aim of the present study is an estimation
of ethion dissipation in okra and its effect on human health using the
hazardous index.

2. MATERIALS AND METHODS

Ethion has been exposed in okra through ingestion mode to observe its
indulgence effect on the human being. Simultaneously, it is observed
that an average adult of 60 kg can consume okra up to 150 gm in a
day [13]. The recommended doses of ethion (468.75 g a.i./ha) were
applied to okra (var. Arka Anamika) during the Rabi season of a
farmer’s field, which field with alluvial soils (black cotton soils) located
at Koonavarm (Godavari delta region) near Rajamahendravaram
area. The field was made into many blocks, and ethion was applied
in the selected three blocks. Mature vegetable samples were collected
from the treated blocks on every alternate day from the initial day of
applying the crop protective agent until 8" day, and a total five samples
had collected (Day 0 [2 h after application], Day 2, Day 4, Day 6, and
Day 8). The mature growth of okra (flower to fruit) is 7 days, and after
7 days, it is not palatable due to its high fiber content. After harvesting,
samples were washed thoroughly with deionized water, sliced, oven-
dried, grinded, and stored in 4°c cool storages before analyzing ethion
content in it.

2.1. Residue Analysis

For detection of the residual level of pesticide, the sample should
come through the examination of the maximum residual limit, which
depends on the experiments of pesticide residue present on the food
products [14]. The maximum amount of pesticide can be referring as
maximum residue limit (MRL), and its presence can be notified at the
time of its sale. Limits are denoted as mg/kg. In general, the national
government confirms the pesticide limits for good agricultural
practice followed by standardized international trade [15]. These
limits consider as the margin line for health risks and provide the
standard for food safety to the customers. ADI, which determines the
health safety limits for human health. The formula for calculating
human exposure to pesticides is rested on the average food intake of
a person on a daily basis average adult weight with pesticide residue
data [16].

Grinded fruit samples were analyzed using gas chromatography with
mass spectrometer (GC-MS/MS). To estimate the pesticide residue
level in okra fruit, determined samples (1 kg okra) were harvested
from the identified three blocks after each treatment, along with the
control sample. Initially, samples were analyzed using QUEChERS
(quick, easy, cheap, effective, rugged, and safe) extraction method
in the laboratory [17]. Logarithmic transformation was applied to
pesticide residue values to correct skewness [18]. The half-life of the
pesticide residue was calculated using the transformed values using
the following equation.

The analyzed data (log pesticide concentration versus time elapsed)
are then addressed to simple regression analysis, and the regression
equation is calculated.

Thus,
logR =—kt+log R,

Where,
log R, = log of pesticide concentration at any time t (in days)
log R = log of initial pesticide concentration

k = slope of the linear plot as shown by regression equation which is
the rate of the degradation of pesticide with time t
t = time elapsed in days

Half-life is the time required to reduce the pesticide concentration to
half of its initial concentration [19].

Thus,
log (1/2R)) = —kt + log R
Consequently,
Half-life (t ) = log 2/k

After completing the pesticide residue analysis, the data were log-
transformed (for exponential relation) and tabulated and statistically
analyzed, and presented.

From the pesticide residue data, the human hazard index (HI) was
calculated [20]. To bring HI value, we need to estimate estimated daily
intake (EDI), and the equation is:

EDI=C x F/D x W

Where,

EDI = Estimated daily intake

C = Mean of pesticide concentration possessed by an individual
(mgkg™)

F = Mean of fruit consumption per person per year (kg)

W = Mean weight of a person (60 kg)

D = Days per year (365 days)

To bring HI value, we need to divide the estimated EDI value to their
equivalent known ADI value (mg kg™ 4v71).

HI=EDI/ADI

For consumption standards like MRL of ethion in okra, EU MRL was
referred [21].

2.2. Estimation of Average Daily Intake (EADI)

EADI is grounded on the average body weight of an Indian adult. It is
evaluated by multiplying the Food and Agriculture Organization per
capita food intake rate for a specific kind of vegetable with the mean
residual concentration (mg/kg) of individual pesticide residue in the
vegetable and dividing the result by standard bodyweight, which is
considered as 60 kg [12,22].

Thus
EADI = Cp x FCR/B

where

EADI — estimated average daily intake,
Cp — concentration of the pesticide,
FCR - the food consumption rate, and
BW — the average body weight

2.3. Risk Assessment

To manage and reduce the effect of pesticide residue in the community,
regular risk assessment studies are in high demand. These types of
studies can be helpful for managers and policymakers to make
resolutions based on scientific proof with appropriate management
selections [23].
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Table 1: Ethion dissipation in okra fruit in relation to time.

Ethion Pesticide Standard TMRC MPI ADI EADI HI
residue (mg/kg) deviation (mg/person/day) (mg/person/day) (mg/kg bw)

Before Spraying 0.20 +0.02 0.0305 0.12 0.002 0.0005 0.254
0 Days after spraying 8.02 +0.26 1.2025 0.12 0.002 0.0200 10.020
2 Days after spraying 1.14 +0.11 0.1715 0.12 0.002 0.0029 1.429
4 Days after spraying 0.14 +0.01 0.0210 0.12 0.002 0.0004 0.175
6 Days after spraying 0.08 +0.01 0.0115 0.12 0.002 0.0002 0.096
8 Days after spraying 0.02 +0.01 0.0035 0.12 0.002 0.0001 0.029

FCR: Food consumption rate, TMRC: Theoretical maximum residue concentration in mg/person/day = Residue x Average daily consumption (150 g), MPI: Maximum permissible
intake in mg/person/day = ADIxAverage body weight (60 kg), ADI: Acceptable Daily Intake mg/kg bw by PPDB, EADI: Estimated average daily intake = cpxFCR/bw, HI = EADI/

ADI

The potential health risk index (HRI) can be obtained for the non-
carcinogenic effect on the individual pesticide residue in the vegetables
by dividing the EADI to their corresponding ADI values, as revealed
in the equation below. If HRI value is more than 1, then it denotes that
lifelong intake of vegetables contains a significant level of pesticide
residues, which can cause health in the near future [22,24].

The HRI has been estimated by applying the equation below:

HRI = EADI/ADI

3. RESULTS AND DISCUSSION

The data derived from pesticides residue analysis has played a
significant role in finding half-life and pre-harvest interval (minimum
time in days) for pesticide application to fruit harvestmen, and
calculation of ethion has resulted from HRI.

3.1. Ethion Dispersion and Half-life

Pesticide dissipation data are presented in Table 1. Pesticide residue of
ethion in okra fruit samples were 8.02, 1.14, 0.14, 0.08, and 0.02 mg/
kg from the samples collected on 0 (2 h after application), 2", 4, 6%,
and 8" days after application, respectively [Figure 1]. The correlation
coefficient of ethion with respect concerning to the duration was
significant (0.01 level) and recorded as 0.957, and the correlation
of determination (r2) was 0.916. The dissipation percent is 0, 85.74,
98.25, 99.04, and 99.71 on 0" (2 h after application), 2", 4 6, and
8™ day, respectively, from the time, it had applied. Ethion dissipation
percent is presented in Figure 1. From the residual data half-life of
ethion in okra, fruit is 0.95 days. A similar trend was observed in okra
by [11], wherein ethion was dissipated by 94.88% on the 5" day after
application and recorded 1.27 days as the half-life of ethion in okra.
From the study, he observed that after the 5* day, residues were below
the detectable limit. A similar experimental study on cowpea resulted
in 2.9 days half-life of ethion [10]. 2.4 and 4.9 mg/kg ethion residue
was recorded in cucumber immediately after application of pesticide
and with a half-life of 2.1 and 1.8 days, respectively, for a single
and double dose of ethion [9,25] observed flubendiamide residue
was dissipated to below detectable limit when tested samples were
collected on the 7" day after application on okra.

3.2. Pre-harvested Interval

The ethion residue data [Tables 1 and 2] have found that harvesting
of okra fruit on or before the second day from the day, it has applied,
is not suggested as the theoretical maximum residue concentration of
ethion residue is more than the maximum permissible intake (MPI)
as per the guidelines of pesticide property database. MPI of treated

Table 2: Ethion residue standards for consumption.
Ethion mg/kg bw MPI (mg/person/day)
Acceptable daily intake of Ethion 0.002* 0.12

*PPDB: Pesticide property database, MPI: Maximum permissible intake

y = 24.744x
R?=0.9162

Percent Dissipiation

2 3 4 5
Days

Figure 1: Ethion dissipation percentage in relation to time.

okra was 0.12 mg/person/day, which is more than the ADI of ethion
residue consumed by an adult of 60 kg. Consumption of 150 g an
average daily intake of okra (other vegetables) is recommended by a
nutritional [26].

3.3.HI

Too much application of pesticide in a crop field is disturbing human
health directly and indelicately as the chemical proportion of pesticide
is not support the life system and causes cancer [14]. Properties of
pesticides such as lethality, lipophilicity, bioaccumulation, persistent
characteristics have a negative impact on human health, which is a
concerning factor for all. Intake the pesticide-contaminated food
can cause a hazardous and reproductive effects. The consequence of
pesticides can be analyzed by considering the period of contact and
lethality of a specific pesticide. From the residue data, ADI and EADI
were calculated, and data are presented in Table 1. From the ADI and
EADI, the HI was computed. Consumption of okra as vegetables
having HI more than unit (One) is hazardous to human health [12,20].
Consumption of okra fruits from the 4" day after application of ethion
is non-hazardous to human health.

4. CONCLUSION

Ethion residues identified in the vegetable samples were 8.02, 1.14,
0.14, 0.08, and 0.02 mg/kg for 0™, 2% 4% 61 and 8" day from the
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day it has applied, respectively. The correlation coefficient of ethion
residue in relation to duration was highly significant (<0.01 level)
and r value recorded as 0.957. Ethion dissipation percentages were
85.74, 98.25, 99.04, and 99.71 from samples collected on 2™, 4t 6,
and 8™ days, respectively, when compared with residue immediately
after two hours of application of ethion. During the study, the half-
life of ethion was 0.95 days. A pre-harvest interval of more than
2 days is needed from the day after ethion application. The human
HI of ethion was 10.02, 1.429, 0.175, 0.096, and 0.029 for samples
collected on 0, 2, 4, 6, and 8" day, respectively, when consumed
150 g/day/person. Consumption of vegetables with a HI of more than
one is not recommended. From the experiment, it is clear that the
consumption of okra from the 4" day after the application of ethion
is non-hazardous to human health.
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