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Abstract. Organophosphates are a group of chemicals that are still 
allowed to be used in Indonesia and much preferred by most farmers. 
Excessive usage of organophosphate is expected to contaminate the soil, 
water, plants, the environment and humans. This research was aimed to 
create the geospatial models of organophosphate insecticide residues 
which consist of Chlorpyrifos, Diazinon and Profenofos on farms of 
shallots production centers. The research was performed in the field of 
shallots production agriculture in Wanasari sub-district, Brebes Regency in 
March-June 2020. The extraction of multiresidue pesticides method used 
was the QuECheRS and the measurement of residues used the 2014 GC 
Shimadzu with Electron Capture Detector (ECD) which was carried out in 
the IAERI Laboratory. Meanwhile, the geospatial modeling of 
organophosphate insecticide residues was done by using the Spline 
Interpolation method in ArcGIS 10.4, which was carried out in Diponegoro 
University's CoREM laboratory. The analysis of soil samples taken from 
44 sampling points showed that the Organophosphate insecticide 
Chlorpyrifos was at the level of <LoD-0.0949 mg/kg, Diazinon found at 
the level of <LoD-28.1732 mg/kg, and Profenofos was at the level of 
<LoD-0,0919 mg/kg. 
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1. Introduction 
It is widely known that shallot is one of Indonesia’s horticultural crop which has high 
economic value. In 2018, the top five seasonal vegetable commodities with the highest 
production number in sequence are shallots, cabbage, bird’s eye chili pepper, potatoes, and 
chili pepper. The total national production of shallots reached 1.5 million tons, while 
cabbage and bird’s eye chili pepper reached 1.41 million tons and 1.34 million tons 
respectively, potatoes as the fourth most produced commodity reached 1.28 million tons, 
and chili pepper production reached 1.21 million tons. In addition, the pproduction of 
shallots, bird’s eye chili pepper, and potatoes in 2018 has increased compared to 2017 [1]. 
Shallots are the leading agricultural commodity in Brebes Regency. Data shows an increase 
in production of shallots in Brebes Regency, from 3,112,960 quintal in 2015 to 3,386,832 
quintals in 2016. In 2017, 476,337 tons shallot output in Central Java contributed 32% of 
the country’s shallot output. Brebes itself produced 18.5% of the national shallot output and 
57% of Central Java’s shallot output [2,3]. Shallots are known to be vulnerable to pests and 
diseases. The increased production of shallot is linked to the high use of pesticides which 
prevent crop failure. Wanasari Sub-District in Brebes Regency is one of the sub-districts 
which have large harvesting area and high shallot production. Yet, it is also classified to 
have high usage of pesticides. The harvesting area and shallot production in Wanasari Sub-
District, Brebes Regency from 2013 to 2017 successively are 6.17 ha of harvested area, 
811,670 quintals of production, in 2014, it was reported the harvested area of 7.07 ha and 
production of 1,025,680 quintals, 6.59 ha of harvested area and 68,960 quintals of 
production in 2015, the harvested area of 8.67 ha and the production reached 906,750 
quintals in 2016, in 2017, 7.09 ha of harvested area and 587,900 quintals of production are 
reported [3]. 

The increased shallot production in Wanasari Sub-district, Brebes Regency continues to 
occur along with the increasing needs of consumers. The use of pesticides is often applied 
to agricultural land to increase the crop productivity. The long-term effects of pesticides 
usage which tend to accumulate can contaminate the soil. Since then, there are official 
regulations limiting the use of organochlorine pesticides [4]. Organophosphate, carbamate 
and peritroid insecticides began to be used in 1970 [5]. The use of pesticides could cause 
negative impact in which the residue left on the soil and agricultural products to its 
processed products can pollute the the environment and cause disturbance to the 
ecosystem[6]. The use of pesticides from the Organochlorine, Organophosphate, and 
Carbamate groups is revealed to have polluted the paddy fields in Central Java [7]. 
Pesticide residues are also reported to have polluted the agroecosystems of food crops such 
as soybeans and vegetable crops. 

There are 317 samples of agricultural soil collected from the European Union revealed 
that there were more than 80% of the tested soil detected 1 or more pesticide residues and 
58% contained a mixture of residues, there were 4-6 mixed of pesticide residues and even 
more than 10 mixed of pesticide residues [8]. The soil sample from the cocoa plantation 
area in the West Dormaa of the Brong Ahafo region in Ghana detected some 
organophosphates namely chlorpyrifos, profenophos and pyrimiphos-methyl, whereas in 
the water samples, there were chlorpyrifos, diazinon and pyrimiphos-methyl [9]. The soil 
samples in Sraban, Bantul, Yogyakarta, organophosphate residual levels exceed MRL 
(Maximum Residue Limit) with residual levels of 0.0573 ppm (MRL levels of 0.05 
ppm)[10]. The blood of rice farmers in Indramayu Regency, West Java, Indonesia showed 
that there were residues of Organophosphate Malation, Profenofos, Diazinon, Parathion, 
Fenitrotion, Difekonazole, Klorfirifos, Metidation [11]. 
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A total of seven active ingredients of organophosphate pesticide residues found in soil 
samples on shallot farmland in Wanasari Sub-district, Brebes Regency, Indonesia including 
chlorpyrifos, Diazinon, Phenitrotion, Metidation, Malation, Paration, and Profenofos [12], 
in Kersana Sub-district and Wanasari Sub-district, Brebes Regency, Indonesia, Diazinon, 
Fenitrotion, Metidation, Malation, Paration were found [13]. The aim of this study is to 
determine the geospatial model of organophosphate insecticide residues including 
Chlorphyriphos, Diazinon and Profenofos in the production center agricultural land of 
shallot in Wanasari sub-district, Brebes Regency, Central Java Province, Indonesia. 

2. Materials and methods 

2.1 Study area and sampling 

The process of soil sampling at coordinate points determined randomly by using ArcGIS 
10.4 software in which it is outlined in the work map. 44 soil samples were taken from 
Jagallempeni Village, Glonggong Village, Tanjungsari Village, Sisalam Village, Lengkong 
Village, Sidamulya Village, Wanasari District. In order to determine the coordinate points 
in the field using GPS (Global Positioning System) Garmin 62sc. The soil sampling was 
carried out in March-June 2020. It was carried out in a composite manner using a soil drill. 
Each sample was acquired from 5 sub-sample points, with a distance between subtypes 
around 30-50 m. The soil samples were acquired by using a soil drill at a depth of 0-20 cm 
in tillage layer [14]. The soil samples taken from 5 sub-samples were made into one place, 
in a plastic bag and given the identity of the sample number of Village and Sub-District 
names to be then taken to the laboratory for analysis. 

2.2 Multiresidue extraction using QuEChERS method 

The QuEChERS method is the latest method developed to extract pesticide residue content 
in a sample. This method prioritizes the principle of analysis that is Quick, Easy, Cheap, 
Effective Rugged, and Safe. The procedures of using QuEChERS method are done by 
weighing a sample (soil, plants) of 10 grams, and then put it in a teflon bottle or glass bottle 
with a volume of 50 ml. After that, add 10 ml of aceton p.a or acetonitrile p.a. and then the 
solution is shaken for one minute until homogeneous. Next, add 4 grams of Magnesium 
sulfate (MgSO4) anhydrous or can be replaced with anhydrous Sodium sulfate (NaSO4) and 
1 gram of Sodium chloride (NaCl). The solution was then centrifuged for 2 minutes at 3000 
rpm. The results are filtered with filter paper that has been coated with anhydrous MgSO4 
or NaSO4 powder, and the extractant is collected in a 10 ml volume test tube. Rinse the 
filter paper with acetone p.a until the extractant volume reaches 5 ml then injected into the 
GC instrument for organophosphate analysis [15]. 

2.3 Analysis of organophosphate residues 

Analysis of organophosphate pesticide residues including Diazinon, Chorphyrifos, 
Profenofos, Malathion, Parathion and Phenitrotion was performed at the Laboratory of 
IAERI in Pati, Central Java, Indonesia using the 2014 Electron Capture Detector (ECD) for 
Shimadzu Gas Chromatography. The determination of Diazinon, Profenofos , and 
Chlorpyrifos content in the soil, using multiresidue pesticide analysis method based on 
standard methods of the Directorate General of Crops and the Directorate General of Plant 
Protection (2006). 
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The GC conditions are as follows:Make Up and Carrier Gas: N2UHP Gas Detector: 
Electron Capture Detector (ECD), Inner diameter 0.25 mm ID, Flow Rate (Make Up Flow): 
22 mL/minute , Column Flow: 0.5 mL/min, , Column: Rtx-5 length 30 m, Detector 
Temperature: 300ºC, Injection Temperature: 250ºC, Programmed Oven Temperature: 
150ºC. The content of insecticide residues in soil samples is calculated using the formula of 
the Pesticide Commission [16]. 

Residue (mg/kg) = A 
C 

x 
D 

x 
F 

B E G    
Information: 
A = standard solution concentration (µg / mL) 
B = standard peak area (reading data from GC tools) 
C = peak area of sample (reading data from GC tools) 
D = standard solution injected volume (µL) 
E = injected sample solution volume (µL) 
F = volume of dilution (mL) 
G = initial sample weight (g) 

 
(1) 

2.4 Geospatial modeling 

Geospatial analysis technique has recently been used in various researches from different 
fields. Not only used by geographers, but also other researchers from mixed areas have 
been using this technique. This technique can be used by oceanographers to create 
preservation zone map by incorporating the marine biodiversity’s preservation areas, or 
coastal blue carbon ecosystems [17,18]. In addition, geospatial modeling can also be 
applied in producing tsunami vulnerability index map, earthquake capacity assessment, 
urban growth and also ecotourism activities [19-22]. Spatial analysis method can also be 
and combined with other methods of analysis such as Hierarchical Component Analysis 
(HCA) and Principal Component Analysis (PCA) to later be called multivariate statistical 
analysis [23]. Since this technique is demonstrated to be flexible and effective in various 
fields, this research used this technique to create the geospatial modeling of 
organophosphate. One of the prominent tools in the mapping process of geospatial 
modeling can also be done by using remote sensing from satellite platform [24]. However, 
in this research, the organophosphate residual data taken from the coordinate points are 
tabulated using Microsoft Excel and transformed into a mapping system using ArcGIS 
10.4. Indonesia does not yet have a standard organophosphate residue allowance in the soil, 
so the use of MRLs (Maximum Residue Limits) in the soil uses MRLs approach to plant 
products. The MRLs applied in this research is presented in Table 1. 

Table 1. Reference in determining MRL of Organophosphate residues in shallots (root vegetables) 

No Type of 
Organophosphate  

MRLs 
(mg/kg)* Reference 

1 Diazinon 0,05 * Maximum Residue Limits of 
Pesticide on Agricultural 

Products 2008. SNI 
7313:2008[25] 

 

2 Chlorpyrifos 0,2 

3 Profenofos 0,05 
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Referring to the MRLs level, the level of organophosphate residual contamination of the 
geospatial model is divided into five categories, namely: very low, low, medium, high, and 
very high. The MRLs number for each type of organophosphate is the lowest number of the 
high category limit, with the division of ranges for each category as follows: 
(1) very low category (<LoD-limit of detecion), 
(2) the MRLs value minus the value of LoD is divided into two categories of low and 

medium categories,  
(3) the high category between MRLs is added to the result of the distribution of the range 

values from point 2, and 
(4) the very high category is greater than the high category value. 

The geospatial modeling of organophosphate insecticide residue is done by putting the 
residual data in ArcGIS software version 10.4 spline Interpolation model. The ArcGIS 
software is known to be essential in determining various geographic information both in 
land and water areas, such as coastal length, extent of abrasion, shoreline changes [26]. The 
best methods used for the result differences of the interpolation process of the DEM 
(Digital Equivalent Model) are the Natural Neighbor interpolation method and the 
regularized spline [27]. In calculating the data taken from dryland such as farmland, DEM 
is known to be important [28]. Moreover, the interpolation method is best used since it can 
cover the restricted soil types portrayal by differentiate the soil sampling [29]. The different 
soil surfaces is stated to be able to create better outcome when it is done using the spline 
method [30]. The delineation is based on the results of the analysis with five categories: 
very low, low, medium, high and very high with different colors. 

The spatial model of the organophosphate insecticide residue consists of the spatial 
model of each type of Chlorpyrifos, Diazinon and Profenofos. The results of making 
geospatial models using the spline interpolatin model are formed as a basis for analyzing 
organophosphate residual contamination analysis. By looking at the geospatial model, can 
be used to predict which areas are very low, low, medium, high and very high, with 
different color indicators from five types of pollution categories. 

3. Results and discussions 

3.1 Organophosphate insecticide residues in soil 

The samples of shallot farmland in Wanasari Sub-district of Brebes Regency from 44 
sample points were identified as containing organophosphate residues namely 
chlorophyphos, Diazinon and Profenofos. Chlorpyrifos residues detected <LoD-0.0449 
mg/kg, Diazinon residues <LoD-28.1732 mg/kg, Profenofos residues <LoD-0.1059 mg/kg. 
LoD (limit of detection) value is the ability of the GC tool to detect the lowest value that 
can be read by the GC tool. The LoD of residual chlorpyrifos is 0.0022 mg/kg, LoD of 
Diazinon is 0.0028 mg/kg, and LoD of Profenofos is 0.0027 mg/kg. The data of 
Chlorpyrifos residue distribution from all soil sampling points is still under the MRLs 
(Maximum Residue Limits) value which is the allowed value based on the regulations. 
However, it must remain vigilant because a little residual increase can pollute the 
environment at any time. MRLs of Chlorpyrifos residue is 0.2 mg/kg, MRLs of Diazinon 
residue is 0.05 mg/kg, and MRLs of Profenofos residue is 0.05 mg/kg. Based on t the data 
obtained from the results of laboratory analysis that the Diazinon and Profenofos residues 
partly exceed the MRLs value. 
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3.2 Geospatial models of Organophosphate residues 

The Geospatial models of organophosphate residual contamination with spline interpolatin 
include chlorpyrifos, Diazinon and Profenofos residues which can be seen in Figure 1, 
Figure 2 and Figure 3. These Geospatial Models are categorized into 5 different categories, 
the dark green color shows the very low categories, the light green color is the low 
categories, medium categories is represented by yellow color, the orange color indicates the 
high category and the red color indicates the very high category. Figure 1 shows the 
distribution of Chlorpyrifos in the very low category (<LoD) spread over 26 sampling 
points and low category spread at 18 sampling points in some of the locations that became 
the test sample, in some part of Sidamulya, Jagallempeni, Tanjungsari, Tegalgandu 
villages, Wanasari Sub-district, Brebes Regency, Indonesia. The distribution of 
Chlorpyrifos of medium, high and very high categories was not found in Wanasari Sub-
district. The land on shallot farmland in Wanasari sub-district is still under MRsL. The 
distribution of very high Diazinon values identified in Sidamulya village ranged from 
>0.0736 mg/kg-28.1732 mg/kg). This can occur with excessive use of pesticides, 
inappropriate dosages or when testing soil samples was taken not long after the application 
of pesticides. Other researchers have found chlorpyrifos residues above MRLs in Kersana 
Sub-district (0.222 ppm and 0.278 ppm), in Wanasari (0.555 ppm) [13]. Figure 2 shows the 
distribution of Diazinon residues, identified as having very low (<LoD) 10 sampling points, 
very high there were 34 points found, for the low, medium and high categories were not 
found. Other researchers found the Diazinon residue was still under the MRLs [13]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Distribution of chlorpyrifos residues on shallot farmland in Wanasari Sub-district, Brebes 

Regency, Indonesia. 2020 
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Figure 2. Distribution of Diazinon residues on shallot farmland in Wanasari District, Brebes 
Regency, Indonesia. 2020 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Distribution of Profenofos residues on shallot farmland in Wanasari District, Brebes 
Regency, Indonesia. 2020 

7

E3S Web of Conferences 202, 06010 (2020) https://doi.org/10.1051/e3sconf/202020206010
ICENIS 2020



 

 

The geospatial model of Profenofos residues can be seen in Figure 3, that the 
distribution of Profenofos residues is not identified very low categories (<LoD) there are 17 
sampling points, 15 low categories are identified 15 points, the medium category is 
identified at 4 points, high category there are 3 points and very high categories 5 point. 
There are 8 points whose values exceed MRL (0.0509 mg / kg-0.0919 mg / kg). Previous 
studies were identified as being 0.01 mg / kg in Kersana sub-district, whereas in Wanasari 
Sub-district were less than 0.01 mg / kg [13]. 

4. Conclusions 
The research on the geospatial model of organophosphate insecticide residues (chlorpyrifos, 
diazinon, and profenofos) detected almost all three types of those organophosphate 
residues. Diazinon residue showed the highest distribution, out of 44 points with a value 
above MRL, there were 34 points which diazinon can be detected. Hence, in the geospatial 
model, diazinon mainly indicated by the red color. Chlorpyrifos was detected at the level of 
<LoD-0.0949 mg / kg, Diazinon found at the level of <LoD-28.1732 mg / kg, and 
Profenofos was at the level of <LoD-0.0919 mg / kg. 
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The geospatial model of Profenofos residues can be seen in Figure 3, that the 
distribution of Profenofos residues is not identified very low categories (<LoD) there are 17 
sampling points, 15 low categories are identified 15 points, the medium category is 
identified at 4 points, high category there are 3 points and very high categories 5 point. 
There are 8 points whose values exceed MRL (0.0509 mg / kg-0.0919 mg / kg). Previous 
studies were identified as being 0.01 mg / kg in Kersana sub-district, whereas in Wanasari 
Sub-district were less than 0.01 mg / kg [13]. 

4. Conclusions 
The research on the geospatial model of organophosphate insecticide residues (chlorpyrifos, 
diazinon, and profenofos) detected almost all three types of those organophosphate 
residues. Diazinon residue showed the highest distribution, out of 44 points with a value 
above MRL, there were 34 points which diazinon can be detected. Hence, in the geospatial 
model, diazinon mainly indicated by the red color. Chlorpyrifos was detected at the level of 
<LoD-0.0949 mg / kg, Diazinon found at the level of <LoD-28.1732 mg / kg, and 
Profenofos was at the level of <LoD-0.0919 mg / kg. 
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