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 Paraquat (1, 1’-dimethyl-4, 4’-bipyridylium dichloride) is a highly toxic 

herbicide. Recently, paraquat is still used widely in the plantations area, 

mainly in palm oil plantations. Paraquat application continuously can be 

increased paraquat concentration and contaminated in soil and water. This 

study aimed was to analysis paraquat exposure in environmental media water 

and soil, and the calculation of risk quotient of paraquat in palm oil 

plantation. The study design of this research was a cross sectional with the 

laboratory examination paraquat concentrations in soil and water. Soil and 

water samples taken by grab sampling with random composites. Water 

samples were taken from three sources in palm oil plantations area. Whereas 

soil samples were taken at a depth of 0-10 cm (top soil) and the number of 

soil samples as much as 5 samples. Furthermore, the risk quotient of paraquat 

concentration in the water used in the palm oil plantation. The laboratory 

tests of paraquat concentration were in water and soil with gas 

chromatography. The results of laboratory tests showed that paraquat 

concentration in water samples were found between < 0.005 to 0.01 mg/l and 

paraquat concentration in soil samples were found between < 0.005 to  

0.08 ppm. The calculation of risk quotient was 0.058 mg/body weight/day. 

Although, the calculated of risk quotient showed less than one. Therefore, 

prior to use the water must be treatment first. While the recommended water 

to consumption as much as 2 liters/day for a 55 kg body weight to Indonesian 

workers. 
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1. INTRODUCTION 

The use of herbicides is currently the most widely used in the plantation area. One of them is the 

active ingredient paraquat. Paraquat is classified as restricted use pesticides in Indonesia [1]. However, 

paraquat is still widely used freely on the estate to control weeds and are not considered strictly use in the 

field. Paraquat is applied partially absorbed by weeds and get into the soil and water. It can be absorbed by 

soil colloids, so can be contaminated the soil and water [2]. In addition to the results of laboratory test 

paraquat concentration in water can be used to predict the risk quotient in palm oil plantations, caused the 

water were using by workers. 
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2. RESEARCH METHOD 

The study design of this research was a cross sectional with the laboratory examination paraquat 

concentrations in soil and water. 

 

2.1. Water sampling 

Water sampling was groundwater in the palm oil plantation area of SAL Company Banyuasin. There 

are three sources of water were taken as samples. Samples collected by grab sampling with random 

composites. The eequipment for water sampling were containers, rope with incorporating weights, 

thermometer, pH meter, cool box and ice pack. Water samples were taken as much as 1 litre for each area, 

and then entered into container and stored in a cool box. Further, water samples sent to the laboratory to 

analysis. Methods of analysis were using 18-GC-1 / F-MU / SMMAAS. 

 
2.2. Soil sampling 

Soil sampling on top soil with a depth between 0-10 cm. Samples collected by grab sampling with 

random composites. Equipment for soil sampling such as: hoe, bucket, scale, plastic bags. Soil samples were 

taken as much as 1 kg for each area, and then, samples were stored in a cool box. Furthermore, the soil 

samples sent to the laboratory. Methods of analysis were using 18-GC-1 / F-MU / SMMAAS. 

The sampling procedures, namely: 

- Determine the location of the area 

- Cleaned the grass, stones or gravel, the rest of the crops is in the surface area. 

- The soil samples were taken using a hoe or shovel with a depth between 0-10 cm. 

- All soil samples were mixed and stirred evenly in a bucket, then cleaned of residual plant or root. After 

the soil was cleaned and well mixed, samples were taken weighing approximately 1 kg and put into a 

plastic bag. 
- Labelling the outside and inside of each soil sample. 
 

 

3. RESULTS AND ANALYSIS 

3.1. Paraquat concentrations in water 

The results of laboratory test of paraquat concentrations in water can be explained in Table 1. 

 

 

Table 1.The Results of Laboratory Test of Paraquat Concentration in Water in Palm Oil Plantation 

Banyuasin District 

Parameter Unit 

Sample Locations The Maximum 

Allowed 

Levels 
Groundwater 

Canal Water 
Water reservoirs 

pH 

Temperature 

Paraquat concentration 

oC 
mg/L 

8.12 

25 

0.01 

6.6 

29,4 

< 0.005 

3.4 

25 

< 0.005 

6.5-8.5[3] 

± 3[4] 

0.01[4] 

 

 

Based on Table 1, the results of paraquat concentrations in water between < 0.005 to 0.01 mg/L. 

Paraquat application continuously and long term can be increased paraquat concentration in water in palm oil 

plantation. This was caused by paraquat deposited on the surface of the soil or the seeds after application, and 

also paraquat residues on the surface of the soil or seeds can be transported by water to pour into the canal or 

other water sources in palm oil plantations.  

Paraquat is a pesticide cationic highly soluble in water, making it possible to leach by rain water or 

water channels in the plantation area. Paraquat solubility in water was quite high at 20°C with a pH of 7.2 

and 9.2 and the solubility in water of paraquat 620 g/L [5]. In addition, paraquat concentration in the water 

can be absorbed by the particles and sediment, where the half-life of paraquat in the water between 2 to 820 

years, depending on the sunlight and the water depth [6]. Paraquat concentration found in  

groundwater > 18.9 mg/L in Thailand [7], and in Andalusia, Spain found in surface water and  

groundwater [8]. Paraquat residues found in drinking water > 0.1 mg/L in some samples, ranging up to  

5.3 mg/L in St. Lucia Caribbean [9]. In addition, research conducted in the waters of a flood of Lubuk 

Lampam Swamp, South Sumatra reported that paraquat concentration was relatively low with averages of 

0.004 mg/L [10]. While paraquat concentration carried out in two seasons, was found in water samples taken 

upstream to downstream, the two summers of 0.13 to 7.13 mg/L and the winter of between 0.07 to  

13.05 mg/L [11]. The concentrate of herbicide actives ingredient found in the surface water in the agricultural 
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area Padavi-Srivura in Sri Lanka is at a very low level and has undetectable levels of herbicide active 

ingredient [12]. The results of laboratory test of paraquat concentrations in soil can be explained in Table 2. 

 

 

Table 2.The Results of Laboratory Test of Paraquat Concentration in Soil in Palm Oil Plantation Area, 

Banyuasin District 

Parameter Unit 

Sample Locations The 
maximum levels 

allowed 
Nurseries 

Area 
Devise 1,2 Devise 3 Devise 4 Devise 5 

pH H2O 

pH KCl 
Paraquat concentration 

ppm 

4.44 

4.04 
< 0.005 

4.86 

5.78 
0.04 

4.04 

3.75 
<0.005 

3.87 

3.55 
0.08 

4.90 

4.10 
0.06 

 

 
22 [13] 

 

 

Based on Table 2, paraquat concentration in the soil was found between < 0.005-0.08 ppm, the soil 

in the palm oil plantations as acid classified. Adsorption of paraquat in the soil affected the soil acidity. 

Adsorption of paraquat on 11 samples in clay and clay loam were 4.08 and 4.05 µg/g
-1

, whereas paraquat 

higher adsorption at high pH and adsorption decreases with a decrease in pH [14]. 

Paraquat residues in soil can be affected by the frequency of spraying, the concentrations used, wind 

direction, and soil particles. Paraquat can bond easily on clay and organic matter, the absorption increases 

with the content of clay particles, paraquat residue was found in the soil between < 0.2 to 15 mg/kg [5]. 

paraquat applications continuously for long term can lead to increased paraquat concentration in the soil, so it 

may be exceed the maximum value allowed. Paraquat is relatively stable in temperature, pressure and pH is 

normal, making it possible to be longer in the soil. Paraquat can bind strongly to soil particles for a long term 

in the inactive condition, the half-life of paraquat in soil about 644 days [13] or more than 20 years [6]. 

The studied in Pelaihari with nine soil samples, 3 of them were detected containing paraquat 

between 0.088 to 1.080 mg/kg dry weight soil [15]. paraquat concentration also found in clay loam to a depth 

of 15 cm, the maximum residual concentration of paraquat was detected was 2.783 mg/kg [16], but paraquat 

was found in soil layer 10-20 cm after first day applications and up to 2 weeks after application, after that 

paraquat was only found in soil layer 0-10 cm [17]. Paraquat concentration was found on top soil samples in 

the summer between 3.33 to 8.28 mg/kg dry weight soil and in the winter paraquat concentrations was found 

between 1.30-9.15 mg/kg dry weight [10].  

The studied in Thailand reported that accumulation paraquat lower in the soil layer 0-5 cm and in 

the soil layer 0-10 cm in clay columns laboratory experiments, but paraquat degradation faster on land than 

on laboratory experiments, in some experiments spraying, paraquat residues in soil was found between  

22-58 mg/kg, paraquat residue in soil was very slowly redistributed [7]. 

The experiments using vineyards soil in Spain found approximately 70-90% paraquat was absorbed 

in the soil [18].The studied in the filtrate of soil in Kupang reported that sunlight can be increased paraquat 

degradation rate was greater than paraquat degradation due to the influence of soil materials and 

microorganisms [19]. Paraquat is an herbicide bio resistant where it is difficult biodegradable and relatively 

stable in temperature, pressure and pH normal, paraquat concentration in soil is more stable when entering 

the soil [19], and also paraquat is very persistent in soil [20]. 

Paraquat is a herbicide cationic, as herbicide cationic, paraquat will be ionized in soil solution and 

formed a divalent caution with a positive charge that is distributed around the molecule, and thereby 

potentially being exchanged cation in the soil. paraquat can react and be bound by the two reactive groups of 

soil organic colloids, possibly by ion COO, O-phenolic, a combination of both, or a combination of one of 

these ions with free radicals [21-22]. 

 

3.2. The calculation of the risk quotient (RQ) 

Before calculating the risk quotient, the first step was to calculate intake of paraquat into the body, 

using the formula: [22] 

 

     
             

         
  (1) 

          

                 0.01 mg/L x2 L/daysx350 days x 30 years 

            = 

                  55 kg weight x 30 years x 365 days) 

             

            =   0.00035 mg/kg/hr 
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The formula can be explained that Inc is intake non carcinogenic, C is paraquat concentrations in 

water (mg/L), R is the rate of intake per day, fe is frequency of exposure (days/year), Dt is duration of 

exposure (30 years for non-carcinogenic substance), Wb is weight of Indonesian workers i.g. 55 kg, tavg is 

average time period (D
t
× 365 days/year). 

Acute reference dose (ARfD) for paraquat was 0,006 mg/kg weight/day [22]. ARfD estimated of the 

food or drinking water, in this case the concentration of paraquat in the data results of the water used to fresh 

water is used also for drinking by workers in the palm oil plantations was 0.01 mg /L. Furthermore, 

calculated the risk quotient with formula [22]: 

 

    
   

   
  (2) 

             
       =  0.058 mg/weight/day 

 

The result of risk quotient was 0.058 mg /bodyweight/day, it was still within safe limits caused ≤ 1, 

hence for workers with 55 body weight may be consumed as much as 2 liters of water per day. 

Paraquat is classified as non-carcinogenic chemicals group [19]. The results showed the risk 

quotient (RQ) of paraquat was still within safe limits, where RQ < 1. The risk quotient (RQ) of paraquat in 

the body varies and depends on the weight of workers. Acute reference dose (ARfD) referred for short term 

exposure. ARfD for paraquat was 0.006 mg cation/kg body weight [22]. Paraquat concentrations intake into 

the body of workers was not only based on the ADI or ARfD. However, workers exposure to paraquat and 

the risks require an assessment based on the primary route of exposure. Exposure can be through the skin 

when dilution and also swallowed or inhaled droplets when spraying in palm oil plantation areas [23]. 

 

 

4. CONCLUSION 

Paraquat was found in the water in palm oil plantations is equal to the allowed maximum of  

0.01 mg/L, but paraquat concentrations in water and soil can be increased if it is used continuously in the 

palm oil plantation areas. The calculation of risk quotient (RQ) was < 1. However, the risk quotient could be 

increased due to continuous use of paraquat. Therefore, to reduce paraquat concentration in the water, the 

water must be treatment before use. In addition the application paraquat in palm oil plantations should be 

closely monitored so as not to contaminate soil and water as well as the area around the plantation.  
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