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Abstract 

Today, the importance of safe and sufficient food supply for human health is increasing day by day. In herbal production, it is tried 

to prevent the losses of plants due to harmful organisms. Incorrect and excessive use of pesticides in the chemical control method 

preferred by farmers causes negative risks in terms of human health, food safety and the environment. Studies have shown that 

the pesticides exposed by the applicators are higher in the backpack sprayers, which are preferred due to the differences in 

agricultural areas and geographical structure.  

In this study, pesticide residue values that operators are exposed to in applications with backpack sprayers were investigated. For 

this purpose, the classical backpack sprayer has been modified by adding a boom. In the applications made with this backpack 

sprayer, the pesticide values that the applicator was exposed to were determined in terms of volume median diameter (µm), droplet 

density (droplets/cm2) and surface coverage (%). In addition, the same evaluations were made in the target areas applied. Hollow 

cone nozzle N2 (8002), which is currently in use, and air induction nozzle N1 (IDK 120-02) nozzle type, which can be an alternative, 

were used in the experiment. The experiments were carried out in two nozzle types at two different forward (walking) speeds S1: 

1 m/s and S2: 1.5 m/s) in field conditions. In the applications, the application rate was taken as 20 lt/da, the spray pressure (3 bar) 

and the spray height (50 cm) were taken as constant. In the applications, sampling surfaces were placed on the operator's body 

(head, chest, arms, legs) and on the target wedges. The volume median diameter, droplet density and surface coverage on the 

operator and target surfaces were investigated. Water sensitive papers were used as sampling surfaces, and the image processing 

program UTHSCSA (Image Tool for Windows V3) was used in the analysis of the gates. Obtained results were evaluated by statistical 

analysis. 

On the operator's body, N2 × S2 with 52.85 µm for volume median diameter, N1 × S2 for surface coverage 0.24 % and N1 × S2 

with 109 droplets/cm2 for droplet density can be selected. On the target surface, M2 × H1 with a volume median diameter of 356.73 

µm, N2 × S1 for surface coverage and N1 × S2 for droplet density can be selected. In this study, it was concluded that the modified 

backpack sprayer can be used by reducing the risk for the operator. 
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INTRODUCTION 

It is known that nearly 40% of the world’s population currently faces nutritional problems, and 

approximately 20 million people die from hunger each year. Considering projections that the global 

population will reach 9.7 billion by 2050 and 10.4 billion by 2080 (Anonymous, 2022), issues related 

to food security and hunger are expected to escalate significantly. Meeting the growing food demand 

depends on increasing agricultural production. This, in turn, can be achieved either by expanding the 

available agricultural land or by enhancing the productivity of existing farmland.  

Considering that there is no possibility of increasing agricultural areas, it is necessary to use 

existing areas correctly. In agricultural production, it is well known that harmful organisms, such as 

diseases, pests, and weeds, can cause yield losses of approximately 35%, and in the absence of any 

control measures, losses may reach up to 100 (Anonymous, 2008), %. Due to factors such as ease of 

application and rapid results, chemical control methods are commonly preferred by farmers in 

combating these harmful organisms. However, the use of pesticides with equipment that is not 

technically suitable or their unconscious overuse contributes to an increase in these negative effects. 

According to the results of the studies, only a small amount of the pesticides applied reaches the 

target, while a significant portion is carried away to non-target areas. The degree of pesticide drift 

increases depending on the plant’s vegetative stage during application. For instance, during full 

vegetation, approximately 55% of the pesticide reaches the plant, while about 20% ends up in the soil, 

and 25% is lost to the air, thereby drifting to unintended areas (Turgut, 2021). Droplet size plays a crucial 

role in determining the effectiveness and environmental impact of pesticide applications. Dengeru et al. 

(2022) reported that larger droplets generated by the nozzles reduce the risk of drift.   

Although the tractors, which are the primary power source in agricultural activities, provide power 

for many pesticide application machines, they cannot be used in certain cases due to the small size of 

agricultural plots and the slope of the land. As in many parts of the world, in Türkiye as well, manually 

operated tools and machines are preferred in areas where agricultural lands are small, sloped, or uneven. 

Among the pesticide application tools powered by human labor, backpack sprayers constitute the most 

significant group. It is known that the number of backpack sprayers in Türkiye has remained high in 

recent years (2017-2022) (Anonymous, 2023).  

Operators are exposed to varying levels of pesticides depending on the equipment and techniques 

used during pesticide application. Pesticides can enter the human body through inhalation, dermal 

contact, or ingestion. Pesticides that come into contact with operators can lead to serious health 

problems. Determining the amount of pesticide exposure during applications with sprayers is crucial for 

identifying the necessary protective measures to minimize operator exposure. This issue is particularly 

significant in applications using backpack sprayers, where operators are generally exposed to higher 
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levels of pesticides. In Türkiye, backpack sprayers are commonly used for pesticide applications in crop 

fields and gardens, where plant production is typically carried out on small plots of land. Particularly in 

developing countries, the use of backpack atomizers in pesticide applications has been identified as a 

significant concern due to the high levels of operator exposure to pesticides (Tudi et al., 2022). 

Considering that pesticide drift is higher in applications using backpack sprayers (Vitali et al., 2009), it 

is essential to determine the amount of pesticide exposure experienced by operators. 

This study aims to determine the levels of pesticide exposure on different parts of the operator’s 

body during applications with backpack sprayers, under varying nozzle types and forward speeds. 

MATERIALS and METHODS 

The laboratory experiments were conducted in 2023 at the Department of Agricultural Machinery 

and Technologies Engineering, Faculty of Agriculture, Ondokuz Mayıs University, while the field 

studies were carried out at the research fields of the Black Sea Agricultural Research Institute under the 

Ministry of Agriculture and Forestry. 

In the experiments, a motorized backpack sprayer was used. Table 1 presents the technical 

specifications of the backpack sprayer. 

Table 1. Some technical specifications of the backpack sprayer 

Items                           Specifications 

Engine type                                                                                 4-stroke, single-cylinder  

Engine power                                                                                  1.1 hp /7000 rpm 

Operating mode                                                                                   İpli düzenek 

Capacity (pesticide)                                                                                 25 litres 

Pressure                                                                                               0-30 kgf/cm2 

Weight                                                                                                      9 Kg 

 

In addition, an IDK 120-02 air induction nozzle type and a 0.2 mm plate hollow cone nozzle type 

with an 800 spray angle were used (Figure 1).  

 

           
 
 
 
 
 

                                                (a)                                                      (b) 

Figure 1. Air induction (a) and hollow cone (b) nozzle types used in the experiment 
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Water sensitive papers (WSP, 26 × 76 mm, Novartis, Syngenta Crop Protection, Basel, CH) were 

used for droplet analysis (Çelen, 1998; Özyurt el al, 2022). A Canon G3411 scanner was employed to 

capture images of the water  sensitive papers for image processing.  During the applications, a Prova 

AVM-05 anemometer was used to measure ambient air temperature and wind speed. Wooden blocks 

were used to secure the water-sensitive papers, while attachments were utilized to fix them onto the 

operator's body. Throughout the experiments, the spray application rate was kept constant at 200 L/ha, 

with a spray pressure of 3 bar and a nozzle height of 50 cm. 

In the experiments, a motorized backpack sprayer modified by adding a boom (Duran, 2002) was 

used, along with two nozzle types: an IDK 120-02 air induction nozzle (Dafsari et al, 2021) and a 0.2 

mm plate hollow cone nozzle with an 80° spray angle. The hollow cone nozzle was preferred because it 

is widely used in backpack sprayers today, while the air induction nozzle type was used as an alternative 

nozzle type. In a study conducted by Sehsah and Kleisinger (2009), an IDKN 120-04 air induction nozzle 

type was used. In pesticide applications involving backpack sprayers, the average human forward speed 

typically ranges between 1 m/s and 2 m/s, and a spray height of approximately 50 cm is generally 

preferred. Therefore, the forward speeds and spray heights selected for the experiments were based on 

these commonly accepted values. 

Pesticide applications were conducted using a backpack sprayer equipped with two different 

nozzle types (N1: IDK 120-02 air induction and N2: 8002 hollow cone nozzle) at two different walking 

speeds (S1: 1.0 m/s and S2: 1.5 m/s). To determine the amount of pesticide deposited on the operator 

during spraying, water sensitive papers were attached to specific body regions (H: Head, C: Chest, LA: 

Left arm, RA: Right arm, LL: Left leg, RL: Right leg) using designated attachments (Figure 2). 

 

 

 

 

 

 

 

 

 

Figure 2. Sampling areas on the operator’s body 
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Additionally, to determine the amount of pesticide deposited on the target plant surface, water 

sensitive papers were placed on four wooden blocks positioned at 0.5 m intervals along the spray line, 

with two papers attached to each block (Figure 3). 

 

 

 

 

 

 

 

 

Figure 3. Sampling surfaces for pesticide residues in the target area 

After the spraying applications, the water sensitive papers (WSP) were allowed to dry, collected, 

and placed into envelopes coded according to the application parameters. The WSP were scanned at 600 

dpi resolution in TIFF format using a scanner, and the images were transferred to a computer for analysis 

(sample surfaces were scanned in greyscale) (Figure 4).   

 

 

 

 

 

(a)                                                             (b) 

Figure 4. WSP papers after application (a) and their digital images transferred to the computer (b) 

Droplet analyses on the water sensitive papers were performed using the UTHSCSA Image Tool 

for Windows V3 image processing software. The volume median diameter (VMD) values were 

calculated in Microsoft Excel using corrected droplet diameters obtained through the application of the 

following equation. 
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Where; 

DV0.5: Volume median diameter (µm) 

ni: Number of droplets in the diameter group 

di: Mean value of the diameter group (µm) 

n: Total number of droplets 

Using the obtained volume median diameter (µm) values, droplet density (number/cm²) and 

surface coverage (%) were calculated. Droplet density values were determined by relating the number 

of droplets to the area of the WSP used in the experiments (Zhu et al., 2011; Turgut and Duran, 2025). 

The statistical analysis of the experimental data was performed using the SPSS software (version 

15, SPSS Inc., USA), a microcomputer program commonly employed for statistical evaluations. 

RESULTS and DISCUSSION 

Operator Exposure Values for Pesticides 

Volume median diameter (VMD) 

In pesticide applications using backpack sprayers, the volume median diameter (VMD) is 

preferred as an indicator for evaluating the amount of pesticide exposure experienced by operators. The 

results of the statistical analysis conducted on the VMD values obtained from the experiments are 

presented in Table 2. According to the findings, significant differences were observed in various parts 

of the body depending on the nozzle types and walking speeds. 
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Table 2. Volumetric median diameter values on the operator 

Variation 
Sources 

Spray Parameters 
H C            LA RA LL RL       

N1 74.08 b 66.25 b 59.35 b   64.12 b  127.78  124.24 
N2 96.55 a 77.96 a 108.77 a 119.46 a 142.49 130.28 
CV(%) 19.20      13.70 10.30 9.79 10.92 6.91 
LSD      18.55      11.15 9.75      10.17      n.s n.s 
S1 95.41 a 71.08 90.39 a 92.28   126.47 b   120.42 b 
S2 75.22 b 73.13 77.73 b 91.30   143.80 a   134.09 a         
CV(%) 19.20       13.70 10.30 9.79 10.92 6.91 
LSD      18.55        n.s 9.75        n.s      16.70 9.93 
N1 × S1 
N1 × S2  
N2 × S1 
N2 × S2 

87.63                                                                           
60.54                    
103.20 

      89.90 

70.49                                                                           
71.67 
62.01 

      84.25      

65.85 
    114.93 

52.85 
102.61      

65.20 
    119.36 

 63.03 
119.57      

126.31 
    126.63 

129.25 
158.35      

119.63 
     128.85 

121.21 
139.35      

CV(%) 19.20       13.70 10.30 9.79 10.92 6.91 
LSD        n.s      n.s n.s        n.s       n.s n.s 

             The difference between values with different letters is significant (P < 0.05) 

              n.s: non significant 

Head region 

It was determined that the VMD values at the operator's head region varied depending on the 

nozzle types and forward speeds. For the N1 nozzle type, the VMD values were 87.63 µm at speed S1 

and 60.54 µm at speed S2, while for the N2 nozzle type, the values were 103.2 µm and 89.9 µm for S1 

and S2, respectively. 

Chest region 

At the operator's chest region, similar VMD values of 70.49 µm and 71.67 µm were obtained at 

both forward speeds with the N1 nozzle type. For the N2 nozzle type, larger droplet diameters were 

observed at speed S2 compared to S1. This difference is thought to be due to the characteristics of the 

nozzle types. 

Left arm region (LA) 

The VMD values obtained from the operator's left arm were found to be statistically significantly 

affected by both nozzle types and forward speeds. For the N1 nozzle, VMD values were 65.85 µm and 

114.93 µm at speeds S1 and S2, respectively, while for the N2 nozzle, they were 52.85 µm and 102.61 

µm at S1 and S2, respectively. Considering that the nozzle types and speeds belong to different statistical 

groups, it can be stated that in both nozzle types, higher VMD values under the S2 condition may 

increase the operator’s exposure to pesticides. The variation in VMD values on the left arm depending 

on nozzle type and speed is thought to be influenced by the operator’s hand movements during 
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application with the modified backpack sprayer, which included an additional boom. Hand exposure 

contributes to 50–75% of total exposure (Felkers et al, 2024). 

Right arm region (RA) 

The VMD values on the operator’s right arm were significantly affected by the nozzle types. For 

the N2 nozzle, the VMD values were 63.03 µm at S1 and 119.57 µm at S2 forward speeds, while for 

the N1 nozzle, the values were 65.20 µm and 119.36 µm at S1 and S2, respectively. When examining 

the interaction between nozzle types and forward speeds, the S2 speed resulted in higher VMD values 

than S1 for both nozzle types. This situation may be attributed to the influence of the operator’s walking 

speed during the application process. 

Left leg region (LL) 

When the VMD values obtained for the operator's legs were examined, it was determined that 

speed was statistically significant. The highest VMD value for the left leg was 158.35 µm in the S2 

application for N2 nozzle types, and the lowest value was 126.31 µm in the S1 application for N1 nozzle 

types. Different VMD values were obtained for the legs according to nozzle types. When the droplets 

are close to the target surface, they merge to form larger droplets. The differences in droplet diameters 

on the legs are due to walking. 

Right leg region (RL) 

The volume median diameter (VMD) values on the operator’s right leg were similar to those on 

the left leg. Statistically, a significant difference was found between the forward speeds. At the S2 

forward speed, the VMD was 134.09 µm. The highest VMD value on the right leg was recorded as 

139.35 µm in the N2 × S2 application, while the lowest VMD value of 119.63 µm was observed in the 

N1 × S1 application. Machado et al. (1998), stated that the highest contact with the operator's legs and 

feet was in the backpack sprayer with 92%. 

Kuster et al. (2025) reported that chemical-resistant gloves and working coveralls offer substantial 

reduction in exposure, indicating that they efficiently reduce pesticide exposure and mitigate potentially 

associated health risks for operators, when used properly. 

Surface Coverage (SC) 

The results indicated that nozzle types and forward speeds had a statistically significant effect on 

the surface coverage (SC) in many regions of the operator's body (Table 3). However, the SC values on 

the right arm were not found to be statistically significant, with values of 1.14% and 1.21% for N1 and 

N2 nozzles, respectively. The similarity in SC on the right arm for both nozzle types may be attributed 

to the operator’s right hand remaining steady due to the modified backpack sprayer boom. Additionally, 

while nozzle types significantly affected the SC on the legs, forward speeds did not show a significant 
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effect. Overall, the highest SC were observed on the legs, likely due to their proximity to the target 

surface during application. The SC on the legs for N1 and N2 nozzles were determined as 6.46% and 

2.88% on the left leg, and 6.68% and 3.31% on the right leg, respectively. 

Table 3. Surface coverage values on the operator 

Variation 
Sources 

Spray Parameters 
Head Chest LA RA LL RL 

N1 0.63 b 0.44 b 1.02 b 1.14 6.46 a 6.68 a 
N2 0.84 a 1.13 a 1.30 a 1.21 2.88 b 3.31 b 
CV (%) 15.24 19.83 22.55 12.08 12.35 11.21 
LSD 0.13 0.18 0.14 n.s 0.65 0.63 
S1 0.80 a 1.02 a 1.40 a 1.35 a 4.95 4.96 
S2 0.67 b 0.54 b 0.93 b 0.99 b 4.39 5.03 
CV (%) 15.24 19.83 22.55 12.08 12.35 11.21 
LSD 0.13 0.18 0.14 0.16 n.s n.s 
N1 × S1      
N1 × S2  
N2 × S1 
N2 × S2 

0.81 a 
0.44 b 
0.79 a 
0.89 a 

0.63 
0.24 
1.42 
0.84 

1.48 a 
0.56 b 
1.31 a 
1.29 a 

1.63 a 
0.64 d 
1.06 c 
1.35 b 

6.55 
6.37 
3.35 
2.41 

6.89 
6.46 
3.03 
3.59 

CV (%) 15.24 19.83 22.55 12.08 12.35 11.21 
LSD 0.18 n.s 0.20 0.23 n.s n.s 

               * The difference between values with different letters is significant (P < 0.05) 

                 n.s: non significant 

Head region 

The examination of the surface coverage (SC) on the operator’s head region revealed that both 

nozzle types and forward speeds had a statistically significant effect on the results (Table 3). The highest 

SC in the head region was observed with the N2 nozzle at the S2 forward speed (0.89%), while the 

lowest was recorded with the N1 nozzle at the S2 speed (0.44%). The lowest SC obtained with the N1 

nozzle at the S2 speed suggests that this nozzle type may allow for application at higher speeds. In 

contrast, the similar SC observed with the N2 nozzle at both forward speeds indicate that either speed 

could be suitably used with this nozzle type. 

Chest region 

When the surface coverage (SC) of the operator’s chest region was evaluated, both nozzle types 

and forward speeds were found to have a statistically significant effect (Table 3). The lowest SC in the 

chest region was recorded with the N1 nozzle at the S2 speed, at 0.24%. Analyzing the interaction 

between nozzle types and forward speeds, it was observed that S2 applications resulted in lower SC for 

both nozzle types. The combination of N1 nozzle and S2 speed yielded the lowest overall SC in the 

chest region, with a value of 0.24%. 
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Left arm region (LA) 

The analysis of the surface coverage (SC) on the operator’s left arm revealed that both nozzle 

types and forward speeds had a statistically significant effect (Table 3). For the N1 nozzle, a notable 

difference was observed between the S1 and S2 speeds, with SC of 1.48% and 0.56%, respectively. This 

difference may be attributed to the increased drift caused by the higher walking speed. In contrast, for 

the N2 nozzle, the SC at S1 and S2 speeds were quite similar, measured at 1.31% and 1.29%, 

respectively. Therefore, both speeds may be considered suitable in terms of left arm coverage when 

using the N2 nozzle. However, when nozzle types and speeds are evaluated together, the lowest SC was 

observed with the N1 × S2 combination at 0.56%. Xuehua et al. (2020) stated that the highest 

concentration of pesticide residue is found on the hands and legs when using a backpack sprayer. 

Right arm region (RA) 

The analysis of the surface coverage (SC) rate values on the right arm showed that forward speeds 

caused statistically significant differences. The highest SC among the nozzle types was recorded with 

the N1 × S1 combination at 1.63%, while the lowest was observed with the same nozzle type at the S2 

speed, with a value of 0.64%. The decrease in SC with the increased forward speed of the N1 nozzle 

may be attributed to enhanced drift. For the N2 nozzle, although the SC values at S1 and S2 speeds were 

relatively close, the S1 application resulted in a slightly lower coverage rate of 1.06%. 

Left leg region (LL) 

The evaluation of the surace coverage (SC) on the operator’s left leg revealed that nozzle types 

caused statistically significant differences, whereas forward speeds did not show a significant effect 

(Table 3). The highest SC on the left leg was obtained with the N1 × S1 combination, at 6.55%, while 

the lowest SC was recorded with the N2 × S2 combination, at 2.41%. Thus, the N2 × S2 application 

resulted in the lowest coverage on the operator’s left leg. Illyassou et al. (2019) reported that when 

operators use backpack sprayers, the highest pesticide exposure values occur on the chest and legs. 

Consequently, it has been concluded that precautionary measures must be taken for these body areas, 

and special attention should be given to the use of protective equipment. 

Right leg region (RL) 

The surface coverage (SC) values observed on the left leg were also applicable to the right leg. 

On the operator’s right leg, the highest SC were recorded with the N1 nozzle at both forward speeds, at 

6.89% and 6.46%, respectively. In contrast, the N2 nozzle resulted in lower SC at both speeds, with 

values of 3.03% and 3.59% (Table 3). The differences observed between the two nozzle types on both 

the left and right legs are thought to be due to the operator's walking speed not being entirely constant. 

Statistically, no significant difference was found between the forward speeds in terms of SC. The SC 
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was 4.96% for S1 and 5.03% for S2. When nozzle types and forward speeds are considered together, 

the lowest SC on the operator was obtained with the N2 × S1 combination, at 3.03%. 

Droplet Density (DD) 

Statistical analysis of droplet density (DD) revealed that nozzle types had a significant effect on 

all body regions of the operator, except for the chest and right leg (Table 4). Similarly, forward speeds 

were found to be statistically significant for all regions except the right and left legs. Considering both 

nozzle types and forward speeds together, the most favorable application conditions were determined to 

be the N1 × S2 combination with a DD of 109.00 droplets/cm2, and the N2 × S2 combination with a DD 

of 139.75 droplets/cm2. 

Table 4. Droplet density values on the operator's body 

Variation 
Sources 

Spray Parameters 
Head Chest LA RA LL RL 

N1 148.25 b 151.38 158.25 b 153.63 b 172.88 b  191.38 
N2 174.88 a 151.75 189.75 a 190.25 a 204.75 a 202.88 
CV (%) 7.78 5.79 6.59 5.86 4.89 5.66 
LSD     14.20  n.s      12.99      11.40     10.44 n.s 
S1 171.88 a 178.75 a 194.00 a 178.50 a 189.13 200.75 
S2   151.25 b 124.38 b 154.00 b 163.38 b 188.50 193.50 
CV (%) 7.78 5.79 6.59 5.86 4.89 5.66 
LSD     14.20 9.94       12.99      11.40  n.s n.s 
N1 × S1      
N1 × S2  
N2 × S1 
N2 × S2 

 168.25 a 
 128.25 a 
 175.50 a 

   174.25 a 

 193.75 
 109.00 
 163.75 
 139.75 

183.00 
 133.50 
 205.00 
 174.50 

172.00 b 
135.25 b 

  185.00 ab 
195.50 a 

179.75 b 
166.00 b 
198.50 a 
 211.00 a 

202.25 b 
180.50 b 
199.25 a 
 206.50 a 

CV (%) 7.78 5.79 6.59 5.86 4.89 5.66 
LSD     20.08  n.s n.s 16.13 14.77 17.84 

           The difference between values with different letters is significant (P < 0.05) 

           n.s: non significant 

Head region 

In terms of droplet density (DD) on the operator's head region, both nozzle types and forward 

speeds were found to be statistically significant. Considering the combinations of nozzle types and 

speeds, the highest DD was observed in the N2 × S1 application with 175.50 droplets/cm2, while the 

lowest DD was recorded in the N1 × S2 application with 128.25 droplets/cm2 (Table 4). 

Chest region 

Droplet density (DD) values on the operator’s chest region were not found to be statistically 

significant concerning nozzle types but were significant in terms of forward speeds (Table 4). Overall, 

DD on the chest was not statistically significant for either nozzle type or forward speeds. However, the 
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highest DD was observed in the N1 × S1 application with 193.75 droplets/cm2, while the lowest DD 

was recorded in the N1 × S2 application with 109.00 droplets/cm2. 

Left arm region (LA) 

When considering the operator’s left arm, both nozzle types and forward speeds were found to 

have a statistically significant effect on droplet density (DD) values (Table 4). Evaluating nozzle types 

and forward speeds together, the DD values varied notably. The highest DD was observed in the N2 × 

S1 application with 205 droplets/cm2, while the lowest DD was recorded in the N1 × S2 application with 

133.50 droplets/cm2. Comparing both nozzle types across speeds, higher forward speeds consistently 

resulted in lower droplet densities for both nozzle types. Konthonbut et al. (2020) reported that the use 

of long-sleeved shirts, trousers, and gloves reduced pesticide residue exposure in operators during 

pesticide applications with backpack sprayers. 

Right arm region (RA) 

Droplet density (DD) values obtained from the operator’s right arm were found to vary 

significantly depending on nozzle types and forward speeds, with statistical significance confirmed 

(Table 4). Considering nozzle types and forward speeds together, the lowest DD was recorded in the N1 

× S2 application at 135.25 droplets/cm2, while the highest DD was observed in the N2 × S2 application 

at 195.50 droplets/cm2. 

Left leg region 

When considering droplet density (DD) values on the operator’s leg regions, nozzle types were 

found to be statistically significant, whereas forward speeds were not (Table 4). On the left leg, the 

highest DD value of 211 droplets/cm2 was recorded in the N2 × S2 application, while the lowest DD of 

166 droplets/cm² was observed in the N1 × S2 application. Taking both nozzle types and forward speeds 

into account, the lowest DD value was obtained with the N1 × S2 treatment at 166 droplets/cm2. 

Similarly, Cerruto et al. (2018) reported that when using a backpack sprayer, pesticide deposition was 

predominantly concentrated on the lower limbs, ranging from 89% to 94%. For nozzle types, DD values 

at the two forward speeds belonged to the same statistical group. 

Right leg region 

The examination of droplet density (DD) on the operator’s right leg revealed similar values to 

those observed on the left leg. Although DD values were not statistically significant for nozzle types 

and forward speeds individually, their interaction was found to be significant (Table 4). The highest DD 

on the right leg was recorded in the N2 × S2 application with 206.50 droplets/cm2, while the lowest DD 

was observed in the N1 × S2 application at 180.50 droplets/cm2. When considering forward speeds 

alone, no significant differences were found, as the results were close to each other. 
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The operator should be wear long clothes and prefer back-to-wind moving backward for spraying 

operations to minimize exposure (Wang et al, 2024). 

Pesticide Values on Target Surfaces 

In addition to assessing the operator's pesticide exposure, evaluations were conducted on the 

target surface using water sensitive papers placed on the ground. Analyses of these water sensitive 

papers collected during the applications were performed to determine the volume median diameter 

(VMD), surface coverage (SC), and droplet density (DD) values. According to the statistical analysis 

results, both nozzle types and forward speeds were found to be significant, as shown in Table 5. 

Table 5. Evaluations on the target surface 

Variation 
Sources 

Spray Parameters 
VMD SC DD 

N1 278.24 b 59.95 b 214.25 a 
N2 327.81 a 68.89 a 185.25 b 
CV (%) 6.62 2.38 4.72 
LSD 22.65 1.73 10.64 
S1 343.87 a 76.54 a 149.00 b 
S2 262.18 b 52.31 b 250.50 a 
CV (%) 6.62 2.38 4.72 
LSD 22.65 1.73 10.64 
N1 × S1 
N1 × S2  
N2 × S1 
N2 × S2 

 331.01 a 
 225.48 c 
 356.73 a 
298.89 b 

68.97 b 
 50.93 d 
 84.10 a 
 53.69 c 

171.75 b 
 256.75 a 
126.25 c 
 244.25 a 

CV (%) 6.62 2.38 4.72 
LSD 32.03 2.44 15.05 

* The difference between values with different letters is significant (P < 0.05) 

n.s: non significant 

 
When examining nozzle types, the highest values for (VMD) and (SC) were obtained with the N2 

nozzle type, while the highest (DD) was observed with the N1 nozzle type. Similar trends were observed 

for forward speeds concerning nozzle types. Specifically, the N2 × S1 application yielded the highest 

values for VMD (356.73 µm) and surface coverage (84.10%), whereas the N1 × S2 application produced 

the highest droplet density with 256.75 droplets/cm2. 

Volume median diameter (VMD) 

Statistical analysis revealed that both nozzle types and forward speeds had a significant effect on 

the volume median diameter (VMD). The highest VMD was recorded as 356.73 µm in the N2 × S1 

application, while the lowest VMD of 225.48 µm was observed in the N1 × S2 application (Table 5). 
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Alheidary (2019) conducted experiments using a backpack sprayer with a fixed spraying height 

of 50 cm, two different spray pressures (15 and 25 psi), and six nozzle types. Water sensitive papers 

were used to determine droplet size values during the applications. According to the research findings, 

the largest volume median diameter (VMD) values were obtained with the cone and fan spray nozzles, 

measuring 377.69 µm and 378 µm, respectively. 

Considering forward speeds, for both nozzle types, higher VMD values were obtained at the lower 

speed (S1) compared to the higher speed (S2). Specifically, in the H2 applications, VMD values for the 

N1 and N2 nozzles were 225.48 µm and 298.89 µm, respectively. 

When nozzle types and forward speeds are evaluated together, the highest VMD value of 356.73 

µm was obtained with the N2 × S1 application, followed by 331.01 µm in the N1 × S1 application. The 

larger VMD values observed for the N2 nozzle provide advantages in terms of DD and SC on the target 

surface. 

Surface Coverage (SC) 

The analysis of surface coverage (SC) values indicated that both nozzle types and forward speeds 

were statistically significant (Table 5). The SC for the N2 nozzle type was found to be higher than that 

of the N1 nozzle, measured at 68.89% and 59.95%, respectively. The higher SC observed with the N2 

nozzle compared to the N1 nozzle can be explained by the air-aspirated design of the N2 nozzle, which 

delivers larger droplets to the target surface that subsequently break up into smaller droplets upon 

impact, resulting in improved coverage. 

Higher SC are expected at lower forward speeds; however, irregularities in the operator’s forward 

speed may affect this outcome. When nozzle types and forward speeds are evaluated together, the 

highest SC of 84.10% was obtained with the N2 × S1 application, while the lowest value of 50.93% was 

recorded in the N1 × S2 application. 

Droplet Density (DD) 

In the analysis of droplet density (DD), both nozzle types and forward speeds were found to be 

statistically significant. Additionally, the interaction between nozzle types and forward speeds was also 

determined to be significant for droplet density. 

The highest DD among nozzle types was obtained with the N1 nozzle at 214.25 droplets/cm2, 

while the lowest DD was recorded with the N2 nozzle at 185.25 droplets/cm2. Regarding forward speeds, 

DD values were 149.00 droplets/cm2 and 250.50 droplets/cm2 for S1 and S2, respectively. Although a 

higher SC  is expected for the N2 nozzle due to its design characteristics, the observed results are thought 

to be influenced by irregularities in the operator’s forward speed during the application. 
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When nozzle types and forward speeds are evaluated together, the highest droplet densities were 

obtained in the N1 × S2 and N2 × S2 applications, with values of 256.75 droplets/cm2 and 244.25 

droplets/cm2, respectively. 

In the air induction nozzle type, the expected residue values were achieved at a high rate on the 

operator's body and the target surface. In the air induction nozzle type, results that do not occure a risk 

to the operator were obtained. On the target surface, high levels of pesticide were achieved for the 

success of the pesticide application. It was concluded that the air induction nozzle type can meet 

expectations for application success in terms of both the operator's body and the target surface. 

CONCLUSION 

To achieve effective pesticide application, it is essential to determine the appropriate application 

parameters. When using backpack sprayers, both human health and environmental safety are exposed 

to increased risks. 

To assess pesticide exposure, volume median diameter (VMD), surface coverage (SC), and 

droplet density (DD) values were examined. Analyses of water-sensitive papers placed on various body 

regions of the operator using a backpack sprayer, namely the head, chest, arms, and legs, revealed that 

nozzle types and travel speeds significantly influence pesticide deposition. Applications performed with 

air-assisted nozzles showed that VMD, SC, and DD values were lowest on the operator’s legs when the 

forward speed was 1.5 m/s. From an operator health perspective, lower values of VMD, SC, and DD are 

preferred. 

Incorrect selection of nozzle types and travel speeds during applications has been found to cause 

the greatest exposure issues on the operator’s legs, arms, and head regions.  

The area of greatest concern during applications was observed to be the potential disruption of 

parameter uniformity, particularly when the operator’s forward speed is high. From this perspective, it 

is considered more appropriate to conduct pesticide applications over large areas using equipment other 

than backpack sprayers.  

Knapsack sprayers being the main equipment used in both agricultural and non-agricultural 

settings, it is also crucial to integrate new data specific to this equipment in the model (de Graaf et al, 

2024). 

Additionally, it has been determined that the boom attachment added to the sprayer should be 

constructed from materials that do not impose an excessive burden on the operator during application. 

The results showed that the air induction nozzle type produces suitable values for the VMD, SC, 

and DD parameters on the operator's body and the target surface. Based on these results, it has been 

concluded that the air induction nozzle type is preferable for pesticide applications. 
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In this study, it was concluded that the air-suction nozzle type used in the modified backpack 

sprayer could be a viable alternative to the conventionally used hollow cone nozzles in terms of operator 

exposure and target surface deposition values. It is considered necessary and beneficial to conduct 

similar studies with different nozzle types and application parameters. 
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