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Abstract: This study was carried out to determine the dust concentration values formed in the environment during the use of hazelnut 

threshing machines, determine the effects on the employees, and reveal solution suggestions to reduce the dust concentration value. The most 

distinctive difference that distinguishes Turkish hazelnut varieties from other country varieties is that the fruit husks of Turkish varieties are 

long and tightly wrap the fruit, and threshing is required. During the threshing process, dust particles (fine soil, sand, husk and grass 

particles, Etc.) are dispersed intensively from the husk-blowing unit of the machine and the air outlet of the fan. A handheld particle 

measuring device with a particle size range of 0.3…5 µm was used to determine the dust concentration emitted from the machine to the 

atmosphere during the blending process. As a result of the measurements, dust concentrations of PM1 (1 µm), PM2.5 (2.5 µm), and PM5 (5 

µm) were determined in µg/m3 air. The dust levels formed in the environment during the hazelnut threshing machines were compared by 

considering the dust concentration threshold limit of 4 mg/m3 air specified in the occupational health and safety legislation and regulations. 
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1. Introduction 

Solid particles of various sizes (1-100 µm) that can hang in the 

air for a certain period are called 'dust' [7]. Atmospheric dust is 

defined differently, but the most used classification is "total 

suspended dust" and "particulate matter". Dust particles have severe 

and essential effects on human health [2]. As a result of exposure to 

dust in the working environment, different respiratory diseases and 

diseases occur depending on the concentration, active substance, 

exposure time, age, gender, and smoking habit. Dust particles are 

divided into three groups according to their particle size inhalable, 

total inhalable, and total dust. The aerodynamic diameter of 

respirable dust is between 5…10 µm, while the diameter of total 

respirable dust is between 0.5…5 µm. Respirable dust is the dust 

group that poses the greatest danger of causing diseases in the 

lungs, and total respirable dust is the dust group held in the nose, 

throat, and upper respiratory tract [10, 17]. 

Different limit values have been determined for personal 

exposure to organic and inorganic dust by different organizations 

worldwide. These limit values are not created according to ideal 

conditions but based on technical feasibility and realistic goals that 

can be reached as a result. In this case, factors such as the 

awareness and education level of the practitioners and the efficiency 

and affordability of engineering solutions are determined to bring 

the personal exposure limit values to a practical level, and new 

limits are set when the targeted success is achieved [3]. 

Agricultural activities are a significant source of atmospheric 

particulate matter (PM) emissions [20]. Concentrations of dust in 

the environment, exposure time, and body resistance are effective in 

the disease of agricultural workers. It is reported that there are 

approximately one billion bacterial and fungal organisms in one 

gram of dry soil [7]. Some diseases that occur due to dust exposure 

in the agricultural sector are asthma, rhinitis, bronchitis, farmer's 

lung disease, organic toxic dust syndrome, and diseases related to 

microorganisms. In Turkey, it has been reported that asthma and 

rhinitis due to exposure to grain dust and asthma diseases due to 

organic dust are seen in the agricultural sector [8]. Studies indicate 

that the primary dust sources are wind erosion. However, the most 

common dust exposure among agricultural processes is in tillage, 

harvesting, post-harvest processing, fertilization, stubble burning, 

pesticide use, and livestock [19, 21]. The aerodynamic diameter of 

dust generated in agricultural processes is reported as PM2.5 and 

below [19]. It is stated that the most intense dust emissions occur in 

tillage and harvesting processes in Europe and North America and 

are above the respirable threshold limit values [22, 23]. In the study 

carried out to determine dust emissions due to soil moisture in 

cotton, wheat, and tomato harvest, it was reported that dust 

emission values are above the respirable threshold value. However, 

the density of dust depends on soil moisture and season. The highest 

dust emission occurred during picking in the cotton harvest, which 

consists of picking and straw cutting processes. The most intense 

dust emission values in cotton, wheat, and tomato harvest were in 

tomato, wheat, and cotton harvesting processes, respectively [22]. 

In the Northern European Plains, dust emission induced by tillage 

was measured four to six times higher than dust emission by wind 

erosion events [24]. Another study reported that dust from the soil 

during the hazelnut harvest poses a risk for the population living 

nearby, especially those working in specialized areas of hazelnut 

cultivation [17]. In a study conducted to determine the dust 

emissions of a hazelnut harvester working with vacuum effect, 

around the harvested area, into the area, and to the operator, dust 

emission values were found to be very high for all points PM10 

dimension. The operator's area measured the most intense dust 

exposure [16]. The study conducted with self-propelled hazelnut 

harvesters with mechanical effects reported that the grassy ground 

and moist soil reduced the dust emission values [1, 26]. In the study 

conducted with hazelnut harvesters with mechanical and pneumatic 

effects, it was reported that the resulting dust was well above the 

ACGIH (American Conference of Governmental Industrial 

Hygienists) respirable dust threshold values. Depending on the 

working principle of the pneumatic hazelnut harvesters, it has been 

stated that the dust emission is high, and the pre-sweepers of the 

mechanically effective hazelnut harvesters have intense dust 

emission during the operation [9]. 

The absence of foreign material cleaning unit in hazelnut 

threshing machines used in Turkey increases the amount of dust 

generated. There is no data on the dust concentration values emitted 

in the environment during the threshing of hazelnuts with hazelnut 

threshing machines. For this purpose, it was carried out to 

determine the dust concentration values formed in the environment 

during the use of hazelnut threshing machines, determine the effects 

on the employees, and reveal solution suggestions to reduce the dust 

concentration value. 

2. Material and Method 

2.1. Material 

Dust measurements were made in a farmer's hazelnut orchard in 

the Samsun Terme district. The hazelnut orchard, where the 

experiments were carried out, has a common cultivar of Çakıldak 

hazelnut in the region. Some characteristics of the Çakıldak 

hazelnut variety are given in Table 1. 

Table 1. Some characteristics of Çakıldak hazelnut variety 

Kernel moisture, % 13,86 

Hulled grain moisture, % 16,85 

Shell moisture, % 21,87 

The humudity of the husk, % 22,21 

Dimensions (Thickness, length, 

width), mm 

18,24 x 18,01 x 16,22 

Thousand-grain weight, g 1699,5 

Shell thickness 1,24 

Husk features long, tapering to the tip 
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AeroTrak APC 9303-01 model hand-held particle measuring 

device with dust concentration and particle size range of 0.3…5 µm 

of hazelnut threshers were used. 

Hazelnut threshing machine manufactured by local 

manufacturers; It consists of 4 central units: feeding unit, husk 

peeling unit, lower separation system, and upper separation system 

(Figure 1). 

 

Figure 1. Hazelnut threshing machine [6]. 

 

A suction air transmitter provides the transmission of husked 

hazelnuts to the feeding unit with a transmission hose, whose 

separator and unloader are mounted on the feeding unit. The husked 

hazelnuts, which are discharged into the feeding unit, are conveyed 

to the husk peeler unit from the upper disc center with the spiral 

conveyor in the hopper. The husk peeler unit consists of two metal 

discs, and the husk peeling surfaces are covered with rubber discs 

with radial profiles. 

The lower separation system consists of one flat screen placed 

horizontally, a double suction radial fan, and an adjustment flap 

placed at the outlet of the separation system. The flat sieve is placed 

in a slide bed, and depending on the husk moisture content of the 

blended hazelnuts, it can be adjusted back and forth to increase the 

husk flaking efficiency. In the lower separation system, the peeled 

hazelnuts and some single-grained hazelnuts and husk pieces are 

sieved and conveyed to the upper separation system with a vertical 

elevator. The upper separation system consists of two flat sieves, a 

double suction radial fan, and an adjustment flap placed at the outlet 

of the separation system. The angle of the sieves with the horizontal 

can be adjusted within the range of ±5°. While the hazelnuts sieved 

in the sieves are taken from the grain channel, the hazelnuts that 

cannot be sieved and blown flow back to the sieve in the lower 

separation system over the inclined surface. The outlet of the upper 

separation system is closed with a round hole sieve, and the empty 

hazelnuts and husk pieces, which are blown by the airflow created 

by the fan, are taken from the empty hazelnut channel. 

In the operation of the machine, a standard agricultural tractor, 

which is in the 40…60 kW power group, is used as the power 

source, and the tractor is operated at an average engine speed of 

1350 min-1 [6]. 

2.2. Method  

In dust measurement trials, hazelnut threshing machines 

manufactured by local manufacturers were used. During the trials, 

no intervention was made regarding the adjustment levels of the 

hazelnut threshing machines. The hazelnut threshing machine was 

operated during the trials at 1290 min-1 fan shaft speed, 740 min-1 

sieve eccentric rotation number, and 310 min-1 rotations of the 

moving disc in the husk peeler unit. In order to determine the dust 

concentration values of the hazelnut threshing machines, 

measurements were made with the dust measuring device at the 

height of 1.5 m from the ground for 30 minutes and with three 

replications. We determined the measuring points so that the 

operator would be in the working area during hazelnut threshing 

with hazelnut threshing machines. Measurements were made at 

eight different points, 1, 2, 3, 4, 5, 10, 20, and 25 m from the 

machine. The average of the dust concentration values obtained at 

these points is given. As a result of the measurements, dust 

concentrations of PM1.0 (1 µm), PM2.5 (2.5 µm), and PM5.0 (5 µm) 

were determined in µg/m3 air. The dust levels formed in the 

environment during the hazelnut threshing machines were 

compared by considering the 4 mg/m3 air value, which is the dust 

concentration threshold limit specified in the occupational health 
and safety legislation and regulations. 

3. Results and Discussion 

During the trials, the average air temperature was 24.1℃, the 

humidity was 57.8%, and the wind speed was measured as 0.4-0.3 

m/s. The lowest and highest measuring ranges of the dust 

concentrations formed in the environment during the threshing of 

hazelnuts according to the diameter groups PM1,0, PM2,5, and PM5,0 

are given in Figure 2, depending on the distance. Dust concentration 

values were converted to mg/m3 air.  
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Figure 2. Dust concentration values according to particulate matter size. 

 

The dust concentration values measured during the operation of the 

threshing machine were measured at the highest level at close and 

medium distances from the threshing machine. The dust 

concentration decreased for all three particle sizes as the study area 

expanded. This result can be explained by the natural precipitation 

of larger particles when the dust formed during the threshing 

process is accelerated [15]. Accordingly, the dust concentration in 

the working area before the machine started was below the 

threshold limit value according to ACGIH and WHO standards [8]. 

Therefore, the operation of the threshing machine was measured 

well above both the respirable threshold limit value and the total 

dust amount values.   

When Figure 2 is examined, a significant decrease in dust 

concentration is observed after a distance of 5 meters (middle). 

While working with the threshing machine, the employees are at a 

maximum distance of 2 meters from the machine. At this distance, 

at all particle size sizes, dust concentrations were well above the 4 

mg/m3 threshold for both total dust and inhalation, according to the 

ACGIH and WHO. PM2.5 and PM10 values fell below the respirable 

threshold values at 25 meters. However, the PM1 dimension was not 

below the respirable threshold value according to ACGIH standards 

at any distance. 

Dust concentrations from different sources should not exceed 

specific limit values to not adversely affect the health of the 

workers [3]. The air quality index prepared by the EPA is shown in 

Table 2. In the table, the effects of PM2.5 particle size on human 

health are grouped according to the risk ratio. The dust 

concentration generated during working with the thresher was 

dangerous for human health according to the EPA air quality index 

for PM2.5 size. 

 

Table 2. Particle size and air quality values for PM2.5 (EPA,2013) [10, 18]. 

Dust level 𝝁𝒈/𝒎𝟑 Air quality 

0-50 Well, little or no risk. 

51-100 Moderate, acceptable. 

101-150 Harmful for sensitive groups. 

151-200 Harmful to health, seriously harmful for sentivite groups. 

201-300 Healt alert. It is very harmful to healt for everyone. 

301-500 Dangerous. 
 

 The document 'Occupational exposure limits for hazardous 

substances workplace-Part 1: Chemical hazardous substances' states 

occupational exposure limits (OELs) for grain dust, while the 

American Conference of State Industrial Hygienists (ACGIH) states 

threshold limit values (TLVs) for grain powder [14]. In these 

standards, the maximum allowable concentration-time-weighted 

average (PCTWA) of free silica (< 10% of total dust concentration) 

is 4 mg/m3 [15]. According to this, PM1 of the clouds of dust 

generated during working with the threshing machine was at a 

density that would cause disease at all distances, while PM2,5 and 

PM10 remained below the limit values that would cause disease at 

long distances.  

In the total dust concentration, the PM1 ratio was approximately 

54%, the PM2.5 ratio was approximately 23%, and the PM10 ratio 

was approximately 21% (Figure 3). Although the total respirable 

dust concentrations limit was not clearly defined, the PM1 

concentration exceeded the predicted upper limit. This can be 

explained by the fact that particles with diameters ranging from 0.1 

to 1 μm have a longer life in the air and can be transported over 

long distances [16]. 
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Figure 3. Total dust concentration values according to particle size (mg/m3) 

 

4. Conclusion 

Dust produced in agricultural mechanization is a complex mixture 

that varies with season, climatic conditions, and type of agricultural 

production [11, 12]. In agricultural enterprises, many different 

business groups and depending on this, many different dust 

exposures occur, but there is no threshold value determined for each 

dust type in national and international organizations. In addition, for 

some organic dusts, mostly the total dust amount is given, and the 

respirable dust amounts or threshold limit values are uncertain. The 

total dust and respirable dust values of the threshing machines 

widely used in Turkey are uncertain, as no study has been done. In 

the dust control guide prepared by the Ministry of Labor and Social 

Security, there are no harvesting and threshing works among the 

workgroups for which dust masks are recommended depending on 

the particulate matter particle size in agriculture and livestock 

works [7]. 

1. Dust concentration emitted by the threshing machine can 

be reduced by spraying water on the dust outlets. In the 

study carried out in Italy to reduce the dust produced 

during the hazelnut harvest, a water reservoir was added 

next to the warehouse, and the water taken from there by 

a hose was sprayed into the dust outlets of the machine. 

While the dust emission values to which the operator was 

exposed were 8.8 mg/m3 before spraying water, they 

decreased to 2.8 mg/m3 after water spraying. The dust 

values measured in the harvested area decreased from 

1.20 mg/m3 to 0.30 mg/m3 [16]. 

2. The amount of dust generated in the threshing process 

varies depending on the moisture content of the material. 

The dust level of the dry material is higher. Accordingly, 

to reduce dust exposure, the material should be blended 

with its moisture content (25%, y.b.) when harvested. 

3. During the mechanized hazelnut harvest, together with the 

hazelnuts collected from the ground, dense foreign 

material (stone, soil, branch pieces, Etc.) enters the 

machine [4, 5]. Taking the harvested hazelnuts directly 

into the threshing machine without foreign material 

cleaning increases the dust concentration. Since cleaning 

the garden before harvesting will reduce the amount of 

foreign material collected from the ground by mechanical 

harvesting, there will also be a decrease in the amount of 

dust generated during the threshing process. 

4. The use of filters at the dust outlets of the thresher can 

reduce dust exposure. However, studies are needed to 

select the appropriate filter. Studies have shown that filter 

performances are affected by particle type, aerodynamic 

particle diameter, and suspension time in the air [13]. In 

addition, factors such as filter cost, ease of use, and 

lifetime should be investigated.  

5. At the end of the studies carried out with the hazelnut 

harvester, it was emphasized that the machine emits dust 

in a size that poses a danger to human health and that 

cyclone and cloth filters can be used to prevent this dust 

release [25]. 

6. Putting an electric hydraulic water spray pump at the dust 

outlets of the threshing machine can reduce the dust 

concentration by transmitting the resulting dust to the soil 

without mixing with the air [16]. 

7. The studies carried out are insufficient to identify dust 

originating from all agricultural works. 

8. The threshing machine should be tested at different 

moisture contents, different engine speeds, and different 

mixing ratios, and possible results should be revealed. 

References 

1. Cecchini, M., M. Guerrieri, A. Colantoni,  D. Monarca, L. 

Bedini, F. Cavariani, M. Pagano. A device for dust 

reduction during mechanized harvesting of hazelnuts. 

In Proceedings: International Conference RAGUSA 

SHWA (pp. 3-6). 2012. 

2. Sokolik, I. N., D. M. Winker, G. Bergametti, D. A. 

Gillette, G. Carmichael, Y. J. Kaufman,  J. E. Penner. 

Introduction to special section: Outstanding problems in 

quantifying the radiative impacts of mineral dust. Journal 

of Geophysical Research: Atmospheres, 106(D16), 

18015-18027. 2001. 

3. ASLAN, S., & A. AYBEK. Tarımda Partikül Madde 

Maruziyetinin Sağlık Üzerine Etkileri, Araştırma 

Konuları ve Politikalar. Tarım Makinaları Bilimi 

Dergisi, 12(3), 177-189. 

4. Beyhan, M.A. Ülkemiz Koşullarına Uygun Aspiratörlü 

bir Fındık Hasat Makinasının Tasarımı ve İmalatı. 

Doktora Tezi (basılmamış), Ankara Üniversitesi, Ankara. 

1992. 

5. KALIN, K. M., & M. A. BEYHAN. Mekanize fındık 

hasadı ile toplanan fındığın yatay hava tünelinde taş ve 

topraktan temizlenme olanaklarının incelenmesi. Anadolu 

Tarım Bilimleri Dergisi, 34(2), 156-163. 2018. 

6. Beyhan, M. A., A. Tekgüler, T. Yıldız, & H. Sauk. 

Investigation of the performance of a hazelnut husker 

design used in Turkey. Biosystems engineering, 103(2), 

159-166. 2009. 

0

50

100

150

200

250

300

PM1 PM2.5 PM10 total

PM1

PM2.5 

PM10

total

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

64 YEAR LXVIII, ISSUE 2, P.P. 61-65 (2022)



7. Tarım İşletmelerinde Tozla Mücadele Rehberi. Çalışma 

ve Sosyal Güvenlik Bakanlığı İş Sağlığı ve Güvenliği 

Genel Müdürlüğü, Bakanlık Yayın No: 59 ISBN: 978-

975-455-263-8, Ankara. 2016.  

8. www.csgb.gov.tr (Date of access: 13.02.2022 – 09:52). 

9. Sauk, H. Türkiye'de düz ve düze yakınarazilerde 

yetiştirilen fındığın mekanik hasat olanaklarının 

incelenmesi. 2016. 

10. https://www.airnow.gov/aqi/aqi-basics/ (Date of access: 

19.02.2022 / 11:06). 

11. Bogman, P., W. Cornelis, H. Rollé, D. Gabriels, 

Prediction of TSP and PM10 emissions from agricultural 

operations in Flanders, Belgium. In Proceedings of the 

14th International Conference “Transport and Air 

Pollution”, Graz, Austria, 1–3 June 2005; pp. 1–3. 

12. Downey, D., D. Giles, J. Thompson, In situ 

transmissiometer measurements for real-time monitoring 

of dust discharge during orchard nut harvesting. J. 

Environ. Qual. 2008, 37, 574–581. [CrossRef] [PubMed] 

13. https://www.iso.org/obp/ui/#iso:std:iso:15957:ed-1:v1:en 

ISO 15957. (Date of Access: 12.02.2022 – 09:36) 

14. https://www.iso.org/obp/ui/#iso:std:iso:16890:-1:ed-

1:v1:en ISO 16890. (Date of  Access: 16.02.2022–14:36) 

15. Zhang, P., H. Xu, Z. Hu, Y. Chen, M. Cao, Z. Yu, & E. 

Mao,  Characteristics of Agricultural Dust Emissions 

from Harvesting Operations: Case Study of a Whole-Feed 

Peanut Combine. Agriculture, 11(11), 1068. 2021. 

16. Fedrizzi, M., M. Pagano, C. Perrino, M. Cecchini, M. 

Guerrieri, P. Gallo, & M. Biocca, Inhalable dust emission 

in hazelnuts mechanical harvesting (Corylus avellana L.): 

test of a low impact suction-type pneumatic collector. 

In Proceedings: International Conference RAGUSA 

SHWA (pp. 3-6). 2012. 

17. Cavariani, F., & L. Bedini,  Problematiche nella 

valutazione dell'esposizione a polveri contenenti Silice. 

Proceedings: “Seminario di studio “Patologie da silice: 

silicosi, cancro ed altre malattie” Trento, 8 maggio 2001, 

59-76. 2011. 

18. National Ambient Air Quality Standards for Particulate 

Matter. Environmental Protection Agency (EPA).2013. 

Vol:78 No:10 

19. Pye, K. Aeolian Dust and Dust Deposits; Elsevier: 

Amsterdam, The Netherlands, 2015. 

20. HINZ, T., B. RÖNNPAGEL, & S. LINKE,  Particulate 

Matter in and from Agriculture. Landbauforschung 

Völkenrode, Sonderheft 235. 2002. 

21. Chen, W., D. Q. Tong,  S. Zhang, X. Zhang, & H. Zhao, 

Local PM10 and PM2.5 emission inventories from 

agricultural tillage and harvest in northeastern 

China. Journal of Environmental Sciences, 57, 15-23. 

2017. 

22. Bogman, P., W. Cornelis, H. Rolle, D. Gabriels, 

Prediction of TSP and PM10 emissions from agricultural 

operations in Flanders, Belgium. 

http://www.dustconf.com/CLIENT/ 2015. 

23. Cassel, T., K. Trzepla-Nabaglo, R. Flocchini,  PM10 

emission factors for harvest and tillage of row crops. 

http://www.epa. 

gov/ttnchie1/conference/ei12/poster/cassel.pdf. 2003. 

24. Goossens, D. Wind erosion and tillage as a dust 

production mechanism on North European 

farmland. Wind Erosion and Dust Dynamics: 

Observations, Simulations, Modelling. ESW Publications, 

Department of Environmental Sciences, Erosion and Soil 

and Water Conservation Group, Wageningen University, 

Wageningen, 15-40. 2004. 

25. Zoppello G., D. P. Tempia, Considerazoni su una Nuova 

Macchina Per la Raccolta delle Nocciole. L’Infarmatore 

Agrario, XLIV (9), Verona: 105-114. 1988. 

26. Fanigliulo R., R. Tomasone , Operative Performance and 

Work Quality of a Hazelnut Pick-Up Machine. ISHS Acta 

Horticultural 845: VII International Congress on 

Hazelnut. 2009. 

 
 

 

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

65 YEAR LXVIII, ISSUE 2, P.P. 61-65 (2022)

http://www.csgb.gov.tr/
https://www.airnow.gov/aqi/aqi-basics/
https://www.iso.org/obp/ui/#iso:std:iso:15957:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:16890:-1:ed-1:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:16890:-1:ed-1:v1:en
http://www.dustconf.com/CLIENT/



