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Abstract 

In this paper, the exposures to vibrations transmitted to the whole body and to the noises of tractors were studied. 

The determinations took place in the largest agricultural region of Romania, in Bărăgan, namely, in the Brăila 

Plain. Two types of tractors were analyzed: one from 1993 and one from 2013, with 5500h of operation. 

Accelerations transmitted to humans with MAESTRO 01dB and noise were measured with the Blue Solo sound 

level meter (01 dB-Metravib). Comfort Note have been calculated. For the 1993 tractor, the total acceleration 

r.m.s. has values between [4.3666.389]m/s2, exceeding 3.2165.556 times the daily exposure limit value, and 

from the Comfort Note, it is found that the situation is extremely uncomfortable. Extremely uncomfortable; the 

average sound level is 95.5 dB(A), exceeding exposure limit values. For the 2013 tractor, the total acceleration 

r.m.s. has values between [0.66961.6525]m/s2, slightly exceeding the daily exposure limit value, and from the 

Comfort Note, it is found that the situation is between slightly uncomfortable and uncomfortable; the average 

sound level is 65.9 dB(A), lower than the lower exposure action values. For this reason, the stock of agricultural 

equipment needs to be renewed, but this is particularly difficult, given that their prices range from several tens of 

thousands of euros to hundreds of thousands of euros. 
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1. INTRODUCTION  

 
Although we are in the 21st century, agriculture in Romania has not been modernized 

everywhere, especially due to the lack of money of individual farmers. Hence, the numerous threats 

posed to people’s health, even today. 

An important role in agriculture is played by the equipment for farming the land, and those who 

drive this machinery are subjected to various stressors: vibrations, noises, high temperatures, dust, etc. 

Several researchers have studied the combined effects of noise and heat on people's 

performance in the workplace. For example, a number of subjects were subjected to noises of 38 

dB(A) and 53 dB(A) and temperatures of 190C and 270C for 38 hours [1]. They were then given a 

range of tasks to achieve, among which: working with mental arithmetic, a recognition task, hidden 

geometric figures, proofreading, verbal fluency, and the five-choice serial reaction task. The results of 

the tests showed that the quality of human performance decreases as the level of stressors increases. 

Further experiments were performed on 16 subjects who were exposed to noises of 35 dB(A) 

and 65 dB(A) and temperatures of 220C, 260C, and 300C for 3 hours [2]. It was found that as the 

temperature rises, people begin to experience irritation of the nose and throat, headaches, muddled 

thinking, and lower performance. On the other hand, louder noise led to fatigue and impaired power of 

concentration. Interestingly, most subjects were reported to find heat more tolerable than noise. 
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Another set of experiments was carried out on 18 subjects subjected to noises of 35 dB(A), 60 

dB(A) and 75 dB(A) and temperatures of 180C, 240C, and 300C [3], for 30 min and 120 min.  

 

Table 1. Symptoms of vibration exposure at 

frequencies in the range 1÷20Hz (ISO 2631) 

The combined effect of these two stressors 

manifested itself in the form of discomfort, as well 

as reduced human performance (Tab. 1). 

 The negative effect of vibrations 

transmitted to operators by equipment in motion 

has been studied by many researchers [4-13]. 

 Newell and Mansfield (2008) [14] found, 

in a group of 21 subjects subjected to 120Hz 

vibration and placed in various positions (upright, 

twisted, with and without armrests) that the quality 

of their work performance dropped significantly, 

their response time increased, and the amount of 

work input decreased. The addition of the armrest 

resulted in improving the working conditions, and, 

implicitly, the quality of performance. 

Symptoms  (Hz) 

General discomfort 4 – 9 

Headaches  13 – 20 

Jaw pain  6 – 8 

Speech deficiencies  13 – 20 

Difficult breathing  12 – 16 

Chest pain  5 – 7 

Abdominal pain  4 – 10 

Urination problems  10 – 18 

Increased muscle tone  13 – 20 

Difficulty of movement  4 – 8 

Muscle contraction  4 – 9 

  

 

2. MATERIALS AND METHODS 

 
The determinations took place in the largest agricultural region of Romania, Bărăgan (Fig. 1), in 

the Brăila Plain (Fig. 2), in the red colored area. The Bărăgan Plain in southeastern Romania is a plain 

known for its black soil and rich humus content, as well as for the steppe vegetation due to the 

particularly harsh climate: hot and dry summers; very frosty winters with gusts of wind). The plain of 

Brăila or Bărăganul de Nord represents the northeastern section of Bărăgan, typically made up of 

smooth fields, with an altitude of between 20-50 m, which have their origin in fluvio-lacustrine cones, 

covered with a thick blanket of loess [15]. 

  
Fig. 1. Bărăgan Plain [16] Fig. 2. Brăila Plain [17] 

 

The noise was measured with the Blue Solo sound level meter (01dB-Metravib); this sound 

level meter (Fig. 3) can perform: noise level measurement in octave (1/1) or third octave (1/3) 

spectrum, T60 reverberation time measurement, real-time signal acquisition, large storage memory 

(2GB SDcard). The noise was analyzed with dBTRAIT, a software used for calculating, evaluating, 

and monitoring noise. 
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The vibrations transmitted to humans were measured with a MAESTRO 01dB vibrometer. This 

can perform measurements for the whole body up to 0.4Hz. It uses the PAD triaxial accelerometer to 

measure the vibrations transmitted to the whole body WBV by placing it under the backside (Fig. 4). 

Noise and vibration levels were analyzed on 2 types of tractors: 

 

a) The 1993 tractor, with rear-wheel drive and an initial power of 65HP, has declined over time. In 

summer, the temperature is extremely high, due to the engine, which "pushes" the hot air into the cabin 

through some blades. Also, the noise is unbearable and the vibrations are extremely high. 

b) The 2013 tractor, with 5500h of operation, with a very large engine block (1400cm3). In 

summer, the temperature is reasonable because the air is "pushed" down or sideways and it is equipped 

with air conditioning. All areas are sealed, so the noise is very low and the vibrations are small (but 

these also depend on the condition of the soil: if the soil is rocky after the first plowing, the vibrations 

will be higher). 

All determinations were made in accordance with the legislation in force at national and 

European levels [18-27]. (Table 2). 

 

Table 2. Daily exposure limit and whole body vibration action values as specified  

in the EU Vibration Directive (2002/44) 

Exposure action value (EAV) Exposure limit value (ELV) 

0.5 m/s2 A(8) r.m.s. 1.15 m/s2 A(8) r.m.s. 

 

Many of the methods presented so far have not taken into account the duration of exposure; in 

this regard, Genser et al, (2021) [28] defined the Comfort Note for Drivers of vehicles and agricultural 

equipment (Tab. 3): 

NC= 2z
10   [h]          (1) 

where Z2 and Z1 are empirically defined below: 

   Z2= (1)
7033.01Z

084396.01Z6.12
1

Z06.0

−

++−
         (2) 
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The values on each axis are summed, giving the total acceleration r.m.s. weighted: 
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where awx/y/z are the accelerations of r.m.s. weighted on the 3 axes, and the multiplication factors are 

kx=ky=1.4, and kz=1 (if the subject is sitting on the chair, according to ISO 2631 [19]). 

 

  
Fig. 3.  Blue Solo Sonometer  Fig. 4.  WBV Measurement (   triaxial PAD accelerometer) 
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The Directive 2002/44/EC [27] stipulates the limits for whole-body vibration: 

(a) the daily exposure limit value standardised to an eight-hour reference period shall be 1.15m/s2; 

(b) the daily exposure action value standardised to an eight-hour reference period shall be 0.5m/s2. 

 

Table 3. Threshold levels for Aw The Directive 2003/10/EC [26] 

stipulates the limits for noise level: 

(a) exposure limit values:  

LEX,8h=87dB(A); 

(b) upper exposure action values: 

LEX,8h=85dB(A); 

(c) lower exposure action values: 

LEX,8h=80dB(A). 

Acceleration magnitude Discomfort level 

Aw < 0.315 m/s2 Not uncomfortable (NU) 

0.315 m/s2 < Aw < 0.63 m/s2 Little uncomfortable (LU) 

0.50 m/s2 < Aw < 1 m/s2 Fairly uncomfortable (FU) 

0.80 m/s2 < Aw < 1.60 m/s2 Uncomfortable (U) 

1.25 m/s 2 < Aw < 2.50 m/s2 Very uncomfortable (VU) 

Aw > 2 m/s2 Extremely uncomfortable (EU) 

  

3. RESULTS AND DISCUSSION 

 
A) In the case of the 1993 tractor, the results of the determinations are presented in Fig. 5, 6, 7 and 8. 
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Fig. 5. Representation of r.m.s. weighted on the 3 axles for the 1993 tractor, (●)-awx; (□)-awy; (▲)-awz 
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Fig. 6. Representation of the total acceleration r.m.s. weighted for the 1993 tractor 

(▬▬) the daily exposure action value standardised to an eight-hour 

(▬▬) the daily exposure limit value standardised to an eight-hour 

 

From Fig. 5 it can be seen that the values of the accelerations r.m.s. weighted on the 3 axles 

for the 1993 tractor are as follows: awx[22.77]m/s2; awy[22.856]m/s2; awz[33.933]m/s2 (these 

are extremely high values). 

From Fig. 6 it can be seen that the total acceleration r.m.s. weighted for the 1993 tractor has 

values between [4.3666.389]m/s2, exceeding 3.2165.556 times the daily exposure limit value 

(Directive 2002/44/EC [27]). 

From Fig. 7 it can be seen that Comfort Note mentions values between 3.7732 and 4.4826 and, 

according to Table 3, if Aw>2m/s2, the situation is extremely uncomfortable.  
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Regarding the noise produced by the 1993 tractor, the noise level is higher than the exposure 

limit values: LEX,8h=87dB (A) (Fig. 8). 
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Fig. 7. Representation of the Comfort Note for the 1993 tractor 

 

 
Fig. 8. Spectral sound analysis for the 1993 tractor 

 

Fig. 8 shows the spectral distribution of the measured noise for the 1993 tractor. The sliders are 

placed at 100Hz, where the sound level is 73.8 dB(A) and at 10kHz, where the sound level is 73.6 

dB(A). For this frequency range, the average sound level is 95.5 dB(A), exceeding the exposure limit 

values (Directive 2003/10/EC [26]). 

B) In the case of the 2013 tractor, the results of the determinations are shown in Fig. 9, 10, 11, 12. 

From Fig. 9 it can be seen that the values of the accelerations r.m.s. weighted on the 3 axles for the 

2013 tractor are included as follows: awx[0.210.77]m/s2; awy[0.3120.845]m/s2; 

awz[0,1010.903]m/s2 (these are values below the permissible limits). 

Fig. 10 shows that the total acceleration r.m.s. weighted for the 2013 tractor has values between 

[0.66961.6525]m/s2; out of a total of 64 determinations, 22 are less than 1.15m/s2 (34.375%). The 

maximum value exceeds the daily exposure limit value by 1,436 times (Directive 2002/44/EC [27]). 
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Fig. 9. Representation of accelerations r.m.s. weighted on the 3 axles for the 2013 tractor 

(●)-awx; (□)-awy; (▲)-awz 
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Fig. 10. Representation of the total acceleration r.m.s. weighted for the 2013 tractor 

(▬▬) the daily exposure action value standardised to an eight-hour 

(▬▬) the daily exposure limit value standardised to an eight-hour 
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Fig. 11. Representation of the Comfort Note for the 2013 tractor 

 

From Fig. 11 it can be seen that Comfort Note mentions values between 0.7457 and 1.5802 and, 

according to Tab. 3, if Aw>2m/s2, the situation is between fairly uncomfortable and uncomfortable. 

In this case, one can see that the values for Comfort Note line up along a line: 

 

NC=0.8112Aw+0.2531 (R2=0.9976) (5) 

                                             

Fig. 12 shows the spectral distribution of the measured noise for the 2013 tractor. The sliders 

are placed at 160Hz, where the sound level is 53 dB(A) and at 10kHz, where the sound level is 41.3 

dB(A). For this frequency range, the average sound level is 65.9 dB(A) lower than the lower exposure 

action values (Directive 2003/10/EC [26]). 
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Fig. 12. Spectral sound analysis for the 2013 tractor 

 

4. CONCLUSIONS 

 
From the above-mentioned findings referring to those who operate the agricultural equipment 

under discussion, one conclusion can easily be drawn: the health condition of drivers using 1993 

tractors is seriously affected (the comfort mark is "Extremely uncomfortable"), 

The average sound level is 95.5 dB(A), which far exceeds the exposure limit values (87 dB(A)). 

At this noise level, a worker can work a maximum of 1 hour, without experiencing health problems. In 

reality, these people are supposed to work as many as 1214 hours a day at the height of the season, 

when there are agricultural works. 

For this reason, the fleet of agricultural machines must be renewed, but this light is particularly 

difficult, given that their prices range from several tens of thousands of euros to hundreds of thousands 

of euros. 
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