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Abstract. In this paper, we describe a method for classifying the workplaces as regards the noise risk. 

This method provides an univocal classification of work area and allows to correctly implement the 

control measures in accordance with a suitable priority scale. Finally, this method can be easily 

adjusted to respect various national standards. 

Introduction 

Notwithstanding the negative effect of noise on workers is a well known effect, a universal approach 

to a general regulation on the maximum admissible exposure for workers has not yet been generally 

established[1-2]. Even the main international standard on the field ISO 1999:1990 explicitly states in 

its foreword that "the selection of maximum tolerable or maximum permissible noise exposures, and 

protection requirements as well as the selection of specific formulae for handicap risk assessment or 

compensation purpose require consideration of ethical, social, economic and political factors not 

amenable to international standardization" [3-4]. As a result, each nation enforces its own regulation 

and national standards are the main source for best-practices in acoustic design of workplaces. The 

lack of a general and standardized approach to the design of acoustic environment of working places 

has several negative consequences: for instance the noise emission of machinery and equipment must 

be adapted case by case to the national site of installation, the development of technical devices for 

noise reduction in working places is negatively influenced etc. The main internationally accepted 

concepts  are Noise-Induced Permanent Threshold Shift (NIPTS) and the method for measurement of 

noise exposures.NIPTS is the precursor of NIHL (Noise Induced Hearing Loss) and the main 

consequence of occupational noise. It corresponds to a permanent increase in the threshold of hearing 

that may be accompanied by tinnitus. Because hearing impairment is usually gradual, the affected 

worker will not notice changes in hearing ability until a large threshold shift has occurred. 

Noise-induced hearing impairment occurs predominantly at higher frequencies (3000−6000 Hz), with 

the largest effect at 4000 Hz. It is irreversible and increases in severity with continued exposure. This 

paper presents a method for ranking workplaces and working areas within a working place for noise 

control purposes. It is to be used when there are several noisy workplaces and a management decision 

must be made on the sequence of the implementation of noise control measures. This method, 

requires, first, a noise exposure survey to be performed and the average noise exposures, LTrade, of 

the various noise-exposed groups to be calculated using the procedure in the CSA Standard Z107.56 

[2]. Then, noise exposures should be grouped into ranges (usually starting with 85 dBA). By using the 

LTrade and the number of noise-exposed workers in each range of noise exposures, four estimates are 

calculated. The ranking of the workplaces is then obtained by using the estimates individually or in 

combination. The mathematical tools used to develop this methodology are general and have been 

used in other field of sciences [5-14]. The paper is organized as follows after the introduction, in 

section 2 it is shown that a ranking procedure, based on the use of several indexes lead sometime to 

contradictory solution, in section 3 we propose an improved procedure and in section 4 we draw the 

conclusions. 
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A not-univocal ranking approach.  

An operative procedure for classifying the workplaces as regards the noise risk and deducing a 

sequence of the control measures  provides some steps which are here summarized: 

• To acquire a detailed information about the spatial and activity layout in such a way to 

individuate homogeneous work areas and attribute workgroups to the corresponding specific 

trades. 

• To perform the experimental survey about the acoustical climate, determining in particular the 

average noise exposures of the workgroups (LTrade) according to the CSA Standard Z107.56 

[2]. 

• To fix the ranges of noise exposure levels into which the measurement results have to be 

divide beginning from the risk minimum threshold. 

• To distribute the total number of workers in each range at each work station. 

• To calculate the “collective noise exposure” as the sum of the products of the number of 

workers in each trade times their LTrade. 

• To calculate the average noise exposure level for each noise exposure range by dividing the 

collective noise exposure in each range by the number of workers within the same range. 

• To calculate the normalised average noise exposure level by subtracting the risk minimum 

threshold from the average noise exposure level. 

To individuate the maximum collective LTrade, which is defined as the collective noise exposure for 

the trade with the highest LTrade within each noise exposure range. 

The value of 85 dBA is correctly assumed as risk minimum threshold, as can be confirmed consulting 

the table reported in Recommendation ISO 1999 [3] about the percent risk of noise-induced 

permanent threshold shift (NIPTS) for noise exposition. Furthermore in most cases 90 dBA is the 

limit at which engineering noise control is recommended, this level may be used as the upper limit. 

Therefore, the first range can be 85-90 dBA, the next can be 90-95 dBA, and so on. 

In order to show the fact that the proposed procedure does not provides univocal solution we briefly 

resume the results of a study of three workstations with five trades each [1]. Table 1 contains data set 

as before specificated. Table 2 shows the total number of workers in each range at each station as well 

as the total number of workers with noise exposures falling in the ranges < 90 dBA (that is 85-90 

dBA), > 90 dBA, > 85 dBA (that is the sum of both). 

 

Table 1. Data for the Three Stations. [1]. 

 

The workplace ranking mentioned method considers four estimates which can be individually or in 

combination: 1) number of workers within the ranges of noise exposures, 2) collective noise 

exposure, 3) Average noise exposure 4) normalized noise exposure, 4) maximum collective LTrade.  

The normalized average noise exposure level is obtained by subtracting 85 dBA (accepted as a 

“safe” limit) from average noise exposure level. This is done to enhance differences between noise 

exposure levels from the workplaces, it can also be used as an estimate of the risk of hearing loss. 

With reference to the application reported in the Tables 1 and 2, we obtain the picture of Table 3. 

 

Station 

< 90 dBA > 90 dBA > 85 dBA 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 

 A 

 

17 

 

14530 

 

85 

 

0 

 

6880 

 

150 

 

14125 

 

94 

 

9 

 

4850 

 

320 

 

28655 

 

90 

 

5 

 

B 0 19706 86 1 1070 134 12862 96 11 9700 362 32568 90 5  

C 22 21875 86 1 1 150 13760 92 7 1900 405 35635 88 3  

 8    8700           

 25               

 5               
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We can find the sequence suggested by each estimate for the consequent control measures. The 

decision on where to start depends on the choice of parameter: if noise exposure of the > 90 dBA 

range is the decisive factor, then station A should be the first to be treated, then C stations and B. If, 

however, the collective noise exposure of all workers is the parameter of choice, then the ranking 

should be stations C, B and A, the same as if parameter < 90 dBA was chosen. 

Table 2. Combined Data. Source: [1] 

 

Table 3. Ranking of Estimates 

 

Estimate Range First Second Third 

Number of workers 

within the range 

< 90 dBA C B A 

> 90 dBA C or A  B 

Total C B A 

Collective noise 

exposure 

< 90 dBA C B A 

> 90 dBA A C B 

Total C B A 

Normalised noise 

exposure 

< 90 dBA B or C  A 

> 90 dBA B A C 

Total A or B  C 

Maximum collective 

LTrade. 

< 90 dBA B C A 

> 90 dBA B A C 

An improved procedure.  

Analyzing the content of the above Table 3 it appears, that the use of the four estimates is not 

always straightforward. If the ranking orders using each of estimates are the same, the ranking is 

obvious, but in situation more complicated like situation above mentioned the optimum solution 

cannot be easily found.[15-16] 

This result stimulates some remarks: 

• Information linked to number of workers within the range, average noise exposure of the 

workgroups LTrade and Normalized Average Noise Exposure Level NANEL is basic when a priority 

scale has been setting up. The aforesaid indicators, in fact, express influence basin and entity of the 

noise risk problem. 

• The first two parameters, indeed, are well synthesised by the resulting collective noise 

exposure CNE. 

• The maximum collective LTrade seems more relevant when the decision process faces in 

detail the single trades for each workstation. 

 

Trade Station A Station B Station C 

 Workers in 

the trade 

LTrade 

[dBA] 

Collective 

noise 

exposure 

Workers in 

the trade 

LTrade 

[dBA] 

Collective 

noise 

exposure 

Workers in 

the trade 

LTrade 

[dBA] 

Collective 

noise 

exposure 

I 20 95 2375 34 93 3162 155 85 13175 

II 50 97 4850 25 85 2125 100 87 8700 

III 75 92 6900 100 97 9700 50 90 4500 

IV 90 85 7650 80 86 6880 80 92 7360 

V 80 86 6880 123 87 10701 20 95 1900 

 

Totals 

 

320 

 

 

 

28655 

 

362 
 

 

32568 

 

405 
 

 

35635 

3134 Advances in Environmental Technologies



 

Then we propose to assume as a unique estimate the following descriptor that here is called priority 

index:  

 

PI=NANEL*CNE                    (1) 

 

that we retain both conceptually founded and better adequate to reach the proposed target that is a 

clear and unambiguous classification. This last statement is evident from the Tables 4 and 5 which 

report the obtained results applying the expression (1) to the example before described. In Table 4 the 

index PI is calculated by multiplying the values in column 2 times the values in column 4. 

Table 4. Combined Data in the present application. 

 
 

The results for PI showed in Table 4 simply allow to execute the ranking in Table 5 that is univocal 

(first B, second A, third C) and different from that guided by the Behar’s method. 

 

Table 5. Ranking of Estimates 
Estimate Criterion Range First Second Third 

 

Priority Index PI 

< 90 dBA C B A 

> 90 dBA B A C 

Total B A C 

 

At this point it is to note that in order to adjust the proposed methodology to Italian national 

standards, we can substitute the average noise exposure of the workgroups LTrade with the personal 

or group exposition level PEL obtained from the definition and operative criteria contained in the 

Italian rule n.277/91 [4] that accomplishes precise UE directives. The same approach can be followed 

for any national standards. 

Conclusions  

In this paper, a method for classifying the workplaces as regards to the noise risk and correctly 

implementing the control measures in accordance with a suitable priority scale is shown. This method 

has been developed from a primary procedure essentially for minimising the uncertainty in decision 

process. The method based on some general mathematical techniques used in other field of sciences 

appears to be robust and easy to be used in the decision process which aims to enhance safety in 

workplaces gives good results. The method is flexible and an fulfill the requirements of most existing 

national standards. 
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