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ABSTRACT

This paper presents the process of risk assessment resulting from exposure to noise. The
process involves: (a) identification of noise hazards (noise exposure), (b) risk estimation by
determining the likelihood of the occurrence of negative consequences of noise exposure
(auditory and non-auditory effects of noise) and the degree of their severity, (c) risk reduction.
Admissible values of noise determine the highest acceptable risk level.

It is becoming widely recognised that the economic and social costs of high noise levels
in the workplace require significant action to reduce the workers’ exposure to noise. Such
costs include not only financial compensation or damages that must be paid and reduced
enjoyment of everyday life for those with a hearing loss but also less quantifiable factors such
as reduced productivity, increased stress and risk of accidents for a much larger number of
workers.

According to Polish Central Statistical Office (GUS) almost 1 million workers in Poland
are employed in adverse or outright harmful conditions, including approximately 330,000
workers exposed to noise exceeding 8-hour L,,, = 85 dB (see Fig. 1). Moreover, these
statistics obviously underestimate the problem since they do not include either small
enterprises employing fewer than 50 people or private farms. Annually, approximately 3,000—
4,000 new cases of occupational hearing damage are recorded, accounting for about one-third
of all occupational diseases (see Fig. 2).

The employer’s general duty to assess and prevent occupational risk resulting from
exposure to noise is established in European regulations (Directive 86/188/EEC, Proposal for
Directive 94/C 230/03) and in Polish law (Labour Code) adapted to these regulations. The
procedure of risk assessment involves:



e identification of noise hazards (measurement or prediction, comparison with
admissible values),

e ecstimation of the risk by determining the likelihood (low - L, medium - M,
high - H) of the occurrence of negative consequences of noise exposure (non-
auditory effects of noise on health and human performance or hearing loss) and the
degree of their severity,

e risk reduction - preparation of a risk control action plan (if necessary).

Usually, the risk level is estimated according to the following rule:
severity of negative consequences x likelihood = risk

In order to use this rule, it is necessary to estimate the severity of the consequences of
noise exposure.

Occupational deafness - a permanent incurable disability - should be considered a
consequence of high severity (H).

Partial hearing loss and some extra-auditory effects of noise resulting in temporary health
deterioration, reduced productivity, decreased working efficiency and reduced general human
performance may be considered consequences of medium severity (M).

Temporary threshold shift (TTS), decreased speech intelligibility and obstructed
perception of auditory danger signals may be considered consequences of low severity (L).In
some cases, difficulties in the perception of auditory warning signals may cause an accident at
work with very serious consequences.

The risk may be low, medium (acceptable) or high (unacceptable).

Admissible values of noise (Threshold Limit Values - TLVs) determine the highest acceptable
risk level.

Admissible values resulting from a hearing protection programme according to Polish
regulations [9, 10] are as follows:

e noise exposure level standardised to a nominal 8-hour working day Ly 4 = 85 dB
and the corresponding daily A-weighted sound exposure E, , = 3.64 x 10’ Pa’s or,
in the case of workplaces where noise exposure varies markedly from one working
day to the next, noise exposure level standardised to a week Ly , = 85 dB and the
corresponding weekly A-weighted sound exposure E, , = 18.2 x 10° Pa’s,

e maximum A-weighted S-averaged sound level L, s = 115 dB or equivalent sound
level over 1 s L,,, ,s= 115 dB,

e peak C-weighted sound level L, = 135 dB.

The above-mentioned limits are presented in Fig. 3 as functions of noise exposure
duration. These values apply to protected workstations when other regulations do not
determine lower values (e.g. for young people - Lgy 5 = 80 dB, for pregnant women - Lgy 4 =
65 dB).

In the case of performing basic work tasks, the equivalent continuous A-weighted sound
pressure level while an employee is at the workstation should not exceed values quoted in
Table 1.

A proposal for the assessment of risk resulting from exposure to noise is presented in
Table 2. It meets the requirements of the following European, international and Polish
documents:



e Council Directive 86/188/EEC on the protection of workers from the risk related to
exposure to noise at work [4],

e Commission proposal for a Council Directive on the minimum health and safety
requirements regarding the exposure of workers to the risk arising from physical
agents (94/C 230/03) [3],

e ISO 1999: Acoustics - Determination of occupational noise exposure and
estimation of noise induced hearing impairment [6],

e ISO 9612: Acoustics - Guidelines for the measurement and assessment of exposure
to noise in a working environment [7],

e Polish Labour Code [8],

e Regulation of the Ministry of Labour and Social Policy on TLVs of harmful agents
in the working environment [10],

e Polish Standard PN-N-01307: Noise. Permissible values of noise in the workplace.
Requirements relating to measurements [9].

Taking into account the admissible values of noise that ensure workers have proper

conditions for the realisation of their basic tasks (see Table 1), a proposal for risk assessment
is shown in Table 3.

Presented methods of assessing risk related to the exposure to noise apply to the

assessment of existing workstations and workstations that are being built.

Risk analysis and risk assessment are the basic elements of a safety management system

in an enterprise.
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Table 1. Equivalent continuous A-weighted sound pressure level over the whole period of

noise exposure T, (T, < 8 h) (according to PN-N-01307: 1994) [9]

Workplace

Equivalent continuous A-weighted sound
pressure level
LA eq, Te (dB)

. In operating cabins without telephone
communication, laboratories with noise
sources, workrooms with typewriters,
teletypes and other rooms for similar use
. In operating cabins with telephone
communication, remote control cabins,
rooms for precision work and other
rooms for similar use

. In administration areas, design offices,
rooms for mental work, data handling and
other rooms for similar use

75

65

55




* identification of noise hazards (measurement or prediction, comparison with
admissible values),

e estimation of the risk by determining the likelihood (low - L, medium - M,
high - H) of the occurrence of negative consequences of noise exposure (non-
auditory effects of noise on health and human performance or hearing loss) and the
degree of their severity,

e risk reduction - preparation of a risk control action plan (if necessary).

Usually, the risk level is estimated according to the following rule:
severity of negative consequences x likelihood = risk

In order to use this rule, it is necessary to estimate the severity of the consequences of
noise exposure.

Occupational deafness - a permanent incurable disability - should be considered a
consequence of high severity (H).

Partial hearing loss and some extra-auditory effects of noise resulting in temporary health
deterioration, reduced productivity, decreased working efficiency and reduced general human
performance may be considered consequences of medium severity (M).

Temporary threshold shift (TTS), decreased speech intelligibility and obstructed
perception of auditory danger signals may be considered consequences of low severity (L).In
some cases, difficulties in the perception of auditory warning signals may cause an accident at
work with very serious consequences.

The risk may be low, medium (acceptable) or high (unacceptable).

Admissible values of noise (Threshold Limit Values - TLVs) determine the highest acceptable
. risk level.
Admissible values resulting from a hearing protection programme according to Polish
regulations [9, 10] are as follows:
¢ noise exposure level standardised to a nominal 8-hour working day Ly 4, = 85 dB
and the corresponding daily A-weighted sound exposure E, 4 = 3.64 x 10’ Pa’s or,
in the case of workplaces where noise exposure varies markedly from one working
day to the next, noise exposure level standardised to a week Lgy ,, = 85 dB and the
corresponding weekly A-weighted sound exposure E, , = 18.2 x 10° Pa’ss,
¢ maximum A-weighted S-averaged sound level L, =115 dB or equivalent sound
levelover1sL,,., ,,=115dB,
e peak C-weighted sound level L, = 135 dB.

The above-mentioned limits are presented in Fig. 3 as functions of noise exposure
duration. These values apply to protected workstations when other regulations do not
determine lower values (e.g. for young people - Lgy , = 80 dB, for pregnant women - Lgy ¢, =
65 dB).

In the case of performing basic work tasks, the equivalent continuous A-weighted sound
pressure level while an employee is at the workstation should not exceed values quoted in
Table 1.

A proposal for the assessment of risk resulting from exposure to noise is presented in
Table 2. It meets the requirements of the following European, international and Polish
documents:



¢ Council Directive 86/188/EEC on the protection of workers from the risk related to
exposure to noise at work [4],

e Commission proposal for a Council Directive on the minimum health and safety
requirements regarding the exposure of workers to the risk arising from physical
agents (94/C 230/03) [3],

e ISO 1999: Acoustics - Determination of occupational noise exposure and
estimation of noise induced hearing impairment [6],

e ISO 9612: Acoustics - Guidelines for the measurement and assessment of exposure
to noise in a working environment [7],

e Polish Labour Code (8],

e Regulation of the Ministry of Labour and Social Policy on TLVs of harmful agents
in the working environment [10],

¢ Polish Standard PN-N-01307: Noise. Permissible values of noise in the workplace.
Requirements relating to measurements [9].

Taking into account the admissible values of noise that ensure workers have proper

conditions for the realisation of their basic tasks (see Table 1), a proposal for risk assessment
is shown in Table 3.

Presented methods of assessing risk related to the exposure to noise apply to the

assessment of existing workstations and workstations that are being built.

Risk analysis and risk assessment are the basic elements of a safety management system

in an enterprise.
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Table 1. Equivalent continuous A-weighted sound pressure level over the whole period of
noise exposure T, (T, < 8 h) (according to PN-N-01307: 1994) [9]

Equivalent continuous A-weighted sound

Workplace pressure level
LA eq, Te (dB)
1. In operating cabins without telephone 75

communication, laboratories with noise
sources, workrooms with typewriters,
teletypes and other rooms for similar use

2. In operating cabins with telephone 65
communication, remote control cabins,
rooms for precision work and other
rooms for similar use

3._In administration areas, design offices, 55
rooms for mental work, data handling and
other rooms for similar use




*S[9AS] SSIOU JBS JO UOT)RUIULIAAP 3SIOaId MO[[E 10U Op Y[ UO ISIOU JO SOUIN[JUL ) U0
S)[NSOI [0ILasal JUSLIND Jef) 108] 97 Junodsde oyl Surye; Ainp [eusd s Iekordws sy se [H] DTH/SS1/98 "ON 2ALOAI(] [IOUNO)) Ul pIonponul sem juswonnbaz siqy

ssouyeap
ey 107 T T T JeuonednoadQ (q
jse oym savkordwd 03 s10)09101d Jurreoy Jurpraoid (p sougunoped
sysu renjusjod noqe saakordwe Suruuoyuy (9 ety SAead0,
(1834 © 95U0) UOTRUIIUEXS JLIOWIOIPNE [BOIPOLIS (q astoujo spopge| EPSIIST I
2A0qeE SE (B W W N Aoypre-uoN (2| p $8-18="*"1
SSO[ SuLIeay
1 1 1 [enred (q
soueutojrod
uewny
(sxeak omy pue qreoguo|  €P SEI>™OT
195 1589] J8) UOLEUIUIEXS OLIOWOIpNE JIPOLIdd (q asIoU JO S}091J9 ap S11>"""1
aA0qe se (e W W W Koypne-uoN (2| €p 08-9L=""*"]
Arduryoew 3urde[das IO SISLIAINUD SUNSIX
SuiJIpows Jo SUIpuIXs A[[enuelsqns ‘Arouryoeur
Jo sasudisjus mau Sunesid 1o/pue Jurp[ing ‘Surudissp
USYM PaIOPISUOO 9q P[noys juswaiinbal snyy, soueuniojrod
(1 AHN ﬁ.—OH_.HNQ uewmy yead)
Ul “90IN0S JB) 9SI0U [OIIUO0D 0} SAISBIW JO AJ[Iqe[leAR pue Uijeay uo ap s Qvé 1
pue ssa18oid [eo1uyoa) Junodsoe ojul Surye; sjqesnoerd 9SIOU JO S)09)J9 ap s11>"""1
A1qeuosea se 1eJ se amsodxa asiou Furonpay (e 1 1 1 A1oypne-uoN (e qp s> X3
d sousnbosuod b asiou
ue[d uonoe [onuUOd YSry sty pooyIayIy 70 AJ110A9S saousnbasuo) 01 amsodxg

astou 0} amsodxs woy Junnsal YSU Jo JUSWSSISSE oY) 10§ [esodoid ‘T S[qeL




ssoujeap

H H H Teuonednod (q
ssueuLrojrad
parosal uewmy yoad
9q ISnuI WISY) 0) SS990B PUB PAJII[SP 9q ISNU pue y[esy uo gp SeI<" 1
seare 9say ] ‘souoz uonssjoid Juuresy Sunyrely (8 3SI0U JO 19930 ap s11<™" 1
aroqese (J(@(P(d(q(e H H H Asoypne-uoN (e dp 06<® **1
(Juowdmbs 2A1309301d 19Yj0
pue s10309101d SuLreay asn 0} MOY) UOIONPAI S
pue amsodxs astou woy Junynsax jsu uo Sururer], (§
(s10309301d SuLreay uey) 19Y)0 saInseowr)
3SI0U 99NPal 0) SINSEIW UOHESIUBSIO 10/pUE [BOTUYDS)
Jo swrer3oxd e Sunuowodun pue dn Juimerq (o
ssaujeap
s10309101d SuLreay jo asn Azosndwo)) (p . - - reuonednoog (q
3A0qe sE (2 soueuniojrod
(syyuowr XIS A19A9 uewmy
1SB9] I UoTjRUIUIEXD - J[qIssod jou JI - 10 uoistazadns pUE sy Uo ap Sg1<™%1
1Ue)Su00) UONEUTIIEXS dLnduIoIpne A107e311q0 (q astoujospape| @PSII< V1
9AOqE st (e H H H Axoppne-uoN (2| €p 06-98="**1
saduanbasuod asiou
uerd uonoe [01U0D JSNY sty pooyraI] J0 A1L15AS saousnbasuo) 01 omsodxg

(uonenuyuoo) °Z 9[qeL




Table 3. Proposal for the assessment of risk resulting from exposure to noise as a strenuous
factor (for basic work tasks)

Ex};o;l;? fo Consequences Risk Risk control action plan
Lyeq 7e< Ldop” Non-auditory effects acceptable |Reducing noise exposure as far
L,.<115dB of noise on health and as reasonably practicable taking
L. <135dB human performance into account technical progress

Cpeak= and availability of measures to
control noise”
Lacq 1 Laop Non-auditory effects | unacceptable |Reducing noise exposure with
L,.>115dB |of noise on health and technical and organisation
L._.>135dB human performance measures, with noise reduction at
Cpeak’ .
source a priority

2 Maximum permissible values of noise level (55, 65, 75 dB) are shown in Table 1.

3 See note V in Table 2.

Total number of employees at risk: 979 000.
Types of hazards

Chemical substances

including carcinogenic substances
Fibrogenic dusts

including carcinogenic dusts
Other dusts

Noise

Vibration {

Hot microclimate

Cold microclimate

Insufficient lighting

lonizing, laser, UV

and infrared radiation
Electromagnetic field

Other harmful factors
Arduousness of work

So-called dangerous machinery

326

1 302
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Number of employees at risk (in thousands)
Figure 1. Employment in hazardous conditions in 1996



Occupational hearing damage

Chronic voice organ damage

Infectious and invasive diseases

Pneumoconiosis

Skin diseases

Vibration disease

Chronic bronchi

Poisonings and their consequences

T f i | T |

Per 100 thousand employees

Figure 2. Occupational diseases with the highest sick rate in 1991 and 1996
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Figure 3. Noise limits as function of noise exposure



