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Abstract

To protect the workers exposed to industrial noise, prevent and control the occurrence of noise-induced hearing
loss, and reduce the incidence of occupational noise-induced deafness, a method and its application example were
presented to assess the risk of noise-induced hearing loss. Based on the data collected by occupational hygienic
investigations and measurements, the consequences and probabilities of noise-induced hearing loss could be pre-
dicted by using the ISO 1999:2013(E) risk model when the appropriate frequency combinations of interest and
fences have been chosen according to the need, and then the corresponding management measures should be taken.
It shows that this method could be widely used in evaluations of occupational disease hazards in construction pro-
jects in China. It will provide the technical basis in aspect of hearing protection for enterprises, assessment organi-
zations and administration to improve the occupational health management continuously, to give reasonable ad-
vices for enterprises to protect the workers’ hearing, and to supervise and inspect the industrial occupational health

situations, respectively.
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1. Introduction

In China and abroad, guidelines and criterion have been
drafted to evaluate the health risk of people exposed to
the toxic chemical substances, while in respect to the
health risk assessment of noise, a set of systemic acous-
tics criterion have been set by ISO/TC 43, acoustics
committee. A noise-induced health risk estimation
method is introduced in ISO 1999 in detail, and the
health effects in this model only refers to hearing loss.
ISO (the International Organization for Standardiza-
tion) published the first edition of ISO 1999, i.e. ISO
1999:1975(E) “Acoustics — Assessment of occupational
noise exposure for hearing conservation purposes”,

which gave the method to measure the noise and listed
the risk of hearing impairment for conversation speech
frequencies (500 Hz. 1000 Hz. 2000 Hz) when people
exposed to different noise levels for different durations.
After that, ISO 1999: 1990(E) was published to cancel
and replace the first edition, and in China, the first
standard to assess the noise-induced hearing loss GB/T
14366-93 “Acoustics- Determination of occupational
noise exposure and estimation of noise-induced hearing
impairment” (MOD ISO 1999:1990(E)) was published.
Compared to the 1975 edition, hearing loss of different
frequencies (500 Hz. 1000 Hz. 2000 Hz. 3000 Hz. 4000
Hz. 6000 Hz) of both genders exposed to different noise
levels for different durations and method to calculate the
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risk of noise-induced impairment was added. Recently,
the latest edition ISO 1999: 2013(E) “Acoustics- Esti-
mation of noise-induced hearing loss” was published to
cancel and replace the second one, while GB/T
14366-93 has not been updated yet. Data of database B
are added in the third edition compared to the second
one with some details revised. An approval AQ standard
“Risk Management Guidelines for Noise Occupational
Disease Hazard” drafted by our team introducing the
latest ISO model to estimate noise-induced hearing loss
will be published very soon.

Based on the ISO 1999:2013(E), method to estimate
the risk of noise-induced hearing loss is introduced and
applied in the noise occupational disease hazard assess-
ment. The frequency combinations and fences matching
the present state of Chinese assessment of occupational
hazard are selected to estimate the noise-induced hearing
loss to guide the employing unit to take corresponding
management measures according to the different risk
levels.

2. Method

2.1. Investigation on the Noise Occupational

Exposure Situation

The investigation on the noise occupational exposure
situation includes production process, the fixed number
of staff members of each workshop post and their tasks,
the exposure situation of each post, the selection and use
of hearing protectors, the draft and implement situation
of hearing conservation program and occupational epi-
demiology data collection of similar enterprises in China,
etc. According to the investigation results, the noise
sources and workers affected could be identified to be
used to analysis the occupational exposure characteris-
tics.

2.2. Evaluation of the Occupational Noise Ex-

posure

The instruments used, the places to measure noise and
the method to measure and calculate the sound levels all
should be according to GBZ/T 189.8. A-weighted noise
exposure level normalized to a nominal 8 h working day
or nominal week of 5 eight-hour working days could be
used to determine whether workers need to wear hearing
protectors or not.
When the sound levels of the workplaces could not

be measured, the occupational noise exposure levels
could be forecast according to the measure data of
similar enterprises in China or the past measure data of
the workplaces of the employing unit itself.

2.3 Risk Assessment of Noise-induced Hearing

Loss

The potential risk of occupational noise-induced hearing
loss could be quantitatively expressed by the
noise-induced permanent threshold shift (NIPTS) and
the percentages of a population whose hearing threshold
level associated with age and noise (HTLAN) and hear-
ing threshold level associated with age (HTLA) exceed
the fence. To assess the risk of hearing loss and to esti-
mate the hearing loss of hearing threshold level associ-
ated with age and noise and noise-induced permanent
threshold shift is the manner to evaluate the affect that
the noise induced in the occupational population. After
selecting the appropriate frequency combinations and
fences, percentages in the population whose HTLAN
and HTLA of the selected frequency combinations
which exceed the fences could be calculated, so that the
NIPTS and the percentages of a population whose
HTLAN and HTLA exceeds the fence could be estimate.

2.3.1. Select the appropriate frequency combina-

tions and fences

The hearing threshold level of the chosen frequency
combinations could be wused to evaluate the
noise-induced hearing loss, so the first step is to select
the frequencies of interest and the appropriate fence ac-
cording to the objective of the noise occupational dis-
ease hazard risk assessment.

(1) Choose the average hearing threshold level of
high frequencies (3000 Hz. 4000 Hz and 6000Hz) of
any ear and the fence as 10 dB, according to the
“ high-frequency standard threshold shift (HSTS)”
defined in the “Hearing Protection Specification for
Employee in Industrial Enterprises” published by
Ministry of Health of the People's Republic of China
in 1999. The related noise occupational disease hazard
evaluation results will be used to guide managers to
take appropriate measures. The specification provides
that the enterprises should take measures to protect the
hearing of those who have HSTS to prevent a further
hearing loss.
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(2) Choose the average hearing threshold level of
high frequencies (3000 Hz. 4000 Hz and 6000Hz) of
both ears and the fence as 40 dB, according to the
precondition to be diagnosed as occupational noise
deaf patients in accordance with the GBZ 49-2014.
The related noise occupational disease hazard evalua-
tion results will be used to remind the managers to
take appropriate measures before someone has been
diagnosed as an occupational noise deaf patient.

(3) Choose the weighted average hearing threshold
level of speech frequencies (500 Hz. 1000 Hz and
2000 Hz) and high frequency (4000 Hz) of better ear,
ie. 1/3x[HL500 Hz+HL1000 Hz+HL2000
Hz]*x0.9+HL4000 Hzx0.1, and the fence as 25 dB,
according to the diagnose results of the occupational
noise deafness level according to the GBZ 49-2014.
The related noise occupational disease hazard evalua-
tion results will be used to warn the managers that
occupational noise deafness cases will occur if no
measures have been taken.

2.3.2. Hearing threshold level associated with age
and noise (HTLAN)

The hearing threshold level, in decibels, associated with
age and noise (HTLAN), H’, of a noise-exposed popula-
tion is calculated, for the purposes of this ISO model , by

using Formula (1):

HxN
120

H=H+N- (D
where

H’ is the hearing threshold level, expressed in
decibels, associated with age and noise (HTLAN);

H is the hearing threshold level, expressed in deci-
bels, associated with age (HTLA);

N is the actual or potential noise-induced perma-
nent threshold shift (NIPTS), expressed in decibels.

This formula is applicable only to corresponding
percentage values of H” , H, and N.

Note that the relationship expressed in Formula (1)
is an approximation to the biological events and is
considered accurate enough for the purposes of this
ISO model. The term (H X N)/120 starts to signifi-
cantly modify the result only when H + N is more than
approximately 40 dB.

2.3.3. Databases for hearing threshold levels as-
sociated with age (HTLA)

2.3.3.1. Choice of database

The hearing of a non-noise-exposed population as a
function of age depends on the degree to which other
factors besides aging are inadvertently included; diseas-
es, history of ototoxic drugs, and unknown noise expo-
sure of occupational or non-occupational origin may
modify the HTLA. Different approaches to screening
such data have been used and the selection of the most
appropriate database depends on the purpose of the ap-
plication. Two databases (databases A and B) to be used
for HTLA should be according to the specification in
ISO 1999:2013(E).

2.3.3.2. Database A

Database A derives from otologically normal persons.
The statistical distributions of the thresholds of such
highly screened populations have been standardized in
GB/T 7582 separately for male and female populations.

There are two ways to acquired database A: (1)
calculating database A by formulae specified in ISO
1999:2013(E), and (2) the look-up table method by
using the tables of database A provided in the ISO
model.

The formulae applicable for the hearing threshold
level, H, as a function of age, Y (years), for the vari-
ous ranges of the percentage, Q, could be expressed
as:

for Q = 50%:
H,y=a(Y-18) +H,, .
for 5% < Q <50%:
H,=H,y +ks, 3)
for 50% < Q < 95%:
HQ =H .y —ks, @

where,
sy is the standard deviation of the upper half of the
distribution;
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sy 1s the standard deviation of the lower half of the
distribution;

Hnq,5 18 the median value of the hearing threshold of
otologically normal persons of the same sex aged 18
years, which for practical purposes is taken as zero.
Hence, Hj has been termed the hearing threshold level
associated with age.

Here, the values for the multiplier £ corresponding
to the normal (Gaussian) distribution, the values for
the coefficient could be looked up in the tables of ISO
1999: 2013(E), and the parameters s, and s, could be
calculated by formulae given in this ISO standard.

2.3.3.3. Database B

Three examples of database B are presented in ISO
1999: 2013(E) for an unscreened population (males
and females). These examples are compiled from rep-
resentative data from three industrialized countries:
Sweden (B.2), Norway (B.3), and the United States
(B.4). B.2 and B.3 represent populations who have not
been exposed to occupational noise, while subjects
with occupational noise exposure are included in B.4.

2.3.4. Noise-induced permanent threshold shift

2.3.4.1. Calculation of N50

The median potential NIPTS values to be used are func-
tions of audiometric frequency, the exposure duration,
the ratio #/10, and the noise exposure level normalized to
a nominal 8 h working day, Lgx sn, and 5 days per week,
averaged over the exposure duration .

For exposure durations between 10 years and 40
years, the median potential NIPTS values, Ns, in deci-
bels, are given for both genders by Formula (5):

Ny, = [u +vlg(t /to)](LEx,z;h _Lo)2 )

where

Lpxgn is the noise exposure level normalized to a
nominal 8 h working day, expressed in decibels;

Ly is the sound pressure level, defined as a function
of frequency, expressed in decibels, below which the
effect on hearing is negligible;

t is the exposure duration, expressed in years;

tois 1 year;

u, v and L, are given as a function of frequency in
Table 1 in ISO 1999:2013(E).

For exposure durations less than 10 years, N shall be
extrapolated from the value of Ns, for 10 years using
Formula (6):

_lg(t+1)

50,6<10 lg(l 1) 50,¢t=10 (6)

Formula (6) is valid for exposure durations between
1 year and 10 years.

2.3.4.2. Statistical distribution of noise-induced
permanent threshold shift, N

For the purposes of ISO 1999:2013(E), the statistical
distribution of N is approximated by two different halves
of two normal (Gaussian) distributions. The upper half,
for the percentage with hearing worse than the median,
is characterized by the parameter d,; the lower half has a
smaller dispersion characterized by the parameter per-
centage d,. For a percentage of, O, of the population such
that 5% < Q < 50%, the NIPTS is given by Formula (7):

N, =Ny, +kd, (7)

For a percentage of, O, of the population such that
50% < O <95%, the NIPTS is given by Formula (8):

N, =Ny, —kd, ®)

d, and d; shall be calculated in accordance with
corresponding specification in ISO 1999:2013(E).

Besides, the three particular values Ny, Nso, Nog
can also be looked up from the table provided in the
ISO model.

3. Noise-induced Risk Management

Based on the assessment results of risk of hearing loss
due to noise exposure, the key of risk management is
to reduce N. For the workers who have HSTS, manag-
ers should take measures to prevent a further hearing
loss; for those who meet the precondition to be diag-
nosed as occupational noise deaf patients, they should
be considered to be diagnosed and classified according
to their situation; and for those already have been di-
agnosed as occupational noise deaf patients, they
should be transferred off the noise workplaces.
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4. Application Example Analysis

There are 36 winding machines in Winding Workshop
of Polymers Section of Cell 2 Department in the battery
assembly enterprise evaluated, the occupational hazard
of which is identified and analyzed in a status quo as-
sessment. 104 workers in this workshop exposed to
noise when working in this area.

4.1. Objects
4.1.1. Principles to choose objects

The population selected in the application example
analysis should meet the requirements as follows: have

(1) no prior employment (with a different employer) in a
high noise environment; (2) no ear disease or history of
ear disease; (3) no family history of hearing loss; (4) no
history of diabetes; (5) never use ototoxic drugs; (6) no
non-occupational noise exposure; (7) no other hearing
loss risk factors.

4.1.2. Objects to assess

Choose workers exposed to noise of this workshop as
objects whose risk of noise-induced hearing loss will be
assessed. They are mostly male between 20 and 30 years
old. The fixed number of staff members of the workshop
post and their tasks, and the exposure situation of each
post are given in Table 1.

Table 1. The fixed number of staff members of the workshop post and their tasks, and the exposure situation of each

post
Number of staff
Posts members per Shifts Total number OII Tasks and operate time
. staff members
shift
Three shifts with three changing They operate on the No.7, No.8, No.11, and
Operators A 10 from Monday to Thursday and three 30 No.13 winding machines and work for 7 h per
shifts with two changing from Friday shift from Monday to Thursday and for 10 h per
to Sunday shift from Friday to Sunday.
They operate on the No.9, No.10, and No.12
Operators B 9 Four shifts with three changing 36 winding machines and work for 7 h per shift for 5
days per week.
Three shifts with three changing They check on the No.7, No.8, No.11, and No.13
Monitors A ) from Monday to Thursday and three 6 winding machines and work for 7 h per shift from
shifts with two changing from Friday Monday to Thursday and for 10 h per shift from
to Sunday Friday to Sunday.
They check on the No.9, No.10, and No.12
Monitors B 2 Four shifts with three changing 8 winding machines and work for 7 h per shift for 5
days per week.
Three shifts with three changing They check on the No.7, No.8, No.11, and No.13
Precision ) from Monday to Thursday and three 6 lines and work for 7 h per shift from Monday to
monitors A shifts with two changing from Friday Thursday and for 10 h per shift from Friday to
to Sunday Sunday.
Precision . . . They check on the No.9, No.10, and No.12 lines
monitors B 2 Four shiffs with three changing 8 and work for 7 h per shift for 5 days per week.
4.2. Method 4.2.2. Risk of hearing loss due to noise

4.2.1. Noise occupational exposure evaluation

The noise exposure levels of workers in this workshop
are given in Table 2.

Based on the measurement results, the calculated
Lgx w of workers in this workshop is between 85.2 dB
and 88.0 dB, with the average of 86.9 dB.

Assume that the male workers exposed to the indus-
trial noises of this workshop without any personnel
hearing protectors from 20 years old, and the noise ex-
posure level Lgx w=86.9 dB. Predict the HSTS and oc-
cupational noise deafness risks of population when they
are 30, 40, 50 or 60 years old.

A Microsoft® Excel worksheet was compiled based
on the method given before and the information above
was input.
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Table 2. A-weighted noise exposure level normalized to a nomi-
nal week of 5 eight-hour working days (LEX,W) of workers of
Winding Workshop of Polymers Section of Cell 2 Department.

‘Workshop | Posts Lgxw(dB)
Monitor of Line 8 87.4
Monitor of Line 12 86.7
Precision monitor of Line 9 and Line 10 85.6
Precision monitor of Line 7 and Line 11 87.4
Precision monitor of Line 8 87.6
Precision monitor of Line 12 86.7
Precision monitor of Line 9 and Line 10 86.0
Precision monitor of Line 7 and Line 11 87.6
Operator A of Line 7 and Line 11 87.6
Operator B of Line 7 and Line 11 87.6
L Operator D of Line 7 and Line 11 87.9
Winding Operator D of Line 7 and Line 11 86.9
Work- Operator E of Line 7 and Line 11 87.8
;1:35- of Operator A of Line 9 and Line 10 85.8
mers Operator B of Line 9 and Line 10 85.6
Section Operator D of Line 9 and Line 10 85.2
Operator D of Line 9 and Line 10 86.3
Operator E of Line 9 and Line 10 85.7
Operator of Line 13 87.6
Operator A of Line 8 87.2
Operator B of Line 8 87.4
Operator C of Line 8 874
Operator D of Line 8 88.0
Operator A of Line 12 86.7
Operator B of Line 12 85.9
Operator C of Line 12 86.6
Operator D of Line 12 86.9
4.3. Results

(1) Risk of HSTS

The predicted risks of HSTS are given in Table 3
and the risk assessment results are expressed in Fig. 1.

The results show that H and A’ both increase with
the duration and N presents an increasing trend on the
condition of fixed initial exposure age and exposure
noise level. However, the risk of HSTS due to noise de-
creases after a number of years of exposure. This is an
inherent disadvantage of the concept. It should not be
interpreted as if the harmful effects of noise cease to
exist. The explanation is that people who have crossed
the fence because of age-related threshold shifts are no
longer eligible for a risk of hearing loss due to noise

Percentage of Better Hearing
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Fig.1. Assessment results of HSTS risk for male workers of the
workshop at the age of 60.

Choose database A to calculate the hearing threshold
level associated with age, and use the compiled Excel
worksheet to predict the HSTS and occupational noise
deafness risk for these male workers if they do not wear
any hearing protectors.

In Fig 1, we have:
@ Risk of hearing loss due to age and noise exposure,
90.8% % (point X);
@ Risk of hearing loss due to noise exposure, 6.1% %
(difference between point X and point Y);

Table 3. Predicted risk of HSTS for the male workers in this workshop.

Risk  of | Non-noise- |Risk of
hearing exposed hearing

Age |Duration | H';y | H'sy | H'sy | Hy | Hsy | Hoy | Nig | Nsy | Noy i‘(’f;ge ::3 fi‘:‘l’(“lat“"(‘)f :’gs: d“zntg

(years) | (years) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) noise hearing noise
exposure |loss due to | exposure
(%) age (%) (%)

30 10 215 | 7.5 -45 144 [ 22 -7.6 | 7.1 5.3 3.0 40.9 20.5 20.4

40 20 302 | 133 [ -05 [ 225 |73 -48 | 7.7 5.9 4.2 62.1 41.1 21.0

50 30 42.6 | 215 [ 45 353 | 155 [ -03 |73 6.0 4.8 80.8 67.3 13.5

55 35 503 | 266 | 7.5 43.5 1208 |25 6.8 5.9 4.9 86.8 77.6 9.2

60 40 59.1 | 324 | 108 | 529 | 268 |58 6.1 5.7 5.0 90.8 84.7 6.1
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HTLA of noise-exposed population;

NIPTS, 10 %;

Assumed fence, 10 dB;

Non-noise- exposed population risk of hearing loss
due to age, 84.7% % (point Y);

NIPTS, 50 %;

HTLA of non-noise-exposed population;

NIPTS, 90 %.

Risk of occupational noise deafness
The predicted risks of occupational noise deafness
given in Table 4 and the risk assessment results are

expressed in Fig. 2.

O @O®

NIPTS, 10 %;

Assumed fence, 10 dB;

Non-noise- exposed population risk of hearing loss
due to age, 10.1% % (point Y);

NIPTS, 50 %;

HTLA of non-noise-exposed population;

NIPTS, 90 %.
The results show that H and H’ both increase with

the duration and N presents an increasing trend on the
condition of fixed initial exposure age and exposure
noise level.

Tails of the statistical distributions for 0% < Q < 5%

Table 4. Predicted risk of occupational noise deafness for the male workers in this workshop

Percentage of Worse Hearing

Fig.2. Assessment results of risk of occupational noise deaf-

ness

for male workers of the workshop at the age of 60.

In Fig 2, we have:

)
@
®

Risk of hearing loss due to age and noise exposure,
13.0% % (point X);

Risk of hearing loss due to noise exposure, 2.9% %
(difference between point X and point Y);

HTLA of noise-exposed population;

Risk  of | Non-noise- |Risk of
hearing exposed hearing
. , , , loss due to | population | loss due to
Age Duration | H'y | H'sy | H'yy | Hyy Hs, Hy, Ny Nsp Nyy age and | risk of |age and
(years) | (years) (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) | (dB) noise hearing loss | noise
exposure |due to age |exposure
(%) (%) (%)
30 10 11.5 1.8 -5.9 9.9 0.9 -6.4 1.6 1.0 0.5 0-5.0 0-5.0 0-5.0
40 20 15.0 | 4.2 -4.4 13.1 | 2.9 -5.3 1.9 1.3 0.9 0-5.0 0-5.0 0-5.0
50 30 20.0 | 7.6 -2.4 18.1 | 6.1 -3.5 1.9 1.5 1.1 0-5.0 0-5.0 0-5.0
55 35 232 1 9.6 -1.2 21.3 | 8.1 2.4 1.8 1.5 1.2 7.3 5.1 2.2
60 40 26.8 12.0 | 0.1 25.0 | 105 | -1.1 1.7 1.5 1.2 13.0 10.1 2.9
and for 95% < Q < 100% are unreliable and should not
Percentage of Better Hearing be estimated since few experimental data exist to vali-
50 o 10 0 30 40 50 60 70 30 50 100 date these ranges.
% 0 i (3) Hearing loss of different frequencies
5 o A It shows that the hearing threshold level of 4000 Hz
Ta g = Y Z; N is the maximum of H’s5y and Ns, the curve of audiogram
= 2 Rm
E 2 3 i\,_ — \f, shows a V shape, and H’s5y and N5, of every frequency
= Hap -2 = 8 — & both increase with the duration on the condition of fixed
g il 71;;' # initial exposure age and exposure noise level (Table 5,
T oo /v;{ Fig. 3 and Table 6, Fig. 4).
P w w0 @ % #© » 2 b 0 Table 5. Predicted results of H’50 of each frequency for the
Risk% --—

male workers of the workshop

Age Dura- H ’50 (dB)

(years) tion | 500 | 1000 | 2000 | 3000 | 4000 | 6000
(years) Hz | Hz | Hz | Hz | Hz | Hz

30 10 |05 [06 |20 |64 [92 |67

40 20 1.7 19 |53 112 | 154 | 133

50 30 [36 |41 9.5 177 1240 | 229

55 35 |48 |55 12.1 216 | 293 | 29.0

60 40 |62 |71 149 ]26.1 | 353 | 359
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Fig.3. Predicted results of H’ 50 of each frequency for the male workers of the workshop.

Table 6. Predicted results of N50 of each frequency for the

male workers of the workshop

Ace Dura- Nsy (not be modified) (dB)
(yefrs) tion 500 | 1000 | 2000 | 3000 | 4000 | 6000
(years) | Hz Hz | Hz | Hz | Hz Hz
30 10 0 0 1.0 |48 [7.1 |42
40 20 0 0 1.9 |59 |81 |49
50 30 0 0 25 |65 |88 |53
55 35 0 0 27 |68 190 |55
60 40 0 0 29 |70 192 |56
0+ —m— Age=30,Duration=10
1] —e— Age=40,Duration=20
1 —a— Age=50,Duration=30
21 2 —v— Age=55,Duration=35
34 —e— Age=60,Duration=40
o 47
S 5
= 6]
7]
g
94
10 ] T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000

Frequency (Hz)

Fig.4. Predicted results of N50 of each frequency for the

male workers of the workshop.

5. Conclusions and Discussions

It should be noted that all sound pressure levels do not
consider the effect of hearing protectors which would
reduce effective exposure levels. Hearing protectors
could be worn to reduce the effective exposure levels to
protect the hearing of workers exposed to industrial
noise.

Database A is chosen in this application example
analysis. If database B is needed, only Sweden, Norway
and the United States data are available, this may be lack
of convincing when they are used to assess the risk of
hearing loss of Chinese population. In further research, a
hearing threshold level database of Chinese population
could be compiled following proper principles reference
to the levels of the three countries of database B in ISO
1999:2013(E).

Besides, it is emphasized that for practical situations
the accuracy of the prediction of the hearing threshold
level of a noise-exposed population will largely be a
function of the accuracy of the selected database for
HTLA, so the results are only estimated values in statis-
tics. This ISO model is based on statistical data and
therefore cannot be applied to the prediction or assess-
ment of the hearing loss of individual persons except in
terms of statistical probabilities.

The frequencies and fences are chosen based on the
HSTS defined in the “Hearing Protection Specification
for Employee in Industrial Enterprises” and the precon-
dition and definition of occupational noise deafness level
according to the GBZ 49-2014. The choice of frequen-
cies and fences, though determined primarily by medi-
co-legal considerations, can also be influenced by eco-
nomic and ethical considerations.

This method to assess the noise occupational expo-
sure risk could be used to quantitatively estimate the risk
of hearing loss due to noise, guide the enterprises to take
effective risk management measures to protect the
workers’ health according to the different risk levels
estimated, such as making a hearing conservation pro-
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gram and implementing the occupational exposure eval-
uation, engineering control, organization and manage-
ment, selection and use of hearing protectors, occupa-
tional health surveillance, warning for occupational haz-
ards, training and records management, effectiveness
evaluation of hearing conservation program, etc.
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