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THE EFFECT OF THRESHOLD ON NO SE DOSI METER MEASUREMENTS
AND | NTERPRETATION OF THEIR RESULTS

BY
JOHN P. SEILER', and DENNIS A. G ARDI N0?

ABSTRACT

Noi se dose measurements may be taken with instruments that
function quite differently. Accordingly, before performng any
conparative analysis of noise data, it is inperative that the

I nvestigator knows what instrumentation was used, and how it was
set in collecting the data.

This paper discusses the various functions of the noise
dosimeter, and why data collected with instruments that function
at one set threshold level may differ fromthat collected with an
instrument that uses a different, or no threshold |evel.

An evaluation of data obtained from 2,631 occupational noise
exposure neasurenents fromthe coal mning industry was used in
conpiling this paper. Personal noise dosineters, capable of

si nul t aneously determ ning noise 'doses with both high and | ow
threshold levels, were used in collecting this data.

The results of the study are presented to illustrate the inpact
of the different threshold l[evels on sinultaneous noise dose
measurenents and correspondi ng average sound |evels.

Recommendations are made to provide assistance in selecting the
threshol d | evel of the dosimeter in order to achieve the desired
obj ective of the noise dose measurenent.

| NTRODUCTI ON

Gccupational noise exposure- limts in the United States have been
pronul gated for the majority of industries by the Qccupationa
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Safety and Heal th Administration® (OCSHA) and specifically for the
mning industry by the Mne Safety and Health Adninistration’

( MSHA) . These regul ations specify how a worker's noi se exposure
is to be neasured and/or cal cul at ed. Noi se exposure can be
expressed as the percentage of the "all owabl e" exposure |evel.
This percentage is called a noise dose. By using a noise dose,

it is easily determined if a worker's noi se exposure has exceeded
current |legal exposure limts. Such an exposure would result in
a noi se dose greater than 100 percent.

These regulatory requirenents introduce the concept of a
threshold level, i.e., a level below which sound |evels and
exposure tinmes are not included in the noise dose conputation.
Ear shen® states "The concept of a threshold level rests on
tenuous grounds but is well entrenched and its inplications
shoul d be under st ood. Use of a threshold inplies that exposure
to sound above the threshold is potentially damagi ng but sound
bel ow the threshold abruptly beconmes nonhazardous. No published
evi dence of such an effect exists. The use of threshold |evels
has its origin in admnistrative interpretation of regulatory
practices."

Cccupati onal noi se exposure neasurenents are usually nade either
manual |y using a sound |evel neter and stopwatch (tinme study) and
then calculating the exposure, or automatically using a persona
noi se dosi neter. For noi se exposure determned from a sound

l evel meter - stopwatch tine study, a formula (equation 6) is
used to conpute the noise dose. Sound |evels and corresponding
exposure tinmes are not included for sound levels less than the
threshol d | evel. The noi se dosineter automatically excludes
sound | evels and exposure tinmes less than the threshold |evel.

A sinplified block diagram of a generic noise dosinmeter is shown
in Figure 1. A noi se dosineter consists of a mcrophone that
converts the sound pressure waves into an electrical signal
Amplifiers are provided to raise.the signal levels, and a

wei ghting network is used to cause the frequency response of the
instrument to approxinmate that of the ear (usually A-weighting).
The squaring device is provided so that the square of the

' 29 cCode of Federal Regul at i ons, 1910. 95( a) t hr ough
1910. 95(n).

* 30 Code of Federal Regul ati ons, Subpart F, Part 70.500 -

70.511, and Subpart |, Part 71.800 - 71.805.

?Earshen, J.J. "Sound Measurenent: |nstrunmentation and Noise
Descriptors” in Noise & Hearing Conservation Manual, 4th ed., E H
Berger, WD. Ward, J.C. Mrrill, and L.H Royster, Eds., Anerican

I ndustrial Hygi ene Association, 1986, page 67.
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pressures is neasured. The exponential averaging device provides
a FAST or SLOWNresponse. The upper limt indicator shows when a
preset level (usually 115 dBA) has been exceeded. The exponent
circuit provides a specified exponent based on the selected
exchange rate. The threshold circuit prevents any levels |ess
than the threshold from being integrated. The integrator circuit
integrates the measurement over the entire neasurenent period.

An indicator circuit displays the results. The selection of an
appropriate threshold | evel, when using a noise dosimeter, nust
be made in order to achieve a noise dose that conforns to the
specific regulatory requirenent.

M1 CROPHONE

AMPLIFIER AND
WEIG?TING

SQUARING DEV ICE
1
EXPONENT | AL

AVERAG ING
DEVICE

UPPER LIMIT
INDICATOR

EXPONENT CIRCUIT

I THRESHOLD CIRCUIT I
i

L 'INTEGRATOR ]

INDICATOR

Figure 1 - BLOCK DI AGRAM OF 1
PERSONAL NO SE DOSI METER

Most commercially available personal noise dosinmeters permt the
selection of the threshold at various sound levels. Common
threshol d sel ections are "no-threshold", 80, 85, and 90 dBA. One
selects the appropriate threshold required by the regul ation.

For conpliance purposes, both OSHA and MSHA currently require a
threshold |level equal to the regulatory criterion sound |evel of
90 dBA. However, for hearing conservation purposes, OSHA
requires the use of a 90 dBA criterion |evel and an 80 dBA
threshol d | evel.



A worker's noi se exposure or noise dose is defined in equation
(1) .

T
D(O) = 100f10[L(t)—Lc}/th
T, A

(1)
VHERE

D(Q = the percentage criterion exposure (Percentage Dose),
for exchange rate Q

T. = criterion sound duration = 8 hours;

T = neasurenent duration in hours;

t = variable of integration 1tine);

L(t) = SLOW A-weighted sound |evel (dBA), a function of tineg,
when the sound level is greater than or equal to
|, or equals -infinity

level is less than 4;
L, =

en the A-weighted sound
t hreshol d sound | evel

esho (dBA);
= criterion sound level (dBA);
Q. = exchange rate in decibels

(3,4, or 5), and
g=Q log(2) or correspondingly (9.97, 13.29,
or 16.61).

For discrete intervals of tine,

equation (1) can be rewitten as:

100 v
D(Q) =22y 10 F /A ¢, (2)
T.
wher e:
at; = Exposure time dQuring the ith time interval
and where:

Xn:Ath

2 (3)

The al l owabl e exposure tine, T,, at sound level L is given by:
TC
Tp= 5({Z-Lc) /g+1log2) ( 4)

Using equation (4) in equation (2) and noting that



1Ox=2x/log2 (5)

\\& obtain:

D(Q) 1002 At

i=1 Li

wher e
Ty = The allowabl e exposure tine during the tine interval
At, and sound level L.

The average sound |evel during the sanpling time, T, can be
expressed as:

1 = Ly/
—1-1*; 10/ DA tll (7)

T
LAVG(Q)=qLog{%1f10(“t)/q’)dt =glog
0

[t can be seen in equations (2% and (7), for a given exchange
rate Q that by changing the t reshold | evel L;, the resulting
dosage and average sound |evel changes. This becones obvious by
noting that in equations (2) and (7), the only terns included in
the summation are for those time intervals where the sound |evel
equal s or exceeds the threshold |evel.

By using equation (1) in equation (7), a direct relation between
the average sound | evel and dosage can be derived.

D(O) ,
100

TC
Layg=L ctg*log -

(8)

For a 90 dBA criterion level, a 90 dBA threshold level, and a 5
dB exchange rate this equates to:

4§0J=101.316 +16 .611*109[@#2] (9)

D(5
L,,{5)=90+16.611 *1og[-(Io—61 *

Wher e:
D = the noise dose in % _
T = the neasurement time in mnutes



Fromequation 9, the L,4(5) termwill change when noi se doses are
entered that have been conmputed or measured with different
threshol d |evels.

Determning the "allowable" exposure |level is based on three
parameters: 1) Threshold Level, 2% Criterion Level and 3)

Exchange Rate. For this paper, the definition for each paraneter
and the value currently used by the Mne Safety and Health

Adm nistration (MSHA) is assunmed unless stated. These val ues
are:

Threshold (or cutoff) Level - The noise level below

whi ch no dose is accunul ated. MSHA uses 90 dBA.

Criterion Level - The noise |evel which results in a

gose of 100 percent during an 8 hour period. MHA uses 90
BA.

Exchange Rate - The increase in noise |evel which results
én a halving of the allowable exposure tine. MSHA uses 5
BA.

There are other parameters which are set by regulation that
affect the overall noise exposure measurenment such as weighting
(MSHA uses A-weighting), and fast or slow response (MSHA uses
slow response). This paper deals only with the threshold

par anet er.

Theoretically, when a noise dosineter having a 90 dBA threshol d
I's exposed to a 90.0 dBA sound level for eight hours, the
threshold shoul d have no effect, and the resultant noise dose
shoul d be 100% On the contrary, for the sane dosineter, an
89.9999 dBA noise |level neasured for eight hours should result in
the accunul ation of no dose (0%. The threshold circuitry in
nmodern noi se dosineters is designed to operate as a step function
at the threshold level. In terms of the operation of the
dosimeter around the threshold level, an error may be introduced
into the nmeasurenent. Various standards that define and eval uate
noi se dosineter operation attenpt to limt the anmount of error
around the threshold level. In 1978, MSHA in the docunent
entitled, | | MSBHA Test Procedures and Acceptability Criteria for
Noi se Dosimeters ™" specified that when a noise dosinmeter is
exposed to a test tone of 1,000 Hz. at sound |evels of 88 dBA for
one-hour, the accurul ated noi se dose nust be 1.0 percent or |ess.
Al'so, in 1978, the American National Standards Institute (ANSI)

®Gardino, DA, Seiler, J.P., and Yen, T.Y.,"MSHA Test
Procedures and Acceptability Criteria For Noise Dosinmeters”, U S.
Departnment of Labor, Mne Safety and Health Administration
Intormati onal Report |R-1072, 1978, 11 pages.
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inits Specification for Personal Noise Dosinmeters’ included a
test for evaluatin% the threshold circuit of the noise dosineter.
An eval uation of the sharpness of the threshold is required in
the current ANSI noi se dosineter standard'.

In order to understand the inportance of the threshold and how it
operates, it is necessary to examne the operation of the
threshold for various types of input conditions. The follow ng
theoretical discussion presents an ideal noise dosineter with six
I nput scenarios. The sharpness of the threshold is assumed to be
perfect. For each case, the noise dose is determned, using
equation (6), for a high threshold |level (HTL) equal to 90 dBA
and a low threshold level (LTL) equal to 80 dSA.  The nodel
assumes a criterion level of 90 dBA and a 5-dB exchange rate.
Also, for each case, the average sound level is determned using
equation (9). The average sound level is that sound |evel over
the entire exposure time period that would yield the same total
noi se exposure (dose).

Case 1 - The dosinmeter is exposed -
to a sound level of 75 dBA for 4 CASE 1
hours and to a sound |evel
greatly below 70 dBA for the =
remai ning 4 hours of the shift. o

For Case 1, the input sound |eve
is well below both thresholds so
the HTL Dose equals the LTL Dose
and is 0. Therefore, the average "
sound |l evels are both 0.

HTL DOSE=0%
LTL DOSE=O%
HTL Layg=0O dBA e
LTL Layg=O dBA soane 71z o

‘American National Standards Institute, "American Nationa
§%$gdard Specification for Personal Noise Dosimeters", ANSI S1.25-

"Amrerican National Standards Institute, "American National
Standard Specification for Personal Noise Dosinmeters", ANSI Sl.25-
1991 (ASA 98-1991).



Case 2 - The dosinmeter is exposed
to a sound level of 89 dBA for 4
hours and to a sound |evel
greatly below 70 dBA for the
remai ning 4 hours of the shift.
For Case 2, the input sound |eve
exceeds the LTL, but not the HIL.
The LTL average sound level is 5
dB less than the input since the
sound | evel exceeded the LTL
threshold for half the exposure
tine.

HTL DOSE=O%
LTL DOSE=43. 5%
HTL Layg=O dBA
LTL L.,g=84 dBA

Case 3 - The dosineter is exposed
to a sound |evel of 95 dBA for 4
hours and to a sound |evel
greatly below 70 dBA for the
remai ning 4 hours of the shift.
For Case 3, the input sound |eve
exceeds both the HIL and LTL for
half the shift. The HTL and LTL
doses are equal, and the HTL and
LTL equival ent average sound

| evel s are equal. Again, the
average sound levels are 5 dB

l ess than the input due to the
exposure time relationship.

HTL DOSE=I 00%
LTL DOSE=I 00%
HTL Lo,,=90 dBA
LTL Layg=90 dBA

CASE 2
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Case 4 - The dosineter is exposed
to a sound |level of 100 dBA for 4
hours and to a sound |evel of 89
dBA for the remaining 4 hours of
the shift. For Case 4, the input
sound | evel exceeds both the L
and LTL for half the shift, but
for the second half of the shift,
only the LTL is exceeded. The
difference in the average HIL and
LTL sound levels is due to the

|l evel -tine relationships.

HTL DOSE=200%
LTL DOSE=243. 5%
HTL Layg=95 dBA
LTL L,ye=96.4 dBA

Case 5 - The dosineter is exposed
to a sound |evel of 100 dBA for 4
hours and to a sound |evel of 95
dBA for the remaining 4 hours of
the shift. For Case 5, the input
sound | evel varies in each hal

of the shift, but exceeds the
threshold in all cases. The HTL
and LTL doses are equal as are
}helkﬁL and LTL average sound

evel s.

HTL DOSE=300%
LTL DOSE=300%
HTL La=97.9 dBA
LTL Layg=97.9 dBA

110

CASE 4

110

CASE 5




Case 6 - The dosineter is exposed
to a sound level of 100 dBA tfor
the entire 8-hour shift. For

CASE 6

Case 6, the input sound I|evel w0
exceeds both the HTL and LTL for =

the entire shift. The HTL and -
LTL doses are equal as are the

HTL and LTL average sound |evels.

HTL DOSE=400%
LTL DOSE=400% .
HTL La,q= 00 dBA
LTL Layg=l 00 dBA

Table 1 summarizes the noise dose and average sound |evels for
each of the six input scenarios for both high and |ow threshold

condi ti ons.

Table 1 - Conputed Noise Doses and Average
Sound Levels for the Six Input Scenarios as a

Function of the Dosineter Threshold

CASE HTL DOSE LTL DOSE HTL Lg LTL L
% % dBA dBA

1 0 0 0 0

2 0 43.5 0 84

3 100 100 90 90
4 200 243.5 95 96. 4
5 300 300 97.9 97.9
6 400 400 100 100

From this theoretical discussion, the follow ng can be concl uded:

0 The LTL dose and LTL average sound |evel nust always equal
or exceed the HTL dose and corresponding HTL equival ent
average sound |evel since the sound |evels between the two
thresholds are integrated into the LTL dose and average

sound | evel.
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0 For the HIL dose and correspondi ng average sound |evel to
equal the LTL dose and correspondi ng average sound |evel,
al'l instantaneous sound |evels nmust exceed the highest
threshold or be below the |owest threshold for the entire
shift, i.e, no part of the sound |evel tenporal distribution
can be between the two threshold |evels.

As can be seen fromtable 1, the resultant doses and average
sound levels can vary during the course of an occupational noise
exposure measurement when a noi se dosineter is used. Know ng how
to select the proper threshold and how to interpret the data is
crucial when evaluating the results of a noise dosineter

measur enent .

FI ELD EXPERI MENT

MBHA coal mne inspectors are required to conduct full-shift

noi se surveys on mners that work in surface and underground coal
mnes to determ ne non-conpliance to the MSHA noi se standard.

Upon the conpletion of each survey, the results of the survey are
to be reported on a MSHA 2000-84 Environnental Noise Report Form
with a copy being sent to MSHA's Physical and Toxic Agents
Division, Pittsburgh, PA.  This data is conputerized and a

conpl ete description of the program including a sunmary

anal ysis, has been published in the literature'.

In conducting this inspection work, noise dosineters are used for
field noise surveys. MSHA uses two nodels of noise dosineters in
its enforcenent program One type of dosineter has the
capability of simultaneously performng both the H gh and Low

t hreshol d noi se dose cal cul ati on. Over a three-year period, MSHA
I nspectors were asked to report both the high and |ow threshold
dose readings.

There were 2631 instances where the coal mne inspectors reported
data containing both the high and |ow threshold noise doses. The
HTL and LTL doses were entered into a conputer spreadsheet. The
dose difference was determned for each instance. The average
sound |l evel was calculated for each HTL and LTL dose, using
equation (6) (assumng 480 mnutes exposure time). Additionally,
the mean and standard deviation values were conputed across the
2631 HTL doses, LTL doses, Dose differences, HIL Lag LTL Lavg
and Lgg  The summary statistics are shown in Table 2.

‘Seiler, J.P., Valoski, MP., and Crivaro, MA, "Noise
Exposures in U S Coal Mnes", US. Departnent of Labor, M ne
S?fetyggnd Heal th Adm nistration, MHA Infornational Report IR
1214, 1994..
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TABLE 2 - Summary Statistics for the 2631 Field
Noi se Dosinmeter Surveys

PARAVETER MEAN STANDARD DEVI ATI ON
HTL DOSE (% 83.3 97.2
LTL DOSE (% 103. 4 95. 4
DOSE DI FFERENCE (% 20. 1 15. 1
HTL Lag (dBA) 85. 2 7.9
LTL Lq (dBA) 88. 1 5.9
Ly (dBA) 2.9 3.1

Table 2 shows that, on the average for the 2631 data points, the
difference between the HTL and LTL doses was 20.1% |t also
showed that there was a wi de spread anong the dose neasurenents.
In terns of average sound level, the HIL and LTL equival ent
average sound levels differed by 2.9 dBA with a standard
deviation of 3.1 dBA

Figure 2 is a scatter plot of the HTL L., versus the LTL L, data
points for all 2631 data points. The ?raph shows the spread of
the data. It also shows the effect of integration of the sound

| evel s between 80 - 90 dBA. The data points are all to the |eft
of the line where HTL L., = LTL L4 Where the LTL L4 is equal to
or greater than the HTL L,, The spread in the data decreases
significantly once the sound |evels exceed the HIL threshol ds as
shown in the graph beyond HTL L, val ues of 90 dBA.

12



LTL Lavg VS HIL Lavg
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FIGURE 2 - SCATTER PLOT OF COLLECTED AVERAGE SOUND LEVEL DATA

Figure 3 presents the distribution of the average sound |evels
for the entire data base.

HTL & LTL Lavg DISTRIBUTION
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FIGURE 3 - DI STRIBUTION OF HTL-LTL DATA
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Figure 4 presents the cunulative distribution of the average
sound levels. As can be seen, the cumulative distributions
diverge at levels around and bel ow the high threshold (90 dBA).

As expected, the cunulative distributions converge above the high
threshol d |evel

HTL & LTL Lavg CUMULATIVE DISTRIBUTIONS

120

100

CUMULAT IVE PERCENT

1

» > 1 1 1 2 n
30 3 [ 1:] 83 70 kL 8o s L o3 el 103 110 hhtH

Lavg (dBA)
—-HTL ——LTL

FIGURE 4 - CUMULATI VE DI STRI BUTI ON OF
HTL-LTL DATA

Anot her manner in which to examne the effect of thresholds on
noi se exposure neasurenents is to determne the percentage of

measurenents that exceeds a specified noise exposure |evel for
the various thresholds. This information is shown in Table 3.
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TABLE 3 - THRESHOLD EFFECTS IN THE EXCEEDANCE OF SPECI FI ED
NO SE EXPOSURE LEVELS

EXPCSURE LEVEL LTL DOSE HTL DOSE
(% DOSE) NO. SAMPLES 2 NO. SAMPLES 2
EXPOSURE LEVEL EXPOSURE LEVEL
(% OF SAVPLES) (% OF SAVPLES)
0 556 380
132% (21. 1% (14. 4%
100% 961 6 8 7 |
(36.5% (26. 1%
66% 1722 1223
(65.5% (46. 5%
50% 2051 1532
(78.0% (58.2%
\
OTE. INE NUMDer or_sanpi es S taken wtn noi se dosineters
wth dual thresholds. iy are cost NoTse SHTVEY

It can be seen that as the exposure |evel increases, the
percentage difference between HTL Dose and LTL Dose decreases,
I.e., as the dose goes up, the sound levels that are integrated
eﬁpfed the HTL threshold a greater percentage of time of the
shift.

Consider the follow ng hypothetical situation: The regulatory
requi rement for the institution of a hearing conservation program
(HCP) could be triggered by noise dose neasured with a dosineter
having a 90 dBA criterion level and 5 db exchange rate at a dose
of 50% Fromtable 3, it can be concluded that 78% of the noise
exposure surveys would indicate the need for a HCP if the

requi rement was to use an .80 dBA threshold level. Aternatively,
if the requirement was to use a 90 dBA threshold |evel, 58.2% of
the noi se exposure surveys would indicate the need for a HCP .
Significantly, an additional 19.8% of the surveys would require
HCPs dependent on whether the high or low threshold |evels were
used to trigger the HCP requirement. The decision of which
threshold | evel to use should be based on the damage-risk
criteria that are inplicitly accepted and nust be taken into
account in the survey nethodol ogy.
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CONCLUSI ON° AND RECOMMVENDATI ONS

The use of average sound level, L., data based on back

calcul ations from dosinetry data shoul d be viewed with caution.
The threshold setting of the dosinmeter and the tenporal
distributions of the sound |levels across the threshold level in
conjunction with the exposure times above and bel ow the threshold
level will have a large inpact on the noise dose and
correspondi ng average sound |evel.

Noi se exposures (doses) and average sound levels collected with
instrunents having differing thresholds cannot be directly
conpared. The data collected with a |ower threshold wll always
be greater than or equal to that collected with the higher
threshold. Additionally, data distributions and curul ative
distributions fornmed from measurements having differing threshold
| evel s cannot directly be conpared.

The follow ng recommendati ons shoul d be foll owed:

1. When performng a dosinmeter neasurenment for conpliance
reporting purposes, the threshold Ievel specified in the

regul ation should be used with the understanding that any average
sound level that is determ ned has associated |imtations.

However, when dosineter surveys are performed that do not have to
be reported to a regulatory agency, and a nore conservative
estimate than that assunmed in the regulation is desired, then a
threshold | evel |lower than the one required in the regulation or
no threshold | evel may be used.

2. |If the desired objective of a dosinetry neasurenent is .to
correl ate back-cal cul ated average sound |evel neasurenments with
average sound |levels collected with sound |evel neter type
instrunments or tape recorded data, then no-threshold or at |east
a threshold setting 20 dBA or nore |lower than the sound |evels
bei ng measured should be used. The purpose of this
recommendation is to mnimze the threshold effect on the average
sound | evel determ nation.

3. If the desired objective of conducting a dosimeter survey,
using a dosineter with dual threshold capabilities, is for both
pur poses shown above in 1 and 2, then the thresholds should be
set accordingly.
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