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Subjective annoyance from exposure to low frequency
noise of semiconductor manufacturing in the

packaging and testing processes

Pao-Chiang Chao' %, Chiou-Jong Chen’®, Ta-Ho Tsao*, Yu-Tung Dai’, Yow-Jer Juang®

1. School of Public Health, Taipei Medical University, Taipei, Taiwan

2. Department of Occupational Safety and Hygiene, Tajen University, Pingtung, Taiwan
3. Institute of Occupational Safety and Health, Council of Labor Affairs, Taipei, Taiwan
4. Department of Occupational Safety and Health, Chung Hwa University of Medical
Technology, Tainan, Taiwan

5. Department of Occupational Safety and Health, Chang Jung Christian University,

Tainan, Taiwan

Background/Aims: Subjective annoyance from exposure to low frequency noise is
more prevalence due to bulk machine or facility installation in indoor acoustic quality
assessment. The purpose of this study is to propose criteria for the judgment of low
frequency noise annoyance in the integrated circuit (IC) industry based on RC Mark II

noise rating by octave-band frequency analysis.

Methods: On-site survey of octave-band frequency in the range of 1 Hz - 16000 Hz was
measured by sound analyzer in according to the locations of workers' complaint. All
these data were utilized to figured out A-weighted, C-weighted sound pressure levels
(20 Hz - 20000 Hz), room criteria (RC) and sound pressure of LF (16-63 Hz), MF (125-
500 Hz), and HF (1000-4000 Hz).

Results: The difference between C-weighted and A-weighted sound pressure levels
greater than 8 dB and low frequency noise (its spectrum in 16Hz - 63Hz) above 65 dB

indicated significantly subjective annoyance of exposed worker.

Conclusion: In this study, the following criteria were proposed to find the source of
workers' annoyance caused by exposure to low-frequency noise. 1. C-weighted sound
pressure level is 10 dB greater than A-weighted sound pressure level. 2. Noise in the
low frequency range (16Hz - 63Hz) is greater than 65 dB. 3. LF >MF >HF.

Keywords: room criteria curve, integrated circuit industry, low-frequency noise
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Does Traffic Noise Explain the Association of
Residential Proximity to Traffic With coronary

Artery Calcification?

Anja Viehmannl, Susanne Moebusl, Stefan Méhlenkampz, Michael Nonnemacher',
Nico Dragemo3 , Hermann Jakobs4, Christoph Kessler4, Raimund Erbelz, Karl-Heinz
Jéckell, Barbara Hoffmann'

1. Institute for Medical Informatics, Biometry and Epidemiology, University Hospital

of Essen , Essen , Germany

2. Department of Cardiology, West German Heart Centre of Essen, University
Hospital of Essen , Essen , Germany

3. Institute of Medical Sociology, Medical Faculty, University of Diisseldorf,

Diisseldorf , Germany

4. Rhenish Institute for Environmental Research at the University of Cologne ,

Cologne , Germany

Background/Aims: Residential proximity to high traffic, a major source of noise and
fine particle exposure, has been linked to atherosclerosis. We investigate, whether the
association of traffic proximity and coronary atherosclerosis can be explained by

chronic traffic noise exposure.

Methods: We used baseline data (2000-2003) from the Heinz Nixdorf Recall-Study, a
population-based cohort of 4814 participants living in three cities in Germany. We
calculated the distances between participants” home address and federal and state
highways. For long-term traffic noise exposure we used categorical noise map values
(according to the EU-directive; 2002/49/EC) and assigned these to the participants’
home addresses. Main outcome was coronary artery calcification (CAC) measured by
electron-beam computed tomography. We used multiple linear regression to
investigate the association of exposure to traffic noise with CAC, controlling for
gender, age, education, occupation, smoking, waist-hip ratio, physical activity, LDL,

statins, urban background PM2.5 and city.

Results: Distance to federal and state highways and exposure to traffic noise were
only weakly correlated in this urban setting (r=0.3).No consistent association was

observed for weighted daily mean (Lden) or night-time traffic noise exposure with

14



CAC (N=4249). We estimated CAC to be 3.2% higher (95%CI -26.0-43.9%) for the
highest traffic noise category (Lden >70 dB; n=192) compared to the reference group
(When noise was included in the model for distance to major roads, the estimate for
distance and CAC did not change substantially [without noise: 12.3% increase
(95%CI 2-21.5%) in CAC for a reduction of the distance by half; including noise in
the model: 14.5% (95%CI 3.7-24.1%)].

Conclusion: With our current traffic noise exposure data we were unable to show the
effect of traffic noise on the biological variability of CAC. Further analyses including
residential characteristics and investigation of more refined noise exposure data are

ncecessary.
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Does traffic noise explain the association of residential proximity to traffic

:2.; Untersititsklinfkum fs

with coronary artery calcification?

Anja Viehmann', Susanne M
, Christoph Ke:

s', Stefan Mohlenkamp?, Michael Nonner
ler', Ralmund Erbel®, Karl-

cher', Nico Dragano?,
, Barbara Hoffmann'

on behalf of the Heinz Nixdor! Recall Investigator Group

= Residential proximity to high traffic has been linked to coronary and aortic
atherosclerosis (Allen 2009, Hoffmann 2007)

« Residential proximity to high traffic is a major source of noise and fine and
ultrafine particle exposure, which are both related to cardiovascular disease:

B Chromc noise exposure from road traffic is weakly associated with
wessure and hypertension, one of the most important risk factors of
alhemsclamsns (Babisch 2008)
+ Chronic fine particulate matter exposure is associated with
thersclencis, (Bauer 2010, Kinali 2010)

« Itis unclear, which pathogenic factor is responsible for the observed association
of road proximity with atherosclerosis

Objective

To investigate, whether the association of traffic

proximity and coronary atherosclerosis

can be explained by chronic traffic noise exposure

Heinz Nixdorf Recali Study HEINE e
» Population-based prospective cohort study
+ Random sample from 3 large adjacent German cities
(highly urbanized region, ‘Ruhrgebiet’) )
+ 4,814 participants aged 45-75 years RECALL
+ Usa of cross-sectional baseline data (2000-2003) wmmﬁ;m

Outcome
+ Coronary calcification score (CAC), measured non-invasively with
electron-beam computed tomography (EBCT)
. EBCT isa nlghly mprmucﬂnle and accurate  measure of coronary
well with risk factors and

predicts clinical avenls
*Modeled as natural logarithm of CAC score +1, accounting for the

skewness of the distribution
Exposure
1] i ffic:
+ Proximity of participants* home address to federal and state highways
+ Modeled conti ly as natural log of distance, > 400 m sat 1o 400 m
Long-term road traffic noksa:

+ Noise map values were provided by the three cities of the study area
* Modeled according to the EU-directive; 200249EC

* Yearly mean of 24h mean daily road traffic noise (L)
» Categorical noise map values with lowest as reference [<55,56-60;61-70,>70 db (A))

* Noise model based on the following nolse-relevant determinants:
-Small-scale topography of the area
-Dimensions of buidings
-Noise bamlers
-Streat axis
-Vehicle-type specific traffic density
-Speed limit
-Streel surface

Statistical Analysis

* Analysis of 4 248 participants with valid data on road proximity, noise exposure, outcome and
covariates

+ Cormelation of exposures (check for co-inearity)

+ Multiple inear regression
-Road traffic noise (L) as main exposure for crude and fully adjusted model (gender, age,
education, econcmic activity, smoking, diabales

meliitus, waist-Hip ralio, physical activity, LOL, statins, region, city; blood
pressure, and antifyporansive medcation ware included in a separale sep)

-Inclusion of road proximity and road traffic nolse in one model
-Additional inclusion of urban background fine PM in above specified model

. analysis: axcludi with coronary heart disease (CHD)
* All results are given as %-change in CAC-Score

* Results that are related to models including proximity to major roads are presented as %-change
in CAC-Score per reduction in the distance between the residence and a major road by half

it L
Age mean (S0) 568 (7.8)
Malo sox, n (%) 2080 (45.2)
CAC median [Q1; Q1)
Men TS (T.2.587)
Women 2.3(00; 453)
Smoking status, n (%)
Never smoker 1,785 (42.3)
Ex-smoker 1479 (345)
Smoker 975 (23)
Education n [%)

=10 yoars 478(11.3)
11-13 yoars 2372 (55.8)
14-17 yoars 952 (224)
z1Byoars 445 (10.5)
Coronary beart dissase, n (%) 267 (6.8)
Antihypertensive medic., n (%] 1545 (367)

4000 4,000 38
1500 3500
000 3000
2500 250
Z 2000 = 2000
1500 Lii 150 =
1000 1.000 -
0 0TI 1t
0 0
<b§ 121 B1T0 >T0 <=50m >50m- >100m- >160m- >20
» Fig. 3: Distribution of study population for 100m  180m  200m

98 (A) (L. Distarce Io foderal and state
Fighways and exposure to raffic noise were.
In this urban sefting [r=0.3}

# Fig. & Dastribution of study population for

"

Py

s888

Effect of road traffic noise (L) on
coronary calcification. Crude and fully
adjusted models with gender, age, oducation,
occupation, smoking, WHR, physical activity, LDL,

b e g

£ 2

statins, region, and ciy
Lden E6-50 dB [A) Lden €1-T0 dB (A) Lden >70 dB [#
# Fig. & Percont change in CAC-Score por road traffc noise
L) and with lowest catogory (<=55 0B (A)) as refere
F]
g
3 £
ge [ ]
Effect of road proximity on coronary Uy o8 1.0 11.0
calcification. Model 2 also Includes road 2,
traffic noise, model 3 additionally €5 1
includes long-term PM2.5 at the e
residence. Al modals adjusted for gander, sge, #
‘educalion, occupation, smoking, WHR. prysical sctivey, 5
LOL. siuin, regio. wnd cly. road prosimity  includes road  includes long-
(Model 1) traffic noise term PMLS
Model 2) (Model 3)
» Fig. : Percent change in CAC-Score for a reduction of distance
betwoan the residence and a major road by haf

Result of sensitivity analysis: For . tha % change in CAC-Score was higher [14.0% (95% C
0.9%:28.0%]] than for [10.3% (85% CI: -1.3%;23.0%)). The estimate is only significant for

men. Excluding paricipants with C 00 did nol change the estimate: 12% (95% C1:-3.0;22.0).

Discussion

* We ware not able to explain the b d lation between residential proximity
o & major road and arterial wall with chronic 1o traffic noise, as modeled
according to EU standards
+ Possible Include | i pemnal noise esti methods due to missing

of residential or p 1 stvius
due o relocations, newly built nulse bariers along fedsra! highways which reduce modeled nols
exposure, or absence of a affect of mod traffic noise exposure ¢
late stages of as d by coronary calcificat
« Limitations include no inft on (type of windows, location of

living room / bedroom, ventilation habits), other noise sources related 1o this urban setting (shop
soclal noise”), and no of hearing impal Furth we did not take nolse
annayance info account

+ Strengths include a well examined study population, precise and reliable assessment of
cononary and the best avallable nolse model

* With our current traffic noise exposure data we were unabila lo show the effect of traffic noise

on the biological variability of CAC

+ Further analyses includi h risth
exposure data are nsudad

and etk

of more refined noise

2 . ot U O e 4, A, B .o A, 08
1 3068 T

-o-u-n Ut 5. Ukt 8. Sian . Lo . Craans .ot ol
[ L L T S "

o e

Colssen. 3307 1188

Wi M, U, Qi Exratian . flatagade 7, fuch semmare 5, Gl . 08 o

P v, JEALST o

anja.viehmann@uk-essen.de

Funded by DFG JO 170/8-1 and by the Heinz Nixdorf foundation, Essen, Germany and the VW Foundation

16



