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ABSTRACT

Objectives: This study aimed to identify a priority process for noise control in a food manufacturing plant and
evaluate changes in work—area noise levels before and after engineering improvement of a pneumatic unit.

Methods: Personal exposure noise data from semiannual workplace monitoring conducted from 2023 to 2025
were reviewed by process. Maximum measured noise level, A-weighted equivalent sound level, and the
proportion of measurements >85 dB(A) were calculated. A questionnaire of 130 workers assessed noise
perception, near—equipment work, hearing protection use, and work-related effects. Based on these findings, the
ice cream bar-line process was selected as the priority target. Noise levels at 23 fixed locations and 1/3
octave—band spectra were compared before and after engineering improvement.

Results: Among 109 personal exposure measurements, the ice cream bar-line process showed the highest
maximum measured noise level, A-weighted equivalent sound level, and proportion of measurements >85 dB(A).
The high—noise process group also reported more frequent work near loud equipment and greater work-related
burden. After engineering improvement, the A-weighted equivalent sound level across 23 fixed locations
decreased from 86.52 to 80.84 dB(A), and locations with levels >85 dB(A) decreased from 14 to 0. Octave-band
analysis showed reductions around 1 kHz and in high—frequency bands near the improved pneumatic unit.

Conclusions: Integrating exposure metrics with worker—reported experience was useful for identifying the priority
target for noise control. Engineering improvement effectively reduced work—area noise levels in the food
manufacturing plant.

Key words: Engineering improvement, food manufacturing, occupational noise, pneumatic unit, workplace noise
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Group Survey Noise Target Engineering Effect
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Figure 1. Study workflow for group classification, process selection, and effect evaluation
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Table 1. Questionnaire domains and items
Category Question
Q1. Age group
General characteristics Q2. Work experience in the current process / job

Q3.

Department / process

Q4.

Frequency of exposure to loud equipment noise

Qb.

Noise exposure perception

Frequency of working within 1 m of loud equipment

Q6.

Difficulty communicating at a 1 m distance during work

Q7.

Hearing protection use

Frequency of hearing protection use during work

Q8.

Increased need for re—checking or repeated communication due to noise

Work-related effects of noise

Qo.

Difficulty maintaining concentration or increased fatigue due to noise

Improvement priority

Q10. Highest priority for reducing workplace noise

* Cronbach’s a for items Q4-Q9 was 0.69.
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Figure 2. Major process stages of the ice cream bar-line
process
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Figure 3. Measurement layout and standardized measurement geometry in the ice cream bar-line process
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Table 2. General characteristics of survey respondents by process group

Variable Category Total n (%) HNLG™ n (%) LNLG" n (%)

20s 8 (6.2 7 (11.3) 1 (1.5

30s 37 (28.5) 19 (30.6) 18 (26.5)

Q1. Age group 40s 37 (28.5) 20 (32.3) 17 (25.0)
50s 45 (34.6) 16 (25.8) 29 (42.6)

>60 years 3 (23 0 (0.0 3 (4.4

{6 months 2 (1.5 2 (3.2 0 (0.0

6 months ~ 2 years 15 (11.5) 8 (12.9 7 (10.3)

' . 2~5 years 18 (13.9) 11 (17.7) 7 (10.3)

Q2. Work experience in the 5 10\ oar 19 (14.6) 10 (16.1) 9 (13.2)

current process / job

10~15 years 20 (15.4) 12 (19.4) 8 (11.8)

15~20 years 7 (5.4 6 (9.7 1 (1.5

>20 years 49 (37.7) 13 (21.0) 36 (52.9)

Ice cream production 62 (47.7) 62 (100.0) 0 (0.0

Snack / oily foods production 28 (21.5) 0 (0.0 28 (41.2)

Maintenance and utilities 16 (12.3) 0 (0.0 16 (23.5)

Q3. Department / process QC and R&D 7 (5.4 0 (0.0 7 (10.3)
Food team 7 (5.4 0 (0.0 7 (10.3)

Packaging 7 (5.4) 0 (0.0 7 (10.3)

Others 3 (23 0 (0.0 3 (4.4

* HNLG: High noise level group, * LNLG: Low noise level group

A 25936800 ehdth Q5 BYIHE A (53.3%, A T 138(19.1%°190m(p<0.001),
o WY SUS 1Ak B MREOLYO, 4G W A7 it A ZHEHQE Pl
TAT 29QOWOINT, F 18] ol THAY Mg & 1S TP IIF Ex W9 Ik Sl
2 77 50%(05.2%), 248(35.3%01ck. olEiEt A 24W(38.7%0R A4 AT 9¥(13.2%5T &
P 312G FHDOIA £ A¥ FW AYY 1 m oF fUZ Kol7k AAHLHp=0.001). ¥ £& A
ol o] o WIS o|RolX Yee vk 7 S8} 7Fg SAislelok sk FRQIOIHE
gt T ER MM S 7Kg del Adstai, A

1 m 7AZoNA 9] AT Qo= + & H A T

olo
f
Hu:

Iz 2ol 89J5A] rtH(p=0.405).

o|7} foloHAl UEHTHp=0.008). TAE FFTolA] LaF FHEE Adg 34T vle] &5 dH] F
SR ol E= e ofdtk SH2 248(38.7%) M AUt 1m oW AR WAt o w9k, o
02 Ahg 3479 119(16.2%0)H0 w931, 'HE  &F o, W AALE S7h HE At H HE
& Zt 35 ol Sk 47 378(59.7%), 2278 S7I9 22 A}] wH FEE © w2 FEEUIH. of
(32.4%) 22 Aol Hth. AHESF A& WEQ7) = Avk= AR 43 A 52 Y FH 5
Al BT 1 A7t FofRttH(p<0.001). AAg A FA AT BVt 9E2 HolEtHEoh et al,
TREoNe Y A8 S HlEol 33W(3.2%2  2011). ERF 1AE ATl FHEST 28 e

2 A4S 3HRO 49G.o0E UL, Wl A 7h o A Uehd S 48 B A4 Bt 3
3 o SUL A4S FHLOIM 26W(G82NOE  UHST HG, AL o), A 87 g HEnE
A BT SHE.LWHT Sk EF 4202 P9k Belo] 9L UERITKKoo et al., 1998). oF
QI8 el i wh ojAkaFol ZTRIACKQEE & e oleiRt Au A9l SES] AT Y 14
oAl Tk Eb wle IRthE WA BT 33Y 9N AU AU FYRE BE Asiel ol
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Table 3. Key questionnaire responses by process group

Variable Category Total n(%) HNLG n(%) LNLG n(%) p-value®
Almost daily 83 (63.8) 50 (80.6) 33 (48.5)
04, Frequency of 3-4 days/week 15 (115 7 (113) 8 (1.9
exposure to loud 1-2 days/week 6 (4.6 4 (6.5) 2 (29 <(0.001
equipment noise 1-3 days/month 15 (115) 0 (0.0) 15 (22.1)
Never 11 (8.b) 1 (1.6 10 (14.7)
Almost daily 46 (35.4) 44 (71.0) 2 (29
Q5. Frequency of 2-3 times/week 17 (13.1) 8 (12.9) 9 (13.2)
working within 1 m  Once/week 20 (15.4) 7 (11.3) 13 (19.1) < 0.001
of loud equipment  1-3 times/month 29 (223) 1 (16 28 (412
Never 18 (13.8) 2 (32 16 (23.5)
Extremely difficult 6 (4.6 6 (9.7 0 (0.0
Q6. Difficulty Very difficult 29 (223) 18 (290 11 (162)
communeatnd  Moderate 24 (185 13 (21.00 11 (162)  0.008
during work Slightly difficult 39 (30.0) 14 (226) 25 (36.8)
Not difficult 32 (24.6) 11 (17.7) 21 (30.9
Always 37 (28.5) 33 (53.2) 4 (5.9
Q7. Frequency of hearing Often 22 (16.9) 15 (24.2) 7 (10.3)
protection use Sometimes 14 (10.8) 6 (9.7 8 (11.8) (¢ 0.001
during work Rarely 26 (2000 3 (48 23 (338
Never 31 (23.8) 5 (8.1) 26 (38.2)
08. Increased need for Strongly agree 16 (12.3) 13 (21.0) 3 (44
re-checking or Agree 30 (23.1) 20 (323) 10 (14.7)
repeated Neutral 30 (23.1) 15 (24.2) 15 (22.1) < 0.001
communication Disagree 22 (169 10 (16.1) 12 (17.6)
due to noise :
Strongly disagree 32 (24.6) 4 (65 28 (41.2
Strongly agree 12 (9.2) 9 (14.5) 3 (44
Q9. Difficulty maintaining Agree 21 (16.2) 15 (24.2) 6 (88
concentration or - \je ira| 38 (2929 19 (30.6) 19 (27.9)  0.001
increased fatigue
due to noise Disagree 29 (22.3) 14 (226) 15 (22.1)
Strongly disagree 30 (23.1) 5 (81 25 (36.8
Engineering controls 75 (57.7) 38 (61.3) 37 (54.4)
. o Strengthening hearing protection use 24 (18.5) 8 (12.9 16 (23.5)
Q10. Highest priority Education / signage / campaigns 8 (6.2 5 (8.1) 3 (4.4

for reducing 0.405

workplace noise ~ Work-method improvements 10 (7.7) 6 (9.7
13 (10.0) 5 (81)

N

(5.9

Enhanced health surveillance / (11.8)

follow—-up

[0}

* HNLG: High noise level group, * LNLG: Low noise level group, T p ¢ 0.05

g7}t LS HoFEHPark et al., 2019). o)== 7
Ho zguto 2= A F AEE &S l‘i—%
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Table 4. Process—-level summary of workplace noise measurements (2023~2025)

Process No. of MaXIrr:)Lijsne] gs:fured Aegt\ﬁglgtr?td Proportion0285 dB(A).
BN, [ dB(A) sound level, dB(A) (%)
'(‘éearflrienaempgé’ed:g'o” 23 935 87.16 69.6
'(‘;‘ﬁ”g;e/ﬂgcggﬂgt'on 18 92.9 86.04 5.6
Ice cream production (Utility) 8 89.1 83.89 25.0
'(fr?ggjlaer;‘tsp/ﬁ?xulﬁg;)” 10 884 83.93 20.0
Ice cream production (Washing) 6 87.2 82.77 16.7
Production support / Maintenance 5 84.7 81.27 0.0
Packaging 1" 84.7 80.88 0.0
Logistics 6 83.2 79.72 0.0
Oily foods production 8 83.1 80.52 0.0
Snack 6 82.8 79.70 0.0
QC / R&D 4 82.2 79.54 0.0
Office / Administration 4 73.9 72.75 0.0
3. MYPAAEZH V|8t SHE A T oz SRIERH o2t it A5 &35
AATAEA &2 2HE T4 S92 FEd 47 k=E2VIE 2 oFE A AEste] HEuilE B
= Table 49} 2tk T 3dze] AQeA=d A7 @ WAt ASS FHHAHKim et al, 2020). EF
BIAS BFOR F 12) AN uE 10049 AR B4 v deEg TRAT AUES 9
MAeZ 7|8t 574 29 SHUE EF6t 7 373 A Fa7t ks Ae 9ol AtiKang, 2023).
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Z HE 69.6%= HA T T 7P w4t ol 5l
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%3 vhEAo 2 WIFE TS BojEt Wit A
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Figure 4. Engineering improvement applied to the pneumatic unit in the ice cream bar-line process
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Table 5. Paired A-weighted equivalent sound levels at 23 fixed locations before and after engineering control in the ice cream

bar-line process

Measure Pre-intervention Post-intervention Reduction 95% Cl, dB p-value
A-weighted equivalent N
sound level, dB(A) 86.52 80.84 5.68 494 ~ 6.42 { 0.001
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Figure 5. Pre— and post- intervention 1/3 octave—band spectra measured at (a) a representative fixed location in the work area

and (b) the front of the improved pneumatic unit
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