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Risk assessment of noise-induced hearing loss among workers in a ship maintenance enterprise
in Guangdong Province ZHANG Min-hong, LI Tian-zheng, TIAN Dong-chao, QIU Hai-li, YANG
Guang-tao, XIE Zi-huang, ZHOU Wei (Institute of Occupational Health Assessment, Shenzhen
Prevention and Treatment Center for Occupational Diseases, Shenzhen, Guangdong 518020, China)
Abstract:

[Background] Noise hazards of ship maintenance companies are serious and the noise
environment is complex and changeable. It is difficult to assess the risk of hearing loss caused by
noise exposure of workers.

[Objective] This study is conducted to assess the risk of hearing loss caused by noise exposure of
workers in a ship maintenance enterprise in Guangdong Province.

[Methods] A total of 446 noise-exposed workers from a large ship maintenance enterprise
in Guangdong Province in 2018 were selected as study subjects, and were asked about their
general information and work conditions. An individual noise dosimeter was used to measure
noise intensity, to estimate the equivalent continuous A-weighted sound pressure level, and then
converted to a nominal 40 h working week (Lexw) and a cumulative noise exposure (CNE) for each
workstation. The risk assessment method of ISO 1999: 2013 was used to calculate the change
of hearing threshold level and the risk of hearing loss for each workstation, followed by the risk
classification according to the AQ/T 4276-2016 Guidelines for Risk Management of Occupational
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Noise Hazard. Pearson correlation analysis and partial correlation analysis were used to analyze the relationships of hearing loss risk with
CNE and exposure years.

[Results] The Lexw of all workstations exceeded the national occupational exposure limit. With the increase of CNE, the positive rate of high
frequency hearing loss and the risk of occupational noise-induced deafness were increased (P <0.05). Both the levels of high frequency
hearing loss of either ear and occupational noise-induced hearing loss of either ear had positive correlations with CNE and exposure years
(r=0.142-0.182, P<0.05), but there were no correlations with Lexw. The permanent hearing threshold shift induced by noise exposure of 90%
workers (Ngo) was increased with the extension of exposure years (P<0.05) and predicted age (P<0.01), but Ny, and Nso had no correlations
with exposure years and predicted age. The risk of high frequency hearing loss of the employees was increased with the extension of
noise exposure years (r=0.721, P<0.01), and was positively correlated with noise intensity (r=0.653, P<0.01). The risk of occupational
noise-induced deafness of the employees was increased with the extension of noise exposure years (r=0.615, P<0.01), and was positively
correlated with noise intensity (r=0.609, P<0.01). The risk levels of various workstations were increased with the increase of exposure years.

[Conclusion] The noise exposure intensity of noise-exposed workstations in the selected ship maintenance enterprise exceeds the national
occupational exposure limit. The risk and severity of hearing loss increase with higher CNE and extension of years of noise exposure in each

workstation.

Keywords: ship maintenance; hearing loss; noise; permanent hearing threshold shift; hearing threshold level; risk assessment

MR R—MERNSEEHTIE, EHETIE
RNEN TEEIZamAaRERE, BEEFEL
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Table 1 Noise exposure levels of main noise exposure workstations of a large ship maintenance enterprise in Guangdong Province in 2018

i A& BUAN  OhSRER  RRAERERE/ (68 () F) /% RBEN/F

Workstation Number Monitoring sites Lex, w/dB (A) CNE/ [dB (A) year] Age/years Exposure years/years
=4 El (Transport driver) 132 6 91.40+4.74 98.03+4.04 39.0947.35 8.27+4.51
€T (Iron worker) 43 19 92.61+5.43 99.78+3.73 33.9348.58 6.35+4.00
R I (Cutting worker) 17 4 94.35+8.70 100.67+3.57 34.00+8.79 5.60+3.89
12T (Welder) 45 18 91.98+7.17 100.21+3.23 34.59+8.21 7.23+4.35
FREET (Painter) 28 26 94.20+7.93 101.31+4.57 31.75+3.90 6.50+3.60
40T (Bench worker) 57 6 85.65+3.47 93.28+4.35 32.08+8.95 7.47+5.24
B3 T (Electrician) 41 6 90.461.77 99.36+3.83 35.02+9.28 7.54+5.16
$AT (Copper worker) 36 6 89.50+8.35 97.43+3.48 32.7349.35 7.22+4.05
fifiZE T (Outfitter) 15 8 90.79+8.05 99.04+3.34 31.50+8.03 5.31#3.63
Z*T (Chore man) 32 18 94.96+8.93 104.63+4.28 39.79+8.82 9.48+3.60

2.2 WHEMIF ARk R ER L 1R E X S

Ze IR EEAR VR A BN E &0 iRk
HER R ARV M IR A B XL Fo i HH 2R e CNE RIS D = T8
i (P<0.05)0 WK 2,

R2 2018 REFEARBEM RRNREREES
Uiwaki PN eSS
Table 2 Relationship between cumulative noise exposure and
hearing loss in a large ship maintenance enterprise
in Guangdong Province in 2018
WE ST 5k

High frequency hearing
loss in both ears noise-induced deafness
CNE/ examination

[dB (A) -year]  population AR o ihee A# e
Number Positive rate/% Number Positive rate/%

RV M IR A & XS
Risk of occupational

RRRERBE/ BEAK
[dB (A) - £E] Physical

90~ 57 4 7.02 1 1.75
95~ 267 28 10.49 10 3.75
100~105 122 22 18.03 18 14.75
&1t (Total) 446 54 12.11 29 6.50
X/F 10.300" 6.072
P 0.005 0.045

UE] # 1 BT 1 DNERTTRAVEREE T EUNT 5, LD Fisher ¥ET1Q 30 (E,

[Note] #: Fisher's exact test value is used due to a less-than-5 expected frequency.

23 MAORKEESREFENREREENXR
Z A REEMELA RN EESMIT K.
BEHIRWMIZEZENZENS CNE. EREHRZIEAR
% (r=0.142~0.182, P<0.05), B35 Lex, w T X Bk, T
&3
2.4 RABRKHITINER
i 90% BIEML A 53 TEF] 40, 50. 60 % B & &
A MK A EE (N 72 5792.58.8dB. 3.0711.4
dB. 3.3~12.7dB (W13 4) , B N, FEREFL (P<0.05)
MFINFEE (P<0.01) BUIG NG M. EELL AR
Nio F1 Nso BB 1N 5 R B F . FUN SRS AYIE 1N 2 [8]AY
HEXEAITEREN (WFKS). SFRBXRHNTHRE (S

$E Hiow Hso M Hoo) FEFIUMIEE I8 BYIE SO &, SHER
FRAEE XBITELR (B H 0 H's M H'y) FEREE
BTN RS A G AN (WK S) o

ZAR AR & 1l R IR A 5 i1 53 T T {2 40. 50.
60 % BY & 4 = M 1353 5k B9 KU BR 93 51 79 0.0%~6.7%-
0.0%~21.6% #15.3%~29.3%, BFEIREREF4L (=0.721,
P<0.01) BUIEANMOIE AN, HAZT R ESMIT ks
X ; &5ALE T T{ES 40, 50, 60 FETEEER
A IR EEZRI XL 579 0.0%~5.0%. 0.0%~11.2% F
2.0%~15.2%, BFEIREREFE (r=0.615, P<0.01) B9
ENEEmEs, EhTESe0 T T, JRET. T
TRERIMIREZENX BT 10%, T AR
MIREEM NPT 15% (M4, 5)o

B RALEE ST SR KB XL (r=0.653, P<
0.01) & IREEMXFE (r=0.609, P<0.01) EE
&b AS o FE AV IS 0 mIg A0.

R3 2018 F REAFE AR BRI RAEEMIELA BRI
KIEESERBEFEH RERBENREXXE ()
Table 3 Partial correlation of hearing loss with exposure years
and noise exposure level of noise-exposed workers in a large ship
maintenance enterprise in Guangdong Province in 2018

Uiakinb S=<it) ZNREREE OhSNER BREER

Types of hearing loss CNE Lex, w Exposure years
HAEESATERK
High frequency hearing 0.162" 0.071 0.145"
threshold loss of right ear
EEBMIFERE
High frequency hearing 0.182" 0.054 0.162"
threshold loss of left ear
HER EIREE
Occupational noise-induced 0.145" 0.050 0.142"
deafness of right ear
AER EIpEE
Occupational noise-induced 0.160" 0.019 0.182"

deafness of left ear

[>F (Note)] * : P<0.05,
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R4 2018F REXKBEM SRERUMBREURIADBEKLTNLER
Table 4 Prediction results of hearing threshold level change and hearing loss risk of noise-exposed workers in a large ship maintenance
enterprise in Guangdong Province in 2018

IR S IRERIT IR XL (%)

FMEE REF Risk of hearing loss caused by noise
B /% B/E W/ Hwo/ W/ Ho/  Ho/  He/ N/ N/ Ne/ ——
Workstation Predicted  Exposure dB dB dB dB dB dB dB dB dB [SPILIAERES R
age/years years/years High frequency Noise-induced
hearing loss deafness
=g E A (Transport driver) 40 9.18 29.8 135 -0.5 18.7 5.6 -5.0 111 7.9 4.4 0.0~5.0 0.0~5.0
50 19.18 40.7 213 5.5 28.5 11.8 -1.6 12.2 9.5 7.1 5.9~10.9 1.0~6.0
60 29.18 53.1 30.0 11.3 41.8 20.3 3.0 11.2 9.7 8.3 17.4 7.4
kT (Iron worker) 40 12.42 33.1 15.9 1.6 18.7 5.6 -5.0 14.4 10.4 6.5 0.0~5.0 0.0~5.0
50 22.42 435 235 7.4 28.5 11.8 -1.6 15.0 11.7 9.0 9.7~14.7 2.777.7
60 32.42 55.5 32.1 13.2 41.8 20.3 3.0 13.6 11.8 10.1 21.8 9.9
TR (Cutting worker) 40 11.60 36.2 18.0 2.6 18.7 5.6 -5.0 17.5 12.4 7.6 0.8~5.8 0.0~5.0
50 21.60 47.0 26.1 €3 28.5 11.8 -1.6 18.5 14.4 10.8 15.2~20.2 5.6~10.6
60 31.60 58.8 34.9 15.4 41.8 20.3 3.0 16.9 14.6 12.4 27.6 14.1
J&T (Welder) 40 12.64 32.0 15.2 1122 18.7 5.6 -5.0 13,3 9.6 6.1 0.0~5.0 0.0~5.0
50 22.64 423 22.6 6.7 28.5 11.8 -1.6 13.8 10.8 8.3 8.0~13.0 1.96.9
60 32.64 54.4 il 12.4 41.8 20.3 3.0 1225 10.9 9.4 19.8 8.7
REET (Painter) 40 14.75 37.1 18.9 3.9 18.7 5.6 -5.0 18.4 133 8.8 1.76.7 0.0~5.0
50 24.75 47.3 26.5 9.8 28.5 11.8 =il® 18.8 14.7 11.4 15.7~20.7 5.8710.8
60 34.75 58.9 35.0 15.7 41.8 20.3 3.0 17.0 14.7 12.7 27.9 14.1
£ T (Bench worker) 40 15.39 233 91 -24 187 56  -5.0 4.6 35 2.5 0.0~5.0 0.0~5.0
50 25.39 33.0 155 1.5 28.5 11.8 -1.6 4.5 3.7 3.0 0.0~5.0 0.0~5.0
60 35.39 457 239 63 418 203 3.0 3.9 3.6 33 5.3 2.0
F8T (Electrician) 40 12.52 294 133 00 187 56 -50 107 7.8 5.0 0.0~5.0 0.0~5.0
50 22.52 39.5 20.5 5.2 28.5 11.8 -1.6 11.1 8.7 6.7 4.5~9.5 0.4~5.4
60 32.52 51.8 29.0 10.6 41.8 20.3 3.0 10.0 8.7 7.6 15.3 6.3
$F T (Copper worker) 40 14.49 283 126 -02 187 56  -5.0 9.6 7.1 4.8 0.0~5.0 0.0~5.0
50 24.49 38.2 19.5 4.5 28.5 11.8 -1.6 9.7 7.7 6.1 2.9~7.9 0.0~5.0
60 34.49 50.5 27.9 9.7 41.8 20.3 3.0 8.6 7.6 6.7 13.0 5.1
fEEET (Outfitter) 40 13.81 30.2 14.0 0.6 18.7 5.6 -5.0 115 8.4 5.6 0.0~5.0 0.0~5.0
50 23.81 40.3 21.1 5.7 28.5 11.8 -1.6 11.8 9.3 7.3 5.4~10.4 0.7~5.7
60 33.81 52.4 29.6 111 41.8 20.3 3.0 10.6 9.3 8.1 16.4 6.8
Z=T (Chore man) 40 9.69 18.0 2.0 18.7 5.6 -5.0 17.7 12.4 7.0 6.1 0.0~5.0 0.0~5.0
50 19.69 26.7 9.5 28.5 11.8 -1.6 19.4 14.9 11.0 10.4 16.6~21.6 6.5~11.2
60 29.69 35.6 16.0 41.8 20.3 3.0 17.9 15.4 12.9 12.5 29.3 15.2

[7E] Hiow Hson Heo P BIERTR 10%. 50%. 90% BIPEAL A R R E SFIRE RAIFEIRZL 5 H'ioe H'son H'so D BIZRT 10%. 50%. 90% BIFEIL A R 5 F
FIRLEB XAIITEILR ; Niow Nsou Neo 73 FUFRIR 10%. 50%. 90% BIVELL A\ REVIEEE MR A M,
[Note] Hyo, Hso, and Heo respectively indicate that 10%, 50%, and 90% of the workers have age-related hearing threshold changes; H'so, H'so, and H'so
respectively indicate that 10%, 50%, and 90% of the workers have age- and noise-related hearing threshold changes; N1, Nso, and N, respectively
indicate that 10%, 50%, and 90% of the workers have permanent hearing threshold shifts induced by noise exposure.

RS BREFH. NSRS RIFELZWE Pearson HXSTER (1)

Table 5 Pearson correlation analysis results of exposure years, predicted age, and changes of hearing threshold levels

127 51EEHIOF FIRR KPS (%)

g} Risk of hearing loss caused by noise
N H’10 H’so H’s90 Hio Hso Hso N1o Nso Nso — - p—
Variable SYilivaliabS IREE
High frequency hearing loss Noise-induced deafness
MRS (Predicted age) 0.832"" 0.794" 0.553" 0.864"° 0.804"" 0.445° -0.037 0217 0.500"" 0.793"" 0.688""
STEL (Exposure years)  0.837 0.808"" 0.435° 0.897"° 0.850° 0.329 -0.113 0.149 0.421 0.721" 0.615""

[&] * 1 P<0.05 5 ** : P<0.010 Hiox Hson Hoo 93 BRI 10%. 50%. 90% MIPELL A B3 & 4 5 IR E XAIITERZN 5 FH'ow H'son H'ao 73 51TRIR 10%.
50%. 90% FIEl A\ 52 5 IR AT KA, Niow Nsow Noo 23 BUFRTR 10%. 50%. 90% BIVELL A B HIIRFE MK A M E .
[Note] *: P<0.05; **: P<0.01. Hi, Hso, and Heo respectively indicate that 10%, 50%, and 90% of the workers have age-related hearing threshold changes; H',
H'so, and H'so respectively indicate that 10%, 50%, and 90% of the workers have age- and noise-related hearing threshold changes; Nio, Nso, and Ngo
respectively indicate that 10%, 50%, and 90% of the workers have permanent hearing threshold shifts induced by noise exposure.
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2.5 IREZBEFRRIFAHREBIRE DR

BRI XRS5 IFEE 2 EE 88 nm
AE, BREN. BRI BT ITEEl 60 % BT AL ST
I AL A ERE X, T RET. &
T T 1% 50 % BYENA] R IR = MY B AT D35 5k KU B o
K 60

&6 2018F RAXABREM SRUIEAEREFI
R 73435 B9 XUBS: 93 4%
Table 6 Risk classification of noise-induced hearing loss of each
workstation in a large ship maintenance enterprise in Guangdong
Province in 2018

TN /5 RBEH/E  SHAHRENE

Wofsgtion Predicted age/ Exposure years/ Risk of high frequency
years years hearing loss
=gl (Transport driver) 40 9.18 B]$##% (Acceptable)
50 19.18 FZ (Medium)
60 29.18 1775 (Higher)
£ T (Iron worker) 40 12.42 A% (Acceptable)
50 22.42 F% (Medium)
60 32.42 1 (Higher)
FHIT (Cutting workers) 40 11.60 A4S (Acceptable)
50 21.60 %5 (Higher)
60 31.60 %5 (Higher)
12T (Welder) 40 12.64 BI4E%% (Acceptable)
50 22.64 FZE (Medium)
60 32.64 %5 (Higher)
BRET (Painter) 40 14.75 BJ1£% (Acceptable)
50 24.75 155 (Higher)
60 34.75 %5 (Higher)
$H T (Bench worker) 40 15.39 B]$#% (Acceptable)
50 25.39 B]1%% (Acceptable)
60 35.39 BJ$#%% (Acceptable)
BT (Electrician) 40 12.52 T35 (Acceptable)
50 22.52 F1% (Medium)
60 32.52 % (Medium)
$AT (Copper worker) 40 14.49 A% (Acceptable)
50 24.49 B]$#%% (Acceptable)
60 34.49 FZ (Medium)
fEEET (Outfitter) 40 13.81 AJEZ (Acceptable)
50 23.81 F%E (Medium)
60 33.81 F1%5 (Medium)
Z=T (Chore man) 40 9.69 BJ4%% (Acceptable)
50 19.69 %7 (Higher)
60 29.69 %5 (Higher)
3 e

IR AL BT X IZ AR AR LIS B R IR R (i AY
CNE KB AR IE R DA, Rz b 20853 TR
EE M DR H R R BR L 1 R 75 2 XU PO H &
b6 CNE RUIE TN 2 IR ERVIE IS, BE SR

K. BERIHREEREENS INERBREFHEILE
X, BRES Ly, w AEX, BRIEESHITHER
SRINEEFRIAMNL, T CNERRIEREERTAE
NESENS5EEFIRNRRMIESZEME Y, &
B 5T K A3 CNE 14 5 i RO IR 75 Fe itk 57, 8 0 AERRAT
B XA Z B A EA 5 R TR SRR
EMAEXNKEES CNE. BEEFHEX, BRESE
HEHTETIEEEENER, BRHIFRTINEEF
HEEHNZE AR 4IRS E L R E B,

ISO 1999 : 2013 WY J1 ik KB IF1d 75 /A =2 B
AIE MR _EINERREFASA IR E 21T E A E Y,
ZFEUEEEF R ANKE, NI IEEREH
I ARERELZEMED, A EHEER L LW
FHARIR A XUBE 1, B P g 1L M A om FE T AT
BE R I AY O D3R5k 5 SEBRBY IR 73R SR 1B R AR I B
Leensen N FAR R IiZ HEEETNIREREE 10
FLLENTE A BRIIF SRR, ARFTIZRAIZAEM
BT 40 F FIETN, &I LPRIRE B EF M
EEE (9.184F) ML T (9.69 F) HE 10 EZ 5,
HtRH A NIEAERBEFIIIEE 105, RN A%
FERI B RIS AL &S Ir DR IREZE
HIXEE, 15 B WARIERERY XU 7K T R EXAE R RO %
AT L RIP S ohE R

1SO 1999 : 2013 WY IT IR ML IF (&R B
Noo FEIR S B B2 AR EUAVIE INTIG <, s PIIA 12.7 dBo
N1o F1 N BYIE I 5 12 55 R BB F UL MNBIAE R M4t
RN, BHEERESZEFHOLM, ZAREE TR
HE BRI T AR E IR SR A M HBIZE LM,
HpRETNENRS, FINEREREERERRE
T, ENERFETR, X5RETNRERES
HRKERFENEERERSEX, HIb#H—F A
IREEENEREZMIEEKAMRAEEENXREER
&, Rzt VERANIEERERE, aE80tkE
IR 5 AR A IR _ B IRE,

MRE R R, ZMAAEED & KR TR
AREBFHIEN, ZES T IREFER L RS
EWXRIEN, EXNQERBREZIEM, EhxTR
SRR IRENX RS, T EESMITIIRE
IR FNER L 4 IR A ER X ES KA P RS, X
FESRTERNBEERERSEX, TARERE
™, ATHERESMITAREEE. R HIREEE
E5 Ly, w XEXESRITFEE X, 18150 1999 : 2013 Fiulll
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SERER, KESMIFARAN NI L4 IREEDN
KBRS 1 AR AR E AV AN AN, XA RES 4
A 3ZIRRIALEY Lex, w3TiBIT 85dB (A) , EBR MR/
Bx, ZABEMRETIARARLG HRERERE
fRsR E I NG A0 07, FEERARSE U U R YIRS
SRESIEI1dB (A), REREMIFIRKH XL
0 1.085 1%, MRS LR B E/KFHM THEITIN
HEMAM ST E M. =40 /7355 X T
IR A A IR AR B = XU AU TR EE 4545 1Y,
tiZ Bl N7 AR R I 45 SR & P R BN A= B i 48 . FH
TFARRRERRNBFEEIZFINARE S, B TER
PRRRIRESREME LSE, AIETRERT SR
RERBIPIRES, HiZ. BEERT2EIERAE S
PR SCPRIR A 1Z R E I E B HE.

RIBZ B RUAIXBRRDITER, teH L
TIRAEPAIERIN ¢ OF W= KRR, I8N
BT ARPITR, A shERERERLR, EHR
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TR ; QT PERAIFIAL, BAlBRFE
EX_ERIERESN, MIRBIRFE LMD, IREHERR
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