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Abstract

Long-term exposure to noise can induced permanent hearing loss and
DNA damage in workers, but this link has not been clearly established with
workers at the paper recycling mill. The objective of this study was to
evaluate hearing threshold shifts and DNA damage using Pure-tone
audiometry and comet assay in paper recycling workers who had been
chronically exposed to noise in the workplace. The effect of occupational
noise exposure on hearing threshold shifts is studied in workers of paper
recycling mill. Study subjects included 291 males and 19 females accepted
Pure-tone audiometry is performed personal history and Occupational Stress

Indicator OSI questionnaires are adopted for the cross-sectional study. Blood

samples were taken from 88 subjects and lymphocytes were isolated for
analysis of DNA damage by single-cell gel electrophoresis (comet) technique.
The noise-exposure group was regularly exposed to noise levels over 85dB,
and work duration was over ten years. The average of hearing threshold shifts
at high frequencies(4k, 6k, 8kHz) is considerably larger than that at low
frequencies(0.5k, 1k, 2k Hz). The moderate to severe degree of hearing loss
of the paper mill workplace of subjects showed maximum notches at the
frequency of 4 kHz. The noise-exposure group grades of DNA damage were
significantly higher then the controls. .Based on smoking status, grades of
DNA damage were significantly higher in the noise-exposed group compared
to the controls. Multiple regression model analysis revealed that
noise-exposure and wearing personal protective equipment had a significant
effect on grades of DNA damage, adjusting for other factors, but smoking
habit had no significant effect. In conclusion, workers chronically exposed to
noise had significantly greater DNA damage and Permanent Threshold Shift

PTS , but the mechanisms involved are unclear. Also, some individual

workers appeared to be much more susceptible to DNA damage than others.



Comet assay was useful in evaluating the genotoxic effect of noise exposure.

Keywords: comet assay, DNA damage, hearing loss, noise exposure, paper

recycling factory , Permanent Threshold Shift
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>160/ 9520 66. 7 10 0.0 0.92 0.41~2.05

<25 81 60.0 54 2.2 1.00 1.
25~75120 70. 2 51 50.3406160830.068461. 11
275 12 80.0 3 000100~13.8390.093%9.70

<25 81 61. 8 50 3.0 1.00
25~75123 69.5 54 4.5 0.71 0.44~1.15
275 9 69.2 4 0.0 0.72 0.21~2.46

<25 61 68.5 28 1.1 1.00
25~75 91 66. 9 45 7.3 1.08 0.61~1.91
275 61 63.5 35 1.0 1.25 0.68~2.30
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4 KHz

B P B P
reference reference
0.42 0.95 -38.75
()
<10 reference reference
>1 0 13.19 0.04 14.79
(dB)
<85 reference reference
>8 5 11.59 0.08 44.10
()
20-30reference reference
30-40 6. 31 0. 64
40-50 19. 73 0.04
>5 0 22.20 0.13
( mmHg)

140/ 90reference reference
140~160/90~95 -1.62 0.89 - 2.
2160/ 95 -2.25 0. 84 -5.38
<25 reference reference
25~75 0.29 0.76 0.59
>7 5 -3.39 0. 83 -10. 73
<25 reference reference
25~75 3.36 0.62 2.31
>7 5 -6.38 0.71 -10.91
<25 reference reference
25~75 6. 35 0. 44 2.91
>7 5 0. 84 0.92 -2.614
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6 KHz

OR 95% CI aOR 95%
134 80. 7 32 19. 3 1.00 1
117 75.5 38 24.5 1.36 0.79~2.31
<10 128 82.1 28 17.9 1.00 1.
>1 0 123 74.6 42 25.4 1.56 0.91~2.67 1
(dB)
<85 119 80. 4 29 19. 6 1.00 1.
>8 5 132 76. 3 41 23.7 1.28 0.75~2.38 0.
()
20-30 45 91. 8 4 8.2 1.00
30-40 78 83.9 15 16.1 1.88 0.64~5.51
40-50111 73.5 40 26.5 3.53 1.31~9.49
>50 13 56.5 10 43.5 7.54 2.20~25.92
( mmHg)
<140/ 9®7 77.6 54 22. 4 1.00
140~60/ 9201~ 9757 . 8 6 22.2 0.99 0.38~2.58
160/ 9525 83.3 5 16.7 0.69 0.25~1.90
<25 104 77.0 31 23.0 1.00
25~75135 79.0 36 21.0 0.90 0.52~1.514
>7 5 12 80.0 3 20.0 0.84 0.22-~3.16
<25 102 77.9 29 22.1 1.00
25~75137 77. 4 40 22.6 1.03 0.60~1.77
275 % 12 92.3 1 7.7 0.29 0.04~2.35
<25 71 79. 8 18 20. 2 1.00 1
25~75105 77. 2 31 22. 8 1.17 0.61~2. 24
27 5 75 78.1 21 21.9 1.10 0.54~2.24 1
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6 KHz

B P B P
reference reference
2.77 0.76 -32.86 0.06
()
<10 reference reference
>1 0 18. 49 0.04 20.16 0. 03
(dB)
<85 reference reference
>8 5 12.40 0.17 39. 49 0.01
()
20-30 eference
30-40 2. 37 0. 87
40-50 22.26 0.09
>5 0 15.11 0.45
( mmHg)
140/ 90ef erence reference
140~160/90~95 -5.73 0. 73 -8.03
>2160/ 95-6.06 0.70 -10.67 0.51
<25 reference reference
25~75 9.02 0. 34 3.34 0. 76¢E
>7 5 -4.56 0. 84 -13.18 0.58
<25 reference reference
25~75 11. 74 0.21 10. 014 0.3
>7 5 -10. 47 0.65 -17.50 0.49
<25 reference reference
25~75 14.03 0.21 9.91 0. 26
>7 5 -1.45 0.90 -4.90 0. 69
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6 KHz

OR 95% CI aOR 95%

129 77.7 37 22.3 1.00 1.
115 74. 2 40 25.8 1.2188203%2403

¢ )
<10 126 80. 8 30 19. 2 1.00 1.
>1 0 118 71.5 47 28.5 1. 617. T04.0919~~32. .0812
(dB)
<85 142 95. 9 6 4.1 1.00 1.0
>8 5 151 87. 3 22 12.7 1. 427. 803.9817--62. .5417
()
20-30 46 93.9 3 6.1 1.00
30-40 83 89. 3 10 10. 7 1.72 0.67~4.42
40-50137 90.7 14 9.3 2.42 1.01~5.79
>50 22 95.7 1 4.3.96~16. 25
( mmHg)
<140/9078 73.9 63 26.1 1.00
140~60/9@2981.5 5 18.5 0.64 0.23~1.77
2160/ 9523 76.7 7 23.3 0.86 0.35~2.10
<25 101 74. 8 34 25. 2 1.00

25~75 130 76.0 41 24.0 0.94 0.56-~1.58
27 5 13 86.7 2 13.3 0.46 0.10~2.13

<25 101 77.1 30 22.9 1.00
25~75 131 74.0 46 26.0 1.18 0.70~2.01
27 5 12 92.3 1 7.7 0.28 0.04~2.25

<25 70 78.7 19 21.3 1.00 1.
25~75 101 74. 3 35 25.7 1.2808668223a1
275 73 76.0 23 24.0 1. 116 001.4598~~22 .0382
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6 KHz

B P B P
reference
-3.13 0. 614 -41.87
<10 reference reference
210 11. 37 0.09 13.63
(dB)
<85 reference reference
>8 5 8.32 0.21 43.50
()
20-30reference
30-40 3.40 0. 74
40-50 15.12 0.11
>5 0 19.97 0.18
(mmHg)

140/ 90reference reference
140~160/90~95 -4. 25 0. 73 -
>160/ 95 -4.15 0.72 -6.94
<25 reference reference
25~75 3.75 0.509 1.51
>7 5 -6.91 0.67 -15. 34
<25 reference reference
25~75 5.83 0.40 5.10
>7 5 -10. 68 0.583 -14.89
<25 reference reference
25~75 6. 96 0.40 3.13
>7 5 -0.58 0.95 -3.76
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n( %) n( %) n( %) N( %)
DNA 0.08
2 7.4 0O 0.0 6 18. 8 8 9.1
16 59. 3 23 79. 3 18 56. 2 57 64. 8
7 25.9 2 6.9 5 15. 6 14 15.9
2 7.4 4 3.8 3 9.4 9 10. 2
0O 0.0 0O 0.0 0O 0.0 0O 0.0
25 25 40 40 55
55
DNA DNA 5 % DNA
5-20% DNA 20-40% DNA
DNA 95 %
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DNA

aOR 95% CI
(dB)
<85 1.00
>8 5 3.43 1.19~9.809
1.00
1.20 0.30~4.75
2.50 0.62~10.03

0.05

&5



(N=41) ,OhN=23®¥7),n %P)

0.03
37(90.2) 47(100.0)
4(9.8) 0(0.0)
0.25
<40 9(22.0) 6(12.8)
>4 0 32(78.0) 41(87.2)
) 0.22
<10 12.4) 1(2.4)
>1 0 40(97.6) 43(91.5)
<0.01
41(100.0) 4(8.5)
0(0.0) 43(91.5)
(kgy m 0.07
<24 20(48.8) 14(29.8)
>2 4 21(51.2) 33(70.2)
0.29
13(31.7) 20(42.6)
28(68.3) 27(57.4)
0.38
<10 25(61.0) 23(48.9)
10 20 4(9.8) 9(19.2)
>2 0 12(29.2) 15(31.9)
0.37
15(36.6) 13(27.7)
26(63.4) 34(72.3)
0.39
<25 16(39.0) 12(25.5)
25~75  24(58.5) 34(72.4)
>7 5 1(2.5) 1(2.1)
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(N=41) (N=47)
DNA ( %) ( %) <0.05
1558 38.0 2332 49.6
1738 424 994 21.1
629 153 703 15.0
119 2.9 413 8.8
56 1.4 258 5.5
DNA ( %) Mean = SD Mean + SD tF;
38.0£28.7 49.6x28.1 0.06
42.4431.2 15.9+31.2 <0.01
15.3+16.1 15.0+15.4 0.90
2.945.5 8.8+13.5 <0.01
1.443.7 5.5+11.8 0.03
85 dB >85 dB
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DNA

B+ SD P
<40 reference
>4 0 7.4 . 8 0. 13
<10 reference
>10 546 4 9 0. 43
reference
2135 1 0. 44
dB
<85 reference
>8 5 6.3 . 8 0. 02
reference
6 .18 . 3 0. 04
<25
25~75 4 3. 2 0. 18
<252>75 0.0 . 7 0. 95
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DNA

Me an

89



A NM T O~

1994

90



65,025 988546 253,147 130,235 48,69150, 39
¢ ) 5

64.0 50. 9 48. 3 46. 8 44.0 43.8 40.

( %)

1997
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|
| (dB) (dB)
172 c 0 ( 172 32.4 : : 32.4
159 | 0o | 0 0 159 | 33. ¢ | T
859 | 139 0 ‘o 998  |27.3 | 372 |. | .| .6 28
14 | 160 | 0 0 174 20.7 |16.1 . | .| 6 16.
2307 | 173 |0 | 46 | 2526  30.9 | 37.8 . 1.®B113.53
42 0 0 0 42 24. 2 : : : 24.2
53 | 0| | 110 163 32.5 . | 32.7 .| 32.°
317 16 b 2 335 31. 3 34.1 | 17.55 2 31.
| 145 | 1 | 0 9 146 | 29.7 30.0 . | . | 29.7
| 331 | 7 | 4 o sss  si.4 (220 | | | 180
| 159 | 19 | &4 |0 242  |31.3 | 29 /7 |28/5 |.15,530
| 38 | 337 | 0 0 375 31.4 |29.4 | | .| 29. ¢
| 315 | 20 | 0 0 345 385.6 32.0 | | .| 35.
| 180 | 24 | 0 0 204 | 32.4 [33.5 | | .| 32. ¢
| 130 B4 0 o 214 8.3 2s.7 . | .| 0 3.
| 851 | €9 | 0 0 920 37.4 31.4 . | .| 6 36.
| 519 | g9 | 0 0 608 | 33.7 | 29.0 | | .| 33. (
| 261 | €8 | 0 0 329 | 29.4 32.1 | | .| 29.
‘ F484‘ }28‘ ‘o ‘0 ‘26*2 ‘26‘5 ‘ 26‘2 ‘ ‘ ‘2 26,
| 842 | 1592 |0 | 0O | 2434 [ 29/1 | 29.7 . | 7.8 29
| 115 | 49 | 0 0 164 28.4 28.0 | | .| 28.
| 46 | of Jof o 4p |39%.4] | | [ - |35 4
| o [ 7y Jeol o 7k |.| [sef3 [ .| |3 3
| 9 232 | 0 1 242 | 34.4 37.0 . | 30.07|36
| 111 | 241 D0 ‘o 352 |25./4 | 28|5 |. | .| .5 27
| 0 . 306 | 0 9 joe | . Co27.1 . 27L1
| 94 | 42 | 0 9 136 | 25. ¢ 36.4 . | . | 28.9
| o | 81y jJof o sp .| 3542z } | -] |35-
| 12 3| o 2 17 | 29.6 | 16.7 .| 15./0 5.6
| 10565 3931 | 174 51 14771 30,3 | 390. 015.36.21.3D.
1. 14804 2. : 3k, 4k, 6«
2003
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6 0%

7. 4%
30%
4 4 %

35 %
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6 .
(1)0O (2)0O (3)0O (4)0

7.
(1) O
(2) O
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PS
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A W N

(1)0O : (2) 0O

(3)0O (4) 0 (5)0O

(6)0O ( : ) (7)0 (8)0O
5 ( ) ?

(1)0O (2)0O (3)0O 5)0(4)0 (

6
(1) 0 (2)o 3 0 50(4) o (
7.

8 .
(1) O (2)O (3)DO v
1. 1

2 2~3

3. 4~6

4 6

9,

(1)A ( o)

(2)B3 ( )

(3)0

10. (1)O (2)0
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(0) 0O -1 (1) O 1-2
1_

(1) 2

(2)o0 _
1-2.

a . ( ) _______

b .

(1) (2)0O (3)0O ( 4) O

(5) (6)0O ( ) o ____d_____
1- 3. (1) O (2) O (3)0O ( 4)
1- 4. ( y
2

(0) O 2-1 (1) O 2-2
2- 1.

(1) O 3

(2) O 2-2 2-3
2-2. ?
2-3. (1)0O ( ) (2)0O ( )| (3) 0O
2- 4., 2 (1)O (2) O (3)0O (4) O

(5) O (6) O
2-6. ?2(1)0 (2) O (3)0O (4) O
3

(0) O ) (1) O (2) O (
4

(0) O ) (1) O (2) O (
A-1 (1)0O (2)0O ( )
5
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5-1 L
5- 2 _
6
7

(0)DO (1)0

(2)0O (9)0O
8

(0)O (1) 0O

(2)0O (9)
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(1) 0 (2) 0
(1)yo  (2)@

(1) 0O (2) 0

(1) O (2) 0
1~4
5.

(1) 0 (2) 0

6 .
7 .

(1) (2) 0O 9
8 .

(1) (2)0
9 .

( 1D (2)0O
10.

( 1D (2)0O
11

(1) (2)0 (3)0O (4) O

(7)
7~11
14

12.

( 1D (2)0O (3)0O
13.
14.

(1 (2)0 16

15.
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1 (1) O (2)0
2 (1) O (2)0
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1 2 3 17 18
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18.

( 10 (2)0 22
19. -
20 .
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30.

( 10 (2)0 (3)0O
31.

(1) O (2)0
)
32, 16
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:microphone NL-15

: dB dB
L] [] L]
: A C F( Linear)
L] L]
: F(fast, ) S(Slow, )
(m) |dBA(1) |[dBA(2) |dBA(3) |dBA(4) |dBA(mean)
RS-3B

@)

3)

&)

2)

3)

(4)
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