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This study aims to assess environmental quality of three kinds of fitness 
centers i.e., with-air-conditioning, without-air-conditioning and outdoor. Survey of user’s 
attitudes toward such fitness center’s environment were also included in the study. 
Statistical analyses show that PM10, sound pressure level, light, temperature and 
humidity had difference in each of the fitness center (significant level 0.01). PM10 and 
sound pressure level were correlated to quantity of the fitness center’s users 
(significant level 0.01). PM10, temperature and humidity were correlated to frequency of 
ventilations of the fitness centers (significant level 0.01). As for investigating of 
contribution of outdoor air PM10 on indoor air PM10, there was only the outdoor fitness 
center having significant correlation between indoor and outdoor PM10. Result of survey 
of user’s attitudes toward environmental quality show that environmental quality at the 
with-air-conditioning fitness center had lower affect on the users, while without-air-
conditioning and outdoor fitness centers were at medium affect. Outcomes of the study 
can be applied to improve physical environment of fitness centers served for user’s 
preferable and used as initial information for establishivy fitness center environmental 
guideline.
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3)
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 10 )

5.4  SPSS version 

11.5 (Statistical Package for Social Science) 
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6
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1

. . 1982

 (Jane Fonda) 

 FIA (Fitness Industry 

Association)

(Masunsub, 2004)

2

 “  (Joanne 

Drew)” . . 2511  2 

“  (World Club)” . . 2519 

 (World Figure Center and Health Club) 

4
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 “  (Siam Health Club)” 

 ( , 2527) 

6  " "

 2 

-

 2551 - 2552 

 10,000  ( , 2551) 

 ( )

“  650 

 268 

” (

, 2551) 

    

3  3 

3.1  (Large Clubs) 

 2,320 

 3.2   (Smaller/Standalone Clubs) 

-

3.3  (Private Clubs) 

 ( , 2549)
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4 /

4.1  American College of Sports Medicine 

   

1)  20 – 22 

2)  60 

3)  8  12 

4)  (NC Level)  35 – 40

5)  323 

538  (ACSM, 2007) 

4.2  US.EPA (United state Environmental Protection Agency) 

 10  (PM10)  50 

 (World Health Organization (WHO), 2006) 

5

5.1  (Air Pollution) 

 (Particulate Matter)  (Pb) 

(CO)  (SO2)  (NOx)  (O3)

 (Air pollution System)  3 

 (Emission Sources)  (Atmosphere) 

 (Receptor)  1
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 1  (Air Pollution System)

 : , 2550 

1)  (Emission Sources) 

2)  (Atmosphere) 

 (Medium) 

3)  (Receptors) 

 (Emissions) 

(Dispersion)(Pollutant)

Emission Sources Receptors

Atmosphere
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 3 

1)

 (Indoor Air Pollution) 

 (Health Ventilation) 

2)

 (Heat Loss) 

 (Air Film) 

 (Thermal 

Comfort Ventilation) 

3)

 (Mean Radiant Temperature - MRT) 

 (Structural Ventilation)  ( , 2544)

6.2  3 

 2
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 2 

 : , 2534 , 2541 
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7  (Sound) 

 20  16,000 Hz (  20,000 Hz 

)

 (Decibel, dB) 

 85  ( )

 (Noise Pollution)  “

” ( , 2541)

 2 

7.1

 (Temporary Hearing Loss) 

-  100  ( )

-

 4,000  6,000 

-  2-3 

 2-3 
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7.2

 (Permanent Hearing Loss) 

-

-

 3,000 – 6,000  60  ( )

 ( , 2541) 

8  (Light) 

 (Photon) 

 380 - 780 

 380 

 780  ( , 2548) 

8.1
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1)  (

)

2)  ( )

3)  ( )

1)  : 

2)  : E = hf h

f

 ( , 2551)

8.2

1)

2)

8.3

 2 

1)
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 (Glare) 

(Direct Glare)  (Indirect Glare)  (Shadow) 

2)

 2 

1. Spot Method (Work Location)  (Working 

surface)  (Horizontal & Vertical) 

2. General Lighting Measurement 

 2 x 2 

2 x 2  ( , 2548) 

9  (Temperature) 

 " "  " "

 SI  ( , 2551)

 1 

 1

Celsius (°C) 0 100

Fahrenheit (°F) 32 212

Kelvin (K) 273 373

Réaumur (°R) 0 80

°C = (°F-32) × (5/9) 

°F = (9/5) × °C + 32 

 K = °C + 273.15 

°R = 4/5 × °C 
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9.1

1)

 3 

2)

 ( , 2550) 



18

10 (Humidity)

( , 2551)

 (Relative Humidity) 

 1  30 C  9 

 30  = (100x9)/30 =  30 

 3 

 3

 : , 2551 

 Heat Index 

 ( , 2551)  2
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 2 Heat Index

RH (%) 

Temp (
o
C)

50 55 60 65 70 75 80 85 90 95 100

28 28.2 28.6 29.1 29.7 30.2 30.9 31.6 32.3 33.1 33.9 34.7

29 29.5 30.1 30.8 31.6 32.5 33.4 34.4 35.5 36.7 37.9 39.3

30 31.0 31.9 32.8 33.9 35.0 36.3 37.7 39.1 40.7 42.4 44.2

31 31.9 32.9 33.9 35.1 36.4 37.9 39.4 41.1 42.9 44.8 46.8

32 33.8 35.0 36.3 37.8 39.4 41.2 43.2 45.3 47.5 49.9 52.4

33 35.8 37.3 39.0 40.8 42.8 44.9 47.3 49.8 52.5 55.4 58.4

34 38.2 39.9 41.9 44.0 46.4 49.0 51.7 54.7 57.9 61.3 64.8

35 40.7 42.7 45.1 47.6 50.3 53.3 56.5 60.0 63.7 67.6 71.7

36 42.0 44.3 46.7 49.5 52.4 55.6 59.1 62.8 66.7 70.9 75.3

37 44.9 47.5 50.3 53.4 56.8 60.5 64.4 68.6 73.1 77.8 82.8

38 48.0 50.9 54.2 57.7 61.5 65.7 70.1 74.8 79.8 85.1 90.7

39 51.3 54.6 58.3 62.3 66.6 71.2 76.1 81.4 87.0 92.9 99.1

40 54.8 58.5 62.6 67.1 71.9 77.0 82.5 88.3 94.5 101.0 107.9

> 30
o
C Extreme Caution - Heat cramp and exhaustion possible. 

> 40
o
C Danger - Heat exhaustion likely. 

> 55
o
C Extreme Danger - Heat stroke imminent. 

 : , 2551 

10.1

 "  (Sweating)"  100% 

 ( , 2550) 

11

 (2547) 
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 (2543)  PM10

 61  67 

 PM10  136 

 PM10  100 

 95% Confident Interval (CI) = 0.96 - 11.18

Branis et al. (2005)  PM10 PM2.5  PM1

 PM10 PM2.5  PM1 42.3

21.9  13.7  PM10 PM2.5 

 PM1  20.9 19.1  15.2 

 PM10 PM2.5  PM1  21.9 18.1  11.4 

 PM10 PM2.5  PM1  24.5 21.3  15.6 

 PM10

 0.93  PM10

 PM10  PM10

Fromme et al. (2008)  PM10  PM2.5

 92  75 

 64  PM10  PM2.5  16.3 

313  2.7  81 

 PM10  PM2.5  18.3  178  4.6 

 34.8 

 PM10

Wang et al. (2006) PM10  PM2.5  4 

Guangzhou  PM2.5  99 

 PM2.5

PM2.5  78  PM10 PM10  PM2.5
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Analysis of Variance (ANOVA)

Pearson Correlation 
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 1  2 

 3 

 1  19  1  2550 

 2  6  18  2550 

 3  28  8  2551 

3

 3 

 5 – 10  3 

 3  3 

 11 – 13 

 3  3 

1.

  2 

2.  (  x ) 10.06 . x 28.20 . 10.75 . x 29.60 . 17.19 . x 114.50 . (20 x 10 .)

(283.70 . .) (318.20 . .) (1968.26 . .)

3. 7.00 . – 20.00 . 16.00 . – 22.00 .  24

- -4. -

- -

-

5. - , -- ,

- --

-

-

24
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 5  (
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 6  (
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 7  (
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 8  (

)
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 9  ( )

 10  (
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 11  (

) 2
9
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 12  ( ) 3
0



 13  ( )

3
1

27



4

 10  (PM10)

 3  4 

32



 4 

- 7.00 . - 9.30 . 13.30 . - 16.00 . 6.00 . - 8.30 .

11.00 . - 13.30 . 16.00 . - 18.30 . 13.00 . - 15.30 .

16.30 . - 19.00 . 18.30 . - 21.00 . 17.30 . - 20.00 .

-PM10  2x2 

 2 

 1.50  (

 69 

 50 )

-

-

-

 - PM10  (Thermo Electron Corporation,  

model pDR1200) 

 -  (Alnor 

Instrument, model CF8585) 

 -  (SPER SCIENTIFIC 

840020)

 2x2 

 20x10  

 49 

 2 

 1.50 

3
3



 4 ( )

-PM10  2 

 1.50 

 2 

 2 

 1.50 

-  PM10  PM10

PM10

-

3
4



 4 ( )

- (Leq)  (Larson Davis, model DSP83, type 1) 

 (Octave Band Analysis)  NC (Noise 

Criteria) (ACSM, 2007) ( )

-  (Alnor Instrument, model CF8585)  3 

 2 

3
5
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5

 3  ( )

 3 

 450  5 

 5 

1. 150 150 150

  2. 7.00 . – 20.00 . 16.00 . – 22.00 . 6.00 . – 22.00 .

6    

6.1

6.2

1) One - way Analysis of Variance (ANOVA)  PM10

2) Pearson Correlation  PM10

 PM10
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 3 

1  1

. . 2550 

 6 

 6  3  1 

1. PM
10

( / )  – 

30.59

18.00 – 47.00 

69

40.77

16.00 – 99.00 

50

33.04

11.00 – 101.00 

49

2. PM
10

( / )  – 

51.67

41.00 - 65.00 

3

46.33

39.00 – 52.00 

3

35.00

16.00 – 48.00 

3

3.

 – 

0.61

0.45 – 0.76 

3

0.88

0.77 – 0.95 

3

0.95

0.90 – 1.00 

3

4.

 ( / )  – 

0.15

0.01 – 1.24 

69

0.18

0.02 – 0.70 

50

0.37

0.09 – 1.14 

49

5.

( / )  – 

1.04

0.05 – 6.42 

69

- -

6. L
eq

 (8 .) 57.2

49.7 – 62.4 

40 – 45 

12

59.6

55.7 – 64.4 

40 – 45 

7

56.6

52.5 – 60.6 

40 – 45 

14

 – 

NC Level 

37
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 6 ( )  3 

 1 

7.  ( )

 – 

328

90 – 1,011 

69

317

55 – 2,920 

50

2,688

264 – 18,390 

49

8.  ( )

 – 

24.5

20.9 – 26.5 

69

34.6

27.8 - 36.6 

50

30.2

26.3 - 32.9 

49

9. (%) 63.6

62.1- 65.4 

3

72.5

55.5 - 99.8 

3

73.0

66.7 – 80.5 

3

 – 

 6  PM10

 PM10

 PM10

 PM10

 PM10

 1.04 

 3  (NC Level) 

40-45  3 
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 7 ( )  3 

 2 

5.

( / )  – 

0.41

0.08 – 2.39 

69

- -

6. L
eq

 (8 .)

 – 

NC Level 

56.1

49.8 – 62.5 

40 – 45 

12

58.2

53.3 – 62.5 

40 – 45 

7

57.6

52.8 – 60.7 

40 – 45 

14

7.  ( )

 – 

351

90 – 1,124 

69

307

58 – 2,510 

50

3,076

310 – 16,450 

49

8.  ( )

 – 

24.6

20.4 – 25.5 

69

33.8

31.8 – 35.4 

50

28.7

24.3 - 32.8 

49

9. (%) 52.4

49.7 – 56.5 

3

57.2

53.0 – 63.6 

3

74.3

68.3 – 85.0 

3

 – 

 7  PM10

 PM10

 PM10

 PM10

 PM10
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 0.41 

 3  (NC Level) 

40-45  3 

3  3 

. . 2551 

 8

 8  3  3 

1. PM
10

( / )  – 

49.32

29.00 – 66.00 

69

68.41

46.00 – 87.00 

50

82.73

74.00 – 89.00 

49

2. PM
10

( / )  – 

64.00

45.00 – 73.00 

3

87.00

72.00 – 91.00 

3

87.67

79.00 – 95.00 

3
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 8 ( )  3 

 3 

3.

 – 

0.75

0.66 – 0.81 

3

0.78

0.75 – 0.82 

3

0.95

0.94 – 0.96 

3

4.

 ( / )  – 

0.11

0.02 – 0.58 

69

0.16

0.01 – 0.73 

50

0.35

0.06 – 1.06 

49

5.

( / )  – 

0.56

0.08 – 3.02 

69

- -

6. L
eq

 (8 .)

 – 

NC Level 

56.6

50.5 – 62.7 

40 – 45 

12

60.3

55.4 – 64.0 

40 – 45 

7

56.7

52.5 – 60.1 

40 – 45 

14

7.  ( )

 – 

343

80 – 2,210 

69

231

62 – 1,154 

50

2,581

253 – 14,310 

49

8.  ( )

 – 

24.6

20.9 – 26.7 

69

35.0

31.6 - 36.8 

50

31.4

28.1 - 35.9 

49

9. (%) 55.2

52.8 – 57.3 

3

56.1

54.2 – 57.9 

3

70.1

59.9 – 83.9 

3

 – 

 8  PM10

 PM10
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 PM10

 PM10

 0.56 

 3  (NC Level) 

40-45  3 

4  3 

4.1

 3  1 

 19  1  2550  2  6  18 

2550  3  28  8  2551 

 9 
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 9  3 

3

1. PM
10

( / )  – 

50.20

18.00 – 97.00 

207

61.15

16.00 – 163.00 

150

62.09

11.00 – 101.00 

147

2. PM
10

( / )  – 

81.56

41.00 – 151.00 

9

87.67

39.00 – 124.00 

9

67.73

16.00 – 97.00 

9

3.

 – 

0.62

0.45 – 0.81 

9

0.85

0.75 – 0.95 

9

0.95

0.90 – 1.07 

9

4.

 ( / )  – 

0.11

0.01 – 1.24 

207

0.16

0.01 – 0.73 

150

0.35

0.06 – 1.14 

147

5.

( / )  – 

0.67

0.05 - 6.42 

207

- -

6. L
eq

 (8 .)

 – 

NC Level 

56.6

50.0 – 62.7 

40 – 45 

36

59.3

53.3 – 64.4 

40 – 45 

21

57.0

52.5 – 60.7 

40 – 45 

42

7.  ( )

 – 

341

80 – 2,210 

207

285

55 – 2,920 

150

2,821

264 – 18,390 

147

8.  ( )

 – 

24.6

20.4 – 26.7 

207

34.4

27.8 - 36.8 

150

30.1

24.3 - 35.9 

147

9. (%)

 – 

57.1

49.7 - 65.4 

9

63.3

53.0- 99.8 

9

72.1

59.9 – 85.0 

9
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 9  PM10

 PM10

 PM10

 ( )

 PM10  PM10

 PM10

 PM10

PM10  PM10  3 

Wang  (2006) 

 PM10

 0.95 

 PM10

-

 PM10

(Contour Line)  PM10

 PM10
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 (Heat Index) 

3  Heat Index  30 

 Heat Index  40  30 

 Heat Index  30 

 Heat Index  40 

 3  NC  40 - 45 

 American College of Sports Medicine (2007)  NC 

 35 – 40  3 

 341 

 American College of Sports Medicine (2007) 

 323 

538

 285 
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4.2

 (ANOVA)  PM10

-  (ANOVA)  10 

 10  (ANOVA) 

Multiple Comparisons (Tukey HSD) 

Dependent Variable (I) Place (J) Place Mean Difference (I - J) 

PM
10

1 2 -0.0093*

3 -0.0095*

2 1 0.0093*

3 -0.0002

3 1   0.0095* 

2  0.0002 

Noise 1

2

3

2

3

1

3

1

2

-1.1349

1.0270

1.1349

2.1619

-1.0270

-2.1619

Temperature 1

2

3

2

3

1

3

1

2

-9.8582*

-5.5214*

9.8582*

4.3368*

5.5214*

-4.3368*

Humidity 1

2

3

2

3

1

3

1

2

-3.9998*

-15.1994*

3.9998*

-11.1996*

15.1994*

11.1996*
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 10 ( )  (ANOVA)

Multiple Comparisons (Tukey HSD) 

Dependent Variable (I) Place (J) Place Mean Difference (I - J) 

Light 1

2

3

2

3

1

3

1

2

59.6130*

-2476.2974*

-59.6130*

-2535.9104*

2476.2974*

2535.9104*

Velocity 1 2 -6.7873*

  3 -42.8220*

2 1 6.7873*

3 -36.0347*

3 1   42.8220* 

2 36.0347*

    1    

  2    

 3    

*  0.05 

 10  PM10

 (  0.05) 

 (Pearson Correlation) 

1) PM10

2) PM10 -

3) PM10

 (Pearson Correlation)  11 
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 11  (Pearson Correlation)

Pearson Correlation 

PM10

0.15** 0.53** - -

- 0.90* - 0.87* 0.95**

- 0.36* - - -

  *      0.05 

**  0.01 

 11  PM10  (r = 0.15) 

 PM10

 (r = 0.53) 

 11  PM10

 (r = - 0.90)  PM10

 PM10

 PM10

 (r = 

0.87  0.95 )

PM10

 (r = - 0.36) 

PM10  PM10

 PM10
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5

 3 

 5 

 1

 2

 3

 4

 5

5.1  (

)

 1 

 12 

 12

 ( )

1. 102

48

68

32

2.  15 

                               15 – 30 

 30 – 60 

 60 

3

102

39

6

2

68

26

4

3. 87

36

27

58

24

18
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 12 ( )

 ( )

4.

......

110

7

27

0

6

73
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