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ABSTRACT 

 

  The characteristics of working conditions and provision of health services, safety 

and social welfare for workers in 41 of 46 ribbed rubber smoked sheet (RRSS) factories, rubber 

plantation fund cooperatives, Songkhla province were investigated by using questionnaires. 

Concentrations of volatile organic compounds (VOCs) including ethylbenzene, styrene, toluene, 

trichloromethane and xylene were determined. Air sampling was taken at ten RRSS factories, 

where the resident area is located inside the factory working area, according to job descriptions 

and at the resident area during July and December 2010.  

  The average working time was 12.81±1.23 hours/day and the estimated total 

hours/week without day off was 89.68 hours/week. The working environment was heavily 

contaminated by wood burning smoke due to inefficiency of roof turbine ventilators. Hence, 

smoke and carbon permeated and precipitated throughout the work and resident areas. Safety, 

health services and social welfare in these workplaces were not in compliance with Thai 

regulations (Safety, Occupational Health and Working Environment Act, 1998). 

  Concentrations of volatile organic compounds (VOCs) at the areas of natural 

rubber collecting pond, solidification of latex sheet, squeezing the solidified latex sheet, cutting 

the solidified latex sheet and at the resident area were 0.001, 0.007 and 0.002 ppm for 

ethylbenzene, toluene, and xylene, respectively. Concentrations of styrene and trichloromethane 

were lower than 0.001 ppm. The highest toluene concentrations were found at natural rubber 

collecting pond and cutting area. However, there was no difference between the VOCs 

concentrations at the working areas and the resident area (p>0.05). All VOCs concentrations were 

lower than threshold limit value-time weighted average for 8 working hours (TLV-TWA), 



 (6)

additive effect value and the adjusted-TLV for 12 working hours. For worker s safety and health 

protection, The rubber plantation fund cooperative should compliant with Thai regulations (eg. 

Safety, Occupational Health and Working Environment Act, 1998) the resident area should be 

located besides the building of RRSS factory. The working environments should be improved. 

The smoke rooms should be sealed to protection of leakage of smoke through the work area. The 

mechanical ventilators and the air cleaner should be installed at smoke rooms to remove smoke 

through the ambient air. 

 

Key words: working condition; volatile organic compounds; ribbed rubber smoked sheet (RRSS) 
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1.1  
  

 . . 2551 2.7 

1.13, 0.79 0.51 

( , 2552) 

  
  . . 

2536 

( ) 
10 1.5  ( , 2548)  

700 
 80-90    

  40-50 

 - 1.2-1.5 

60  (Furuuchi et 
al., 2005)   

  (carbon 

monoxide)  (nitrogen dioxide) (sulfur dioxide) 
(polycyclic aromatic hydrocarbons :PAHs) 

(volatile organic compounds:VOCs)  (hydrocarbons (C2-C7))  

(benzene)  (complex mixture)   
 (Pierson et al., 1989; 

Naeher et  al., 2005; , 2551)  
(Perapong and Surajit, 

2006) 
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total PAHs 87.28  
(ng/m3) PAHs 44.96 ng/m3 

naphthalene 83.22 ng/m3 5-6 benzo 

(ghi) perylene 8.58 ng/m3, benzo (e) pyrene 3.25 ng/m3 

naphthalene 145.67 ng/m3 4 pyrene 

1.78 ng/m3 fluoranthene 1.19 ng/m3 nitrogen dioxide 25.16 ppb 
sulfur dioxide  ozone ( , 2551) 

 VOCs ( , 2552)  VOCs 

trichloromethane, toluene, butyl acetate, p-xylene, m-xylene, o-xylene, styrene 

cyclohexane 0.049, 0.034, 0.032, 0.034, 0.039, 0.042, 0.028 

0.014 ppm (Choosong et al., 2007)  

( , 2551)  VOCs 

 

   

(VOCs) 

4 trichloromethane, toluene, o-xylene 

 cyclohexane  
 

   
 

 VOCs 
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VOCs 

 

 

1.2  

  1.2.1  

   2  

 
  

 

   (1) 
(metrolac) 

 40-60 mesh 
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   (3) 
15-18 % 

3:2 
2 % 0.4-0.6 

2-3 
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50-60 

 4-12 
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, 2548) 
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1-1  

(Toxic gases) (Carbon monoxide) 

(ammonia)  (nitrogen dioxide) 

 (sulfur dioxide) 

 

(VOCs :C2-C7) 

(Methyl chloride)  

(methylene chloride) 

 

(Saturated hydrocarbons) 

(Hexane) 

 

(Unsaturated hydrocarbons) 

1,3- (1, 3-butadiene)  (acrolein) 

- (Mono-aromatics) (Benzene)  (styrene) 

 

(Polycyclic aromatic hydrocarbons :PAHs) 

( ) (Benzo (a) pyrene), ( , ) 
(dibenz (a,h) anthracene)  (etc.) 

 

(Organic alcohols and acids) 
(Methanol), (acetic acid) 

(Aldehydes) (Formaldehyde)  

(acetaldehyde) 
(Phenols) (Catechol), ( - ) (cresol 

(methyl-phenols)) 
Quinones (Hydroquinone), (florenone), 

(anthraquinone) 
(Free radicals) - (Semi-quinone) 
(Inorganic compounds) (Arsenic)  (lead)  (chromium) 

(Fine particulate matter) PM2.5 

(Chlorinated dioxins) - 

(Particulated acidity) (Sulfuric acid) 
: Naeher et al., (2005) 

 

   
(Crutzen and Andreae, 1990; Choosong, 2010)  
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(Couto et al., 2004; Maliga and Patil, 2009; Simoneit, 2002; Choosong, 

2010)  
(CO) unburnt 

hydrocarbons (UHC) (Ndiema et al., 
1998; Choosong, 2010)  20-30 % 

     
(Simoneit, 2002; Choosong, 2010)  

0.15-0.4 µm (Naeher et al., 2007; Choosong, 2010) 

 

 carbon monoxide, alkanes, VOCs (C2-C7), PAHs, methane, alkanols, aldehydes 

 ketones, alkyl ester, methoxylated phenolic compounds (Naeher et al., 2007; 

Choosong, 2010)  (dp < 2.5 µm) (ultrafine) 
(nano-particles)(dp < 0.10 µm ) 

(Elihn and Berg, 2009; Brouwer et al., 2004; Donaldson et al., 2001; 

Choosong, 2010)   
(COPD) 

 0.02-0.24 µm 

(Anderson et al., 1990; Donaldson et al., 2001; Choosong, 2010)  
(Peter et al., 1997; Choosong, 2010)  

(Pramchoo, 2009; Choosong, 2010)  
100  

1-2  
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1-2  

  

10 (Respirable particulate) 7 mg/m3 

(Carbon monoxide) 54.3 ppm 

(Formaldehyde) 0.468 ppm 

(Acrolein) 0.071 ppm 

(Benzene) 0.064 ppm 

: Reinhardt et al., (2000) ( , 2551) 

 

  1.2.3 (Volatile organic compounds, VOCs) 

    

(aliphatic)  (aromatic) 
 ( , ) 

0.14 . 25 
2 12  VOCs 

 VOCs 

 VOCs 
VOCs 

 4  0.001 mg/m3 

xylene toluene 0.002 0.126 mg/m3 ( , 2551) 

o- xylene, toluene, trichloromethane 0.35, 0.10, 

0.04 ppm o- xylene, toluene, trichloromethane 0.52, 

0.35, 1.41 ppm 

(o- xylene, toluene, 



 

 

9 
 

 
 

trichloromethane 0.00007, 0.0004, 0.00003 ppm) (Hellen et al., 2008, pp.283-290) 

 
(Rumchev et al., 2004, 

pp.746-751) (  , 2552) 

 PAHs 

trichloromethane, toluene, butyl acetate, p- xylene, m- xylene, o- xylene, styrene 

cyclohexane 0.049, 0.034, 0.032, 0.034, 0.039, 0.042, 0.028 0.014 ppm  

(Choosong, 2010) VOCs 

  
VOCs  

VOCs 
 VOCs  2 

 

   1. Non-chlorinated VOCs non-halogenated hydrocarbons  
 

   - Aliphatic hydrocarbons ( fuel oil, gasoline, hexane, industrial 

solvents, alcohols, aldehydes, ketone, hexane) 

   - Aromatic hydrocarbons ( toluene, benzene, 

ethylbenzene, xylenes, styrene, phenol) 
 

VOCs 
144 benzene, toluene, napthalene, propene 

 1, 3-butadiene  
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   2. Chlorinated VOCs halogenated hydrocarbons 

 
chlorinated VOCs  (non-

chlorinated VOCs) 

  VOCs 

 (hazardous air pollutants) 

VOCs 
 VOCs 3 

-  

 
 

   - VOCs  

   - 

 

   - VOCs 
VOCs 

(metabolism) 
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 ( , 2550) (volatile organic 

compounds) 
   (ethylbenzene) C8H10   

 (TLV-TWA) 100 ppm (ACGIH, 2009)  

 

 ( , 2552) 
(Gromiec and Piotrowski, 1984; 

Fishbein, 1985; Loizou et al., 2004) 
(WHO, 

1996; Loizou et al., 2004) 

   (styrene) (vinyl benzene) 
C8H 8   (TLV-TWA) 20 ppm (ACGIH, 2009)  

 

( , 2552)  styrene 
 Katakura et al. (1999) styrene 6-20 

neurotoxic  
 styrene   

(MRL value) 0.2 mg/kg/day (Srivastava et al.,1982; Pohl et al., 2005) 

   (o-, p-, m-xylene) C8H10 
(TLV-TWA) 100 ppm (ACGIH, 2009) 
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(

, 2552)  plasma alanine 

transaminase (ALT) (MRL 

value) 0.6 mg/kg/day (Elovaana et al., 1989; Pohl et al., 2005) 

   (toluene) C7H8  
(TLV-TWA) 20 ppm (ACGIH, 2009) 

( , 2552) 
Adami et al. (2006) 

gasoline (Kp) toluene 6.48 x 10-1 

cm/h 

   ( trichloromethane) 
(chloroform) CHCl3  (TLV-TWA) 10 ppm (ACGIH, 
2009) 

( , 2552) 

 tubular 

epithelium proximal tubules 

(Van Vleet and Schnellman, 2003) 



 

 

13
 

 
 

carbon monoxide (Kim, 2008)  
(MRL value) 0.2 ppm 

(Bornski et al., 1967; Pohl et al., 2005) 

(MRL value) 0.1 ppm (Larson et al., 1994a; Pohl et al., 2005) 
cytoplasmic eosiniphilia  centrilobular hepatocytes 

(MRL value) 0.3 mg/kg/day 

(MRL value) 0.01 mg/kg/day (Heywood et al., 
1979; Pohl et al., 2005) 

 

  1.2.4  ( , 
2543) 

   1.2.4.1 

 
  2 (7) 

103 30 . .2520  1-3 

 

1-3  

 . . 2520 

 

 (ppm)  
(ppm)  (ppm)  

 100  300  5 3 . 200  

100  600  5 3 . 200  

 100  300  5 2 . 200  

200  500  10  300  
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   1.2.4.2 
National Institute of Occupational Safety and Health (NIOSH) 

Occupational Safety and Health Administration (OSHA) 

1-4 

 

1-4 

  

 [CAS No.] 

ACGIH 
OSHA 

(ppm) 

NIOSH 

(ppm) 
TWA  

(ppm) 

STEL/C 

(ppm) 
Notation 

[67-66-3] (1990) 10  2 A3 50 - 

 [100-41-4] (1998) 100  125  A3;BEI 100 100 

 [100-42-5] (1996) 20  40  A4; BEI 100 50 

 [108-88-3] (2006) 20  150 A4; BEI 200 100 

 [1330-20-7] (o, m & p isomers, 

[95-47-6; 108-38-3; 106-42-3] (1992) 100  150  A4; BEI 100 100 

: ACGIH, (2009)  

 

 

TLV-TWA = Threshold limit values-time weighted average 

8 40  

TLV-STEL = Threshold limit values-short term exposure limit 

(15 ) 
TLV-C = Threshold limit value-ceiling 

BEI = Biological exposure index  

OSHA = Occupational Safety and Health Administration 

NIOSH = National Institute of Occupational Safety and Health 
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A1 =  A2 =  

A3 =   A4 =  

A5 =  

 

  1.2.5  ( , 2547) 

   
3  

   (1) 

(continuous emission monitoring 

system, CEMs)   

 

   (2) 

personal sampling 

8 

NIOSH (The National Institute of 

Occupational Safety and Health)  OSHA (Occupational Safety and Health Administration) 
  

(United States Environmental Protection 

Agency, U.S.EPA)  
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   (3) 

 

  1.2.6  

    ( , 2548) 
2  

   1. Active sampling 

 

   1.1 (Air displacement) 
 

   1.1.1 

 
Tedlar, Mylar, Scotchpak Teflon 

 4 Tedlar 

 

   1.1.2 

30 
 

   1.2 (condensation) 

 

   1.3 (absorption) 
impinger 
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impinger 

 

   1.4 (adsorption) 

 

   2. Passive sampling 

steady state 

(medium) 
passive sampler 2  

   1. (diffusion) 
passive 

diffusion coefficient 

passive sampler 

   2. (permeation) 
membrane 

passive sampler 

NO2, formaldehyde  
 

 

  1.2.7 

 

   1.  Threshold limit 

values (TLVs) 

TLV 
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TLV  
   Threshold limit value - time weighted average (TLV-TWA) 

8 40 

 

   Threshold limit value - short term exposure limit (TLV-STEL) 

 15 

TLV-TWA 

   Threshold limit value - ceiling exposure limit (TLV-C) 

 ( , 2551) 
   2. 

 
 

   - 

 

   -  
 

   -  
 

   -  
 

   -  TLV 

 

   -  TLV (relative index of toxicity) 

   TLV 

8 40 
Threshold limit value - time weighted average (TWA) 

TLV-TWA 
8  
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                                                                      C1 = 1 

                                                                          T1 = 1 

                                                                          Cn = n 

                                                                          Tn = n 

( , 2551) 
   3.  (additive mixture chemical) 

(TLV)   

additive effect 

synergism 

antagonism ACGIH  additive effect 
2 

 

 
 

 
    C1  

           T1 threshold limit  

1 threshold limit  

synergistic effect antagonistic effect 

A1, A2 A3 ( , 2551) 
   

 
 ( , 2549)  

 (additive effect) 

 

VOCs (additive effect) 

C1/ T1+C2/ T2 n/ Tn  1 

TWA = C1T1+C2T2 nTn

  8 
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VOCs 5 
toluene, xylene, trichloromethane, styrene ethylbenzene  

 

   4.   
(adjusted TLV)  

8 12 3 
10 4 

8 
 

8 24 8 
8 16 

10 10 
16 14 

5 500 

8 8 

 
 

   1. Breif and Scala model  Richard S. Breif  Robert A. Scala  
12 

50 % 8 
25 % 16 12 

Breif  

Scala 
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Breif  Scala (TLV) 

 

 

            h =  

 

 

 

           h =  

 

    Breif  Scala 

  

   Breif Scala  

   (1) TLV 

TLV 8  

   (2) 
 

   (3) 24 

TLV  

   (4) 7-8 
40  

   (5) TLV 8 Excursion 

TLV sensory irritation 

TLV 

   Breif Scala 

TLV reduction factor = (8/h) x ((24-h)/16) 

TLV reduction factor = (40/h) x ((168-h)/128) 
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Breif Scala 

 

   2. OSHA model OSHA 

OSHA 

(TLV) 500 
PELs (permissible exposure limits) 6  1-5  
 

1-5 OSHA 

   

1A  

1B   

1C   

2  8 

3  40 
4  8 40 

 

   
PELs 

 

   1A 
PEL 

   1B 
PEL PEL 

   1C 

PEL 

   2 

8  
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1 9 10 

2 
 

   3  
PELs 

40  

 

 
 

 

   
 

   4 

   OSHA 

classification of  chemicals by primary adverse health effects in  federal register  

( , 2551) 
   3. Pharmacokinetic model   
(body burden) 

one-compartment 

 
 

pharmacokinetic model  
 

Hickey  Reist (1977) 

Hickey  Reist  

Equivalent PEL = (PEL 8 )x(8 / ) 

Equivalent PEL = (PEL 8 )x(40 / ) 
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 : Fp = the pharmacokinetic reduction factor 

  k = the biologic elimination rate = (ln 2)/T1/2, whereT1/2 = the biologic half-life 

  t1n = the length of the standard workday (8 hours) 

  t2n = the length of the standard recovery period (16 hours) 

  t1n+t2n = the length of the standard day (24 hours) 

  Tn = the length of the standard week (seven days or 168 hours) 

  n = number of days in standard workweek (5) 

  t1s = length of the extended shift workday (in hours) 

  t2s = length of the rest period between extended shift workdays (in hours) 

  t1s + t2s ours) 

  T s = total length of the periodic work cycle (the number of days worked and 

days in the rest period [in hours]) 

   

   
(  3 

)  ( 40 

) 
40 (Paustenbach, 

2000) 
   4. Quebec model (Drolet, 2008) 

 OSHA model 

 703  Regulation Respecting Occupational Health and Safety 

(RROHS) 

 sensitisation, irritation, organ toxicity, reproductive system toxicity 

teratogenicity (Verma, 2000) 

IRSST  
http://www.irsst.qc.ca/en/_outil_100011.html.  
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 RF (

)  

Quebec 

 

 

  1.2.8 

   1.  

   
 

  
  . .2549  6 

 
 

   
 

 (
, 2553) 

 

. . .  . . 2541 

 

 

 

   2.  
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( , 2549)  

 ( ) 

( , 2553)  2 
 

   2.1 

1 

 
. .2548 

25 2548  

   2.2 
 -  

( , 2553)  
   (2522) 

 

   (2537) 
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   (2539) 

7 
 

4 
 

 

   (2541) 

  
 

 

    (2542) 
  

 

40 23 

 

1,000  



 

 

28
 

 
 

 

15 

22.91 

 

 

    (2546) 

 
(

) ( ) 

  

 

 
   (2547) 

21-30 10 
1)

2)
3) 4)

30 5)
6)

 



 

 

29
 

 
 

7)  
8) 9)

 
5 10)

 
5  

    

 

  
 

 

 

1.3   

  1.3.1 

.
  1.3.2 

 .
 

  1.3.3 
 

  8 

(TLV-TWA)  (additive 

effect) 8 (adjusted TLV) 

 

1.4   

  1.4.1 

. . .  



 

 

30
 

 
 

. . . . .2541 

  1.4.2 

 
  

  1.4.3 

 

  1.4.4 

 

  1.4.5 

  

 

1.5   

  1.5.1 

 

  1.5.2 

 
 

  1.5.3 

 

  1.5.4 

 

  1.5.5 

. . .
. .2541  

 

1.6   

  1.6.1 
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  1.6.2 

 

 

1.7   

 

 
 

1.8   

  
4-10  

 
 

  

 

 ( , 
, 

) 

 ( 4 ) 

- 
- 
-  
- ( / ) 

 VOCs  

- 8  (TLV-TWA) 

-  (Additive effect) 

- 8  (Adjusted TLV) 

 

(  1 ) 

 (VOCs) 
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/
 

  
1  

  1-2 

1-2  

  
   

   (Breathing 

zone) 

 

1.9   

  (cross - sectional 

study) 41 

 5 trichloromethane, xylene, styrene, toluene  

ethylbenzene 

10 
 - . .

2553  
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2 
 

 
2.1  
  (cross  sectional study) 
 
2.2  
  

 
   

 
. . 2553  

 
2.3  

 2.3.1  
(Yamane, 

1973) 95 %  
 

 
 

 n =  
  N =  
  e = 0.05 
   n = 46/(1+ 46 (0.05)2) = 41 
 41   
  

41  
46  

 

n = N/ (1+Ne2) 
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  2.3.2  
10  (purposive sampling) 

 41   

 
2.4  
  2.4.1  

 41  
  2.4.2  

5 trichloromethane, xylene, styrene, toluene 
ethylbenzene 

 
( 2-1)   

  ( / ) 
 

2-1 .  

 /  

7.00-8.30 .  1 

8.30-12.00 . 
 

 2  
 3 cm x 50 cm x 50 cm 

12.00-14.00 .  2 - 
 3 

14.00-17.00  
3-4 mm 

 4 

- 
60 

3-4 
 5 
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2-1 .  ( ) 

 /  

14.00-17.00 - 5-6  
- 

10 

- 

  
:   1) 8  

 20.00 . 
2) 

3)  
5  

 
  active sampling 

5  
NIOSH: 1501 1003 (NIOSH, 2003) gas 

chromatography (Agilent 6890 series-FID), capillary column: 30 m x 0.25 mm I.D., 0.25 µm fime 
thickness of HP-Wax bonded polyethylene glycol ( 2-2 2-3) 
 

2-2 VOCs NIOSH 

 (L/min)  

Solid sorbent 
tube (coconut 
shell charcoal, 
100 mg/50 mg) 

0.2 
Gas chromatography, 

FID 

toluene 

1501 
ethylbenzene 

xylene 
styrene 

trichloromethane 1003 

: NIOSH (2003) 
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 2-3 GC-FID (VOCs) 
/  

Manaufacture name / model Agilent 6890 series-FID 
Inlet conditions Mode: splitless 

Oven Initial temperature: 45 'c 
Maximum temperature: 180 'c 
Initial time: 3 min 

Column HP-Wax Bonded Polyethylene Glycol 
Length: 30 m 
Diameter:250 µm 
Film thickness: 0.25 µm 

Detector FID 
Flow rate: He (carrier gas) 7.2 mL/min 
H2(fuel gas) 45 mL/min 
N2 (marke up gas) 45 mL/min 
Air (oxidant gas) 450 mL/min 

  2.4.3  
(VOCs) 

 2-1 

 
2-1  

 
  2.4.4  
  2.4.4.1   
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: 
 

   2.4.4.2 (SKC, 
USA) activated charcoal 0.2 

/ NIOSH: 1501 1003 (NIOSH, 2003) 
(volatile organic compounds) 

 
2.5  
  2.5.1 1 

2   
  2.5.2 

 
  2.5.3  
   2.5.3.1 

 
   2.5.3.2  

(Volatile organic compounds: trichloromethane, xylene, 
styrene, toluene  ethylbenzene) 
  2.5.4  
  2.5.5   
 
2.6  
  
(percentage) (mean) (standard deviation) 

 Chi-square test 
VOCs 
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3 

 
 

  
 

(VOCs) 5 trichloromethane, xylene, styrene, toluene 

ethylbenzene 

 ( .)  

  8 (TLV-TWA) 

(additive effect) 8 
(adjusted TLV) 

. 41  
5 10 

 
2  

 

3.1 .  

  3.1.1  

  3.1.2  

  3.1.3  

  3.1.4  

   3.1.4.1  

   3.1.4.2  

   3.1.4.3  

 

3.2 (VOCs) 

.   
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  3.2.1  .
 

  3.2.2 (VOCs) 
  3.2.3 (VOCs) 

(TLV-TWA) 
   3.2.3.1 8  (TLV-TWA) 

   3.2.3.2  (additive effect) 

   3.2.3.3 8  (adjusted TLV) 

 

3.1 .  

  3.1.1  

   
. 41 - . .2553 

2 . (
) . .2537 12  (29.27 %) . .2538 26  

(63.41 %) 3 (7.32 %)  .
 . .2553 

.  46 5 
11 62  

( , 2552)  
  101 

 . .2547 76 ( , 2549)  
  

( , 2544)  
  

( , 2549) 
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 3-1 .
( )  ( . . )  (%) 

6-8 2,500 ± 0 1 (2.44) 
9-11 2,440 ± 2,066 5 (12.19) 

12-14 2,128 ± 1,806 25 (60.98) 

15-17 2,690± 2,099 10 (24.39) 

2,312 ± 1,853 10 ±10 (100) 

 
    3-1  . .2553  

60.98 %  12-14 24.39 % 

 15-17  6-8   2.44 %  
 

2,312 ± 1,853 
. .

( , 
2549)    

 . 
(Demand) 

( , 2549) 
 

 3-2 .
  ( . . ) (%) 

<5 1,588 ± 1,289 16 (39.02) 

5-6 1,845 ± 843.1 11 26.83) 

>6 3,507 ± 2,395 14 (34.15) 

 
 



 

 

41

 

   3-2 .
  16   5  

10  5-6  15 6 

 
1  

   .
3  

   1.   
   08.00-12.00 .  
1-2  

   2.  
08.00-14.00 . 1-2  

   3.  
 

  1  

2-15 5.93 ± 2.78  

 

3-3 .  

 ( . ./ ) ( . . )  (%) 
7-8 2,064 ±1,897 22 (53.66) 

>8 2,600 ±1,809 19 (46.34) 

 

   3-3  53.66 %  

7 - 8   46.34 % 8 
 

8  
( , 2550)  
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( , 
2544) 
 

3-4  .  

 
  

 (%)  (%) 
( ) 23 (56.1) 0 

 12 (29.3) 0 

 5 (12.2) 0 

 1 (2.4) 0 

0 41 (100) 

 41(100) 41 (100) 

 

    3-4 

 

 56.1 % ( 3-1 3-2)   
( 3-3 3-4)    

 29.3, 12.2 2.4 % 
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3-1 

 

 
 

3-2  

 



 

 

44

 

 
 

 3-3 
 

 
 

 3-4 
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(2548)  .
(2548) . 

.
.  

    

(Phenolic) 
 

( , 2546) . 
( , 2545)  

.    .
 
 

. .2537 
21.7 % 38.9 % . .2538 

69.6 % 55.6 % 
8.7 % 5.6 %  

 

 3-5    

 
 ( . . ) 

    

(% yield**)  (% yield***) 

2537  12 2,425 ± 2,017 1,044 ± 477.3 (43.07) 1,501 ± 3,000 (61.89) 

2538  26 2,227 ± 1,817 1,147 ± 817.1 (51.51) 5,569 ± 5,959 (250.1) 

2537 2538*  3 2,600 ± 529.2 2,067 ± 901.9 (79.49) 4,367 ± 4,879 (168.0) 

 41 2,312 ± 1,853 1,210 ± 771.1 (52.35) 4,291 ±5,409 (185.6) 

: * . .2537  . . 2538  

  % yield ( ( . .), ( )) 
          ( . . ) 
  **  % yield . . / . . , ***  % yield / . .  
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   3-5  .
. .2537 2,425 ± 2,017 . .

1,044 ± 477.3 . . 1,501 ± 3,000 

. .2538 2,227 ± 1,817 . .
1,147 ± 817.1 . . 5,569 ± 

5,959 

2,600 ± 529.2 . . 2,067 ± 901.9 . .
4,367 ± 4,879 

. .2538  . .2537 

 . 
3 ( . .2538) 1.5 

( . .2537) 0.2-0.6 . . . . (  
, 2548)  

   
.   . .2537 

43.07 % 61.89 % . .2538 
.  

.   
.

4,291 % yield 185.6  
(2548) .   

3.0-14.5 .
.

68.30 %  (
3-6)   

 % yield 

Information bias .
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  3.1.2  

   .
  

 

3-6 .  

 
 (%) 

    

2537 10  2  0 0 12 (29.3) 

2538 15  7  2  2  26 (63.4) 

2537 2538* 3  0 0 0 3 (7.3) 

 (%) 28 (68.30) 9 (21.94) 2 (4.88) 2 (4.88) 41 (100) 

: * . .2537 2538  

 

   3-6  
68.30 % 

( , 2548)  

 
 (Total suspended solid)   

300  mg/l  (Total dissolved solids) 
(Electric conductivity)   (  , 

2549 )     
-  (pH)    

  100-200 mg/l  
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 (  , 2549 ) 
 

 

 3-7 .  

 . . 2537 
(%)  1 2   EM 

  1  2  - 14 (34.14) 

  1  2   1 (2.44) 

 16 (36.58) 

 . . 2538 

(%)      EM 

  1  2  - 21 (51.23) 

  1  2   3 (7.31) 

  
( HDPE) 

 1  - 1 (2.44) 

  1   - 1 (2.44) 

25 (63.42) 

:   

  -     
  EM  Effective micro-organisms 

  HDPE High-density polyethylene 

 

   3-7 . . 2537 
  

1 EM  

. .2538 1 
. . 2537 1 

HDPE (High-density polyethylene) 
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. .

( , 
2548) / 9 

. .2537 10 . .2538 ( , 2552) 

. EM  

. 2 
. .2537 1 

2 1 . .2538 

(Chaiprapat and 

Sdoodee, 2007) 3-5 

 

Influent          Effluent 

 

 

. .2537 

Influent          Effluent 

 

 

. .2538 

 

3-5 . ( , 2548) 
 

  3.1.3  .
   .

 
  

1 2 
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 10 
 

 (  
, 2548) 

 3-6 

 

             
 

              
 

3-6 .   
 

   .  
. . .2537  7 

7 7 . .2538  
4 4 2 

11 11 9   
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3-8 .  

 ( ) 
(%) 

2537 2538 2537 2538* 

 11  26  2  39 (95.12) 

( 4 ) 1  - - 1 (2.44) 

( 9 ) - - 1  1 (2.44) 

 (%) 12 (29.26) 26 (63.42) 3 (7.32) 41 (100) 

 
 ( ) 

(%) 
2537 2538 2537 2538* 

11  15  2  28 (68.29) 

+   1  11  1  13 (31.71) 

 (%) 12 (29.26) 26 (63.42) 3 (7.32) 41 (100) 

: * . .2537 2538  

 

   3-8 . .2537  

1   1  
. 

 
 .  

 ( 3-7)  68.29 % 

  31.71 %  
 ( 3-8) 

. .2538 2  

. .2537 7 

  .
 Choosong (2010) 
 PAHs  
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              ( )                 ( )   

3-7 ( ) . .2537 ( ) . .2538 

 

 
 

3-8 (Roof turbine) 
 

   

.   
.

4 
 

( , 2548) 
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. 
  

  3.1.4 

 

  

 ...............  
. .2542 ( , 2554) 

( 05203) 
( 3) 

3 ( ) 
 

. .2535 ( , 2554) 

 
( , 2546)  

 8 (1) 

(2) (3)  
(4) (5) (6) 

(7) 
(8)  

( , 2548.)  
. .

2541 
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. .2541 ( , 2554)  
 

3-9 

 .
 . . . . .2541  (%)  (%) 

 1 20 (48.80) 21 (51.20) 

 2 3 (7.3) 38 (92.7) 
 3 8 (19.5) 33 (80.5) 

 4 41 (100) 0 

 . . . . .2541 (%) (%) 
 5 0 41 (100) 

/  6 0 41 (100) 

   7 0 41 (100) 

: 

 1 . . . . .2541 ( 7 ) 15 
 1  

 2 . . 2522 400  1  

 3 . . . . .2541 ( 7 ) 15 
 1  

 4 . . . . .2541 ( 7 ) 15 
 1  

 5 . . . . .2541 ( 7 ) (
) 

 6 . . . . .2541 ( 7 ) /
( ) 

 7 . . . . .2541 ( 7 ) - (
) 

 

   3-9 
.

  48.8 %  7.3 % 

19.5 % .
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 . . . . .2541 
 

 
  /

-   

(
, 2554)  

 

3-10 .  

 

. . .
. .2541 

 (%)  (%) 
 1 4 (9.8) 37 (90.2) 

 1 3 (7.3) 38 (92.7) 

 1 5 (12.2) 36 (87.8) 

 1 2 (4.9) 39 (95.1) 

 1 2 (4.9) 39 (95.1) 

 2 0 41 (100) 

 2 0 41 (100) 

 1 0 41 (100) 

 3 0 41 (100) 

 4 0 41 (100) 

 4 0 41 (100) 

:  

 1 . . . . .2541 7 ( 107) 
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 2 . .2533   
  

 3 . . . . . 2537 (  15) 

  

  4 . . . . .2541 ( 107) 

 

 

   3-10 
.   

.   (  
) 9.8 % 

 (  
) 7.3 %  (  

) 12.2 %  

 4.9 %  
 .   . . .  . .

2541 7 ( 107)  .
  

  

. .2533  . . . . . 2537 (  15)

   .  

 ( , 
2553) 
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3-11 .  

 

. . .
. .2541 

 (%)  (%) 

 1 

12 (29.3) 29 (70.7) 

 1 10 (24.4) 31 (75.6) 

 1 0 41 (100) 

 2 1 (2.4) 40 (97.6) 

   2 1 (2.4) 40 (97.6) 

 3 1 (2.4) 40 (97.6) 

   3 1 (2.4) 40 (97.6) 

 4 16 (39) 25 (61) 

   5 0 41 (100) 

 5 0 41 (100) 

 5 0 41 (100) 

 
 5 

0 41 (100) 

 5 0 41 (100) 

: 
  1 . . . . .2541 ( 8)  

 

  2 . . . . .2541 ( 8)   

 

 
  3 . . . . .2541 ( 8)  

 

  

1  

  4 . . 2522 
4 . . 2514 

 5 . . . . .2541 
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   3-11   
 .  

 29.3% 

 24.4 % 

 
 1 

 . . . . .2541 ( 8)   
  

2.4 % 

  
 39 % 

. . 2522  .
  

 

 (
, 2554) 

    
. .

2541  
 

( , 2549) 
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( , 2553) 

 

3.2 (VOCs) 
.  

   (VOCs) 

5  trichloromethane, xylene, styrene, toluene ethylbenzene 4 

1  10  
41 3-12  

 

3-12 .  

 ( . ./ ) 

A 6,000 

B 4,000 

C 3,000 

D 3,000 

E 1,600-3,000 

F 2,200 

G 2,000 

H 2,000 

I 1,700-2,000 

J 1,500 

 

  VOCs 

41 
worst case worst case 
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VOCs ( , 2551) 

 

VOCs  

  3.2.1 .   
   .

 5 
3-13  

 

3-13   

 
 ( / ) 

1 2 3 4  5 6 

A 3.20 3.00 1.35 4.25 2.05 - 13.85 

B 3.00 2.35 2.20 2.30 2.30 0.50 12.70 

C 3.43 3.10 1.25 3.00 1.00 - 11.78 

D 3.33 2.50 3.05 3.10 0.30 - 12.25 

E 3.10 2.30 2.45 2.55 1.15 - 11.55 

F 3.30 3.10 1.35 4.00 2.10 - 13.85 

G 3.25 3.20 1.05 3.45 1.15 - 12.10 

H 3.40 3.30 3.00 3.00 2.45 - 15.15 

I 3.20 3.00 1.30 3.00 3.00 - 13.50 

J 3.25 3.00 1.15 2.45 1.55 - 11.40 

3.24±0.13 2.89±0.36 1.82±0.78 3.11±0.64 1.71±0.81 0.50±0.00 12.81±1.23 

: 1 2 3 
4 5 ( )  

6 ( )  
   -    

 

   -  1 

07.30-12.00 .  3.24±0.13  



 

 

61

 

1 

 

   -  2 08.00-

12.30 . 2.89±0.36 

 

   -  3 11.30-14.30 . 

 1.82±0.78  

   -  4 13.00-18.00 . 
 3.11±0.64  

   -  5 ( / ) 

( 6) 
 1.71±0.81 

 1  0.50 

11-15  
   .

12.81±1.23 89.67  
 

(Choosong, 2010)  8 
. . . . .2541  23 

8 48  
7 42 

 ( , 2554) 
  3.2.2 (VOCs) 

.  
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.
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*A
 

 
 

 
 

**
B 

1,
32

3.
81

 ±
 3

18
.0

3 
0.

00
05
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±0

 
0.

00
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±0

 
0.
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00
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**
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37
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00
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13
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39

 ±
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.9

2 
0.

00
03

4 
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.0
06
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00
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00
05
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0.

00
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0.

00
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E 
1,
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2.
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00
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00
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01
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81
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.7
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   VOCs 10 
3-14  toluene 

G, I J 0.0257, 0.0121 0.0100 ppm 
1806.66, 

1599.35 1408.24  toluene 
H  J 

H  toluene J 

A  toluene 
A 

 xylene ethylbenzene I 

0.006, 0.003 ppm I 

G xylene ethylbenzene 
 xylene ethylbenzene 

  

VOCs VOCs  

VOCs . . 2537 14- 16 
F VOCs 

 11  B C . . 2538 13 
VOCs 
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0.
00

70
 ±
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0.
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   3-15 VOCs 

VOCs toluene, xylene ethylbenzene 
VOCs 2 trichloromethane  styrene VOCs 

(ACGIH, 2009) 

 toluene  

( ) 

 3-9 3-10 

 

     
 

 3-9  

 

 
 3-10  



 

 

66

 

   ethylbenzene, toluene, xylene, styrene  
trichloromethane 

(p-value>0.05) 10 .  ethylbenzene, toluene  

xylene  0.001, 0.007 0.002 ppm trichloromethane styrene 
 0.001 ppm 8  TLV-

TWA (ACGIH, 2009)  VOCs 

VOCs   toluene, p- xylene, 

m- xylene  o- xylene  0.034, 0.034, 0.039  0.042 ppm  (Choosong, 2010) 
 VOCs xylene  toluene 0.35 

 0.10 ppm  (  , 2552)  VOCs . 4 
xylene toluene 0.002 0.126 mg/m3 ( , 2551) 

VOCs 

3-16  
 

 3-16 

  
( ) 

 

 

( ) 

 

4 (8 )  4 , 2551 

2 (30 )  4 , 2552 

    

 

1 (1 ) 0.5 Choosong, 2010 

10  (50 )  3 

  3  

 3 

 2 

 2 
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(o- xylene, toluene  trichloromethane 0.00007, 0.0004 

0.00003 ppm) (Hellen et al., 2008, pp.283-290) 

VOCs 

8  

TLV-TWA (ACGIH, 2009) 8 /  

VOCs 

 

  3.2.3 (VOCs) 
.

 
   3.2.3.1 8  (TLV-TWA) 

   
8 40 

threshold limit value - time weighted average (TWA) 
8 

(ACGIH, 2009)  3-17  

 

3-17 8 (TLV-TWA) 
VOCs (ppm) 

Ethylbenzene  Styrene  Trichloromethane  Toluene Xylene  

A  0.0009 0.0009 0.0009 0.0157 0.0009 

B  0.0008 0.0008 0.0008 0.0008 0.0008 

C  0.0007 0.0007 0.0007 0.0007 0.0007 

D  0.0008 0.0008 0.0008 0.0067 0.0008 

E  0.0009 0.0009 0.0009 0.0089 0.0118 

F  0.0007 0.0007 0.0007 0.0007 0.0007 

G  0.0008 0.0008 0.0008 0.0404 0.0107 
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3-17 8 (TLV-TWA) ( ) 

VOCs (ppm) 
Ethylbenzene  Styrene  Trichloromethane  Toluene Xylene  

H  0.0009 0.0009 0.0009 0.0067 0.0009 

I  0.0058 0.0008 0.0008 0.0178 0.0118 

J  0.0007 0.0007 0.0007 0.0181 0.0054 

 : - (TLV-TWA) ethylbenzene = 100 ppm, styrene = 20 ppm, xylene = 100 ppm,  

 trichloromethane = 10 ppm toluene = 20 ppm  

  -  TWA = (C1T1 + C2T2 +  + CnT n) / 8,    C1 =  
 1, T1 =   1, Cn =  n, Tn = 

 n    ( , 2551) 
 

   3.2.3.2  (additive effect) 

   (additive effect) 

(additive effect) ( , 2549) 
VOCs ethylbenzene, styrene, toluene  xylene 
10 . additive effect 0.0004, 0.0001, 0.0001, 0.0002, 0.0003, 0.0001, 0.0014, 

0.0002, 0.0007 0.0006 ppm  3-18 1 
  trichloromethane 

additive effect  trichloromethane 

(synergistic effect) 
 

trichloromethane 
(synergistic effect) 
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3-18 (additive effect) 

 
VOCs  (ppm) additive effect 

 1 Ethylbenzene Styrene Toluene Xylene 

A  0.0005 0.0005 0.0082 0.0005 0.0004 

B  0.0005 0.0005 0.0005 0.0005 0.0001 

C  0.0005 0.0005 0.0005 0.0005 0.0001 

D  0.0005 0.0005 0.0034 0.0005 0.0002 

E  0.0005 0.0005 0.0043 0.0059 0.0003 

F  0.0005 0.0005 0.0005 0.0005 0.0001 

G  0.0005 0.0005 0.0256 0.0053 0.0014 

H  0.0005 0.0005 0.0032 0.0005 0.0002 

I  0.0030 0.0005 0.0121 0.0060 0.0007 

J  0.0005 0.0005 0.0100 0.0028 0.0006 

:  additive effect   C1/T1+C2/T2 n/Tn  1,   C1 
, T1 threshold limit value , 1 

threshold limit  

 

   3.2.3.3 8  (adjusted TLV) 

 VOCs ethylbenzene, 
styrene, trichloromethane, toluene  xylene  0.0010, 0.0005, 0.0005, 0.0067, 

0.0023 ppm 8 
adjusted TLV 12.81±1.23 . .   ethylbenzene, 

toluene, xylene, trichloromethane  styrene 43.65, 8.73, 43.65, 4.37 8.73 ppm 
Breif and Scala model 62.44, 124.87, 62.44, 31.22 

62.44 ppm  OSHA model 3-19  
   

8 12 
 

8 
 ( , 2551) 
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3-19 VOCs 

 

(ppm) 

TLV-TWA 

8 hour 

(ppm) 

TLV  

Breif and Scala 

model (ppm) 

PEL 8 

hour 

(ppm) 

TLV  

OSHA model 

(ppm) 

Ethyl benzene 0.0010 100 43.65 100 62.44 

Styrene 0.0005 20 8.73 100 62.44 

Trichloromethane 0.0005 10 4.37 50 31.22 

Toluene 0.0067 20 8.73 200 124.87 

Xylene 0.0023 100 43.65 100 62.44 

: - Breif and Scala model  TLV reduction factor = (8/h) x ((24-h)/16), h = 

 

  - Occupational safety and health administration (OSHA) model  Equivalent 

PEL = (PEL 8 ) x (8 / )  
 

   3-19  TLV  Breif  Scala 

model  TLV  OSHA model  

Breif  Scala  TLV-TWA  ACGIH 

(2009)  

  TLV Breif  

Scala  
ACGIH 

OSHA 

TLV 500 . .1960 PELs . .1989 

PELs 

 OSHA 

PELs 

( , 2551) 
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  ACGIH  OSHA 

ACGIH 

OSHA 

NIOSH 

OSHA Permissible exposure limits (PELs)  
.

   8 

(TLV-TWA) (additive effect) 
8 (adjusted TLV) 

(VOCs) 

   

1 
( , 2550)  trichloromethane 0.43 g /m3 

24 
 trichloromethane 57 g /m3 ( , 2552) 

 trichloromethane 0.084 g /m3  US-EPA (EPA 

Region 6 screening level) 4 ethylbenzene, 
styrene, toluene  xylene 

1   
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4 

 

4.1  
  4.1.1 

.  

   4.1.1.1  

   2  
. . .2537 . .2538  3   

  5.93 ± 2.78 

 46.34 % 8 
 56.1 %  

   
. .2537 

 . .2538 
.  4,290.61 % yield 

185.56 %  

   4.1.1.2 . 
68.30 %   (21.94 %)  (4.88 %) 

(4.88 %)  .
.

  
   4.1.1.3  

. . .2537 1 
. 1 

.  
68.29 % 

31.71 %  

. .2538 
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   4.1.1.4 

.  

 . .2541 

  4.1.2 (VOCs) 
.  

   4.1.2.1   
(

) ( / )  
12.81±1.23 89.67  

  
   4.1.2.2 (VOCs) 

.  

   VOCs 

VOCs 3 toluene, xylene ethylbenzene 
VOCs 2 trichloromethane  styrene  VOCs 

(ACGIH, 2009)   

toluene  

( )  ethylbenzene, 

toluene, xylene, styrene  trichloromethane 
(p-value>0.05) 10 .  

ethylbenzene, toluene  xylene  0.001, 0.007 0.002 ppm 

trichloromethane styrene  0.001 ppm 

   4.1.2.3 (VOCs) 
.

  
8 (TLV-TWA) (additive 

effect) 8 (adjusted TLV)  
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4.2 
  4.2.1 

 

  4.2.2 

 

  4.2.3 

 

  4.2.4 
 

 
4.3 
  4.2.1 

  4.2.2 .

(clean technology) 
 

  4.2.3 

 . . . 
. .2545  

  4.2.4 
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                                                                         ID 

1  

1.1  

 (A)  

 (B)........ 
.............................. 

............................... ................... 

...................................... .   

(c)   (C1)    (C2)  

(D1) .... (D2) ...  

 

*  (D11)........   (D12)....   (D13)........ 
 (D111) ................ . (D112) ................... .  
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  H72   H721 

  H73   H731 

  H74   H741 

  H75   H751 

  H76   H761 

  H77   H771 
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-3  ( ) 

  (1) (0) 

   

 
(H91) ......

  
(H92) 

  

   

 

(H111).........................  

  

 
(H121) ......................................... 

  

 

2  (  ) 

 

  

  

  H8 

  H9 

  H91 

  H92 
 
  H10 

 
  H11 

  H111 

  H12 

  H121 
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3 /  (  
) 

  

 /  
/
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. .2548 

 6 95 

. . 2541  

 1  

  (1) 

 

  (2) 

 

 2 

 

  (1) 

( ) ( ) 
( ) ( ) ( )  ( ) ( )  

( ) ( ) ( ) ( ) 
( ) ( ) ( ) -

( ) - ( ) ( ) 
( ) ( ) ( ) ( ) 

( ) ( ) ( ) ( ) 
( ) ( )  ( ) ( ) 

 3 

2 (2) 2 (3) 
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. .2547  

 6 107  
. . 2541 

 1  

 3 

 
 

 

 4 
 

2  

 5 3 

 

 6 

 

 7 3 
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. .2537 2  

 13 

 

 14 
 

 15 

 

3 ( . . 2539) . .2537 

6 15 . . 2537 

 

 1 
 

 2 

 

. . 2533 2   
 1 
 33 

 

( 33 ( 2) . . 2537) 
 
 



 

 

95

 

 
  

 1  

 6 

 

 

 3 
 

 18 
 

 

  
 2 (7) 14 

  

 4  

  (14) 
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 20 

 

. . 2549 

 1  

 3 

 5 

3  
 

11 ( . . 2541) . . 2541 

 9 

 
 

  
 2 (7) 14 103 

16 2515 

 

 1  

 3 
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 4 

 36 
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1.  

  1.1. (calibration) 
(soap-bubble calibration)  

 1.1.1 calibrate charcoal tube 

charcoal tube  

 1.1.2 

0.2 /  

  1.2  

   1.2.1 solid 

sorbent tube    

   1.2.2 

solid sorbent tube 

 

   1.2.3  

   1.2.4 solid 

sorbent tube ( ) 

Blank 5 
 

2. 
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-1  

 

 
 

-2 (calibration) 
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-3  
 

  
 

-4 
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GC/FID  

  

 

1. VOCs GC/FID (agilent 6890 series-FID) 
NIOSH OSHA   

 
 

 

( ) 
 

Vial 1.5 ml    

( Vial DI 150 ) 

 

coconut shell charcoal 

Vial (coconut shell charcoal 

10 % ) 2  

 

 coconut shell charcoal Vial CS2 1 ml   Dispensette 

30  (  coconut shell charcoal ) 

 

GC/FID  13  

 

 

 

2. External standardization method  
 -  DR.Ehrenstorfer GmbH. 99.9 % 5 ml 

 5000  LOD LOQ 0.001 ppm 

 -   LAB ISO 9002 ACGIH  
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3. GC/FID 

 = (min) X (L/min) 

  (mg/ m3) = (  (µg/sample)) / (L) 

  (ppm) = ( (mg/m3) X 24.45)/Mw 

 24.45 

 

 [ppm  mg/m3] (ACGIH, 2009)   

 

TLV in ppm = 
 

(TLV in mg/m3) (24.45) 

(gram molecular weight of substance) 

 

TLV in mg/m3 =
 

(TLV in ppm) (gram molecular weight of substance) 
 

24.45 

: 24.45 NTP (25 C 760 torr) 
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-1 Vial 
 

 
 

 -2 coconut shell charcoal Vial  

 

           
 

 -3  coconut shell charcoal Vial CS2 1 ml  
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 -4 Dispensette 30  (
 coconut shell charcoal ) 

 

                
 

-5 GC/FID 13  
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 -1 1 

 

 
 -2 2 
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 -3 3 

 

 
 -4 4 
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 -5 5 

 

 
 -6 6 
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 -7 7 

 

 
 

 -8 8 

 



 

 

109

 

 
 

 -9 9 

 

 
 

 -10 10 
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 -1 ( .) 
 

  

1. .                        6 . .  

2. .                        5 . .  

3. .                        4 . .  

4. .                        3 . .  

5. .                        3 . .  

6. .                        6 . .
7. .                        5 . .  

8. .                        7 . .  

9. .                        7 . .  

10. .                       9 . .  

11. .                        8 .  .  

12. .                        10 . .  

13. .                        6 . .  

14. .                        8 . .  

15. .                       17 . .  

16. .                        10 . .  

17. .                        4 . .  

18. .                        10 . .  

19. .                        9 . .  

20. .                        9 . .  

21. .                       11 . .  

22. .                        6 . .  

23. .                        6 . .  

24. .                        3 . .  

25. .                        5 . .  

26. .                        6 . .  

27. .                        6 . .  
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-1 ( .) 
 ( ) 

  

28. .                        7 . .  

29. .                        11 . .  

30. .                          1 . .  

31. .                          5 . .  

32. .                          4 . .  

33. .                          3 . .  

34. .                          1 . .  

35. .                          5 . .  

36. .                          5 . .  

37. .                          6 . .  

38. .                          7 . .  

39. .                          9 . .  

40. .                          1 . .  

41. .                          6 .  .  

 

 -2  

 

 

 

 

 

 

 

 

 

 

 

1. .   7 7  7 

2. .  4 4  2 

3. .  7 7  7 

4. .  7 5  7 

5. .  7 7  7 

6. .  4 4  2 

7. .  4 4  2 

8. .  4 4  2 

9. .  7 7  7 

10. .  4 4  2 
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-2  ( ) 

 

 

 

 

 

 

 

 

 

 

 

11. .   4 4  2 

12. .  4 4  2 

13. .  4 4  2 

14. .  4 4  2 

15. .  5 5  3 

16. .  7 7  7 

17 .  4 4  4 

18. .  4 4  2 

19. .  4 4  4 

20. .  4 4  2 

21. .   7 7  7 

22. .  4 4  2 

23. .  7 6  7 

24. .  7 7  7 

25. .  4 4  4 

26. .  4 4  2 

27. .  7 7  7 

28. .  4 4  2 

29. .  4 4  4 

30. .  4 4  2 

31. .  4 4  2 

32. .  4 4  1 

33. .   4 4  2 

34. .   4 4  1 

35. .  4 4  2 

36. .  7 7  7 

37. .  4 4  2 

38. .  10 10  2 
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-2  ( ) 

 

 

 

 

 

 

 

 

 

 

 

39. .  4 4  2 

40. .  4 4  2 

41. .   4 4  2 

 

 -3 . . .  
. .  ( ) 

2537  3 (7.3) 

2538 7 (17.2) 

2539 11 (26.8) 

2540 11 (26.8) 

2541 2 (4.9) 

2542 3 (7.3) 

2543 2 (4.9) 

2544 1 (2.4) 

2547 1 (2.4) 

41 (100.00) 

 

 -4 

 
  ( )  ( ) 

1. .  08.00 .-11.20 . 3.20 3.35 

2. .  08.30 .-11.30 . 3.00 2.23 

3. .  07.30 .-11.14 . 3.43 3.58 

4. .   07.30 .-11.00 . 3.30 3.23 

5. .   08.45 .-11.55 . 3.10 3.03 

6. .  08.00 .-11.30 . 3.30 3.32 

7. .  07.55 .-11.20 . 3.25 2.12 
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 -4  ( ) 

 
  ( )  ( ) 

8. .  08.10 .-11.50 . 3.40 3.67 

9. .  08.40 .-12.00 . 3.20 3.15 

10. .  08.45 .-12.10 . 3.25 3.37 

 - 3.24 3.11 

 

 -5 

   ( )  ( ) 

1. .  08.15 .-11.15 . 3.00 2.85 

2. .  09.10 . -11.45 . 2.35 2.55 

3. .  08.10 . -11.20 . 3.10 3.13 

4. .   08.30 . -11.20 . 2.50 2.63 

5. .   09.45 . -12.15 . 2.30 2.47 

6. .  08.30 .-12.40 . 3.10 4.22 

7. .  08.30 .-11.50 . 3.20 3.23 

8. .  09.00 .-12.30 . 3.30 3.40 

9. .  09.30 .-12.30 . 3.00 2.35 

10. . 
 

09.00 .-12.00 . 3.00 3.18 

 - 2.89 3.00 
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 -6 

   
 

( )  ( ) 

1. .  11.45 . -13.20 . 1.35 1.65 

2. .  11.55 . -14.15 . 2.20 2.30 

3. .  11.30 . -12.55 . 1.25 1.47 

4. .   11.25 . -14.30 . 3.05 2.72 

5. .   11.45 . -14.30 . 2.45 2.73 

6. .  12.55 . -14.30 . 1.35 1.68 

7. .  12.00 . -13.05 . 1.05 0.78 

8. .  12.00 . -15.00 . 3.00 2.82 

9. .  12.30 . -14.00 . 1.30 1.68 

10. . 
 

12.30 . -13.45 . 1.15 1.57 

 - 1.82 1.94 

 

 -7 

 
  ( )  ( ) 

1. .  13.15 .-17.40 .  4.25 4.35 

2. .  14.15 . -16.45 .  2.30 2.38 

3. .  13.30 . -16.30 .  3.00 3.02 

4. .   13.50 . -17.00 .  3.10 3.08 

5. .   14.30 . -17.25 .  2.55 2.97 

6. .  
11.15 . -12.55 . / 
14.30 .-16.50 . 4.00 2.55 

7. .  13.00 . -16.45 .  3.45 3.55 

8. .  15.00 . -18.00 .  3.00 3.72 

9. .  14.00 .-17.00 .  3.00 3.00 

10. .  13.30 .-16.15 .  2.45 3.92 

 - 3.11 3.25 
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 -8 ( ) 

   ( )  ( ) 
1. .  13.55 . -16.00 . 2.05 2.05 

2. .  07.30 .-10.00 . 2.30 2.57 

3. .  08.00 .-09.00 . 1.00 1.08 

4. .   10.00 .-10.30 . 0.30 0.52 

5. .   07.30 .-08.45 . 1.15 1.28 

6. .  
12.45 .-13.10 ./ 
14.30 .-16.15 . 2.10 2.10 

7. .  08.30 .-09.45 . 1.15 1.10 

8. .  07.45 . -10.30 . 2.45 2.95 

9. .  07.40 . -10.40 . 3.00 3.07 

10. .  13.50 . -15.45 . 1.55 1.98 

 - 1.71 1.87 

 

 -9  ( ) 

   ( )  ( ) 
1. .  - - - 
2. .  07.35 .-08.30 . 0.55 0.8 

3. .  - - - 
4. .   - - - 
5. .   - - - 
6. .  - - - 
7. .  - - - 
8. .  - - - 
9. .  - - - 
10. . 

 - - 
- 

 - 0.55 0.80 
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 -10   

 
 ( / ) 

1 2 3 4 5 6 

A 3.20 3.00 1.35 4.25 2.05 - 13.85 

B 3.00 2.35 2.20 2.30 2.30 0.50 12.70 

C 3.43 3.10 1.25 3.00 1.00 - 11.78 

D 3.33 2.50 3.05 3.10 0.30 - 12.25 

E 3.10 2.30 2.45 2.55 1.15 - 11.55 

F 3.30 3.10 1.35 4.00 2.10 - 13.85 

G 3.25 3.20 1.05 3.45 1.15 - 12.10 

H 3.40 3.30 3.00 3.00 2.45 - 15.15 

I 3.20 3.00 1.30 3.00 3.00 - 13.50 

J 3.25 3.00 1.15 2.45 1.55 - 11.40 

3.24±0.13 2.89±0.36 1.82±0.78 3.11±0.64 1.71±0.81 0.50±0.00 12.81±1.23 

: -  

 

 -11 1 (7 ) 

/ / (kg) (kg) 
19/08/53 16,421.00 5,542.80 

20/08/53   

21/08/53 10,248.50 3,411.40 

22/08/53 13,744.30 4,730.00 

23/08/53 9,920.00 3,447.20 

24/08/53 11,225.60 3,767.90 

25/08/53 14,152.60 4,782.00 

26/08/53 11,044.90 3,765.40 

 86,756.90 29,446.70 

 12,393.84 4,206.67 
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 -12 2 (7 ) 

/ / (kg) (kg) 
13/08/53 2,172.50  751.70  
30/08/53 3,165.00  1,057.90  

29/08/53 4,012.50  1,410.70  

28/08/53 4,275.50  1,517.80  

27/08/53 3,987.50  1,410.50  

26/08/53 4,860.00  1,709.80  

25/08/53 4,008.00  1,408.30  

 26,481.00 9,266.70 

 3,783.00 1,323.81 

 

 -13 3 (7 ) 

/  / (kg) (kg) 
01/09/53 6,124.50 2,147.70 
31/08/53 1,428.00 479.40 

30/08/53   

29/08/53 3,595.00 1,228.40 

28/08/53 3,992.50 1,415.30 

27/08/53 5,283.50 1,605.00 

26/08/53   

 20,423.50 6,875.80 

 4,084.70 1,375.16 

 

 -14 4 (7 ) 

/ / (kg) (kg) 
01/09/53 3,973.50 1,343.27 

31/08/53 4,221.00 1,428.86 

30/08/53   

29/08/53 2,374.00 809.36 

28/08/53 3,421.00 1,160.10 

27/08/53 3,128.50 1,072.99 

 



 

 

119

 

 -14 4 (7 ) ( ) 

/ / (kg) (kg) 
26/08/53 2,933.50 1,003.77 

 20,051.50 6,818.35 

 3,341.92 1,136.39 

 

 -15 5 (7 ) 

/ / (kg) (kg) 
03/09/53 2,782.80 926.70 
02/09/53 3,610.80 1,206.20 

01/09/53 4,097.20 1,360.80 

31/08/53 4,464.10 1,449.40 

30/08/53 3,050.30 1,019.30 

29/08/53 3,820.40 1,298.60 

28/08/53 3,872.80 1,294.40 

 25,698.40 8,555.40 

 3,671.20 1,222.20 

 

 -16 6 (7 ) 

/ /  (kg) (kg) 
07/09/53 1,547.50 532.17 

06/09/53 2,651.50 752.90 

05/09/53 425.50 148.71 

04/09/53 2,642.50 914.40 

03/09/53 1,547.00 543.64 

02/09/53 4,782.50 1,673.88 

01/09/53 3,304.00 1,151.89 

 16,900.50 5717.59 

 2,414.36 816.79 
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 -17 7 (7 ) 

/ / (kg) (kg) 
09/09/53 5,384.40 1,959.34 
08/09/53 7,274.10 2,688.89 

07/09/53 6,016.50 2,110.45 

06/09/53 4,357.40 1,568.68 

05/09/53   

04/09/53 4,181.70 1,554.77 

03/09/53 2,544.70 957.82 

 29,758.80 10,839.95 

 4,959.80 1,806.66 

 

 -18 8 (7 ) 

/ / (kg) (kg) 
13/09/53 7,599.50 2,648.70 

12/09/53 6,681.50 2,349.40 

11/09/53 155.50 49.70 

10/09/53 5,191.50 1,817.40 

09/09/53 5,225.50 1,830.20 

08/09/53 4,658.00 1,646.10 

07/09/53 1,855.50 646.60 

 31,367.00 10,988.10 

 4,481.00 1,569.73 

 

 -19  9 (7 ) 

/ / (kg) (kg) 
14/09/53 4,117.60 1,382.20 

13/09/53 4,406.40 1,518.60 

12/09/53 6,11.60 2,046.30 

11/09/53   

10/09/53   

09/09/53 4,329.80 1,450.30 
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 -19  9 (7 ) ( ) 

/ / (kg) (kg) 
09/09/53 4,329.80 1,450.30 

08/09/53   

 12,853.80 6,397.40 

 4,284.60 1,599.35 

 

 -20 10 (7 ) 

/ / (kg) (kg) 
15/09/53 2,509.60 909.00 

14/09/53 4,976.00 1,751.90 

13/09/53 5394.80 1,914.50 

12/09/53 5,203.00 1,879.60 

11/09/53 3,996.70 1,701.80 

10/09/53 159.20 57.00 

09/09/53 4,496.60 1,643.90 

 26,735.90 9857.70 

 3,819.41 1408.24 
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-1 

 

 
-2  

 



 

 

123

 

 
-3  

 

 
-4  
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-5 ( ) 

 

 
-6 ( ) 
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VOCs 

 

 -1 volatile organic compounds  

ID 
ethylbenzene  styrene  Trichloromethane  toluene xylene  

(ppm) (ppm) (ppm) (ppm) (ppm) 

A 1 0.0005 0.0005 0.0005 0.023 0.0005 

B 1 0.0005 0.0005 0.0005 0.0005 0.0005 

C 1 0.0005 0.0005 0.0005 0.0005 0.0005 

D 1 0.0005 0.0005 0.0005 0.0150 0.0005 

F 1 0.0005 0.0005 0.0005 0.0005 0.0005 

E 1 0.0005 0.0005 0.0005 0.020 0.0270 

G 1 0.0005 0.0005 0.0005 0.036 0.0005 

H 1 0.0005 0.0005 0.0005 0.014 0.0005 

I 1 0.0130 0.0005 0.0005 0.032 0.028 

J 1 0.0005 0.0005 0.0005 0.019 0.012 

 

 -2 volatile organic compounds  

ID 
ethylbenzene  styrene  Trichloromethane  toluene xylene  

(ppm) (ppm) (ppm) (ppm) (ppm) 

A 2 0.0005 0.0005 0.0005 0.0160 0.0005 

B 2 0.0005 0.0005 0.0005 0.0005 0.0005 

C 2 0.0005 0.0005 0.0005 0.0005 0.0005 

D 2 0.0005 0.0005 0.0005 0.0005 0.0005 

F 2 0.0005 0.0005 0.0005 0.0005 0.0005 

E 2 0.0005 0.0005 0.0005 0.0005 0.0005 

G 2 0.0005 0.0005 0.0005 0.0240 0.0130 

H 2 0.0005 0.0005 0.0005 0.0005 0.0005 

I 2 0.0005 0.0005 0.0005 0.0005 0.0005 

J 2 0.0005 0.0005 0.0005 0.0150 0.0005 
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 -3 volatile organic compounds  

ID 
ethylbenzene  styrene  Trichloromethane  toluene xylene  

(ppm) (ppm) (ppm) (ppm) (ppm) 

A 3 0.0005 0.0005 0.0005 0.0005 0.0005 

B 3 0.0005 0.0005 0.0005 0.0005 0.0005 

C 3 0.0005 0.0005 0.0005 0.0005 0.0005 

D 3 0.0005 0.0005 0.0005 0.0005 0.0005 

F 3 0.0005 0.0005 0.0005 0.0005 0.0005 

E 3 0.0005 0.0005 0.0005 0.0005 0.0005 

G 3 0.0005 0.0005 0.0005 0.0005 0.0005 

H 3 0.0005 0.0005 0.0005 0.0005 0.0005 

I 3 0.0005 0.0005 0.0005 0.0270 0.0005 

J 3 0.0005 0.0005 0.0005 0.0005 0.0005 

 

 -4 volatile organic compounds  

ID 
ethylbenzene  styrene  Trichloromethane  toluene xylene  

(ppm) (ppm) (ppm) (ppm) (ppm) 

A 4 0.0005 0.0005 0.0005 0.0005 0.0005 

B 4 0.0005 0.0005 0.0005 0.0005 0.0005 

C 4 0.0005 0.0005 0.0005 0.0005 0.0005 

D 4 0.0005 0.0005 0.0005 0.0005 0.0005 

F 4 0.0005 0.0005 0.0005 0.0005 0.0005 

E 4 0.0005 0.0005 0.0005 0.0005 0.0005 

G 4 0.0005 0.0005 0.0005 0.0220 0.0120 

H 4 0.0005 0.0005 0.0005 0.0005 0.0005 

I 4 0.0005 0.0005 0.0005 0.0005 0.0005 

J 4 0.0005 0.0005 0.0005 0.0150 0.0005 
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 -5 volatile organic compounds ( ) 

ID 
ethylbenzene  styrene  Trichloromethane  toluene xylene  

(ppm) (ppm) (ppm) (ppm) (ppm) 

A 5 0.0005 0.0005 0.0005 0.0005 0.0005 

B 5 0.0005 0.0005 0.0005 0.0005 0.0005 

C 5 0.0005 0.0005 0.0005 0.0005 0.0005 

D 5 0.0005 0.0005 0.0005 0.0005 0.0005 

F 5 0.0005 0.0005 0.0005 0.0005 0.0005 

E 5 0.0005 0.0005 0.0005 0.0005 0.0005 

G 5 0.0005 0.0005 0.0005 0.0460 0.0005 

H 5 0.0005 0.0005 0.0005 0.0005 0.0005 

I 5 0.0005 0.0005 0.0005 0.0005 0.0005 

J 5 0.0005 0.0005 0.0005 0.0005 0.0005 

 

 -6 volatile organic compounds ( ) 

ID 
ethylbenzene  styrene  Trichloromethane  toluene xylene  

(ppm) (ppm) (ppm) (ppm) (ppm) 

A 6 -  -  -  -  -  

B 6 0.0005 0.0005 0.0005 0.0005 0.0005 

C 6 -  -  -  -  -  

D 6 -  -  -  -  -  

F 6 -  -  -  -  -  

E 6 -  -  -  -  -  

G 6 -  -  -  -  -  

H 6 -  -  -  -  -  

I 6 -  -  -  -  -  

J 6 -  -  -  -  -  

: - 
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 -7 ethylbenzene  

 (ppm) 

TLV  Breif and Scala 

model (ppm) 

TLV  OSHA 

model (ppm) 

A 0.0005 36.643 41.258 

B 0.0005 44.488 44.994 

C 0.0005 51.868 48.508 

D 0.0005 47.959 46.647 

E 0.0005 36.643 41.258 

F 0.0005 53.896 49.474 

G 0.0005 49.174 47.226 

H 0.0005 29.208 37.718 

I 0.0130 38.889 42.328 

J 0.0005 55.263 50.125 
0.0010 43.65 62.44 

 

 -8 styrene  

 
 (ppm) 

TLV  Breif and Scala 

model (ppm) 

TLV  OSHA 

model (ppm) 

A 0.0005 7.329 41.258 

B 0.0005 8.898 44.994 

C 0.0005 10.374 48.508 

D 0.0005 9.592 46.647 

E 0.0005 7.329 41.258 

F 0.0005 10.779 49.474 

G 0.0005 9.835 47.226 

H 0.0005 5.842 37.718 

I 0.0005 7.778 42.328 

J 0.0005 11.053 50.125 

 0.0005 8.73 62.44 
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 -9 trichloromethane 

 

 
 (ppm) 

TLV  Breif and Scala 

model (ppm) 

TLV  OSHA 

model (ppm) 

A 0.0005 3.664 20.629 

B 0.0005 4.449 22.497 

C 0.0005 5.187 24.254 

D 0.0005 4.796 23.324 

E 0.0005 3.664 20.629 

F 0.0005 5.390 24.737 

G 0.0005 4.917 23.613 

H 0.0005 2.921 18.859 

I 0.0005 3.889 21.164 

J 0.0005 5.526 25.063 

0.0005 4.37 31.22 

 

 -10 toluene  

 
 (ppm) 

TLV  Breif and Scala 

model (ppm) 

TLV  OSHA 

model (ppm) 

A 0.0084 7.329 82.517 

B 0.0005 8.898 89.989 

C 0.0005 10.374 97.017 

E 0.0050 7.329 82.517 

F 0.0005 10.779 98.949 

G 0.0258 9.835 94.451 

H 0.0036 5.842 75.436 

I 0.0124 7.778 84.656 

J 0.0102 11.053 100.251 

0.0067 8.73 124.87 
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 -11 xylene  

 (ppm) 

TLV  Breif and Scala 

model (ppm) 

TLV  OSHA 

model (ppm) 

A 0.0005 36.643 41.258 

B 0.0005 44.488 44.994 

C 0.0005 51.868 48.508 

D 0.0005 47.959 46.647 

E 0.0062 36.643 41.258 

F 0.0005 53.896 49.474 

G 0.0056 49.174 47.226 

H 0.0005 29.208 37.718 

I 0.0064 38.889 42.328 

J 0.0032 55.263 50.125 

0.0023 43.65 62.44 

: TLV-TWA 8 hour (ppm) ethylbenzene 100 ppm , styrene 20 ppm,  

 trichloromethane 10 ppm, toluene 20 ppm, xylene 100 ppm 

 PEL 8 hour (ppm)  ethylbenzene 100 ppm , styrene 100 ppm, trichloromethane 50 ppm, 

 toluene 200 ppm, xylene 100 ppm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




