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1.1  

    

(River dust) F

10µm 

(PM10) 2.5µm (PM2.5)

Kuo et al. (2010) (PM10 PM2.5)
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2.1  

    

1

(PM10

PM2.5) Kuo et al. (2014) PM10 >125 µg/m3

2  

    

-

 

 

2.2  

    -

- (As)

1 >  

Duker et al. (2005); Lin et al. (2008) -

(2006) (Cr) (

) (Cd) -

(2008)

Dirk(2012) (Ni) -

(2019) (Pb) -

- C  
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-  

 -   

(Inorganic As) 

 

 Duker et al. (2005); Lin et al. (2008) 

(Cr) ~  (2006) 

(Cd)  (2006) 

(Ni)  (2006) Dirk(2012) 

(Pb) ,  (2006)

(2019) 

 

2.3 4 

    IARC(International Agency for Research on Cancer) USEPA(United States 

Environmental Protection Agency)

IARC Group 1 2A 2B 3 4 Group 1

- (As) (Cr)

(Cd) (Ni) Group 2A

6 (Pb) USEPA Group A B(B1

B2) C D E Group A 0 (As)

(Cr) (Ni) Group B1 - - 0

(Cd) Group B2 - ,6

0 (Pb)  

    4 RfD(Reference Oral Dose (mg/kg-day)) D

4 SF(Slope factor (kg-day/mg)) 4

( ) (RfD) (SF)  
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 (IARC, 2019; USEPA; 2019) 
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-  

 

2.4 4  

  Li et al. (2014)

2005-2012

4 - F

% Yang et al. (2018) 402B 1041B

- Sharafi et al. (2019) 3 ( )

Xu et al. (2020) PM1

PM2.5 PM10 (

) Rehman et al. (2020) (

) 13 F

 RfDing RfDinh SF  

(As) 3.00×10-4 3.00×10-4 1.50 Li et al. (2014) Yang et al. 

(2018) Sharafi et al. (2019)

Rehman et al. (2020) 

(Cr) 3.00×10-3 2.86×10-5 4.20 Li et al. (2014) Yang et al. 

(2018) Sharafi et al. (2019)

Rehman et al. (2020) 

(Cd) 1.00×10-3 1.00×10-3 6.30 Li et al. (2014) Yang et al. 

(2018) Sharafi et al. (2019)

Rehman et al. (2020) 

(Ni) 2.00×10-2 2.06×10-2 8.40×10-1 Li et al. (2014) Yang et al. 

(2018) Sharafi et al. (2019)

Rehman et al. (2020) 

(Pb) 3.50×10-3 3.52×10-3 8.50×10-3 Li et al. (2014) Yang et al. 

(2018) Sharafi et al. (2019)

Rehman et al. (2020) 
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3.1  

    

(n=12) (n=18) (n=6)

103 6 9 6 12 103 9 29 10

2 103 11 24 11 27  

 
  

 

3.2  

3.2.1  

    

15 Fe, Al, Ca, Mn, Ti, Pb, Cu, Ni, Cd, As, Co, V, Zn

B

1 4  
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3.2.2 PM10  

    PM10 1

E 1

(Airpump SPP 25GA, Techno Takssuki) PM10

PEM PM10 1 (Tish, Model IP10 Mass Flow 

Controlled System G25A SN 1532, Spring House, PA, USA) 1

1  
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3.3 4   

3.3.1  

    6 18

103

( 16 8 )E  

    

60 mg/day 18 65.8 mg/day

7.04 m3/day ± 6.29 m3/day 32.33 18

7.89 m3/day ± 7.13 m3/day 34.77 ±

31.62 A 2015-

2019 E

D 10  

 

    ( ) 

 

103 6 9 103 11

27

 

103 6 9 103

11 27

 

2

 

2

 

4

2

 

 :6  ~ :18  
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 D(6 ) D(18 )    

(IngR) 
60 65.8 mg/day 

 

USEPA 

EXPOSURE 

FACTORS 

HANDBOOK 

2017 

(InhR) 

7.04a(M) 

±=6.29a(F) 

=7.89a(M) 

±=7.13a(F) 
m3/day 

  

(BW) 
32.33±7.61 

34.77 14.47 

(M) 

31.62 6.91 (F) 

kg  
 

(ED) 
6 18 year   

(EF) 
10±8.08b 

10±8.08b 

MAX=18 

min=3 

days/year  
A

 

(ATN) 

6×365 18×365 days  

Li et al. 

(2014)     

Yang et al. 

(2018) 

(AT) 

70×365 70×365 days  

Li et al. 

(2014)     

Yang et al. 

(2018) 

a: E  

b: A 2
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3.3.2 4 

ADD (Average Daily Dose) (mg/kg-day)

( 1) ( 2) ADDing ADDinh

C(Concentration) (ng/m3) IngR(Ingestion Rate)

(mg/day) InhR(Inhalation rate) (m3/day) EF(Exposure 

Frequency) (day/year) ED(Exposure Duration) (year)  

BW(Body Weight) (kg) AT(Average exposure time) (day)

LADD(Lifelong Average Daily Exposure Dose) (mg/kg-day)

( 4) ( 5) 

"##ing − dust =
'×*S_+×,-×,.

/0×12
  (1) 

"##inh− air =
'×*S`+×,-×,.

/0×12
  (2) 

G"##ink =
'×*S_+×,-×,.

/0×12
  (3) 

G"##inh =
'×*S`+×,-×,.

/0×12
  (4) 

 

3.3.3  

HQ(Hazard Quotient) (ADD) (RfD) D(

5) 4 HI(Hazard Index)

RfD(Reference dose) (mg/kg-day)

HQ HI<1 0 - HQ

HI>1 - (Chen et al., 2020)   

 

:; =
1..

+<.
  (5) 

:$ = ∑HQ (6) 

 

3.3.4  

    CR ( 7) SF(Slope Factor) (kg-day/mg) CR>10−4

 CR 10-6 10-4

CR<10-6 F (Men et al., 2018)  

CR = LADD × 89 (7) 



16 
 

3.4  

    Crystal ball

(Monte Carlo Simulation)  (Random Sampling)

4
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4.1  

4.1.1  

    

(Ni) 41.13µg/m2

27.93µg/m2  

(µg/m2, mean±SD) 

 

 Pb Ni Cr As Cd 

 3.63±2.40 15.63±9.63 14.37±7.02 1.30±0.66 0.10±0.06 

 3.93±3.06 17.63±10.80 13.60±3.92 1.23±0.62 0.13±0.06 

 

 8.57±3.28 41.13±9.94 20.47±9.82 2.47±1.13 0.17±0.06 

 4.03±2.45 27.93±18.08 17.20±11.05 1.47±0.81 0.13±0.06 

 

 5.07±3.69 21.00±7.60 15.20±7.37 0.70±0.48 0.13±0.06 

 4.30±2.27 18.73±7.78 12.13±7.27 0.73±0.49 NDa 

    a:ND  

 

4.1.2  

    B

1 (Pb) (Ni)

(Cr) (As) (Cd)  
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(ng/m3, mean±SD) 

 

 Pb Ni Cr As Cd 

 22.20±7.57 28.43±7.04 8.53±1.77 3.30±1.12 0.93±0.35 

 17.57±5.92 22.87±7.65 6.37±3.54 3.33±1.02 0.63±0.22 

 23.03±13.39 21.0±10.65 30.73±15.35 2.93±1.43 0.53±0.29 

 21.30±11.33 19.17±7.94 26.10±12.66 3.50±1.43 0.63±0.64 

 

 19.17±7.16 36.73±4.36 10.50±8.87 3.20±0.90 1.00±0.31 

 19.70±6.62 23.80±10.75 6.37±1.58 3.37±1.05 0.73±0.14 

 25.00±11.88 26.23±12.57 26.23±12.57 2.40±0.93 0.50±0.46 

 21.50±10.73 20.23±11.88 21.60±14.38 3.70±1.33 0.57±0.69 

 

 19.03±5.34 27.60±15.03 8.83±5.23 2.97±0.81 0.90±0.24 

 16.20±3.33 20.37±5.77 6.10±2.15 3.33±0.55 0,60±0.14 

 27.93±11.64 23.40±8.47 36.90±9.26 2.30±1.26 0.77±0.40 

 19.73±9.48 19.00±7.11 19.00±4.70 3.53±1.26 0.40±0.06 
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4.2  

     

1 4.58×10-

6 mg/kg/day 1.31×10-7~1.17×10-7 mg/kg/day

D 1

10-3~10-1

A B ± C D ±

D E ± 1

10-4 10-3

6

6

10-5 10-4 A B

± C D ± D E ±

± 1 6 1 F  
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 ADD ing-dust 
(mg/kg-day) 

ADDinh-air 

(mg/kg-day) 
HQing HQinh 

 M F M F M F M F 

Pb 4.58�10-6 4.58�10-6 1.31�10-7 1.17�10-7 1.31�10-3 1.31�10-3 3.71�10-5 3.31�10-5 
Ni 2.29�10-5 2.29�10-5 1.73�10-7 1.55�10-7 1.14�10-3 1.14�10-3 8.41�10-6 7.52�10-6 
Cr 1.83�10-5 1.83�10-5 2.18�10-7 1.95�10-7 6.10�10-3 6.10�10-3 7.63�10-3 6.81�10-3 
As 1.53�10-6 1.53�10-6 2.34�10-8 2.09�10-8 5.08�10-3 5.08�10-3 7.81�10-5 6.98�10-5 
Cd 6.63�10-7 6.63�10-7 4.47�10-9 3.99�10-9 6.63�10-4 6.63�10-4 4.47�10-6 3.99�10-6 

 

Pb 5.59�10-6 5.59�10-6 1.35�10-7 1.21�10-7 1.60�10-3 1.60�10-3 3.84�10-5 3.43�10-5 
Ni 2.95�10-5 2.95�10-5 1.79�10-7 1.60�10-7 8.43�10-3 8.43�10-3 8.68�10-6 7.76�10-6 
Cr 1.12�10-5 1.12�10-5 2.21�10-7 1.97�10-7 3.20�10-3 3.20�10-3 7.71�10-3 6.89�10-3 
As 1.02�10-5 1.02�10-5 2.78�10-8 2.48�10-7 2.91�10-4 2.91�10-4 9.26�10-5 8.28�10-5 
Cd ND* ND* 4.67�10-9 4.17�10-9 ND* ND* 4.67�10-6 4.17�10-6 

 

Pb 5.08�10-6 5.08�10-6 1.34�10-7 1.20�10-7 1.45�10-3 1.45�10-3 3.81�10-5 3.40�10-5 
Ni 1.98�10-5 1.98�10-5 7.56�10-8 6.75�10-8 5.67�10-3 5.67�10-3 3.67�10-6 3.28�10-6 
Cr 1.63�10-5 1.63�10-5 7.56�10-8 6.75�10-8 4.65�10-3 4.65�10-3 2.64�10-3 2.36�10-3 
As 1.02�10-6 1.02�10-6 1.41�10-8 1.26�10-8 2.91�10-4 2.91�10-4 4.68�10-5 4.19�10-5 
Cd ND* ND* 3.18�10-9 2.84�10-9 ND* ND* 3.18�10-6 2.84�10-6 

  

*ND:  
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� Min* Mean* MAX* 
 M F M F M F 

Pb 1.33�10-4 1.36�10-4 1.34�10-3 1.34�10-3 1.08�10-2 1.25�10-2 
Ni 1.53�10-4 1.55�10-4 1.15�10-3 1.15�10-3 1.11�10-2 8.11�10-3 
Cr 2.01�10-3 1.70�10-3 1.37�10-2 1.29�10-2 1.04�10-1 1.12�10-1 
As 5.92�10-4 6.23�10-4 5.16�10-3 5.15�10-3 5.28�10-2 4.14�10-2 
Cd 1.30�10-5 1.14�10-5 6.67�10-4 6.67�10-4 1.23�10-2 1.54�10-2 

 
Pb 6.79�10-5 6.81�10-5 1.64�10-3 1.63�10-3 2.05�10-2 2.34�10-2 
Ni 6.24�10-4 6.54�10-4 8.43�10-3 8.43�10-3 1.01�10-1 7.07�10-2 
Cr 1.17�10-3 1.27�10-3 1.09�10-2 1.01�10-2 1.12�10-1 8.49�10-2 
As 4.26�10-5 4.81�10-5 3.83�10-4 3.73�10-4 4.42�10-3 3.37�10-3 
Cd 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 

 
Pb 2.92�10-4 3.04�10-4 1.49�10-3 1.49�10-3 1.16�10-2 8.75�10-3 
Ni 4.12�10-4 3.98�10-4 5.67�10-3 5.67�10-3 5.15�10-2 4.06�10-2 
Cr 8.53�10-4 8.64�10-4 7.29�10-3 7.01�10-3 5.66�10-2 5.01�10-2 
As 1.71�10-5 2.57�10-5 3.37�10-4 3.32�10-4 3.32�10-3 3.44�10-3 
Cd 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 4.67�10-6 4.17�10-6 

(HI) 

*Min: D 
*Mean: D 
*MAX: D 
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4.3

1

1 3.92×10-7 

mg/kg-day 1.12�10-8 mg/kg-day B

± ±

±

6
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���

 LADDing-dust 
(mg/kg-day) 

LADDinh-air 
(mg/kg-day) CR-min CR-Mean CR-MAX 

� �� �� �� �� �� �� �� �� �� ��

Pb 3.92×10-7 3.92×10-7 1.12×10-8 1.00×10-8 3.39×10-10 3.48×10-10 3.43×10-9 3.42×10-9 2.75×10-8 3.19×10-8 
Ni 1.96×10-6 1.96×10-6 1.49×10-8 1.33×10-8 2.21×10-7 2.24×10-7 1.66×10-6 1.66×10-9 1.60×10-5 1.17×10-5 
Cr 1.57×10-6 1.57×10-6 1.87×10-8 1.67×10-8 4.03×10-7 5.27×10-7 6.67×10-6 6.66×10-6 7.33×10-5 5.48×10-5 
As 1.31×10-7 1.31×10-7 2.01×10-9 1.79×10-9 2.28×10-8 2.40×10-8 1.99×10-7 1.99×10-7 2.04×10-6 1.60×10-6 
Cd 5.68×10-8 5.68×10-8 3.83×10-10 3.42×10-10 7.02×10-9 6.15×10-9 3.60×10-7 3.60×10-7 6.66×10-6 8.34×10-6 

���

Pb 4.79×10-7 4.79×10-7 1.16×10-8 1.04×10-8 1.73×10-10 1.74×10-10 4.17×10-9 4.16×10-9 5.22×10-8 5.97×10-8 
Ni 2.53×10-7 2.53×10-6 1.53×10-8 1.37×10-8 1.68×10-7 1.66×10-7 2.14×10-6 2.13×10-6 2.55×10-5 1.79×10-5 
Cr 9.59×10-7 9.59×10-7 1.89×10-8 1.69×10-8 3.33×10-7 2.73×10-7 4.11×10-6 4.10×10-6 5.39×10-5 4.52×10-5 
As 8.72×10-8 8.72×10-8 2.38×10-9 2.13×10-9 1.22×10-8 1.14×10-8 1.34×10-7 1.34×10-7 1.87×10-6 1.43×10-6 
Cd ND* ND* 4.00×10-10 3.57×10-10 8.24×10-11 6.95×10-11 2.52×10-9 2.25×10-9 4.79×10-8 3.33×10-8 


��

Pb 4.36×10-7 4.36×10-7 1.15×10-8 1.03×10-8 7.46×10-10 7.77×10-10 3.80×10-9 3.79×10-9 2.95×10-8 2.23×10-8 
Ni 1.70×10-6 1.70×10-6 6.48×10-9 5.79×10-9 1.05×10-7 1.01×10-7 1.43×10-6 1.43×10-6 1.30×10-5 1.02×10-5 
Cr 1.39×10-6 1.39×10-6 6.48×10-9 5.79×10-9 5.25×10-7 3.80×10-7 5.88×10-6 5.88×10-6 5.14×10-5 5.97×10-5 
As 8.72×10-8 8.72×10-8 1.20×10-9 1.08×10-9 5.49×10-9 6.62×10-9 1.33×10-7 1.32×10-7 1.39×10-6 1.45×10-6 
Cd ND* ND* 2.73×10-10 2.44×10-10 3.02×10-11 2.38×10-11 1.72×10-9 1.54×10-9 5.77×10-8 6.09×10-8 

 
 

�	���������� 

*ND:�����; Min:�����; Mean:���; MAX:�� 
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4.4 18  
    18

4.67 10-6 mg/kg-day  1.36 10-7 mg/kg-day

1.33 10-3 3.86 10-5

10-

3~10-1 ~ A B

C D E F

( B)

10-4~10-2 ( D) 10-4~10-2 (

F) B D F 1

1 18  
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 ADD ing-dust 
(mg/kg-day) 

ADDinh-air 

(mg/kg-day) HQing HQinh 
 M F M F M F M F 

Pb 4.67 10-6 5.13 10-6 1.36 10-7 1.35 10-7 1.33 10-3 1.47 10-3 3.86 10-5 3.84 10-5 
Ni 2.33 10-5 2.57 10-5 1.81 10-7 1.79 10-7 1.17 10-3 1.28 10-3 8.77 10-6 8.71 10-6 
Cr 1.87 10-5 2.05 10-5 2.27 10-7 2.26 10-7 6.22 10-3 6.84 10-3 7.95 10-3 7.90 10-3 
As 1.56 10-6 1.71 10-6 2.44 10-8 2.43 10-8 5.18 10-3 5.70 10-3 8.14 10-5 8.09 10-5 
Cd 6.76 10-7 7.43 10-7 4.65 10-9 4.62 10-9 6.76 10-4 7.43 10-3 4.65 10-6 4.62 10-6 

 
Pb 5.70 10-6 6.27 10-6 1.41 10-7 1.40 10-7 1.63 10-3 1.79 10-3 4.00 10-5 3.98 10-5 
Ni 3.01 10-5 3.31 10-5 1.86 10-7 1.85 10-7 8.59 10-3 9.45 10-3 9.05 10-6 8.99 10-6 
Cr 1.14 10-5 1.25 10-5 2.30 10-7 2.28 10-7 3.26 10-3 3.58 10-3 8.04 10-3 7.99 10-3 
As 1.04 10-6 1.14 10-6 2.90 10-8 2.88 10-8 2.96 10-4 3.26 10-4 9.65 10-5 9.59 10-5 
Cd ND* ND* 4.86 10-9 4.83 10-9 ND* ND* 4.86 10-6 4.83 10-6 

 
Pb 5.18 10-6 5.70 10-6 1.40 10-7 1.39 10-7 1.48 10-3 1.63 10-3 3.97 10-5 3.94 10-5 
Ni 2.02 10-5 2.22 10-5 7.87 10-8 7.83 10-8 5.78 10-3 6.35 10-3 3.82 10-6 3.80 10-6 
Cr 1.66 10-5 1.82 10-5 7.87 10-8 7.83 10-8 4.74 10-3 5.21 10-3 2.75 10-3 2.74 10-3 
As 1.04 10-6 1.14 10-6 1.46 10-8 1.46 10-8 2.96 10-4 3.26 10-4 4.88 10-5 4.85 10-5 
Cd ND* ND* 3.32 10-9 3.29 10-9 ND* ND* 3.32 10-6 3.29 10-6 

*ND:  
 

18  
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18  

� Min Mean MAX 
 M F M F M F 

Pb 8.35 10-5 9.17 10-5 1.37 10-3 1.50 10-3 4.40 10-2 1.30 10-2 
Ni 5.59 10-4 1.74 10-4 1.18 10-3 1.29 10-3 5.27 10-2 1.44 10-2 
Cr 6.14 10-3 1.59 10-3 1.42 10-2 1.47 10-2 7.07 10-1 1.32 10-1 
As 3.38 10-4 7.91 10-4 5.27 10-3 5.78 10-3 3.73 10-2 4.40 10-2 
Cd 1.40 10-5 1.31 10-5 6.80 10-4 7.48 10-4 4.32 10-2 1.14 10-2 

 
Pb 2.49 10-5 9.43 10-5 1.67 10-3 1.83 10-3 1.43 10-2 1.94 10-2 
Ni 1.35 10-4 9.23 10-4 8.60 10-3 9.46 10-3 2.87 10-2 6.69 10-2 
Cr 8.54 10-3 1.74 10-3 1.13 10-2 1.16 10-2 7.22 10-2 9.46 10-2 
As 1.57 10-5 5.67 10-5 3.93 10-4 4.22 10-4 1.41 10-3 3.77 10-3 
Cd 4.67 10-6 4.17 10-6 4.67 10-6 4.17 10-6 4.67 10-6 4.17 10-6 

 
Pb 1.01 10-4 3.14 10-4 1.52 10-3 1.67 10-3 1.13 10-2 1.03 10-2 
Ni 5.96 10-4 6.27 10-4 5.78 10-3 6.36 10-3 5.50 10-2 8.43 10-2 
Cr 5.49 10-3 1.09 10-3 7.49 10-3 7.95 10-3 2.91 10-2 7.21 10-2 
As 2.26 10-5 2.51 10-5 3.45 10-4 3.74 10-4 1.33 10-3 2.77 10-3 
Cd 4.67 10-6 4.17 10-6 4.67 10-6 4.17 10-4 4.67 10-6 4.17 10-6 

 
 

Min:  
Mean:  
MAX:  
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18 (HQing) 
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 18 (HQinh) 
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18 (HI) 
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4.5 18  

    18

10-6~10-4

A B C D

E F B D F

10-6 10-4

 10-6
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 LADDing-dust 
(mg/kg-day) 

LADDinh-air 
(mg/kg-day) CR-min CR-Mean CR-MAX 

 M F M F M F M F M F 
Pb 4.00×10-7 4.40×10-7 1.17×10-8 1.16×10-8 2.13×10-10 2.34×10-9 3.50×10-9 3.84×10-9 1.12×10-8 3.33×10-8 
Ni 2.00×10-6 2.20×10-6 1.55×10-8 1.54×10-8 8.06×10-7 2.51×10-7 1.69×10-6 1.86×10-6 7.59×10-5 2.08×10-5 
Cr 1.60×10-6 1.76×10-6 1.95×10-8 1.94×10-8 3.49×10-7 6.05×10-7 6.80×10-6 7.47×10-6 3.23×10-5 7.82×10-5 
As 1.33×10-7 1.47×10-7 2.09×10-9 2.08×10-9 1.30×10-8 3.05×10-8 2.03×10-7 2.23×10-7 1.44×10-6 1.70×10-6 
Cd 5.79×10-8 6.37×10-8 3.99×10-10 3.96×10-10 7.58×10-9 7.07×10-9 3.67×10-7 4.04×10-7 2.33×10-6 6.14×10-6 

�� 
Pb 4.89×10-7 5.38×10-7 1.21×10-8 1.20×10-8 6.35×10-10 2.41×10-10 4.26×10-9 4.67×10-9 3.66×10-8 4.96×10-8 
Ni 2.58×10-6 2.83×10-6 1.60×10-8 1.59×10-8 3.41×10-7 2.41×10-7 2.18×10-6 2.39×10-6 7.28×10-5 1.69×10-5 
Cr 9.78×10-7 1.08×10-6 1.97×10-8 1.96×10-8 1.49×10-7 2.46×10-7 4.19×10-6 4.60×10-6 3.42×10-5 6.07×10-5 
As 8.89×10-8 9.77×10-8 2.48×10-9 2.47×10-9 5.67×10-9 6.63×10-9 1.37×10-7 1.50×10-7 4.21×10-6 1.23×10-6 
Cd ND* ND* 4.17×10-10 4.14×10-10 7.03×10-11 5.09×10-11 2.63×10-9 2.61×10-9 1.51×10-8 4.59×10-8 

�	 
Pb 4.44×10-7 4.89×10-7 1.20×10-8 1.19×10-8 2.57×10-10 8.01×10-10 3.88×10-9 4.25×10-9 2.88×10-8 2.62×10-8 
Ni 1.73×10-6 1.91×10-6 6.75×10-9 6.71×10-9 1.51×10-7 1.64×10-7 1.46×10-6 1.61×10-6 1.39×10-5 2.12×10-5 
Cr 1.42×10-6 1.56×10-6 6.75×10-9 6.71×10-9 6.36×10-7 5.41×10-7 6.00×10-6 6.60×10-6 2.35×10-5 7.77×10-5 
As 8.89×10-8 9.77×10-8 1.26×10-9 1.25×10-9 9.10×10-10 7.46×10-10 1.35×10-7 1.48E×10-7 5.18×10-8 2.95×10-8 
Cd ND* ND* 2.84×10-10 2.82×10-10 1.50×10-11 9.45×10-11 1.79×10-9 1.78E×10-9 7.29×10-8 2.27×10-8 

 
 *ND:�����; Min:���; Mean:��; MAX:�
� 
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4.6ÖjS"{ 

    ÆÈÖjS"{³ EHo©|WØt?�2BÞz�£��Ä�Ã�Z�

"�d½�Mf;	�¢2BH¶�+×¶�WØt?� 

 

4.6.1rÕ�R�ÖjS"{ 

    5'��×¶�i^�ÖjS"{Þ5 A�B�L8&�Z+@ZÞ5 C�

D�L²8&�Z+@ZÞ5 E�F�-:8&��Z+@ZÞHorÕ�R×

¶�i^Þ�Á8&+Z#Þ��rÕÚ��t
¼WØ2BÞ�?¨ 40-50%Þ

!�qÝÊÞL8&(5'�� A�B)¦��;6	�ÍÌKÞL²+-:8&

(5 C�D�E�F)¦�$q;6	�ÎÌK�5'�¶�i^�ÖjS"{Þ

�Á8&+Z#��;6	ÍÌKWØt?Þ� 50-60%Þ¦�ÝÊÞ¦�©

|·×¶�i^ÖjS"{�0� 

 

4.6.2rÕ'�R�ÖjS"{ 

    5'��×¶�i^�ÖjS"{Þ5 A�B�L8&�Z+@ZÞ5 C�

D�L²8&�Z+@ZÞ5 E�F�-:8&��Z+@ZÞrÕ'�R��

Z��ÝÊ�WØ×¶�ÜÓt
¼ÃËÞ¦�rÕÚ�ß±Ho@Zt
¼

WØÃË�rÕÚ�Þe¹�ÝÊÞ�Z+@Z7×¶�ÜÓ+ÖjS"{O�


¼7oQ9ÝÊ��0(Li et al, 2014)�¶�i^ÖjS"{©|Û¡A5'1

»¡ÞÒ�-:�Z�>ÞWØt?2B�;6	ÍÌKÞ±-:�Z(5'1�

E)t
¼WØ¶�i^�ÃË$�ÝÊ� 
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