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Calibration Curve ��� VOCs
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������� 	

01�!/�2!�2$��� MEK 3������1$�����/453��64+7�$89�*-:�;"��<71$��417��/<2$*65�!=!���
>;���/45"7�01�!+?����64+7�$89�/�+-:5$ 6+�01�!/�@1+!/4$A�BC1$89�

0�*-:/*7��;� 2.8 m s-1

"���� 3 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 5.60

"���� 4 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 3.73

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

1136.90

1108.96

1005.46

963.11

851.08

706.73

604.78

486.18
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"���� 5 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 2.80

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

720.87

695.76

676.77

645.62

588.25

555.88

541.36

510.69
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0
600

1800

3600

7200

10800

14400

18000

873.22

866.27

819.38

803.45

784.15

746.45

694.56

677.61

"���� 6 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 2.24

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

722.79

712.41

701.17

682.13
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10800

14400

18000

667.68

653.10

641.39

609.17

"���� 7 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 1.87

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

773.50

769.57

751.78

738.69

733.12

-

690.92
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18000
681.13

"���� 8 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 1.60

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

1333.44

1331.70

1327.23

1306.94

1259.17

1245.17

1223.91

1185.66
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"���� 9 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 5.60

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

659.81

620.51

583.29

512.42

387.99

299.11

250.32

216.97

"���� 10 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 3.73

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0
600

1800

3600

7200

10800

14400

18000

971.49

917.87

896.64

811.74

736.76

645.50

599.12

543.49

"���� 11 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 2.80

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0
600

1800

3600

7200

10800

14400

18000

971.49

958.60

900.34

858.77

825.98

790.71

766.22

670.42

"���� 12 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 2.24

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

876.94

831.75

811.51

763.80
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10800

14400

18000

724.54

687.57

652.99

618.35

"���� 13 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:�;"��<71$��417��/<2$*65�!=!���>;���/45"7�
01�!+?����64+7�$89�/*7��;� 1.60

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

936.07

865.38

855.43

832.26

819.78

805.59

786.70
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18000
779.82

������� �

01�!/�2!�2$��� VOCs 3������1$�����/453��64+7�$89�*-:01�!/�@1+!/4$A�BC1$89�/�+-:5$ 6+�
�;"��<71$��417��/<2$*65�!=!���>;���/45"7�01�!+?����64+7�$89� 5.60

"���� 14 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;� 0 m s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

759.62

749.83

720.98

709.05
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10800
688.48

654.55

"���� 15 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�     0.43 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

3600

7200

10800

14400

18000

718.90

703.70

689.10

661.70

647.67

615.76

599.34
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"���� 16 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�    1.86 m s-
1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

698.21

683.09

660.32

650.60

634.57

605.33

557.86

536.53

"���� 17 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�       2.40 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0

1800

3600

7200

10800

14400

18000

1091.55

1066.51

1044.31

968.14

895.50

849.89

811.32

"���� 18 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�        2.81 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0
600

1800

3600

7200

10800

14400

18000

621.41

604.22

586.21

548.81

510.71

465.92

428.26

396.41

"���� 19 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�        3.43 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

599.64

563.83

513.97

482.92
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10800

14400

18000

443.90

378.25

332.95

283.21

"���� 20 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�       4.42 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

365.59

344.49

296.94

255.25

193.93

141.37

108.52
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18000
83.28

"���� 21 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�       0 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

814.40

803.54

795.62

771.94

747.84

725.87

695.94

663.02
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"���� 22 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�   0.43 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

730.55

714.24

701.12

688.46

662.31

639.22

614.90

603.85

"���� 23 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  1.86 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0
600

1800

3600

7200

10800

14400

18000

707.91

672.91

663.27

646.63

616.41

554.36

535.80

496.44

"���� 24 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�    2.40 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0
600

1800

3600

7200

10800

14400

18000

1038.10

1004.09

983.27

921.95

871.66

805.07

716.62

695.39

"���� 25 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�    2.81 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

659.81

620.51

583.29

512.42
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10800

14400

18000

387.99

299.11

250.32

216.97

"���� 26 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�    3.43 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

634.40

580.04

496.52

395.12

241.95

158.97
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18000
109.00

75.47

"���� 27 01�!/�2!�2$/H+-:5��� MEK I$$89�����*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�    4.42 m
s-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

756.36

627.72

498.72

384.00

198.74

126.40

72.03

48.73
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"���� 28 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�     0 m s-
1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
0
600

1800

3600

7200

14400

18000

1331.20

1321.87

1309.34

1298.62

1289.03

1255.63

1245.64
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"���� 29 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  0.43 m
s-1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
0
600

3600

7200

10800

1259.33

1247.83

1238.70

1225.30

1204.72
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"���� 30 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  1.86 m
s-1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
0
600

1800

3600

7200

14400

1183.22

1169.59

1158.36

1136.20

1116.54

1095.79

"���� 31 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  2.40 m
s-1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
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0
600

1800

3600

7200

14400

18000

1376.75

1369.16

1341.65

1304.82

1314.01

1208.58

1164.48

"���� 32 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  2.81 m
s-1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
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0

1800

3600

7200

10800

14400

18000

1053.45

1038.18

1022.52

994.15

962.29

945.56

875.70

"���� 33 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  3.43 m
s-1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
0

1800

7200

10800

14400

1212.73

1193.11

1137.05

1038.94

983.30



99

"���� 34 01�!/�2!�2$/H+-:5���/!*�$�+I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�  4.42 m
s-1

/1+� (s) 01�!/�2!�2$���/!*�$�+ (mg L-1)
0

1200

3000

6600

13800

17400

1068.46

1064.47

997.77

965.32

838.65

821.82
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"���� 35 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;� 0 m s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
0

3600

7200

10800

14400

250.04

212.75

209.26

167.54

149.56
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"���� 36 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�     0.43 m
s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
0

1800

3600

7200

10800

14400

18000

280.00

248.58

230.42

259.57

215.21

175.56

151.07

"���� 37 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�      1.86 m
s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
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0

1800

3600

7200

10800

14400

259.49

231.17

217.82

205.14

180.44

160.32

"���� 38 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�      2.40 m
s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
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0

600

1800

3600

7200

14400

268.82

256.70

236.93

224.19

189.98

175.75

"���� 39 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�     2.81 m
s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
0

3000

6600

13800

17400

228.07

192.85

163.21

132.76

108.94
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"���� 40 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�      3.43 m
s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
0

600

1800

3600

7200

10800

14400

18000

249.21

225.48

196.35

183.90

150.08

93.21

62.12

57.75



105

"���� 41 01�!/�2!�2$/H+-:5���)*+,�-$I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm /*7��;�     4.42 m
s-1

/1+� (s) 01�!/�2!�2$���)*+,�-$ (mg L-1)
0

600

1800

3600

7200

10800

14400

268.068

238.7248

187.1436

129.4593

56.2751

31.19672

25.63253
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������� 


01�!/�2!�2$��� VOCs 3������1$�����/453��64+7�$89�*-:01�!/�@1+!/4$A�BC1$89�0�*-:/*7��;�
2.8 m s-1 �;"��<71$��417��/<2$*65�!=!���>;���/45"7�01�!+?����64+7�$89�0�*-:/*7��;� 5.60 6+�

07����6�@�6�1$+�5/�+-:5$

"���� 42 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:07����6�@�6�1$+�5/*7��;� 0 mg L-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

659.81

620.51

583.29

512.42

387.99

299.11

250.32

216.97
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"���� 43 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:07����6�@�6�1$+�5/*7��;� 10 mg L-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

972.66

935.74

848.56

790.31

665.17

564.43

"���� 44 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:07����6�@�6�1$+�5/*7��;� 20 mg L-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
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0
600

1800

3600

7200

10800

14400

18000

1136.90

1108.96

1005.46

963.11

851.08

706.73

604.78

486.18

"���� 45 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:07����6�@�6�1$+�5/*7��;� 30 mg L-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

1068.95

996.44

948.28

898.88

812.38
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10800

14400

18000

723.82

668.63

607.35

"���� 46 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:07����6�@�6�1$+�5/*7��;� 35 mg L-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

1185.78

1163.79

1128.57

1071.01

965.30

900.98
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18000
854.38

773.34

"���� 47 01�!/�2!�2$/H+-:5��� MEK I$$89�/<-5*-:07����6�@�6�1$+�5/*7��;� 40 mg L-1

/1+� (s) 01�!/�2!�2$��� MEK (mg L-1)
0
600

1800

3600

7200

10800

14400

18000

1096.30

1074.67

1061.83

1016.15

940.23

889.98

825.50

779.25
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������� �

�$�R�$=��0������6�@�6�1$+�5I$$89�/<-5 
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������� �

���/��-5�/*-5���417�� KOLa *-:SR23��6��39�+���;�B+���*R+��
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"���� 48 ���/��-5�/*-5���417�� KOLa ��� MEK *-:SR23�����*R+���;�07�*-:SR23��6��39�+��
*��0TC"U�<"�V

run no.
KOLa (m

3 s-1) X 10-6

Data
KOLa (m

3 s-1) X 10-6

Model
1 4.25 3.16

2 3.25 2.89

3 3.00 2.76

4 2.92 2.69

5 2.50 2.63

6 2.33 2.60

7 0.83 1.13

8 1.00 0.84

9 1.50 1.44

10 1.67 2.29

11 2.67 3.16

12 4.17 4.85

13 8.50 8.47

14 6.67 6.53

15 5.17 5.41

16 4.50 4.28

17 3.33 3.16

18 2.33 2.60

19 2.00 2.03

"���� 49 ���/��-5�/*-5���417�� KOLa ��� MEK *-:SR23�����*R+���;�07�*-:SR23��6��39�+��
3��*Z[\-<�� ]+V!I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89�/�+-:5$
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KOLa (m
3 s-1) X 10-601�!/�@1+!

U10cm (m s
-1) *9�$�5R215<!���/�@!�C�C0;+ B+���*R+��

0.00 0.21 0.83
0.43 1.11 1.00
1.86 2.23 1.50
2.40 2.42 1.67
2.81 3.22 2.67
3.43 5.35 4.17
4.42 7.98 8.50

������� 

���1C/0���4V0=T���$89�/<-5/�A8��"2$
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1. �-)�R- (Biochemical oxygen demand, BOD)
���1C/0���4V�-)�R- /�d$���4���C!�T���eC/3$*-:6�0*-/�-5"2�����If2I$�gC�C�C5����57�5

<+�5<���C$*�-5VI$$89�/<-5 �-)�R- /�d$07�*-:���0=T+;�[T����$89�$;8$h 17�!-<���C$*�-5V�$/�ij�$�5,7
!��$2�5/�-5�IR >2��-)�R-!-07�$2�5$89�$;8$!-����$/�ij�$3��<���C$*�-5V$2�5 6"7>2�!-07��-)�R-<,�
6<R�17�!-����$/�ij�$3��<���C$*�-5V<,� 4+;��������-)�R- 0A� ��C!�T���eC/3$*-:/�C:!"2$+�R215
��C!�T���eC/3$*-:/4+A�I$1;$*-: 5 4�A� (DO1-DO5)

1.1 �=���TV
1) �1R�-)�R- �$�R01�!3= 300 !+. !-3=��]R<$C*����12����$���9�4�;�4+7�$89��+;:$I$

�T�*-:01�0=!�=T4�,!C
2) ",201�0=!�=T4�,!C *-:�=T4�,!C 20°C
3) �=���TV/"C!����U

1.2 <��/0!-
1) <��+�+�56!���$-<e;+/ " /"�-5!)R5+�+�56!���$-<e;+/ "/""��Sk/R�" (MnSO4. 4 

H2O) 480 ��;! 4�A�6!���$-<e;+/ "SRSk/R�" (MnSO4. 2 H2O) 400 ��;! 4�A� 
6!���$-<e;+/ ")!)$Sk/R�" (MnSO4.H2O) 364 ��;! I$$89��+;:$6+21/3A�3��/�d$ 1 +C"�

2) <��+�+�5�;+0�S+RV-S�)�SRRV-��SeRV /"�-5!)R5+�+�5)e/R-5!SkR���SeRV (NaOH) 
500 ��;! 6+�)1/R-5!S�)�SRRV (NaI) 135 ��;! 6+21/3A�3��/�d$ 1 +C"� 4+;�3��$;8$/"�-5!
<��+�+�5)e/R-5!��SeRV (NaN3) )R5+�+�5)e/R-5!��SeRV 10 ��;! I$$89��+;:$ 40 !+. 
0$I42<��+�+�53$4!R $9�S�/"C!+�I$<��+�+�5)e/R-5!SkR���SeRV*-:/"�-5!S12 0$
<��+�+�5*-:/"�-5!S12I42/�2�R215�;$ 1��I42/5@$�7�$$9�!�If2

3) ��Re;+ ,�C�/�2!�2$
4) $89�6�p� (starch solution) /"�-5!)R5+�+�56�p� (soluble starch) 5 ��;! I$$89��+;:$���!�T 

50 !+. /*I<7+�I$$89��+;:$e?:�"2!I$$89�/RA�R 800 !+. 6+21/3A�3��/�d$ 1 +C"� "2!I42/RA�R"7�
S��-����!�T 3 $�*- /"C!��Re�+CSe+C� (salicylic acid) 1.25 ��;! /�A:�/�@�S12If2$�$h 
1��*C8�S12I42/5@$�7�$$9�!�If2��$

5) <��+�+�5!�"�#�$)e/R-5!S*)�e;+/ " 0.025 )!+/+C"� /"�-5!)R5+�+�5)e/R-5!S*)�
e;+/ " (Na2S2O3. 5 H2O) 6.205 ��;! I$$89��+;:$*-:"2!/RA�RI4!7h ��I42/5@$/3A�3��/�d$ 1 
+C"� /"C!)e/R-5!SkR���SeRV 0.4 ��;!"7�+C"� /�A:�5;�5;8��r�e0��V��$SR���SeRV3��



116

����U /�d$����;�[�<��I420�<���SR2$�$ <��+�+�5$-8 1 !+. <!!,+5V �;����eC/3$ 
0.200 !�.

6) $89��+;:$��C<=*sCt0=T���<,� ���U3��0+��-$, 0+���!-$, �;+0�S+$C"-8, ��R6+�<���C$*�-5V 
!-*��6R��$SR2S!7/�C$ 0.01 !�./+C"�

7) <��+�+�5 �</ "�; / ��V+�+�5)�";</e-5!SRSk)R�/3$ �</ " (KH2PO4) 8.5 ��;! 
SR)�";</e-5!Sk)R�/3$ �</ " (K2HPO4) 21.75 ��;! SR)e/R-5!Sk)R�/3$ �</ " 
(Na2HPO4.H2O) 33.4 ��;! 6+�6�!)!/$-5!0+�S�RV (NH4Cl) 1.7 ��;! I$$89��+;:$
���!�T 500 !+. 6+21/3A�3��3$��C!�"�/�d$ 1 +C"�

8) <��+�+�56!�$-/e-5!e;+/ " +�+�56!�$-/e-5!e;+/ " (MgSO4. 7 H2O) 22.5 ��;! I$$89�
�+;:$6+21/3A�3��3$��C!�"�/�d$ 1 +C"�

9) <��+�+�560+/e-5!0+�S�RVS�2$89� (anhydrous CaCl2) *-:��642� 27.5 ��;! I$$89��+;:$6+21
/3A�3��/�d$ 1 +C"�

10) <��+�+�5/ ��C00+�S�RV +�+�5/ ��C00+�S�RV (FeCl3. 6 H2O) 0.25 ��;! I$$89��+;:$/3A�
3��/�d$ 1 +C"�

11) <��+�+�5)e/R-5!e;+S "V 0.0125 )!+/+C"� +�+�5)e/R-5!e;+S "V (Na2SO3) *-:��642� 
1.575 ��;! I$$89��+;:$6+21/3A�3��/�d$ 1 +C"�

12) <��+�+�5��R6+�R7�� 1 )!+/+C"� <9�4�;�If2��;��-/�fI42/�d$�+��

1.3 1Cs-1C/0���4V07����eC/3$+�+�5 (dissolved oxygen, DO) R2151Cs-S�)�)R/!"�C�
1) 3��";1�57��$89�I$�1R�-)�R-��C!�"� 300 e-e- /�]R3=��1R �]/�"<��+�+�56!���$-<e;+/ 

" 2 !+. I<7+�S�)R5I42�+�53=7!I$$89�/+@�$2�5 6+��]/�"<��+�+�5�;+0�S+RV-S�)�SRRV-
��SeRV "�!+�S�*;$*- 2 !+. )R5I42�+�5�]/�"3=7!�5,7I"2";1�57��$89�/+@�$2�5

2) �]R3=���1;��57�I42!- ������U"CR�5,7�2���1R 4��!- ������UI42If23=��1R/0��/��h �2��
�1R  ������U3�4+=R���!�

3) 3;��1R)R5I42$C81f-8�R�5,7�$w�3=� 6+21/�57�/��6���+C�!A��?8$+�<+;��;$�57��$2�5 15 
0�;8� /�A:�I42<��/0!-*9��gC�C�C5��;����eC/3$�57��*;:1>?� �+7�5*C8�S12I42"�"���$ >2�!-
���eC/3$3�SR2"���$<-$89�"�+ ��3$"�"���$

4) 07�5h /�]R3=� 6+21/"C!��Re;+ ,�C�/�2!�2$+�S� 2 !+. ��1;��57�I42�+�5�]/�"<;!B;<";1
�57��$89� /$A:��3����R�1!";1�;�$89�3�/�CR01�!�2�$ 6+���R3����/R@$!�>,�";1B,2*R+��
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5) �]Rw�3=�/�57�6���+C�!A�4+�5h 0�;8� 3$���*;:�"���$+�+�53�SR2<��+�+�5<-/4+A�� 
e?:�/�CR3���gC�C�C5�R;�$-8

2

2 )(2 OHMnOHMn →+ −+

"���$<-��16<R�17�S!7!-���eC/3$+�+�5�5,7I$$89� (1)

OHMnOOOHMn 222

2 2/12 +→++ −+

SR2"���$<-$89�"�+6<R�17�!-���eC/3$+�+�5�5,7I$$89� (2)
OHIMnHIMnO 22

2

2 42 ++→++ ++− (3)

3��<!��� 2I- /�CR/�d$ I2
 I$<��1�*-:/�d$��R /��<�!��>09�$1T4���C!�T O2 +�+�5SR2 

)R5$9�<��+�+�5 I2
 *-:SR23��<!��� (3) !�*9����"C/"�"R215<��+�+�5 Na2S2O3 0.0125 )!+/+C"� 

)R5 I2
 1 )!+/�CR3�� MnO2 1 )!+ 6+� MnO2 1 )!+/�CR3�� O2 ½ )!+ 4�A�09�$1TSR23�� ���

/"�-5!<��+�+�5I42!-01�!/�2!�2$ 0.0125 )!+/+C"� /!A:�$9�S�"C/"�" 1 !+.��� Na2S2O3 0.0125 
)!+/+C"� 3�*9��gC�C�C5���R-�;����eC/3$ 0.200 !�.

���S"/"�"3��<��+�+�5 I2
 *-:/�CR�?8$4+;�3�����/"C!��Re;+ ,�C�/�2!�2$6+21"1�<��

+�+�5!� 203 !+. ��C!�"�$-86*$";1�57��$89�3�C�h 200 !+. /$A:��3��";1�57��$89�>,�6*$*-:R215$89�5�
*;8�4!R 4 !+. (MnSO4= 2 !+. Alkali = 2 !+.) R;�$;8$��C!�"�*-:$9�!�"C/"�"3�C�h 3?�01�/�d$ 
200X300/(300-4) = 203 !+. "C/"�"R215<��+�+�5!�"�#�$)e/R-5!S*)�e;+/ " 0.0125 )!+/+C"� 
3$SR2<��+�5<-/4+A���7�$h 6+21/"C!$89�6�p� 1-2 !+. S"/"�""7�S�3$���*;:�<-$89�/�C$4�5S�

1.4 1Cs-1C/0���4V�-)�R-6��/3A�3��
���1C/0���4V�-)�R-6��/3A�3��$;8$/4!���;�";1�57��$89�*-:!-<-0+89� �+C:$/4!@$ !-01�!�=7$/�CR

3��<���C$*�-5V /f7$ $89�/<-53��)����$�="<�4���! I$���*R+��3�"2��*9����/3A�3��";1�57��
/�A:�I42!-��C!�T<���C$*�-5V*-:6�0*-/�-53�57�5SR2/4!��<!�;���C!�T���eC/3$I$$89�*-:*9����
*R+�� "�!"����*-: 3 e?:�/�d$"����*-:If2/�d$6$1*��I$���/3A�3��";1�57��$89�*-:3�$9�!�1C/0���4V

"����*-: 50 6<R����/3A�3��";1�57��$89�I$���1C/0���4V07� BOD

���/3A�3��6���]/�")R5"��I$�1R 300 !+.
��C!�"�";1�57��$89� f71�07� BOD ��C!�"�";1�57��$89� f71�07� BOD
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(ml) (ml)
0.02 30,000-105,000 5.0 100-420
0.05 12,000-42,000 10.0 60-210
0.10 6,000-21,000 20.0 30-105
0.20 3,000-10,500 50.0 12-42
0.50 1,200-4,200 100 6-21
1.0 600-,2100 300 0-7
2.0 300-1,050

���/"�-5!$89�/3A�3��
$9�$89��+;:$!�*9����/�|�����U )R5If2/0�A:���}~!����U���",2/+-85��+� ���!�T 1 f;:1)!� 

/�A:�I42!-��C!�T���eC/3$+�+�5I$$89��C:!";1 /"C!<����4��*-:39�/�d$<9�4�;�6�0*-/�-5 )R5I$$89�/3A�
3�� 1 +C"� /"C!<��R;�$-8
 �</ "�; / ��V 1 !+. /�A:���;��-/�f���$89�
6!�$-/e-5!e;+/ " 1 !+.
60+/e-5!0+�S�RV 1 !+.
/ ��C�0+�S�RV 1 !+.

�;8$"�$���1C/0���4V
1) If2�1R�-)�R- 300 !+. 39�$1$ 2 I�
2) /+A����C!�"�I$���/3A�3��$89�";1�57��"�!f71� �-)�R- *-:/+A��S12 /f7$���!�T07� �-)�R-

�5,7I$f71� 2,000 !�."7�+C"� ���/+A��f71�/3A�3����3/+A��SR2 2 f71�SR26�7 f71� 600-
2,100 �]/�"";1�57��I<7�1R �-)�R- 1 !+. f71� 1,200-4,200 �]/�"";1�57��I<7�1R�-)�R- 
0.50 !+.

3) /"�-5!�1R�-)�R- 2 fR f=R+� 2 I�
4) f=R*-: 1 I<7";1�57�� 1 !+.
5) f=R*-: 2 I<7";1�57�� 0.50 !+. (/�-5$H+���2���1RI42f;R/3$/�A:��p���;$���<;�<$)
6) $9��1R�-)�R-!�*9����/"C!���/"C!$89�/3A�3��*-:/"�-5!S12 )R5�57�I42/�CR ������U3$

$89�/"@!6070�<71$I< �57�I42+2$ �]Rw��1R /�57�6���+C�!A�/�A:�I42";1�57��B<!/�d$
/$A8�/R-51�;$ $9��1R*-: 1 S�1C/0���4V4�07���C!�T���eC/3$*-:+�+�5 (DO1) "�!4;1�2� 
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1.3 <71$�1R*-: 2 $9�S�6f7S12I$",201�0=!�=T4�,!C *-:�=T4�,!C 20°C /�d$/1+� 5 1;$ /!A:�
0���9�4$R$9����!�1C/0���4V��C!�T���eC/3$+�+�5 (DO5)

���09�$1T
( )

sample of 

300
)/( 51

ml

DODO
lmgBOD

×−
=

/!A:� DO1 = 07����eC/3$+�+�5I$1;$*-:/�C:!*9����*R+��
DO5 = 07����eC/3$+�+�5I$1;$*-: 5

2. 1Cs-1C/0���4Ve-)�R- (Chemical oxygen demand, COD)
���1C/0���4V4�07�e-)�R- /�d$���1C/0���4V4���C!�T01�!"2��������eC/3$/�A:�If2I$���

57�5<+�5<���C$*�-5V*-:!-�5,7I$$89�/<-5 ���57�51Cs-$-83�6"�"7��3�����57�56���-)�R- 0A�I$���
1C/0���4V�-)�R- ";1*-:3�/�d$";157�5���/<-54�A�<���C$*�-5VI$$89�0A�6�0*-/�-5 6"7I$���1C/0���4Ve-
)�R- ";1*-:3�*9����57�5<+�5<���C$*�-5V0A�<��/0!- e?:�<��/0!-*-:If2I$���U?�[�*-:$-80A� )�";</e-5!
SR)0�/!" (K2Cr2O7) /�d$<�����eCSReC:�/�/3$"V (oxidizing agent) !-�9�$�3I$������eCSReV<,� 
���/"C!��Re;+ ,�C�/�2!�2$ /�A:�I42<��+�+�5!-<���/�d$��R6+�f71557�5<+�5<���C$*�-5V $9�S�
57�5R21501�!�2�$e?:�/�-5�17��- +;�eV (reflux) S����<��*-:��/45���!�3�>,�*9�I4201�6$7$"�
�+;�+�S�I$��f$�*-:���3= S!7��/45���S���5$��

2.1 �=���TV
1) f=R/0�A:��!A�����+;:$6��S4+�+;�0A$
2) /"�I4201�!�2�$ (heater)

2.2 <��/0!-
1) <��+�+�5!�"�#�$)�";</e-5!SR)0�/!" (K2Cr2O7) 01�!/�2!�2$ 0.0417 )!+/+C"� 

/"�-5!)R5�����642�)�";</e-5!SR)0�/!"*-:�=T4�,!C 103°C /�d$/1+� 2 f;:1)!� $9�
!�1��I42/5@$I$/ReC/0/"��V 6+21f;:�<�� 12.259 ��;! +�+�5I$$89��+;:$/3A�3��/�d$ 1 
+C"�

2) ��Re;+ ,�C�/�2!�2$ (H2SO4) /"C!eC+/1��Ve;+/ " (AgSO4) +�S� 22 ��;!/2.65 +C"�
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3) <��+�+�5!�"�#�$6�!)!/$-5!/ ��;<e;+/ " (Fe(NH4)2(SO4) 6 H2O) /"�-5!)R5f;:�
B+?�6�!/$-5!/ ��;<e;+/ " 39 ��;! +�+�5I$$89��+;:$���!�T 100 !+. /"C!��Re;+ ,
�C�/�2!�2$ 20 !+. 0$I42<��+�+�5 ��I42/5@$ /3A�3��/�d$ 1 +C"�

4) <��+�+�5/ �)��C$ �C$RC/0/"��V (ferroin indicator solution) +�+�5 1,10  �6$$)*�
+-$)!)$Sk/R�" [1,10-phenanthroline monohydrate (C12H8N2.H2O)] 1.485 ��;! 6+�
S��V��$ (II) e;+/ "/k�"2�Sk/R�" (FeSO4. 7H2O) 0.695 ��;! I$$89��+;:$6+21/3A�3��
/�d$ 100 !+.

2.3 1Cs-1C/0���4V
1) If2�1R�+;:$�$�R 250 !+.
2) f;:�/!��V0C1�-e;+/ " (HgSO4) ���!�T 0.4 ��;! I<7+�I$�1R�+;:$
3) �]/�"";1�57��$89�+�S� 20 !+. (4�A�<71$���";1�57��*-:/3A�3��/�d$ 20 !+.)
4) �]/�"<��+�+�5)�";</e-5!SR)0�/!" 0.0417 ��C!�"� 10 !+. I<7+,�6�21 4-5 /!@R /�A:�

f715I42���/RA�R<!�,�TV
5) $9��1R�+;:$*-:/"�-5!";1�57��/�-5��2�5 S�"7�/�2��;�0�$/R$/e��V����=���TV�- +;�eV 

/�]R$89�4+7�/5@$ �p���;$S!7I42<��*-:"2!��/45���S�SR2
6) 07�5h /"C!��Re;+ ,�C�/�2!�2$ e?:�!-eC+/1��Ve;+/ "�5,76+21+�S� 30 !+. )R5/"C!B7�$

0�$/R$/e��V )R5/"C!+�S�*-+�$2�5h /�A:�S!7I42/�CR01�!�2�$3;R�T�/*��R
7) /�]R/"�I4201�!�2�$ "2!<��3$/RA�R"CR"7��;$/�d$/1+� 2 f!. 1��S12I42/5@$If2$89��+;:$

H-R+2��0�$/R$/e��V/�A:�I42<��*-:02���5,7I$0�$/R$/e��V+�S�I$�1R�+;:$
8) 45R�C$RC/0/"��V 2-3 45R $9�S�"C/"�"R215<��+�+�5!�"�#�$6�!)!/$-5/ ��;<e;+

/ " 3$���*;:�3=R5="C/�+-:5$3��<-/�-516�! p�/�d$<-$89�"�+6R�
9) ���*9�6�+�0V (blank) *9�S���2�!h �;�$89�";1�57��)R5If2<��/0!-/f7$/R-51�;����

1C/0���4V";1�57�� 6"�"7���;$"��<71$$89�";1�57��*-:If2I42If2$89��+;:$6*$

2.4 ���09�$1T

e-)�R- (mg/l)
sample of volume

8000)ba( ××−
=

C

/!A:� a = !+. ���<��+�+�56�!)!/$-5!/ ��;<e;+/ "*-:If2�;� blank
b = !+. ���<��+�+�56�!)!/$-5!/ ��;<e;+/ "*-:If2�;�";1�57��
C = 01�!/�2!�2$���<��+�+�56�!)!/$-5!/ ��;<e;+/ " 0.1 )!+/+C"�
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3. ���6�@�6�1$+�5 (suspended solids)
���6�@�6�1$+�50A� <��6�1$+�5*-:!-*;8�<���C$*�-5V6+�<���$C$*�-5V6�1$+�5�5,7

3.1 �=���TV
1) ��15�=f/$��V (Buchner funnel)
2) ���R�[����I56�21�$�R 7 e!. (glass microfiber filter, Whatman GF/G)
3) ���3�$��C�� (watch glass) �$�R/<2$B7�$U,$5V�+�� 7.0 e!.
4) /0�A:������<=�����U
5) ",2��*-:01�0=!�=T4�,!CSR2*-: 103-105 °C
6) /0�A:��f;:�+�/�-5R*U$C5! 4 "9�64$7�
7) )>R,R01�!fA8$

3.2 1Cs-1C/0���4V
1) $9����R�[���� e?:���642�6+��+7�5I42/5@$1��S12I$)>R,R01�!fA8$
2) f;:�$89�4$;����R�[���� (A, ��;!) 6+21$9�S�1���$��15���� H-R$89��+;:$I42���R�[

/��5� /�]R/0�A:������<=�����U
3) "1�";1�57��$89�R215������"1���C!�"� 100 !+. /*B7�$���R�[����3$���*;:�<��

*-:����642�
4) �]R/0�A:������If20-!0-����R�[���3����15���� 1���$���3�$��C��$9�S���I$

",2��*-:�=T4�,!C 103-105 °C /�d$/1+� 1 f;:1)!�
5) $9����!�1��I42/5@$I$)>R,R01�!fA8$
6) f;:����R�[����*-:����SR2 (B, ��;!)

3.3 ���09�$1T

��C!�T<��6�1$+�5 (mg/l)
sample of volume

1000000)( ×−
=

AB

/!A:� A = $89�4$;����R�[���� (��;!)
B = $89�4$;����R�[���� + $89�4$;�<��6�1$+�5 (��;!)



122

������� �

<!�;"C*����5������ VOCs

"���� 51 07�0�*-:���/k$�-:��� VOCs *-:<$I3*-:�=T4�,!C"7��h

07�0�*-:/k$�-:, H (atm m3 mol-1)�=T4�,!C (K)
)*+,�-$ MEK /!*�$�+

300.15 7.193 × 10-3 5.591× 10-5 5.106 × 10-6

315.15 1.233 × 10-2 1.236 × 10-4 1.165 × 10-5

321.15 1.509 × 10-2 1.662 × 10-4 1.585 × 10-5

327.15 1.832 × 10-2 2.211 × 10-4 2.133 × 10-5

331.15 2.077 × 10-2 2.659 × 10-4 2.585 × 10-5

"���� 52 07�<;!���<C*sCt���6��7I$ ]+V!6�r<��� VOCs *-:<$I3*-:�=T4�,!C"7��h

07�<;!���<C*sV���6��7��� VOCs I$ ]+V!6�r<, DVOC (m
2 s-1)�=T4�,!C (K)

)*+,�-$ MEK /!*�$�+
300.15 8.274 × 10-6 9.708 × 10-6 1.505 × 10-5

315.15 9.577 × 10-6 1.065 × 10-5 1.651 × 10-5

321.15 9.927 × 10-6 1.104 × 10-5 1.711 × 10-5

327.15 1.028 × 10-5 1.143 × 10-5 1.772 × 10-5

331.15 1.052 × 10-5 1.169 × 10-5 1.813 × 10-5
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"���� 53 07�<;!���<C*sCt���6��7I$ ]+V!���/4+1��� VOCs *-:<$I3*-:�=T4�,!C"7��h

07�<;!���<C*sV���6��7��� VOCs I$ ]+V!���/4+1, DVOC-liquid (cm
2 s-1)�=T4�,!C (K)

)*+,�-$ MEK /!*�$�+
300.15 9.351 × 10-6 1.039 × 10-5 1.737 × 10-5

315.15 9.818 × 10-6 1.091 × 10-5 1.824 × 10-5

321.15 1.000 × 10-5 1.112 × 10-5 1.859 × 10-5

327.15 1.019 × 10-5 1.133 × 10-5 1.893 × 10-5

331.15 1.032 × 10-5 1.147 × 10-5 1.917 × 10-5

"���� 54 $89�4$;�)!/+�=+��� VOCs *-:<$I3

<���������C$*�-5V $89�4$;�)!/+�=+ (g gmol-1)
/!*�$�+ 32.042
MEK 72.107
)*+,�-$ 92.141

"���� 55 3=R/RA�R��� VOCs *-:<$I3

<���������C$*�-5V 3=R/RA�R, Tb (K)
/!*�$�+ 337.85
MEK 352.75
)*+,�-$ 383.95
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������� �

";1�57�����09�$1T

1. ���09�$1T07�<;!���<C*sCt���>7�5)�$!1+/fC���C!�"� (KOLa) *-:SR23�������/45��� MEK I$
$89�/<-53��>;���/45��C!�"� 100 +C"� <9�4�;����*R+��*-:01�!/�@1+!/4$A�BC1$89� 10 cm    (U 10 cm) 
/*7��;� 2.81 m s-1 �=T4�,!C����U/*7��;��=T4�,!C42�� (~ 30°C) �=T4�,!C64+7�$89�/*7��;� 28°C

3�����*9�R=+!1+���>;���/453�SR217�

V

atK

C

C
OL

L

tL −
=

0,

,
ln

/!A:� KOLa = <;!���<C*sCt���>7�5)�$!1+�1!/fC���C!�"�, m3 s-1

CL,t = 01�!/�2!�2$��� VOC I$1;\��0���/4+1*-:/1+� t, mol m-3

CL,0 = 01�!/�2!�2$��� VOC I$1;\��0���/4+1*-:/1+�/�C:!"2$ , mol m-3

V = ��C!�"����<��+�+�5, m3

t = /1+�*-:If2, s
/!A:��+r�"��� ��417�� ln(CL,t/ CL,0) �;� t )R5If2 Linear regression 3�SR2

51067.2 −×=
−

V

aKOL

6+� V = 0.1 m3

R;�$;8$3�SR207� KOLa = 2.67 X 10
 -6 m3 s-1

2. ���*9�$�507�<;!���<C*sCt���>7�5)�$!1+/fC���C!�"�)R5If2*Z[\-<�� ]+V!
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aHk

RT

akaK GLOL

+=
11

/!A:� kLa =  <;!���<C*sCt ]+V!���/4+1 , m3 s-1

kGa =  <;!���<C*sCt ]+V!6�r<, m s-1

H =   07�0�*-:/k$�-:, atm m3mol-1

R =   07�0�*-:<��+6�r< (Universal gas constant), atm m3mol-1K-1

T =   �=T4�,!C<;!�,�TV (Absolute temperature) ���$89�, K

3��*Z[\-3�/4@$SR217�07� KOLa /�d$ }��Vf;$�;� kLa, kGa 6+�39�/�d$*-:3�"2��09�$1T4�07�
����!C/"��V"7��h R;�"7�S�$-8

���09�$1T KOLa ��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm    (U 10 cm) /*7��;� 
2.81 m s-1 �=T4�,!C����U/*7��;��=T4�,!C42�� (~ 30°C) �=T4�,!C64+7�$89�/*7��;� 28°C

2.1 ���09�$1T07�0�*-:���/k$�-: (H)
















 −
∆−

= Θ
Θ

TTR

H
kk solution

HH

11
exp

/!A:� Θ
Hk = 160 mol L-1 atm-1 (Staudinger and Roberts, 1996)

4100
)/1(

ln
=

∆−
=

Θ

R

H

Td

kd solutionH
















 −=
15.298

1

15.300

1
4100exp160Hk

H = 1/kH = 6.850 X 10
 -3 atm m3mol-1

2.2 ���09�$1T07� Dtoluene-liquid *-:01�!R;$ 1 ���5���U

6.0

5.08 ))(104.7(

A

B

AB
v

TM
D

µ
ϕ−×

=

/!A:� DAB = ���6��7���<�� A I$";1*9�+�+�5 B, m2 s-1
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MB = $89�4$;�)!/+�=+���";1*9�+�+�5, g mol-1

T = �=T4�,!C, K
µ = 01�!4$AR���<��+�+�5, cp
vA = solute molal volume at normal boiling point, cm3 mol-1

ϕ = 2.26 <9�4�;�";1*9�+�+�5/�d$$89�
6*$07� MB = 18.02 g mol-1

T = 303.15 K
µ = 0.725 cp
vA = 118.718 cm3 mol-1

3�SR2 ( )
6.0

5.08

)718.118)(725.0(

)15.303()02.18)(26.2()104.7( −

−

×
=liquidtolueneD

610444.9 −
− ×=liquidtolueneD  cm2 s-1

2.3 ���09�$1T07� DMEK-liquid *-:01�!R;$ 1 ���5���U
09�$1T/f7$/R-51�;�4;1�2� 2.2 6"7/�+-:5$ vA = 89.574 cm

3 mol-1

( )
6.0

5.08

)574.89)(725.0(

)15.303()02.18)(26.2()104.7( −

−

×
=liquidMEKD

510118.1 −
− ×=liquidMEKD  cm2 s-1

2.4 ���09�$1T07� DMethanol-air *-:01�!R;$ 1 ���5���U

( )
( )ABABABt

AB

AB
kTfrMp

TM
D

ε/)(

)/98.0(03.310

2

2/33 ×−×
=

−

3/1
18.1 AA vr =

))(( BAAB rrr =

bT
k

15.1=
ε
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BA

AB kk
k

)/()/( εε
ε

=

/!A� DAB = ���6��7���<�� A I$";1*9�+�+�5 B, m2 s-1

T = 303.15 K
MA,MB = $89�4$;�)!/+�=+���<�� A 6+�<�� B "�!+9�R;�, g mol-1

pt = 01�!R;$<;!�,�TV, bar
rAB = molecular separation of collision, οA
εAB = energy of molecular attraction
k = Boltzmann�s constant
f(kT/εAB) = collision function

6*$07� vA = 42.284 cm3 mol-1

T = 303.15 K
MA = 32.04 g mol-1

MB = 28.97 g mol-1

Tb = 337.85 K
rA = 4.111 οA
rB = 3.620 οA
f(kT/εAB) = 1.1845

3�SR2
( )

)1845.1()857.3()01325.1(445.30

15.303)445.30/98.0(03.3(10

2

2/33

×××

×−×
=

−

−airmethanolD

12510528.1 −−
− ×= smD airmethanol

2.5 ���09�$1T07� DMEKl-air *-:01�!R;$ 1 ���5���U
09�$1T/f7$/R-51�;�4;1�2� 2.4 6"7/�+-:5$
vA = 89.574 cm3 mol-1

T = 303.15 K
MA = 72.11 g mol-1

MB = 28.97 g mol-1

Tb = 352.75 K
rA = 5.280 οA
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rB = 3.620 οA
f(kT/εAB) = 1.1925

3�SR2
( )

)1925.1()372.4()01325.1(706.45

15.303)706.45/98.0(03.3(10
2

2/33

×××

×−×
=

−

−airMEKD

12610752.9 −−
− ×= smD airMEK

2.6 ���09�$1T07� kLa

/!A:� U10 cm ≤ 2.44 m s
-1

kLa (Toluene) I$$89�/<-5!-07� =  13610333.3 −−× sm

/!A:� 2.44 m s-1 ≤ U10 cm ≤ 4.42 m s
-1

kLa (Toluene) I$$89�/<-5!-07�  = 136

10 10)247.166097.7( −−×− smU cm

R;�$;8$3��<!��� (1.24)
/!A:� U10 cm ≤ 2.44 m s

-1

kLa (MEK) I$$89�/<-5!-07�  = 13

6

5
6

10444.9

10118.1
10333.3 −

−

−
−










×
×

× sm

kLa (MEK) I$$89�/<-5!-07�  = 3.9456 X 10 -6 m3s-1

/!A:� 2.44 m s-1 ≤ U10 cm ≤ 4.42 m s
-1

kLa (MEK) I$$89�/<-5!-07�  =  13

6

5
6

10
10444.9

10118.1
10)247.166097.7( −

−

−
−










×

×
×− smU cm

kLa (MEK) I$$89�/<-5!-07�  = 136

10 10)2335.190085.9( −−×− smU cm

2.7 ���09�$1T07� kGa
/!A:� 0 ≤ U10 cm ≤ 4.42 m s

-1

kGa (Methanol) I$$89�/<-5!-07�  = 133

10 10)1592.07253.1( −−×− smU cm

R;�$;8$$;8$3��<!��� (1.25)
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kGa (MEK) I$$89�/<-5!-07� = 13

5

5
3

10
105280.1

109752.0
10)1592.07253.1( −

−

−
−










×

×
×− smU cm

kGa (MEK) I$$89�/<-5!-07�  = 133

10 10)1016.010.1( −−×− smU cm

2.8 ���09�$1T07� KOLa 3��*Z[\-<�� ]+V!
/!A:��C3��T������/45��� MEK I$$89�/<-5*-:01�!/�@1+!/4$A�BC1$89� 10 cm    (U 10 cm) /*7�

�;� 2.81 m s-1 �=T4�,!C����U/*7��;��=T4�,!C42�� (~ 30°C) �=T4�,!C64+7�$89�/*7��;� 28°C

kLa (MEK) I$$89�/<-5!-07�  = 13610
94.0

04.1
)20.16)81.261.7(( −−×







−× sm

kLa (MEK) I$$89�/<-5!-07�  = 136107356.5 −−× sm

6+�07�

kGa (MEK) I$$89�/<-5!-07�  = 13310
51.1

97.0
)16.0)81.273.1(( −−×







+× sm

kGa (MEK) I$$89�/<-5!-07�  = 133102363.3 −−× sm

R;�$;8$07� KOLa ��� MEK
( )( )

( )( )35

5

6 102363.310591.5

15.30110206.8

107356.5

11
−−

−

− ××

×
+

×
=

aKOL

136102171.3 −−×= smaKOL
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������� �

���1C/0���4V�2�!,+)R5If2)��6��! Regression
1. �2�!,+*��<>C"C���6��39�+��

3��6��39�+��R;�<!���*-: 3.8 !-�2�!,+*��<>C"C6<R�R;�"����*-:

KOLa, MEK = b0 + b1U 10 cm 
2+ b2 U 10 cm SS + b3 (F/D) U 10 cm

"����*-: 56 6<R��2�!,+*��<>C"C���6��39�+��
P value Std Error -95% 95% t Stat VIF

b0 1.131 0.000793 0.270 0.556 1.707 4.187
b1 0.584 1.45E-08 0.05320 0.470 0.697 10.97 3.749
b2 -0.040 1.42E-07 0.00434 -0.049 -0.031 -9.227 2.070
b3 0.050 0.08633 0.02724 -0.008 0.108 1.836 2.406

)R56��39�+��*-:SR2!-07� R2 = 0.95 6+� R2 adjusted = 0.94

2. "���� ANOVA

"����*-: 57 6<R�"���� ANOVA *-:SR23�����1C/0���4VB+���<��1�R9�/$C$���)R5If2)��6��!
Regression

Source SS SS% MS F F Signif. df

Regression 64.07 95 21.36 96.18 5.07E-10 3
Residual 3.331 5 0.222 15
Total 67.40 100 18

(3.8)




