CHAPTER III

RESULTS AND DISCUSSION

3.1 The Study of Shaking Time

The effect of the shaking time on percent recovery of each
halogenated alkane i.e., methylene chloride, chloroform, 1,1,1-
trichloroethane, carbontetrachloride and 1,2-dichloropropane with
each extracting solvent including, hexane, cyclohexane and isooctane
for the different sample-to-solvent ratios including 9:1, 5:5 and
2:8 obtained from the procedure in section 2.5.1 are shown in Table
3.1=3.15 and Figure 3.1-3.9. It is found that the percent recovery
of each halogenated alkane from the study reaches a maximum and
remains constant after 2 min for each extracting solvent. Therefore,
the 15 minutes would be used as the optimum shaking time for the
microextraction studies to ensure that the system would be in the

equilibrium .

3.2 Microextraction Studies of Halogenated Alkanes in Single

Component Solutions.

The results of percent recoveries of halogenated alkanes
including methylene chloride, chloroform, 1,1,1-trichloroethane,
carbontetrachloride and 1,2-dichloropropane in the single component
solutions with each extracting solvent i.e., hexane, cyclohexane and
isooctane for each sample-to-solvent ratio i.e., 9:1, 5:5 and 2:8
are shown in Table 3.16-3.33. It is found that the percent recovery

of each halogenated alkane would be increased as in the following
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order of sample-to-solvent ratio : 9:1, 5:5 and 2:8. The percent
recoveries of halogenated alkanes for the sample-to-solvent ratio of
9:1 as shown in Table 3.16-3.17,3.22-3.23 and 3.28-3.29 are in the
range of 31.31-101.46 % with the percent RSD in the range of 0.23-
6.41 %. The percent recoveries of halogenated alkanes for the
sample-to-solvent ratio of 5:5 shown in Table 3.18-3.19,3.24-3.25
and 3.30-3.31 and 2:8 shown in Table 3.20-3.21,3.26-3.27 and 3.32-
3.33 are in the ranges of 63.21-105.04 % with the percent RSD in the
range of 0.29-9.02 % and 67.28-107.99 % with the percent RSD in the
range of 0.05-8.94 %, respectively. However, the sample-to-solvent
ratio of 9:1 is considered to be the suitable ratio for the
microextraction of halogenated alkanes. It is because the compounds
of interest are concentrated into the organic solvent and the
percent RSD of this ratio is lower than that of the other two ratios

i.e., 5:5:and 2:8.

The percent recovery of each halogenated alkane with each
extracting solvent including hexane, cyclohexane and isooctane for
the same sample-to-solvent ratio differs insignificantly since these
solvents are classified as non polar solvents. Therefore, either one
of them would be suitable to use as the solvent in microextraction
of these compounds. However, isooctane is selected as the
appropriate solvent for microextraction technique of these compounds
and the reason of this is that isooctane elutes from the column
after the compounds of interest and it would result in lowering the
minumum detectable level, MDL, of halogenated alkanes as can be seen

from the Table 3.52.



Table 3.1 The effect of the shaking time on the

percent recovery of 9.95 ppm of methylene

chloride solution with hexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 2 35.13 39.90
5 34.83 38.90

10 34.69 38.74

20 33.88 37.84

30 : 34.50 38.53

525 2 6.30 63.30
5 6.54 65.72

10 6335 63.80

20 6.30 63.33

30 6.23 62.56

2:8 2 1.67 6711
5 1405 66.24

10 1.65 66.41

20 1.58 63.54

30 1.61 64.59

Triplicate analyses



Table 3.2 The effect of the shaking time on the
percent recovery of 10.04 ppm of chloroform

solution with hexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 2 56.22 62.22

5 56.63 62.67

10 56.90 62.97

20 56.90 62.93

30 57.02 63.10

535 2 8.45 84.17
5 8.52 84 .91

10 8.44 84.10

20 8.53 84 .95

30 8.45 84.13

2:8 2 2.43 96.74
5 2.45 97 .58

10 2.42 96 .51

20 2.40 9575

30 2.46 97.85

Triplicate analyses



Table 3.3 The

percent

effect of the

shaking time on the

recovery of 9.94 ppm

of 1,1,1-

trichloroethane solution with hexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 2 60.72 67.87
. 63.36 70.83

10 61.23 68.44

20 62.57 69.94

30 61.90 69.19

525 2 9.69 97.50
5 9.87 99.27

10 9.63 96.93

20 9.60 96.56

30 9.63 96.86

8:2 2 2.47 99.62
5 2.36 94.88

10 2:5% 103.38

20 2.43 9T7.92

30 2.49 100.00

Triplicate analyses
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Table 3.4 The effect of the shaking time on the

percent recovery of 10.00 of
carbontetrachloride solution with hexane.
Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)
9:1 2 68.64 76.27
9 68.97 76.63
10 68.56 76.18
20 67.74 15.27
30 68.55 e
5:5 2 8.97 90.81
5 8.97 89.69
10 8.93 89.32
20 9.05 90.48
30 9.03 90.28
2:8 2 E 2.28 91.20
5 2.27 90.87
10 2:2% 90.73
20 2.21 88.57
30 2.24 89.41

Triplicate analyses




Table 3.5 The effect of the shaking time on the
percent recovery of 9.94 ppm of 1,2-

dichloropropane solution with hexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 2 7519 84.04
5 73.44 82.08

10 T4.20 82.88

20 T4.70 83.49

30 Th.94 83.75

5:5 2 9.78 98.44
5 9.85 99.13

10 9.79 98.54

20 9.65 97.12

30 9.77 98.31

2:8 2 2.48 99.94
5 2.49 100.15

10 2.45 98.80

20 2.43 97.93

30 2.58 103.99

Triplicate analyses
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Figure 3.1 The shaking time of halogenated alkanes with

hexane for 9:1 extraction.
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Figure 3.3 The shaking time of halogenated alkanes with

hexane for 2:8 extraction.



Table 3.6 The effect of the shaking time on the
percent recovery of 9.95 ppm of methylene

chloride solution with cyclohexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)
941 2 36.63 40.91
5 34.55 38.58
10 33.89 37.85
20 35.59 40.08
30 34.53 38.57
5:5 2 7.66 76.99
5 7.60 76.45
10 T.48 75.06
20 T.T2 T7.062
30 7.56 76.01
2:8 2 2.49 99.95
5 2.43 97.63
10 2.45 98.79
20 2.49 100.26
30 2.46 98.80

Triplicate analyses



Table 3.7 The

effect of the

shaking time

on the

percent recovery of 10.04 ppm of chloroform

solution with cyclohexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 2 71.98 79.66
5 71.97 79.65

10 71.14 78.74

20 71.70 79.35

30 70.22 41 AP

5:5 2 9.72 96.81
5 9.78 97.38

10 9.59 95.47

20 9.84 97.96

30 9.94 98.98

2:8 2 2.54 101.30
5 2.49 99.15

10 2353 100.93

20 2553 100.77

30 2453 100.91

Triplicate analyses
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Table 3.8 The effect of the

percent recovery

of 9.94 ppm of

shaking time on the

1,1,1-

trichloroethane solution with cylohexane.

Sample-to-Solvent Time Concentration %E

Ratio (min) (ppm)

9:1 2 78.39 87.63

5 76.06 85.02

10 71.56 86.70

20 7255 86.54

30 76.71 8575

915 2 9.07 99.13

5 9.84 99.01

10 9.45 9551

20 9.63 96.86

30 9.78 98.40

2:8 2 2232 93:23

5 2.36 95.00

10 2k35 94.45

20 2:31 93.06

30 2.30 92.49

Triplicate analyses
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Table 3.9 The effect of the shaking time on the
percent recovery of 10.00 of
carbontetrachloride solution with
cyclohexane.

Sample-to-Solvent Time Concentration %E

Ratio (min) (ppm)

9:1 2 76 .64 85.16

5 75.85 84.28

10 T4.22 82.47

20 76.36 84.84

30 75.74 84.16

5:5 2 8.86 88.62

5 8.75 87:55

10 9.13 90.03

20 8.92 89.23

30 9.05 90.50

2:8 2 2.20 88.17

5 2.26 90.39

10 2.23 89.30

20 2.18 87.38

J 30 2.23 89.50

Triplicate analyses
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Table 3.10 The effect of the shaking time on the
percent recovery of 1,2-dichloropropane

solution with cyclohexane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 2 : 75.70 84.61
5 T6.7T 85.80

10 {21 84.06

20 76.43 85.42

30 1775 86.90

5:5 2 9.83 98.94
5 9.69 97.51

10 9.72 97.91

20 9.82 98.82

30 9.74 98.43

2:8 2 2.45 98.59
5 2.4 96.92

10 2.46 99.10

20 2.49 99.10

30 2.1 97.08

Triplicate analyses
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cyclohexane for 9:1 extraction.
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cyclohexane for 2:8 extraction.
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Table 3.11 The

percent recovery of 9.95 ppm

effect

shaking time

chloride solution with isooctane.

on the

of methylene

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)
9:1 2 32.20 35.96
5 30.83 34.44
10 31.36 35.03
20 39.23 34.87
30 %47 35.48
525 2 7.70 T7.41
5 T.49 75.28
10 7.32 73.56
20 T.41 T4.53
30 Taeq 1302
2:8 2 2.4¢ 83.40
5 2.08 83.78
10 1.97 79.29
20 1.97 79.30
30 2.02 81,35

Triplicate analyses
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Table 3.12 The effect of the shaking time

percent recovery of 10.04 ppm of chloroform

solution with isooctane.

Sample-to-Solvent Time Concentration %E
Ratio (min) (ppm)

9:1 : 2 52.31 57.89
5 52.44 58.04

10 B2.02 5%-51

20 52.67 58.30

30 §2.72 58.34

or 4] 2 9.20 91.61
5 9.31 92.75

10 9.14 91.01

20 9.14 91.01

30 9 22 91.89

2:8 2 2¢58 99.78
5 21202 100.25

10 2.55 101.56

20 2+50 99.61

30 2.46 97.98

Triplicate analyses



Table 3.13 The

percent

effect of the

recovery

of 9.94 ppm of

shaking time

on the

PR

trichioroethane solution with isooctane.

Sample-to-Solvent| Time Concentration %E

Ratio (min) (ppm)

9:3 2 71.87 80.34

5 73.28 81.92

10 70.84 79.19

20 70.61 78.93

30 70.69 79.02

5:5 2 9.61 96.69

5 9.89 99.47

10 9.66 96.84

20 9.43 94.61

30 9.50 95.54

2:8 2 2.45 98.66

B 2.48 99.95

10 2.48 100.04

20 2.53 101.66

30 2.45 98.47

Triplicate analyses
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Table 3.14 The effect of the shaking time on the
percent recovery of 10.00 ppm of

carbontetrachloride solution with isooctane.

Sample-to-Solvent Time Concentration %E

Ratio (min) (ppm)

9:1 2 75.08 83.42

5 76.17 84.63

10 T4.92 83.25

20 75.92 84.35

30 75.03 83.37

5id 2 9.11 91212

5 9.39 93.86

10 9.37 93.71

20 8.73 87.32

30 9.34 93.46

2:8 2 2.45 98.03

‘ 5 ' 2.36 94.56

10 2.44 97.70

20 2.45 98.13

30 2.45 97.85

Triplicate analyses




Table 3.15 The effect of the shaking time on the
percent recovery of 9.94 ppm of 1,2-

dichloropropane solution with isooctane.

Sample-to-Solvent Time Concentration %E 5
Ratio (min) (ppm)

9:1 2 82.12 91.78
5 80.33 89.78

10 81.61 91.21

20 77.80 86.95

30 80.67 90.14

5:5 2 I 10.49 105.57
5 : 10.22 102.80

10 | 10.26 103.25

20 10.29 103.52

30 10.44 105.05

2:8 2 2.46 99.12
5 2455 102.73

10 :58 101.53

20 2.55 102.83

30 2.55 102.38

Triplicate analyses
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The effect of adding salt including sodium sulfate and
sodium chloride on the percent recoveries of halogenated alkanes
L& methylene chloride, chloroform, 1,1,1=trichloroethane,
carbontetrachloride and 1,2-dichloropropane with each extracting
solvent i.e.,hexane cyclohexane and isooctane for sample-to-solvent
ratios of 9:1, 5:5 and 2:8 are shown in Table 3.16-3.33 and Figure
3.10-3.27. The percent recovery of each halogenated alkane in 9:1
extraction with hexane, cyclohexane and isooctane shown in Table
3.16-3.21, 3.22-3.27 and 3.28-3.33, respectively, is increased by
adding sodium sulfate or sodium chloride. However, the effect of
adding sodium sulfate on percent recovery of each halogenated alkane
is higher than the effect of adding sodium chloride. The effect of
adding salt on percent recovery of each halogenated alkane for the
sample-to-solvent ratios of 5:5 and 2:8 is less significant than in
9:1 extraction since the percent recovery of each halogenated alkane
with each extracting solvent for the sample-to-solvent ratios of

5:5 and 2:8 is quite high as can be seen from the Table 3.16-3.33.

The effect of concentration on percent recovery of each
halogenated alkane at the high concentration and at the 1low
concentration for the same sample-to-solvent ratio with the same
extracting solvent does not differ significantly as shown 1in the
Table 3.16=3.33. Therefore there is no effect of concentration of

halogenated alkanes in the range of study on their percent recovies.

3.3 Microextraction Studies of Halogenated Alkanes in Mixture

Solutions.

The results of percent recoveries of the halogenated alkanes
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Table 3.16 The results of 9:1 extraction of halogenated alkanes

with hexane in single component solutions.

Halogenated Type of AConcentﬁétion
e Ky | %E + %RSD

alkanes extraction (ppm)

CH,C1, No Salt | 35.21 +0.22 5.83 | 39.32 _£1.69
Na,SO, 56.99 +2.10 | 15.75 | 63.64 +1.48
NaCl 53.04 +0.50 | 13.07 | 59.23 +0.23

CHC1, No Salt | 61.94 +2.75 | 19.62 | 68.55 +1.95
Na,SO, 70.49 +1.95 |31.92 | 78.01 +1.38
NaCl. 67.28 +0.77 |26.24 | T4.46 +0.55

C jiC1y No Salt 70.96 +1.41 |34.52 | 79.32 +1.00
Nézsou 75.30 +2.17 | 47.85 | 84.17 +1.54
NaCl 7h.14 +2.29 | 43.54 | 82.87 11'.60

cc, No Salt - | 69.20 +1.81 |29.31 | 76.51 +1.76
Na,SO, 72.58 +0.33 | 36.55 | 80.24 +0.30
NaCl 72.48 +0.85 [36.29 | 80.13 +0.79

C HgCl, No Salt 74.89 +3.39 | 46.28 | 83.72 +3.51
Na, SO, 7_9.63 :2_.5‘2 72.89 | 89.01 +3.12
Na C1 79.35 +1.48 | 70.65 | 88.70 +1.58

Triplicate analyses

Note (1) The initial concentrations of methylene cb}oride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 9.95, 10.04, 9.94, 10.00 and 9.94

ppm, respectively.
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sample-to-hexane ratio of gt <
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(2)
Table 3.17 The results of 9:1 extraction of halogenated alkanes

with hexane in single component solutions.

Halogenated Type of | Concentration K
: P %E + %RSD
alkanes extraction (ppm)
CH,C1, No Salt 2.79 +0.08 4.10 31.3i +1.93
Na,SO, 4.59 +0.19 9.59 51.59 +2.92
NaCl 4.08 +0.18 | T7.59 45.75 +3.03
CHC1, No Salt 5.52 +0.03 | 14.28 | 61.35 +0.21
Na,SO, 6.16 +0.40 | 19.53 | 68.45 +3.05
NaCl 0 6.08 +1.85 | 18.79 | 67.62 +1.32
C H4Cl, No Salt 6.48 +0.08 | 24.08 | T71.79 +0.83
Na,S0, 7.19 +0.41 | 37.56 | .80.67 +3.86
NaCl 7.19 +0.13 37553 80.66 +2.41
ccl, No Salt | 6.61 #0.17 ["24.87 | 73.43 +1.78
Na SO, 7.45 +0.34 | 43.36 | 82.81 +3.19
NaCl 7.16 +0.09 | 34.92 | 79.81 +0.91
03H6012 No Salt 6.25 +0.47 21.14 70.14 +5.27
Nazsou b ;p.u8 48.62 84.38 +4.49
Na Cl 7.37 +0.18 | 42.75 | 82.66 +2.72

Triplicate analyses

Note (2) The initial concentrations of methylene choloride,
chloroform, 1,1,1-trichlorcethane, carbontetrachloride and 1,2-
dichloropropane solutions were 0.99, 1.00, 0.99, 1.00 and 9.99 ppm,

respectively.
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: (1)
Table 3.18 The results of 5:5 extraction of halogenated alkanes

with hexane in single component solutions.

Halogenated Type éf Concentration : s

: £, %E + %RSD

alkanes extraction (ppm)
CH,C1, No Salt 6.31 +0.45 1.73 63.43 +5.07
Na,SO, 7.04 +0.24 | 2.41 70.71 £2.76
NaCl 6.88 +0.36 2.24 69.12 +5.29
CHCL, No Salt 8.61 +0.23 6.05 85.81 +1.91
Na,S0, 8.8040.29 | 7.07 | 87.61 +2.03
NaCl- 8.80 +0.09 | 7.12 | - 87.68 +0.78
CHCl, | NoSalt | 9:6740.26 [35.63 | 97.27 +1.87
Na,SO, 9.75 +0.04 _ |51.36 | 98.09 +0.29
, " NaCl 9.56 +0.17 |25.25 | 96.19 +1.22
ccy, No Salt 9.22 +0.25 | 11.16 91.78 +1.92
Na,SO, 9.28 +0.12 | 12.04 | 92.33 +0.91
NaCl 9.22 +0.34 | 11.11 91.74 +2.50
CoHgCL, No Salt 9.84 +0.43 94.24 98.95 +4.33
l Na,SO, 9.95 +0.24 Tl 060,41 42039
Na C1 9.99 +0.56 . 100.48 +5.55

Triplicate analyses
Note * Kd cannot be calculated due to the concentration of the
component was higher than the initial concentrafion of thé standard
solution used in this study.

(1) The initial concentrations of methylene choloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 9.95, 10.04, 9.94, 10.00 and 9.94

ppm, respectively.
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Table 3.19 The results of 5:5 extraction of - halogenated alkane;Z)
with hexane in single component solutions.
Halogénated' Type of Concentration| g
alkanes extraction (ppm) 5% %E + %RSD
CH2C12 No Salt 0.78 +0.03 3.62 ‘78f38 +2.83
Na,S0, 0.91 +0.02  [11.48 91.92 +2.15
NaCl 0.86 +0.03 6.69 87.03 :ﬁ.Bi
CHCl3 No Salt 0.87 +0.03 6.79 ?7.17 +1.68
Na S0, 0.90 io.m 9.02 90.02 +1.75
NaCl 0.91 ip.oz 10.38 91.21 +1.12
C2H3013 No Salt 0.87 +0.00 .| 7.26 87.89 +0.11
»yazsou 0.86 +0.01 : 6.79. 87.16 +0.50
NaCl 0.88 +0.01 | 7.80 | 88.64 +0.83
ccl, No Salt 1.01 +0.01 " 100.74 +0.83
Nazsou : 1.02 +0.03 . 101.63 +1.75
NaCl 1.00 +0.02 o 100.09 +1.02
C3HGC12 No Salt : 0.90 +0.04 10.24 91.10 +3.22
NaZSOu 0.90 +0.02 10.23 91.20 +2.01
Na C1 0.89 +0.06 9.30 90.29 +4.90
Triplicate analyses
Note y Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard
solution used in this study.

(2) The initial concentrations of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 0.99, 1.00, 0.99, 1.00 and 0.99 ppm,

respectively.
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(1)

Table 3.20 The results of 2:8 extraction of halogenated alkanes

with hexane in single component solutions.

Halogenated Type of Coﬂcentrati@n T _ :

__ e %E + %RSD

alkanes extraction (ppm) :

CH,C1, “No Salt | 1.67 #0.11 | 0.51.| 67.28 +4.79
Na,SO, 1.76 +0.11 | 0.61 70.84 +4.17
NaCl 1.79 +0.11 | 0.65 |  72.07 +4.36

CHC1, No Salt 2-”1.19505 6.38 |  96.24 +1.47
Na,s0, 2.42 +0.05 6.87 96.59 +0.98
NaCl 2.40 +0.05 | 5.76 | 95.8% +0.59

CHC1, No Salt | 2.60 +0.01 * 104.54 +0.47
Na,S0, | 2.60 +0.01 * 104.51 +0.41
NaCl 2.55 +0.02 * 102.61 +2.41

ccL, No Salt 2.31 40.06 | 2.93 92.15 +1.71
Na,S0, 2.33 +0.08 | 3.28 | 92.97 +2.33
NaCl 2.31 +0.07 | 2.87 | 91.98 +2.20

CHgCL, No Salt | 2.35 +0.24 | 4.25 94,44 +7.14

NaZSOu 2.33 +0.16 212 93.71 +4.90

Na Cl 2.41 +0.27 137 96.72 +8.12

Triplicate analyses

Note * Kd cannot be calculated due- to the concentration of the

component was higher than the initial concentration of the standard
solution used in this study.

(1) The initial concentrations of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 9.95, 10.04, 9.94, 10.00 and 9.9%4

ppm, respectively.
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Table 3.21

8l

(2)

The results of 2:8 extraction of halogenated alkanes

with hexane in single component solutions.

Halogenated Type of - Concentration K

' S ¢ %E + %RSD

alkanes extraction (ppm) ;
CH,C1, No Salt 0.19 +0.01 0.95 79.18 +2.53
' Na,S0, 0.22 +0.02 1.25 87.29 +10.4
NaCl 0.2240.02 | 1.92°| 85.59 +8.45
crc, No Salt | 0.24+0.01 | 5.88 | 95.92 +3.49
Na,S0, 0.26 +0.02 * 102.73 iu.-n’
NaCl 0.26 +0.02 : 102.21 +4.52
C2H3C13' No Salt 0;23 +0.02 3-13 92.60 +5.87
Na, S0, 0.23 +0.02- | 2.66 91.40 +5.18
NaCl 0.22 +0.00 1.70 87.16 +0.61
ce1, No Salt 0.24 +0.00 9.83 97.52 +0.89
Na,S0, 0.25 +0.01  |23.56 98.95 +0.91
NaCl 0.25 +0.00  |54.10 99.54 +0.05
C.HgCL, No Salt | 0.24 +0.02 6.71 96.41 +6.08
Na,S0, 0.24 +0.02 8.52 97.15 +5.97
Na C1 0.24 +0.01 7.95 96.96 +6.12

Triplicate analyses

Note * K

d

cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard

solution used in this study.

(2)

chloroform,

The

initial

1,1,1-trichloroethane,

concentrations

of methylene

carbontetrachloride

and

_ chloride,

;

dichloropropane solutions were 0.99, 1.00, 0.99, 1.00 and 0.99 ppm,

respectively.
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The effect of salting-out on % reéovery of each
halogenated alkane i.e., O.99Appm of methylene
chloride, 1.00 ppm of chloroform, 0.99 ppm of
1,1,1-trichloroethane, 1.00 ppm of
carbontetrachloride and 0.99 ppm of 1,2-
dichloropropane in single component solution for

sample-to-hexane ratio of 2:8 .
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; (1)
Table 3.22 The results of 9:1 extraction of halogenated alkanes

with cyclohexane in single component solp;ions.

Halogenated Type of Concéntratidh _ it
alkanes extraction (ppm) “a %E + %RSD
CH,C1, No Salt | 32.20 +3.60 5.50 | 35.96 +2.84
Na,S0, | 46.79 +8.12 | 9.85 | 52.25 +6.41
NaCl 42.34 +3.37 8.07 b7.27 +2.61
CHC1, No Salt | 68.66 +1.81 28.48 | 75.99 +1.83
Na_s0, 73.60 +1.39 39.52 | 81.45 +1.12
NaCl - 71.45 +2.27 | 34.00 | 79.07 +3.21
CH,CL, | Mo Salt | 77.36 +1.95 |57.57 | 86.38 £1.76
. Nas0, 78.31 +0.82 | 63.23 ._87.513 +0.73
NaCl 77.80 +0.45 60.07 86.97 +0.40
Rt No Salt | 73.18 +2.22 |38.97 | 81.24 +2.13
NasO, 75.33 ‘11.35 . | 44.83 | 83.28 +2.66
NaCl 76.18 +1.13 | 48.03 | 84.22 +1.05
CoHgCl, No Salt | 75.64 +1.14 | 149.18 | 84.53 +1.06
Na SO, 81.75 +0.91 95.29 | 91.37 +0.79
Na C1 80.64 +1.77 | 82.18 | 90.13 +1.55

Triplicate analyses

Note (1) chloride,

The initial concentrations of methylene

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane solutions were 9.95, 10.04, 9.94, 10.00 and 9.9%4

ppm, respectively.
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(2)

Table 3.23 The results of 9:1 extraction of haiogenated alkanes

with cyclohéxane in single component solutions.

Halogenated

Concentratioh

Type of .
alkanes extracﬁion (ppm) Kd il
CH2C12 No Salt 3.58 +0.22 6.05 40.21 :3.46
Na,S0, 5.81 +0.44 16.68 | 64.90 :5..30
NaCl 5.68 +0.37 | 15.82 | 63.74 +4.25
CHC13 No Salt 7.23 +0.10 36.85 80.37 +0.96
Nazsou 7.85 Ip.2§ 61.26 87.19 +2.59
NaCl 7.52 +0.09 45.61 83.52 +0.89
C2H3C13 No Salt 8.36 +0.28 135593 93.79 +2.32
Nazson 8.48 +0.33 175.80 95.13 +2.72
NaCl 8.44 +0.09 | 162.43 | 94.75 +0.77
CClu No Salt 7.73 #0.13 54.74 85.88 +1.63
NaZSOu 7.67 #0.15 51.89 85.22 +2.06
NaCl 7.81 +0.34 56.18 | 86.80 +4.36
C3H6012 No Salt 7.15 +0.59 36.48 80.21 +8.25 |«
Na,SO, 7.77 +0.29 1031 | - 8T.2val N3
Na Cl 7.59 +0.29 52.02 85.25 +3.82
Triplicate analyses
Note (2) The initial concentration of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 0.99, 1.00, 0.99, 1.00 and 0.99,

respectively.
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(1)
Table 3.24 The results of 5:5 extraction of halogenated alkanes

with cyclohexane in single component solutions.

Halsgenated Type of Concentration :
alkanes extraction (ppm) Kd *E + %RSD
CH,C1, ~ No Salt 7.06 +0.12 | 2.45 | 70.99 +1.66
Na S0, | 7.89 +0.38 3.83 | 79.31 +3.46
NaCl 7.38 +0.26 | 2.87 | Th.14 +2.45
CHCL, No Salt 9.63 +0.34 | 23.45 | 95.91 +2.47
: Na,SO, 9.52 +0.17 | 18.46 | 94.86 +1.22
NaCl. 9.58 +0.32 20.98 | 95.45 +2.37
C,H,Cl, No Salt 9.35 +0.08 15.75 | 94.03 +0.56
Na,S0, /|- 9.2 +0.23 18.27 | 94.81 +1.71
NaCl 1 9.37 40.10 | 16.33 | 94.23 +0.73
o, No Salt | 8.92 +7.93 7.93 | 88.80 +2.47
Na,S0, 9.13 +0.17 9.93 | 90.85 ._4:0.18
NaCl 9,12 %0.06 | 10.10 | 90.79 +0.47
CaHeCL, No Salt 9.66 +0.29 34.71 | 97.20 +2.14
Na_sS0, 9.75 +0.88 52.76 | 98.14 +6.38
Na Cl1 9.63 +0.85 30.45 | 96.82 +5.87

Tripliéate analyses

Note (1) The initial concentrations of methylene chloride,
chloroform, 1,1,1-tridhloroethane, carbontetrachioride and 1,2-
dichloropropane were §$.95, 10.04, 9.94, 10.00 and 9.94 ppm,

respectively.
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: (2)
Table 3.25 The results of 5:5 extraction of halogenated alkanes

with cyclohexane in single component solutions.

Halogenated Type éf Concentrafion _

alkanes extraction (ppm) “a »
CH,C1, No Salt 0.90 +0.03 10.34 91.18 +2.18
Na, S0, 0.95 +0.05 | 24.06 96.01 +3.81
NaCl 0.93 +0.05 | 14.85 | 93.69 +3.43
CHC1, No Salt 0.92 +0.04 | 11.33 | 91.89 +2.17
Na SO, 0.94 +0.02 | 15.50 | 93.94 +1.38
NaCl- 0.93 £0.02 | 13.70 | 93.20 +1.38
CH,Cl, No Salt 0.99 +0.06 [1249.00 | 99.92 +4.13
: Na,S0, 0.98 +0.08" |269.27 | 99.63 +6.60
NaCl 1.02 +0.04 * 103.38 +2.95
ccyy No Salt 1.00 +0.02 * 100.03 +1.13
Na,SO, 1.02 +0.02 * 101.18 +1.66
NaCl 1.00 +0.01 * 100.19 +0.89
CJHeC1, No Salt 0.88 +0.04 | 15.16 | 93.81 +3.96
Na SO, 0.91 +0.38 | 27.98 | 96.55 +9.02
Na C1 0.90 +0.05 |, 22.11 | 95.66 +4.76

Triplicate analyses

Note * Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard

solution used in this study.
(2) The

initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane solutions were 0.99, 1.00, 0.99, 1.00 and 0.94 ppm,

respectively.
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(1)
Table 3.26 The results of 2:8 extraction of halogenated alkanes

with cyclohexane in single component solutions.

Halogenated Type of Concentration
alkanes ‘ext}action (ppm) “a . ¥
CH,C1, No Salt 2.24 +0.05 2.31| 90.25 +1.68
Nazsou 2.58 +0.13 * 103.67 +3.40
NaCl 2.49 +0.07 L 100.17 +2.00
CHC1, No Salt 2.47 +0.02 | 15.47 | 98.41 +0.62
Na,S0, 2.48 10.03 20.58 | 98.80 +0.94
NaCl - 2.45 +0.06 | 10.21 97.61 +1.75
C,H4C1, No Salt 2.37 +0.10 4.94 | 95.18 +3.02
’ NaZSOH 2.45 +0.08 18.98 98.70 +2.43
. NacL | 2.4 +0.08 |14.72 | 98.33 +2.15
CClu ' No Salt ©2.44 +0.07 8.97 97.29 +1.94
| Na,S0, 2.46 +0.05 |31.39 | 99.21 +1.60
NaCl 2.45 +0.03 16.53 98.51 +0.70
C3H6Cl2 No Salt 2.42 +0.17 9.95 97.55 +5.07
Na,s0, 2.45 +0.15 18.41 98.66 +4.73
Na C1 2.43 +0.15 11.16 97.81 #4.35
Triplicate analyses
Note * K. cannot be calculated due to the concentration of the

d

component was higher than the initial concentration of the standard
solution used in this study.

(1)  The initial concentrations of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbgntetrachloride and 1,2;'
dichloropropane solutions were 9.95, 10.04, 9.99, 10.05 and 9.94

ppm, respectively.
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Table 3.27 The results of 2:8 extraction of haiogenated alkzane

with cyclohexane in single component solutions.

96

(2)

S

Concentration

Halogenated Type of _

alkanes extraction (ppm) Kd 32 %aem
CH2C12 No Salt 0.25 +0.01 b4 100.62 +2.11
NaZSOA 0.25 +0.01 » 102.37 +3.62
NaCl 0.25 40.01 | 15.67 |. 98.43 +1.12
CHCl3 No Salt 0.25 +0.02 65.54 99.62 +5.51
NaZSOu 0.25 +0.01 s 102.02 +2.05
NaCl- 0.25 +0.01 * 100.54 +3.24

CHCL, No Salt" | 0.25 +0.01 ¥ 101.20 +4.60 .

Nas0, 0.25 +0.01 * 101.37 +5.38
NaCl 0.25 +0.01 * 101.35 55.99
CC14 . No Salt 0f25 +0.01 ¥ 102.33 12.66
NaZSOA 0.26 +0.01 = 104.76 +3.26
NaCl 0.26 +0.01 * 103.83 +2.15
C3H6Cl2 No Salt 0.23 +0.02 3.04 92.40 +3.80
| Na,S0, 0.24 0.01 | 5.83 | 95.89 +4.75
Na Cl 0.24 +0.03 6.97 96.54 +6.95

Triplicate analyses

Note * Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard
solution used in this study.

(2) The initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane solutions were 0.99, 1.00, 0.99, 1.00 and 0.99 ppm,

respectively.
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Table 3.28 The results of 9:1 extraction of halogenated alkanes

with isooctane in single component solutions.

98
(1)

Halogenated Type of Concentréﬁion

alkanes extraction (ppm) Kd miwn

CH,C1, No Salt | 33.89 +2.17 | 5.48 | 37.85 +4.46
NaSO, 47.97 +1.38 10.38 53.57 +2.04
NaCl 42.44 +1.60 | 8.1 | AT.HO +2.13

CHC1, No Salt | 55.46 13.2.9' 14.30 | 61.38 +0.84
Na_SO, 62.15 +3.73 19.83 68.78 +2.89
NaCl- 60.12 +2.80 17.89 66.53 +2.67

C,H,C1, No Salt | T73.54 +3.05 | 41.56 | 82.20 +2.91
Na_SO, 75.97 iﬁ_.sn 50.68 84.92 +4.55-
NaCl 74.12 +1.63 | 43.48 82.85 +1.55

ceyy No Salt 68.41 +2.93 27.93 75.63 +4.29
Na_sO, 68.84 +2.10 | 28.67 | 76.11 +3.04
NaCl 68.46 +0.50 | 28.02 | 75.69 +0.73

C,HgCL, No Salt | 79.77 #1.90 | 74.10 | 89.17 +2.20
Na_SO, 90.77 +2.23 * 101.46 +1.26 +
NaCl '89.10 +2.58 [2241.00 | 99.60 +1.30

Triplicate analyses

* Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard

Note

solution used in this study.

(1) The initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane were 9.95, 10.04, 9.94, 10.05 and 9.9% ppm,

respectively.
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halogenated alkane i.e., 9.95 ppm of methylene

10.04 ppm of chloroform, 9.94 ppm of

chloride,

ppm of

10.00

1,1,1-trichloroethane,

carbontétrachloride‘

9.94 ppm of 1,2-

and

dichloropropane in single component solution for

sample-to-isooctane ratio of 9:1 .



Table 3.29 The results of 9:1 extraction of halogenated alkanes

with isococtane in single component solutions.

100

(2)

Halogenated Type of Concentratioﬁ \ » :
alkaﬁes‘ extraction (ppm) “a %é 400
CH2C12 No Salt 3.09 +0.32 .77 34.65 + 4.33

NaZSOu 5.24 10.28 13.98 60.84 + 3.86
NaCl 5.21 +0.32 | 12.66 | 58.45 + 4.13
CHCl3 No Salt 6.34 +0.25 21."% 70.41 + 2.25
Na,SO, 6.63 ¥0.20 |25.12 | 73.62 + 1.84
NaCl 6.54 +0.29 | 23.98 | 72.T1 + 2.25
C2H3013 No Salt 7.53 +0.29 49,25 84.55 + 4.42
¥a,S0, 8.10 +0.05 | 8979 | 90.89 + 0.15
NaCl 7.99 +0.26 78.29 89.69 + 2.34
CC].,_l No Salt 6.81 +0.23 27.96 75.65 + 2.44
Na, S0, 7.14 +0.28 | 34.60 | 79.36 + 2.27
NaCl 6.99 +0.29 | 31.39 | 77.72 + 2.93
C3H6C12 No Salt ] 7.87 +0.35 68.59 88.40 :_3.1§
NaZSOu 8.80 +0.10 760.23 98.83 + 1.30
Na C1 8.64 +0.16 [292.00 | 97.01 + 1.26

Triplicate analyses

(2)

Note

chloroform,

dichloropropane solutions weré 0.99,1.00,0.99,1.00 and

The

initial

concentrations of methylene

1,1,1-trichloroethane, carbontetrachloride

respectively.

chloride,
and 1,2-

0.99 ppm,
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(1)

Table 3.30 The results of 5:5 extraction of halogenated alkanes

with isooctane in single component solutions.

Halogenated Type of ' Concentration

alkanes extraction (ppm) Kd X+ 385D

CH2C12 No Salt 6.29 +0.08 1.72 63.21 +1.53
Nazsou. 6.94 19.43. 2.31 69.80 +4.39
NaCl 6.82 +0.10 2.18 68.57 :9.68

cHel, No Salt 9.15 +0.16 [10.25 | 91.11 +1.27
Nazsou 9.17 +0.20 |10.59 91.37 +1.53
NaCl 9.29 +0.36 -[12.49 | 92.57 #2.7T1

C2H3Cl3 Nd Salt 1Q.0é +0.26 ® 100.65 +1.82
Na2304 10.09 +0.27 . 101.56 +1.89
NaCl 10.09 +0.04 * 101.53 +0.30

CClu No Salt 8.85 +0.36 7.40 88.10 :ﬂ.OG
Na, S0, 8.70 +0.40 6.46 86.60 +4.54
NaCl 8.84 +0.17 1-33 87.99 1}.94

C3H6Cl2 No Salt 10.41 +0.4%2 . 104.71 +2.88
N32304 | 10.54 +0.31 * 105.04 +2.05
Na C1 10.38 +0.23 > 104.42 :].58

Triplicate analyses

Note

* Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard

solution used in this study.

(1)

chloroform

dichloropropane

The

initial

1,1,1-trichloroethane,

ppm, respectively.

concentrations of methylene

carbontetrachloride and

chloride,

1.8

solutions were 9.95, 10.04, 9.44, 10.05 and 9.94
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Table 3.31

04

(2)

The results of 5:5 extraction of haiogenated alkanes

with isooctane in single component solutions.

Concentration

Halogenated Type of

Ky %E + %RSD

alkanes extraction (ppm) :
CH2C12 No Salt 0.72 +0.02 2.63 T72.46 +1.62
Na SO, 0.79 +0.04 3.85 | 79.40 +2.95
NaCl 0.77 0.03 | 3.41 | 77.31 +3.47
CHCl3 No Salt 0.92 +0.01 11.94 92.27 +0.76
Nazsou 0.92 +0.02 11.97 92.29 +1.45
NaCl - 0.92 +0.04 | 12.39 | 92.53 +3.33
C2H3Cl3 No Salt 0.95 +0.02 26.40 96.35 +1.43
NaSO, 0.99 +0.04 | * |100.30 +2.24
NaCl 0.96 +0.02 36.0h .97.30 +1.62
ceLy No Salt 0.87 +0.03 6.94 87.41 +2.42
Na,SO, 0.91 +0.03 | 10.19 | 91.06 +2.24
NaCl 0.87 +0.02 7.02 87.53 +2.14
C3H6Cl2 No Salt 0.76 +0.02 4. 14 80.53 +1.90
NaZSOn 0.93 +0.01 15.45 97.92 +0.84
Na C1 0.97 +0.02 98.07 +1.93

50.81

Triplicate analyses

Note

component was higher than the initial concentration of the

solution used in this study.

(2)

chloroform,

The

initial

1,1,1=trichloroethane,

concentrations

of

methylene

carbontetrachloride

and

® Kd cannot be calculated due to the concentration of the

standard

chloride,

Y B

dichloropropane solutions were 0.99,1.00,0.99,1.00 and 0.99 ppm,

respectively.
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(1)

Table 3.32 The results of 2:8 extraction of halogenated alkanes

with isooctane in single component solutions.

Halogenated Type of Concentration

Ky %E + %RSD

alkanes extraction (ppm)
CH2C12 No Salt 2.04 +0.11 1.14 .82;02 +3.94
Na,SO, 2.1130.09 | 1.50 | 85.69 +1.98
NaCl 2.02 +0.26 | 1.08 | 81.21 +8.94
CHCl3 No Salt 2.52 +0.04 X 100.57 +1.36
NaZSOI4 2.55 +0.04 * 101.56 +1.12
NaCl 2.58 +0.03 * 103.22 +1.42
C2H3Cl3 No Salt 2.48 +0.10 83.08 99.70 +3.01
NaZSdu 2.51 +0.12 . ~'100.89 +3.46
NaCl 2.57 +0.06 * 103.30 +1.53
ccy, No Salt 2.37 +0.05 | 4.99 | 95.23 +2.60
NaZSOu 2.44 19.06 8.19 97.04 Iﬁ.13
NaCl 2.41 +0.05 | 5.95 | 95.97 +1.34
C3H6Cl2 No Salt 2.64 +0.02 i 106.35 +0.53
Na SO, 2.48 +0.10 |83.08 99.70 +2.89
Na C1 2.51 +0.10 * 101.06 +2.85

Triplicate analyses

Note

component was'higher than the initial concentration of the

solution used in this study.

(1)

chloroforn,

The

initial

concentrations

of methylene

* Kd cannot be calculated due to the concentration of the

standard

chloride,

1,2

1,1,1-trichloroethane, carbontetrachloride and
dichloropropane solutions were 9.95, 10.04, 9.94,10.05 and 9.94

ppm, respectively.
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(2)
Table 3.33 The results of 2:8 extraction of halogenated alkanes

with isooctane in single component solutions..

Halogenated| Type of Concentration
alkanes extraction (ppm) a = e
'CHZCIZ No Salt .20 +0.01 1. 12 81.71 :P.TZ
Nazsou 0.21 +0.01 1.59 86.&1 +3.19
NaCl 0.20 +0.01 1.20 82.79 +0.62
CHCl3 No Salt 0.25 +0.01 * 101.33 #2.51
Na,S0, 0.25 #0.01 4 102.02 +1.55
NaCl - 0,25-%0.01 * 101.58 12.28
CHyCly | No Salt 0.24 +0.00 [16.09 | 98.47 +0.68
NaZSOu 0.24 +0.00 21768 98.86 +1.01
NaCl 0.24 +0.00 7.02 96-56 +1.03
CClu No Salt 0.22 +0.01 1.89 88.31 12.14
NaZSOu 0.23 +0.01 2.42 90.63 :#.31
NaCl 0.22 +0.01 1.96 88.70 :3.76
C3H6C12 No Salt 0.25 +0.01 37.63 99.34 :?.81
Na,SO, 0.27 +0.01 * 107.99 +1.41
Na Cl1 0.25 +0.02 » 100.67 :5.28

Triplicate analyses

Note ® Kd cannot be calculated due to the concentraticn of the

component was higher than the initial concentration of the standard

solution used in this study.

(2) The initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane solutions were 0.99, 1.00, 0.99,1.00 and 0.99 ppm,

respectively.
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including methylene chloride, chloroform, 1,1,1-trichloroethane,
carbontetrachloride and 1,2-dichloropropane with each extracting
solvent including hexane, cyclohexane and isooctane for each sample-
to-solvent ratio i.e., 9:1, 5:5 and 2:8 are shown in Table 3.34-
3.51. It 1is found that the percent recovery of each halogenated
alkane would be increased as in the following order of sample-to-
solvent ratio : 9:1, 5:5 and 2:8. The percent recoveries of
halogenated alkanes for the sample-to-solvent ratio of 9:1 shown in
Table 3.34-3.35, 3.40-3.41 and 3.46-3.47 are in the range of 31.05-
101.46 % with the percent RSD in the range of 0.16-8.73. The percent
recoveries of halogenated alkanes for the sample-to-solvent ratio
of 5:5 shown in Table 3.36-3.37, 3.42-3.43 and 3.48-3.49 aﬁd 2:8 as
shown in Table 3.38-3.39, 3.44-3.45 and 3.50-3.51 are in the ranges
of 44.14-104.72 % and T72.24-106.11 %, respectively with percent RSD
in the ranges of 0.12-9.45 % and 0.44-10.67 % ,respectively. The
sample-to-solvent ratio of 9:1 is chosen to be the suitable ratio
for the analysis of halogenated alkanes due to the percent RSD of
sample-to-solvent ratio is lower than those of the other sample-to-
solvent ratios and in addition the compounds of interest are

concentrated into organic solvents by this sample-to-solvent ratio.

The effect of solvents on percent recoveries of halogenated
alkanes can be seen from Table 3.34-3.51. They indicate that the
percent recoveries of halogenated alkanes in each extracting solvent
differ insignificantly . However cyclohexane seems to have an effect
on percent recoveries of carbontetrachloride in the study of mixture
solution due to the separation between carbontetrachloride and

cyclohexane peaks do not come out as good as other peaks,



especially, when the sensitivity of ECD is increased. Moreover, the
percent recovery of carbontetrachloride in the mixture solution with
the cyclohexane used as solvent seems to be lower than it would be
in the single component solution. The reason of this is that the
separation of carbontetrachloride and cyclohexane is not good enough
for the peak area to be integrated accurately by integrator,

especially, for the sample-to-sclvent ratios of 5:5 and 2:8.

The effect of adding salt on percent recoveries of
halogenated alkanes are shown in Table 3.34-3.51 and can also be
seen in Figure 3.28-3.35 . As same as the results in the extraction
of halogenated alkanes in single component solution, the sodium
sulfate would be the suitable salt which can be used to increase the

percent recoveries of halogenated alkanes in the mixture solutions.

The effect of concentration of halogenated alkanes on
percent recoveries was studied. The results of percent recoveries of
these compounds are shown in Table 3.34-3.51. The percent recovery
of each halogenated alkane for the two different concentrations is
insignificantly differente. In the study of mixture solution, all
halogenated alkanes except carbontetrachloride were studied in the
same concentration level. The reason of this is that response factor
of carbontetrachloride with ECD was much higher than the response
factor of other halogenated alkanes and it could not be separated
from the 1,1,1-trichloroethane peak which was the adjacent peak of
carbontetrachloride. Thus, the concentration of carbontetrachloride

had to be reduced to the level which these two peaks could be

separated.



Table 3.34 The results of 9:1 extraction of halogenated alkanes

with hexane in mixture solutions.

112

(3)

Halogenated Type of Concenﬁ;afion K
d %E + %RSD

alkanes extraction (ppm)

CH,C1, No Salt 30.46 +7.04 4.73 34.46 +5.09
Na,S0, 42.70 +1.49 | 8.41 | 148.31 $2.75
NaCl  39.56 +2.25 7.29 | UA4.76 +4.09

CHC1, No Salt 43.86 +1.75 | 8.71 | H49.18 +2.46
Na SO, 51.33 +1.95 | 12.20 | 57.55 +2.73
Naci 50.17 +1.91 11.57 | 56.25 +2.82

C,H4C1, No Salt 60.26 +1.01 | 19.35 | 68.25 +2.10
Na, SO0, 68.34 +1.82 © | 30.84 | TT.41 +h.11
NaCl 65.69 +1.54 | 26.16 | T4.40 +1.94

ccLy No Salt 6.08 +0.32 | 22.19 | T1.15 +3.68
Na,s0, 6.59 +0.18 30.39 T77.15 +1.94
NaCl 6.34 +0.26 | 25.76 | T4.11 +2.91

CoHgCl, No Salt 73.77 +2.10 | 45.71 | 83.55 +2.05
Na,SO, 77.39 +1.03 | 63.87 | 87.65 +1.94
Na C1 75.52 +2.05 | 53.24 | 85.54 +2.03

Triplicate analyses

Note

chloroform,

dichloropropane

1,1,1-trichloroethane,

ppm, respectively.

solutions were 9.82,

(3) The initial concentrations

9.91,

of methylene

9.81,

carbontetrachloride and

0.95 and

chloride,

1,2-

9.81
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i
Table 3.35 The results of 9:1 extraction of halogenated alkanes(

with hexane in mixture solutions.

Halogenéfed Type of Concentraticn

alkanes extraction- (ppm) Kd i
CH,CL, No Salt | 3.75 +0.21 | 6.65 | 142.50 +6.80
Na S0, 5.19 +0.49 12.86 58.84 +6.T4
NaCl 5.09 +0.38 12.29 57.72 +5.52
CHC1, No Salt 5.61 +0.26 | 15.30 | 62.97 +3.27
- NasS0, 5.95 +0.39 | 18.01 | 66.68 +4.64
NaCl 5.79 +0.52 | 16.67 | 64.94 +6.39
CH,Cly No Salt 7.22 +0.53 | %0.72 | 81.90 #5.14
Na,SO, 7.34 +0.31 | 44.73 |. 83.25 #2.99
NaCl 7.07 +0.43 | 36.32 | 80.14 #2.52
cc1, No Salt 0.5.9 +0.02 | 24.31 | 72.98 #3.38
| Na, SO0, 0.60 +0.02 | 25.10 | 73.61 #3.23
NaCl 0.57 +0.02 | 21.57 | 70.56 +3.49
CoHgCL, No Salt 7.57 +0.58 '5‘4.56 85.94 +7.50
Na S0, 7.86 +0.52 | 73.49 | 89.09 +6.82
Na C1 7.90 10.58. 77.12 | 89.55 +7.19

Triplicate analyses

Note (4) The initial concentrations. of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 0.98, 0.99, 0.98, 0.69 and 0.98

ppm, respectively.
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Table 3.36 The results of 5:5 extraction of halogenated alkanes

with hexane in mixture solutions.

116

(3)

Halogenated Type of Concentraticn’

alkanes extraction (ppm) Kd B 1 %0
cB,C1, No Salt | 7.3% +0.72 | 2.96 | TA.T5 +9.45
Na,S0, 7.80 +0.55 3.87 T79.49 +7.20
NaCl 7.40 +0.69 3.06 | 75.36 +9.40
CHCl3 No Salt 8.69 +0.70 T+92 87.69 +5.T4
Na,S0, 8.90 +0.42 8.80 89.80 +3.37
NaCl 8.79 #0.13 7.76 88.58 +1.10
C,H4Cl, No Salt 9.16 +0.75 | 14.17 93.41 +5.90
' Na,S0, 9.22 +0.40 | 15.75 94.03 #3.16
NaCl 9.20 +0.29 15.21 93.83 +2.31
cc1, No salt | 0.85 +0.01 8.26 | 89.20 +0.15
Na SO, 0.91 +0.06 |22.31 95.71 +6.54
NaCl 0.90 +0.08 |19.20 95.05 +8.78
¢ HgCl, No Salt | 9.60 +0.11 |45.95 | 97.87 +3.28
Na,S0, 9.83 +0.11 * 100.26 +3.27
Na Cl 9.59 +0.10  [45.90 97.76 +4.03

Triplicate analyses

Note

component was higher than the jnitial concentration of the

b

d

solution used in this study.

(3)

The

initial concentrations

of methylene

chloroform, 1,1,1-trichloroethane, carbontetrachloride and

1,2-dichloropropane solutions were 9.82,° 9.91,

9.81 ppm, respectively.

9.81,

0.95

cannot be cazlculated due- to the concentration of the

standard

chloride,

and
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(4)

with hexane in mixture solutions.

Halogenated Type of Concentrétién'
Xy %E + %RSD

alkanes extraction (ppm)

CH,CL, No Salt 0.74 +0.22 3.05 |. 75.30 +5.41
Na,S0,, 0.77 +0.02 | 3.61 | 78.33 0.4
NaCl 0.76 +0.22 3.45 | 77.55 #4.02

CHC1, No Salt 0.94 +0.01 17.94 94.71 +1.39
Na,S0, 0.97 +0.02 | 50.81 | 98.07 +1.54
NaCl 0.98 +0.04 | 70.94 98.61 +3.56

C,HCl, No Salt 0.90 +0.02 | 11.36 | 91.91 £1.76
Na,S0, 0.89 +0.01 | 10.74 | 91.48 +0.75
NaCl 0.81 +0.15 .| 10.21 | 91.07 2.26

cc1, No Salt 0.09 10.06 30.06 | 96.78 +0.12
Na,S0, 0.09 +0.00 | 19.83 | 95.20 #2.13
NaCl 0.09 +0.00 | 24.25 | 96.04 +0.22

C HgCL, No Salt 0.81 +0.03 4.90 | 83.05 +2.63
Na,S0, 10.87 +0.04 - 7.82 | 88.66 +3.85
Na Cl 0.87 +0.03 7.70 88.50 +1.88

Triplicate analyses

Note (4) The initial concentrations of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
dichloropropane solutions were 0.98, 0.99, 0.98, 0.99 and 0.98

ppm, respectively.
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The effect of salting-out on % recoveries of

, 0.98 ppm of methylene

halogenated alkanes i.e.

0.99 ppm of chloroform, 0.98 ppm of

chloride,

of

ppm

0.09

1,1,1—trichloroethane,v

g2

ppm of 1

0.98

and

carbontetrachloride

dichloropropane in mixture solution for sample-to-

hexane ratio of 5:5 .
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Table 3.38 The results of 2:8 extracti

hexane in mixture solutions.

(3)

on halogénated alkanes with

Halogenated Type of Concentr;tion

alkanes extraction (ppm) Kd. . o

CH,C1, No Salt 2.28 +0.08 3.36 93.08 +6.99
Na S0, 2.35 +0.16 3.47 95.98 +7.01
NaCl 2.31 +0.09 4.10 94.26 +5.10

CHCl3 No Salt 2.19 +0.11 1.37 88.24 +5.44
Na,SO, 2.34 +0.03 4.15 9432 +1.12
NaCl 2.29 +0.02 | 2.13 | 92.64 5152

CH,Cl, No Salt 2.25 +0.12 2.77 91.71 #3.99
Na,SOy 2.43 +0.03 | 71.18 99.65 io-.87
NaCl 2.39 +0.14 | 9.67 | 97.48 +4.13

ook, No Salt | 0.21 +0.01 | 2.93 92.14 +5.34
Na_s0, 0.22 +0.01 4.26 94.46 +5.05
NaCl 0.22 +0.01 | b.81 | 95.06 +2.16

C HCL, No Salt 2.51 +0.11 * 102.28 +3.08
Na,S0, .| 2.54 +0.11 * 103.93 #3.27
Na Cl 2.51 +0.10 3 102.29 +2.89

Triplicate analyses

Note

component was higher than the initia

solution used in this study.

(3)

chloroform,

dichloropropane solutions were 9.82, 9.91,

The

1,1, 1-trichloroethane,

9.81 ppm, respectively.

initial concentrations

* Kd cannot be calculated due to the concentratio

1 concentration of the

of methylene

9.81,

carbontetrachloride and

0.95 and

120

n of the

standard

chloride,

1,2-
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4 . (4)
Table 3.39 The results of 2:8 extraction halogenated alkane with

hexane in mixture solutions.

Halogenated .Type of Concentfétibn Kd :
alkanes extraction (ppm) e N
CH,C1, No Salt 0.22 +0.01 .M o} 89.58 :5.56

Nazson 0.23 +0.02 3.42 93.19 +0.13
NaCl 0.23 +0.01 - | 3.29 92.93 +6.26
CHC1, No Salt 0.23 +0.02 5.09 95.32 +6.25
Na,SO, 0.25 +0.02  |51.83 | 99.52 +7.68
NaCl 0.25 +0.01 | 40.73 99.39 +7.33
C,H,C1, ~ No Salt 0.25 +0.01 ¥ 103.05 +2.43
Na S0, gion 40,01 | * 101.85 +3.13
NaCl 0.2540.00 | * | 103.65 +3.19
ccl, No Salt 0.02 +0.00 e 101.97 +0.62
Na SO, 0.02 +0.00 * 104.58 +3.71
NaCl 0.02 +0.00 | 17.7T4 98.61 +0.44
C,HgCL, No Salt | 0.2240.02 | 2.58 | 91.16 +6.97
Na,S0, 0.22 +0.03 2.59 91.19 +7.43
Na Cl 0.22 +0.01 1.93 88.55 +3.78

Triplicate analyses
Note x Kd cannot be calculated due to the concentration of the
compbnent was higher than the initial concentration of the standard
solution used in this study.

(4) The initial concentrations of methylene chloride,
chlorof;rm, 1,1,1-trichloroethane, carbontetrachloride and
'1,2-dichloropropane solutions were 0.98, 0.99, 0.98, 0.99 and

0.98 ppm, respectively.
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Table 3.40 The results of 9:1 extraction of haiogenated alkanes

124

(3)

with cyclohexane in mixture solutions.
Halogenated Type of Concentration :
alkanes e#traction (ppm) Kd BE & 3D
CHZCI2 No Salt 30.31 +3.24 4,70 34.30 +7.71
Nazsou 46.89 +4.55 - 10T17 53.05 +7.87
NaCl 42.48 +3.52 8.52 | 48.64 +5.89
CHCl3 No Salt 65.35 +2.79 24.67| T3.27 +3.09
‘ NaZSQu 72.02 +4.28 37.75| 80.75 :§.04
NaCl 70.45 +3.57 |33.84| 78.99 +3.56
C2H3Cl3 No Salt 75.14 :}.06 51.&4 85.11 +1.02
Na SO0, 76.18 +2.31 |56.64 | 86.29 +2.18
NaCl 76.69 +1.01 |59.49 86.86 +0.94
CClu No Salt T7.22 +0.17 48.84 84.44 +1.59
NaZSOR 7.27 +0.23 51.00{ 85.00 +2.14
NaCl 7.22 +0.17 | 48.84 84.44 +1.60
C.H¢CL, No Salt 77.13 +2.28 |62.20| 87.36 +3.26
NaZSOR 79.74 +1.42 83.98 96.32111.78
Na Cl 77.16 +2.74 | 62.43| B87.40 +3.68
Triplicate analyses
Note (3) The initial concentrations of methylene chloride,
chlorqform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-
ppm

dichloropropane solutions were 9.82, 9.91, 9.81, 0.95 and 9.81

respectively.
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Table 3.41 The results of 9:1 exfraction of haiogenated alkanes

126

(4)

with cyclohexane in mixture solutions.
Type of Concentrgéiéh
alkanes extraétion (ppm) v . ¥ L W0
CHCL, No Salt | 3.29 +0.85 5.36 | 37.33 #8.73
Na,SO0, 4.57 +0.79 9.66 | 51.7T7 +6.87
NaCl 3.72 +0.69 6.57 | 42.21 +7.80
CHCl3 No Salt 6.76 19.98 28.30 75.87 +5.48
Naésou 7.39 +£0.27 43.72 82.93 +2.37
NaCl T7.19 +0.21 37.56 80.67 +1.82
C,H,C1, No Salt 7.20 +0.69 | 40.19 | 81.69 +6.18
Na,S0, 7.47 +0.38 | 49.67 | ‘84.66 +3.28
NaCl 7.46 +0.14 | 49.37 | 84.58 +1.23
cc1, No Sa1f | 0.69.s0.14 |52.64 | 85.%0 35.03
Na2s04 0.70 +0.08 | 60.60 | 87.07 +3.58
NaCl 0.71 +0.02 | 62.83 | 87.47 +0.16
C.HCl, No Salt 7.65 +0.91 59.13 | 86.79 +7.76
Na,S0, 8.23 10.30 176.18 | 93.3% +2.31
Na Cl 7.89 +0.73 79.55 89.48 +6.01

Triplicate znalyses

Note (4) The initial concentrations of methylene

chloroform,

1,2-dichloropropane solutions were 0.98,

1,1,1-trichloroethane,

0.98 ppm, respectively.

carbontetrachloride

0.99,

0.98, 0.09

chloride,
and

and
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Table 3.42 The results of 5:5 extraction of haiogenated alkanes(3)

with cyclohexane in mixture solutiops.

Halogenated| Type of Concentration

alkanes | extraction (ppm) i " Nee
CH,C1, No Salt 7.57 #0.78 3.37 | 77.11 #7.35
NaZSdu | 8.09:0.32 | 4.70 | 82.% _té;so

NaCl 1.71 +0.73 | 3.66 | 78.55 +6.80
CHC1,  No Salt | 7.77 +0.78 | 3.63 | 78.40 +7.23
Na S0, 8.10 #1.07 4.48 | 81.75 +9.88
NaCl 7.87 +1.04 | 3.86 | 79.41 +9.56
(CHCly | No Salt 8.14 +0.47 | 4.89 83.02 +4.16
NaS0, | 8.30 +0.62 5.50 .| -84.61 +7.55
NaCl 8.20 +0.63 | 5.09 | 83.58 +5.56
cc1y No Salt 0.78 +0.12 4.71 82.49 +4.39
Na,SO, 0.81 +0.02 5.74 | 85.16 +2.59
NaCl 0.80 +0.03 5.26 | 84.03 +6.64
C.HgC1, No Salt 9.35 +0.60  [20.41 | 95.33 +4.64
; Na,S0, 9.60 +1.99 47.08 97.92 +1.41
Na C1 9.51 +0.13  [31.79 | 96.95 +1.41

Triplicate analyses

Note (3) The initial concentrations of methylene chloride,
chloroform, 1,1,1-trich_loroethane, carbon.tetraéhloride and 1,2-
dichloropropane solutions were 9.82, 9.91, 9.81, 0.95 and 9.81

ppm, respectively.
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Table 3.43 The results of 5:5 extraction of halogenated alkanes

with cyclohexane in the mixture solutions.

(4

130

)

Halogenated Type of Concentration _
alkanes extraction (ppm) Kd .%E %
CH,C1, No Salt| 0.80 +0.06 5,45 | 81.65 +7.25
Na_S0, 0.90 +0.06 | 11.16 | 91.78 +5.81
NaCl 0.88 +0.12 8.82 | 89.82 +9.13
CHCl3 No Sélt 0.89 +0.03 9.21 90.21 +3.19
Nazsou 0.94 +0.02 20.32 95.31 +2.30
NaCl 0.89 +0.03 9.05 | 90.05 +3.18
CH,Cl, | NoSalt | 0.85 40.03 6.26 | 86.22 +2.91
NaS0, 0.85 +0.02 | 6.51.| 86.68" +1.91
NaCl 0.86 +0.03 T.45 | 88.17 13;08‘
CClu No Salt 0.07 +0.0 4.89 83.02 +6.54
Na S0, 0.08 +0.00 5.50 | 84.61 +4.26
NaCl 0.08 +0.00 5.09 83.58 +4.18
C3H6012 No Salt 0.84 +0.06 6.15 86.02 +8.43
NaZSOH 0.86 +0.04 7.55 88.31 +2.40
Na C1 0.88 +0.04 | 8.55 | 89.53 x1.12
Triplicate analyses
Note (4) The initial concentrations of methylene chloride,
chloroform, 1,1,1—trichloroethane, carbontetrachloride and

¥ 2~

dichloropropane solutions were 0.98, 0.99, 0.98, 0.09 and 0.98 ppm,

respectively.
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Table 3.44 The results of 2:8 extractions of halogenated alkanes(3)

with cyclohexane in mixture solutions.
Halogenated ije of Concentration
alkanes | extraction ’(ppm) Kd sl s
CH,C1, No Salt 2.26 +0.23 | 2.99 | 92.30 + 5.63
Na,SO, 2.27 #0.09 | 3.12 | 92.58 +2.91
NaCl 2.28 +0.18 | 3.23 | 92.81 +4.97
CHCl3 No Salt 2.30 +0.04 3.20 92.76 +1.92
Nazsou 2.34 +0.03 4.39 94.61 +1.08
NaCl- 2.28 +0.14 ‘ 2.93 92.14 +4.44
C2H3CI3 No Salt 2.43 +0.17 |23.33 98.94 +4.79
NaZSOu 2.51 +0.06 - 102.“8 +2.44
.~ NaCl 2.47 +0.02 * 100.62 +0.81
cc1, No Salt 0.19 +0.01 | 1.13. | 81.90 +3.15
Na,SO, | -0.20 +0.04 | 1.26 | 83.50 +0.79
NaCl 0.19 +0.01 | 1.21 | 82.86 +1.12
CHeCl, No Salt 2.37 #0.27 | 7.17 96.63 +4.20
Na,SO, 2.54 +0.05 " 103.51 +1.83
Na Cl 2.51 +0.09 o 102.42 +3.80

Triplicate analyses

Note

* Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard
solution used in this study.

(3) The initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2="

dichloropropane solutions were 9.82, 9.91, 9.81, 0.95 and 9.81ppm,

respectively.
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Figure 3.38

The effect of salting-out on % recoveries of
halogenated alkanes i.e., 9.§2 ppm of methylene
chloride, 9.91 ppm of chloroform, 9.81 ppm of
1,1,1-trichloroethane, 0.95 * ppm of
carbontetrachloride and 9.81 ppm of 1,2-
dichloropro;ane in mixture solution for sample-to-

cyclohexane ratio of 2:8 .




Table 3.45 The results of 2:8 extraction of halogenated alkanes

with cyclohexane in mixture solutions.

Halogenated Type of Concentration.
Ky %E + %RSD
alkanes extraction (ppm)
CH,C1, No Salt 0.22 +0.01 2.02 | 88.98 +5.20
Na S0, 0.23 +0.01 7.42 | 96.74 +6.59
NaCl 0.23 40.02 | 4.23 | 94.42 +9.46 -
CHC1, No Salt 0.22 +0.02 2.28 | 90.14 +6.49
Na,SO, 0.25 +0.06 * 102.00 +9.12
NaCl - 0.24 +0.03 | 19.91 | 98.76 +6.89 -
CZH3C13 No Salt 0.23 +0.18 3.85 93.90 +8.87
NaZSOu 0.23 +0.05 5.98 95.99 +2.41
NaCl 0.22 40.07 | 2.05 | 89.13 +3.64
cc1, No Salt | .0.02 +0.01 1.58 | 86.34 +3.72
Na,S0, 0.02 +0.01 1.96 | 88.67 +2.28
NaCl 0.02 +0.01 1.85 | 88.11 +0.55
C HgC1, No Salt 0.25 +0.01 * 100.62 +2.90
Na,S0, 0.25 +0.01 * 100.08 +3.37
Na Cl 0.25 +0.01 * 100.97 +3.84

Triplicate analyses

Note

component was higher than the initial concentration of the

d

solution used in this study.

(4) The initial concentrations of methylene'chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

134

(%)

* K cannot be calculated due to the concentration of the

standard

dichloropropane solutions were 0.98, 0.99, 0.98, 0.09 and 0.98 ppm,

respectively.
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Table 3.46 The results of 9:1 extraction of haiogenated alkanes

with isooctane in mixture solutions.

Concentration

136

(3)

Halogenated Type of :

‘alkanes extraction (ppm) Kd. ok e
CH2C12 No Salt 27.45 + 1.28 4.05 | 31.05 +3.38
_ Naso, 41.54 + 2.21 | T7.98 | 47.00 +4.29

" NaCl 36.50 + 2.48 6.33 | 41.30 +4.90

CHCl3 No Salt 56.41 + 2.84 15.49. 63.25 +3.62
Na,s0, 60.36 + 2.04 | 18.84 | 67.68 +2.39

NaCl - 58.98 + 2.11 | 17.57 | 66.13 +2.57

C,H Cly No Salt 65.55 + 1.03 | 25.95 | T4.25 +2.23
Na,sS0, 70.27 + 1.67 | 35.10 ‘79.59 :5.56

NaCl 68.14 + 1.00 | 30.44 |.77.18 +1.10

ccl,, No Salt 6.47 + 0.24 | 28.02 | 75.69 +4.32
Na,S0, 6.60 + 0.24 | 30.54 | 77.24 +2.66

NaCl 6.55 + 0.26 | 29.44 | 76.59 +2.82

CHCl, No Salt 67.19 + 0.98 | 28.66 | 76.10 +1.74
Nazsou 73.93 + 4.24 | 46.49 83.74 +4.12

Na Cl 71.66 + 1.96 | 38.80 | 81.17 +1.97

Triplicate analyses

Note

*¥K cannot be calculated

due to the concentration of the

d

component  was higher than the initial concentration of the

standard compound in the standard solution used in this study.

(3) The - initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane solutions were 9.82, 9.91, 9.81, 0.55 and 9.81 ppm,

respectively.
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Table 3.47 The results of 9:1 extraction of halogenated alkanescu)

with isooctane in mixture solutions.

kalogenated ~ Type of Concentration g%
alkanes extraction (ppm) Kd weidt e
CH2C12 No Salt 2.94 +0.28 4.50 33.33 +#4.10
Na,S0, 4.51 +0.21 9.48 | 51.29 +4.42
NaCl 4.c4 +0.17 7.61 | 45.82 +3.04
CHCl3 No Salt 4,66 +0.13 7.88 52.33 +2.12
Na,S0, | 6.03s0.20 | 18.89 | 67.73 15.64
‘NaCl 5.66 +0.10 15.71 | 63.58 +1.28
C2H3C13 No Salt 6.57 +0.26 26.31 | T4.51 +2.82
Na230u 7.69 +0.60 61.26 87.19 +5.51
NaCl 7.00 +0.38 34;25 79.32 +3.87
CClu No Salt 0.65 +0.01 37.25 80.54 +0.74
Nazsou 0.69 +0.03 52.98 85.48 +2.51
NaCl 0.69 +0.03 50.25 84.81 +2.86
C3H6Cl2 No Salt 7.31 #1.21 43.54 82.87 +2.00
NaZSOu 7.-55.41.18 53.54 | 85.61 +7.54
Na Cl 7.36 +0.29. | 145.38 | 83.45 +3.40

Triplicate analyses

Note ()

chloroform,

The initial

1,1,1=-trichlorocethane,

concentrations of methylene

carbontetrachloride and

chloride,

f, 2

dichloropropane solutions were 0.98, 0.99, 0.98 ,0.09 and 0.98 ppm,

respectively.
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Table 3.48 The results of 5:5 extraction of halogenated alkanes

with isooctane'in mixture solutions.

Halogenated Type of Concentration

: Ky %E + %RSD

alkanes extraction (ppm)
CH,C1, No Salt | 5.83 +0.25 1.45 | 59.20 + 4.56
' Na,S0, | 6.45 +0.8% | 1.87 65.11 +10.76
NaC1 6.30 +0.44 | 1.79 | 64.17 1 6.65
CHC1, No Salt | 9.22 +0.28 | 13.31 | 93.01 % 6.65
Na S0, 9.38 +0.78 | 17.62 | 94.63 + 6.02
NaCl- 9.37 +0.62 | 17.48 | 94.59 + 6.73
C,H,Cl, No Salt | 10.10 +0.12 * 102.95 + 1.65
Na,S0, 9.79 +0.06 | 62.40 | 99.83 + 0.58
NaCl 9.92 +0.31 . 101.18 + 1.94
cC1, No Salt 0.94 +0.01 90;74 98.70 :.5.08_
Na,SO, 0.95 +0.02 |332.33 99.70 + 1.37
NaCl 0.94 +0.02 | 19.31 | 99.48 + 2.72
C.HgCL, | No Salt | 8.75 +0.93 8.26 | 89.20 +10.20
Na SO, 9.29 +1.16 | 17.90 | 94.7T1 + 8.16
Na C1 8.76 +0.80 8.35 89.30 + 2.76

Triplicate analyses

Note

component was higher than the initial concentration 6f the standard

solution used in this étudy.

(3) The

chloroform,

dichloropropane solutions

initial

1,1,1=trichloroethane

ppm, respectively.

concentrations

were 9.82,

of

9.91,

methylene

98,

,carbontetrachloride and

140

2 Kd cannot be calculated due to the concentration of the

chloride,
1,2-

0.95 and 9.81
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(4)

Table 3.49 The results of 5:5 extraction of haiogenated alkanes

with isooctane

in mixture solutions.

Halogenated Type of Concentr;tion
Kd %E + %RSD
alkanes extraction (ppm)
CH,C1, No Salt 0.43 +0.05 0.79 by 14 +5.03
Na280u 0.59 +0.19 1.49 59.91 #9.33
NaCl 0.47 +0.04 0.93 48.23 +5.93
CHCl3 No Salt 0.96 IP.QS 24.58 96.94 +3.82
NaZSOu 0.95 :9.02 39.82 96.35 +1.54
NaCl 0.99 +2.86 157.73 99.67 +2.02
C2H3013 No Salt 0.94 +0.03 20.83 95.42 +2.28
Na SO, 0.94 +0.03 | 17.28 | 94.54 +2.05
NaCl 0.95 +0.01 24.00 .96.00 +0.71
CClu No Salt 0.09 +0.00 . 103.34 +2.05
NaZSOR 0.09 +0.00 * 102.04 +2.07
NaCl 0.09 +0.00 o 104.72 +0.49
C3H6012 No Salt 0.83 +0.05 5.71 85.11 +5.94
Na,s0, 0.86 +0.01 %11 87.67 +0.34
0.82 +0.03 5.13 | 83.68 +2.39

Na C1

Triplicate analyses

Note

v Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard

"solution used in this study.

(4)

chloroform,

The

1,7,1=-trichloroethane,

initial

concentrations

carbontetrachloride

of methylene

and

chloride,

1,2-

dichloropropane solutions were 0.98, 0.99, 0.98, 0.09 and 0.98 ppm,

respectively.
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VG (3
Table 3.50 The results of 2:8 extraction of halogenated alkanes

with isooctane in mixture solutions.

Halogenated Type of Concéntragién
alkanes extraction (ppm) “a W
CH,C1, No Salt 1.77 +0.18 0.65 | 72.24 +7.28
Na SO, 2.10 +0.21 | 1.51 85.78 47.05
NaCl 2.06 +0.14 1.32 | 84.10 +5.39
CHC1, No Salt | 2.22 +0.14 | 2.21| 89.82 +6.51
Na,S0, 2.28 +0.01 | 2.88 | 92.01 +0.48
NaCl | 2.3330.06 | 3.88 | 93.95 +2.80
C,H CL, No Salt | 2.24 +0.16 | 2.63 | 91.31 +7.60
Na,S0, 2.33 +0.11 | 4.70 | 94.95 +5.09
NaCl 2.30 +0.16 | 3.87 | 93.94 +5.10
cen, No Salt | 0.22 +0.01 | 4.56 | 94.80 +0.90
Na SO, 0.22 +0.02 | 3.55 | 93.42 +5.06
NaCl 0.22 +0.01 | 3.79 | 93.82 +1.91
C4HeCL, No Salt | 2.24 +0.31 [ 2.63 | 91.32 +10.26
NaS0, 2.39 +0.39 | 10.39 | 97.65 +5.26
Na C1 2.41 +0.26 | 15.47 | 98.41 +8.88

Triplicate analyses :
Note (3) The initial concentrations of methylene chloride,
chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane solutions were 9.82, 9.91, 9.81, 0.95 and 9.81 ppm,

respectively.
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(1)

Table 3.51 The results of 2:8 extraction of haiogenated alkanes

with isooctane in mixture solutions.

146

Halogenated | Type of Concentration
Ky %E + %RSD
alkanes extraction (ppm)
CH,C1, No Salt 0.20 +0.01 1.09 | 81.37 +4.80
Na_so, 0.22 +0.01° | 2.09 | 89.31 +2.45
NaCl 0.21 +0.02 1.34 | 84.24 +7.52
CHC1, No Salt 0.25 +0.01 [227.02. | 99.89 +1.84
Na,S0, 0.25 +0.01 * 101.00 +1.68
NaCl' 0.26 +0.01 * 103.67 +3.09
C,H;C1, No Salt | 0.23 +0.01 414 | 94.30 +2.65
NaS0, 0.23 +0.01 6.47 | 96.28 +5.32
NaCl 0.23 40.00 | 4.64 | 94.89 +1.05
ccy, No Salt 0.02 16.00 * 102.90 +2.34
Na,S0, 0.02 +0.00 * 106.11 +3.03
NaCl 0.02 +0.00 * 103.08 +3.92
CaHgCL, No Salt 0.25 +0.04 | * | 101.63 +10.67
Na,SO, 0.26 +0.02 * 105.67 +5.93
Na C1 0.26 +0.02 . 104.93 +7.93

Triplicate analyses

Note * Kd cannot be calculated due to the concentration of the

component was higher than the initial concentration of the standard
solution used in this study.

(4) The initial concentrations of methylene chloride,

chloroform, 1,1,1-trichloroethane, carbontetrachloride and 1,2-

dichloropropane were 0.98, 0.99, 0.98, 0.09 and 0.98 ppm,

respectively.
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The percent recoveries of halogenated alkanes in single
component solutions and in the mixture solutions in Table 3.16-3.51
show that the percent recoveries of the halogenated alkanes of the
single component solutions for the sample-to-solvent ratios of 9:1,
5:5 and 2:8 which are in the range of 31.31-101.46%, 63.21-106.04%
and 67.28-107.99%, respectively, are not much different from the %
recoveries of the halogenated alkanes of the mixture solutions for
the sample-to-solvent ratios of 9:1, 5:5 and 2:8 which are in the
range of 31.05-101.46 %, U44.14-104.72 % and T72.24-106.11 %,
respectively. This means that for the range of concentrations
studied, the percent recovery of an individual halogenated alkane is
not affected by the presence of other halogenated alkanes in the

solution.

3.4 Minimum Detectable Level (MDL)

The minimum detectable level is defined as the smallest
amount of solute required to produce a signal that is twice the noise

level.(52)

The minumum detectable level of each halogenated alkane in
each extracting solvent is shown in Table 3.52. It is found that
the MDL of the halogenated alkanes is lowest in isooctane with the

range of 0.01-100.00 ppb.




Table 3.52

The minumum detectable

alkanes in various solvents.

level

of halogenated

alogenated Minumum Detectable Level (MDL)(ppb)
alkanes Hexane Cyclohexane Isooctane
'CH2C12 35.00 35.00 30.00
CHCl3 4.00 4.00 1.00
C.H.C 4.00 4.00 1.00
gl ¢ .
CC14 0.05 0.05 0.01
03H6Cl2 150.00 150.00 100.00

3.5 The Determination of Halogenated Alkanes in Synthetic Unknown

Mixture

The halogenated alkanes in the synthetic unknown mixture was
determined by microextraction technique, as the procedure in section
2.5.2. The suitable combination used in the analysis of halogenated
alkanes 1is 9:1 ratio, 2.00g sodium sulfate and isooctane and the
organic extract obtained from the microextraction was studied by

GC/ECD.

The results obtained from the study are shown in Table 3.53.
The percent error in the determination of halogenated alkanes in the
synthetic unknown mixture is in the range of 1.68-5.46%. The peak of
1,2-dichloropropane is broad yillustrated in Fig. 2.3 , and the
minimum detectable level is high as shown in Table 3.52 ,thus, the
peak area obtained from the intregration would be inconsistency.
This is the reason that the percent error in the determination of

1,2-dichloropropane is higher than those of the other compounds.
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Table 3.53 The concentration of halogenated alkanes in synthetic

unknown mixture

alogenated Concentration Concentration % Error

alkane in water (ppb) founded (ppb)

CH2C12 120.28 122.30 1.68
CHCl3 44 .82 43.46 3.03
C . o5 .64

2H3C13 60.70 59.10 2

CClu 12.04 11.92 1.00
C3H6C12 338.84 320,32 5.46

3.6 The Determination of Halogenated Alkanes in Water Sample.

The water samples from 5 locations of water reservior in the
canal used for water supplies and from 5 locations of tap water were
collected and were analyzed by the microextraction technique as the
procedure used in analysis of halogenated alkanes in the synthetic
unknown mixture. The chromatograms of the unknown compounds are
shown in Figure 3.46-3.55. The retention times of the unknown peaks
were compared to the retention times of the known mixture of
halogenated alkanes which is shown in figure 2.3 and it is found
that the halogenated alkanes in the water reservoir seem to be a
chloroform and a carbontetrachloride and the halogenated compounds
in tap water seem to be a chloroform and other compounds which were
not interested. Then, the concentrations of the identified
halogenated alkanes are determined by internal standardization
method and the results are shown in Table 3.54. It is found that the

concentration of chloroform in tap water samples is in the range of



102.48-129.83 ppb and the concentrations of
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chloroform and

carbontetrachloride in reservoir water samples are in the ranges of

12.06-25.72 ppb and 1.57-3.76 ppb, respectively.

Table 3.54 The concentration of halogenated a

lkanes in water

samples.
Concentration (ppb)
Source of
pethylene | chloroform|1,1,1-trichloro| carbontetra 1,2-dichloro
water
chloride ethane chloride propane
Tap water 1 - 127.83 - = 2
2 - 129.87 - - -
3 - 113.76 - % &
Mﬂ - 102.48 - - -
Reservoir 1 - 14.77 - & -
2 - 12.38 - T 7 -
4 - 12.06 - 3.76 2
5 - 20.81 - 1.87 -

Note Tap water 1. The water sample was collected from a house on

Rama V Road, Dusit ,Bangko

1987, 7:00 a.m.)

k. (October

10th

2. The water sample collected from drinking water

for public opposite to the Water Supplies Plant

on Rama VI Road ,Samsaen, Bangkok.

10th 1987, 7:15 a.m.)

(October




Reservoir Water
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The water sample was collected from the faucet
outside the Biology 2 Building ,Faculty of
Science , Chulalongkorn University. (October
10th 1987, 8:45 a.m.)

The water sample collected from the house
opposite to the Sowabha Institute on Rama IV
Road, Bangruk, Bangkok. (October 10th 1987,
17th 1987, 8:25 a.m.)

The water sample was collected from the faucet
outside the Chemistry Building 3, Faculty of
Science ,Chulalongkorn University. (October
10th 1987, 6:00 p.m.)

The water sample was collected from the canal

on Rama VI Road, Samsaen ,Bangkok. (October

10th 1987, 7:25 a.m.)

The water sample was collected from the canal
near Bangsue Bridge ,Bang sue ,Bangkok.
(October 10th 1987, T:45 a.m.)

The water sample was collected from the canal
in front of Vimon Commerce School, on
Prachachoen Road, Prachachoen, Bangkok.
(October 10th 1987, 8:00 a.m.)

The water sample was collected from the canal

in front of the Bangkaen Water Supplies Plant,
Bangkaen, Bangkok. (October 10th 1987, 8:25

a.m.)
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5. The water sample collected from the canal
opposite to the Samsaen School on Rama VI Road,

Samsaen, Bangkok. (October 10th 1987, T7:10

a.m.)
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13,7

1.342

£4.7258

72.575

The Ni63 ECD gas chromatograﬁ of the extract from
tap water sample 1 and 577.43 ppb of 1,2-
dichloroethane (internal standard) using 6'x 3/8n
0.D. glass column with 1% AT1000 on Graphpac GB
60/80 mesh ; oven temperature 120°C yinjection

Q o
port temperture 200 C; detector temperature 200 C

and N2 flowrate 30 mL/min.
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Figure  3.47 The Ni63 ECD gas chromatogram of the extract from
tap water sample 2 and 1154.85 ppb of 1,2-
dichloroethane (internal standard) using 6'x 3/8"
0.D. glass column with 1% AT1000 on Graphpac GB
60/80 . mesh ; oven temperature 120°C ;injection

p o '
port temperture 200 C ; detector temperature 200°C

and N2 flowrate 30 mL/mih.
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The N163 ECD gas.chromatognam of the extract from
tap water sample 3 and 1154.85 ppb of 1,2-
dichloroethane (internal standard) using 6'x 3/8"
0.D. glass column with 1% AT1000 on Graphpac GB
60/80 mesh ; oven temperature 120°C ;injection
port temperature 200°C; detector temperature 200 °C

and N2 flowrate 30 mL/min.
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The N353 ECD gas chromatogram of the extract from:

-tap water sample 4 and 1154.85 ppb of 1,2-

dichloroethane (internal.standard) ,using 6'x 3/8n
0.D. glass column with 1% AT1000 on Graphpac GB
60/80 mesh ; oven temperature 120°c ;injection
port temperature 200%3 ; detector temperature 200°é

and N2 flowrate 30 mL/min.
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The N163 ECD gas chromatogram of the extract from
tap water sample 5 and 1154.85 ppb of 1,2-
dichloroethane (internal standard) ,using 6'x 3/8"

0.D. glass column with 1% AT1000 on Graphpac GB

" Q
60/80 mesh ; oven temperature 120 C ;injection

port temperature 200%3 detector temperature 200 C

and N2 flowrate 30 mL/min.
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3.51

1.33¢2

.6
The Ni 3 ECD gas chromatogram of the extract from
reservoir water sample 1 and 1154.85 ppb of 1;2-

dichlorcethane (internal standard) ,using 6'x 3/8"
0.D. ‘glass column with 1% AT1000 on Graphpac GB

o
60/80 . mesh ; oven temperature 120C ;injection
o 2
port temperature 200 C ; detector temperature 200 C

and NZ flowrate 30 mL(min.
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1.332

lUnii

18,837

.668

The Ni63 ECD gas chromatogram of the extract from
reservoir water éample 2 and 2309.70 ppb of 1,2-
dichloroethane (internal standard) ,using 6'x 3/8"
0.D. glass column with 1%.AT1000 on Graphpac GB
60/80 mesh ; oven temperature 120°¢C ;injection
port temperature 200°C; detector temperature 200 c’C

and N2 flowrate 30 mL/min.

160
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1.335

3

Figure 3.53 The Ni63 ECD gas chromatogram of the extract from

reservoir .water sample 3 and 1154.85 ppb of 1,2-
dichloroethane (internal standard) ,using 6'x 3/8"
0.D. glass column with 1% AT1000 on Graphpac GB
60/80 mesh ; oven temperature 120'°C ;injection
port temperature 200°C ; detector temperature 200°C

and N2 flowrate 30 mL/min.
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Figure 3.54 The AN163 ECD gas chromatogram of ‘the extract from
- . reservoir water sample 4 aﬁd 1154.85 ppb of 1,2-
dichloroethane (internal standard) ,using 6'x 3/8"

0.D. glass column with 1% AT1000 on Graphpac GB

60/80 mesh ; oven temperature 120C ;injection

port 200°C ; ‘detector temperature 200°C and N2

flowrate 30 mL/min.
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1.332

.6
The Ni 3 ECD gas chromatogram of the extract from

reservoir water sample 5 and 1154.85 ppb‘of 1,2-

dichloroethane (internal standard) ,using 6'x 3/8"
0.D. glass column with 1% AT1000 cn Graphpac GB

60/80 mesh ; oven temperature 120?C ;injection
3 o o
port temperature 200 C ; detector tempgrature 200 C

and N2 flowrate 30 mL/min.
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