CHAPTER U

RESULT AND DISCUSSION

4.1 THE STUDY OF pH

The investigation of pH on ¥ recovery of each
phenolie compound ,i.e., phenol , 2-nitrophenol , 2,4-
dichlorophenol , 2,4,6-trichlorophencl , and U4-chloro-
3-cresol with each extracting organic solvent including
methylene chloride , carbon disulfide , and hexane
for the sample-to-solvent ratio of 9:1 and the
concentration of 10.00 ppm of a single standard in
aqueous solutions are shown 1in Table 4.1-4.5 and
Table U4.6-4.10 are for a standard mixture 1in aqQueous
solutions. The graphe plotted between the percent
recovery of each phenolic compound against the

various pHe of aQueous solutions are shown 1in Figure

4.2 and U4.2 for the sgingle standard in aqueous
solutions and the standard mixture in agueous

golutions , respectively.\

The results are shown that the optimum pH for
2-nitrophenol , 2,4-dichlorophenol , 2,4,6-trichloro-
phenol ie in the range of 1.0-5.0 and 1.0-9.0 is for
phenol and U-chloro-3-cresol for the single standard
and standard mixture in aqueous solutions with all

extracting organic solvents. Therefore, the pH of 2
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would be used as the optimum pH for the
microextraction studies of phenolie compounds for
their highest percent recovery and to prevent certain
organie compounds ,e.g. , heutral and basic organic

compounds |, ete. , to be extracted into the organice

extract.
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Table 4.1 The effect of pH on ¥ recovery of 10.00 ppm
of phenol in standard aqueous golution with

the varioue organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Ka XE %RSD
1 4u.24 26.34 0.49
2 4,07 25. 54 1.91
3 3.94 24.97 1.25
u 4.02 25.34 2.2b
5 3.96 25.09 1.56
6 3.93 24.88 0.93
4 3.89 24.68 2.12
8 3.89 24,72 7 0.34
9 3.92 24.83 1.64

(2) SOLVENT : CARBON DISULFIDE

pH Kaq %E %RSD
s 1487 5.57 3.24
2 0.55 5.26 1.53
3 0.54 4.07 1.64
u 0.54 S Ly 0.97
5 0.53 5.07 2.26
6 0.53 5.06 2.48
7 0.52 4,98 1.62
8 0.51 4.97 0.93
9 0.51 4.88 5.51

(3) SOLVENT : HEXANE

PH Kq XE %RSD
1 0.16 1.60 3.62
2 0.15 1.53 L.64
3 0.15 1.54 3.98
u 0.16 1.60 2.58
5 0.16 1.58 1,30
6 0.15 1.49 6.40
7 0.15 1.51 5.79
8 0.15 1.50 3.16
9 0.16 1.56 1.81

Triplicate analyses.



Table 4.2 The effect of pH on % recovery

of 2-nitrophenol

in

standard
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of 10.00 ppm

aqueous

solution with the various organic solvents.

4 -
(1) SOLVENT : METHYLEME CHLORIDE

PH Kq %E %RSD
1 559.41 98.13 1.39
2 386.18 96.90 1.25
3 254,38 96.90 .3
u 201.13 94.21 1.42
5 161.27 95. 88 2.28
6 629.48 97.79 1.15
7 134.72 91.89 0.84
8 23.66 66.66 1.86
9 12.21 50. 81 1.24
(2) SOLVENT : CARBON DISULFIDE
pH Kq %E %RSD
1 43.07 81.21 2.41
2 50.65 83.69 0.21
3 52.58 83.90 3.18
u 43.82 81.60 0.82
5 us. 4h 82.05 1.93
6 n1.54 80.76 1.23
7 B3 7€ 77.45 0.59
8 31.99 74.15 5.15
9 2.25 18.55 L.86
(3) SOLVENT : HEXANE
PH Kq %E %RSD
1 28.6U4 74. 37 0.47
2 29.74 75.09 4.30
3 30.57 75.62 2.55
u 29.12 74.72 6.50
5 28.95 74.58 1.53
6 26.37 2. 77 0.92
7 11.95 54.58 0.96
8 9.58 49.24 3.86
9 2.45 19.87 7.69

Triplicate analyses.
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Table 4.3 The effect of pH on % recovery of 10.00 ppm
of 2,4-dichlorophenol 1in standard aqueocus

solution with the various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Ka %E %RSD
1 40.21 77 .25 0.81
2 39.23 76.82 1.00
3 38.19 76.34 1.08
4 39.86 77.05 1.96
5 36.16 75.35 0.86
6 33.31 73.78 1.06
4 30.76 22.19 1.52
8 18.80 61.39 0.97
9 4.5%1 27.61 107

(2) SOLVENT : CARBON DISULFIDE

PH Kq XE  %RSD
1 69.63 23.34 0.80
2 40.75 78.23 2.50
3 26.46 72.80 1.19
4 26.40 72.78 0.75
5 26.43 72.66 2.7
6 19.90 66. 32 3. 87
7 20.31 67.28 0.91
8 17.76 64.26 1.19
9 5.91 37.46 0.90

(3) SOLVENT : HEXANE

pH Kgq %E %RSD
1 17.72 64.23 0.31
2 17.68 64.15 1.85
3 18.82 65.60 1.92
b 17.01 63.30 0.62
5 17.51 64.07 0.91
6 16.67 62.19 2.33
7 11.39 61.12 2.80
8 7. 47 53.07 0.33
9 4.52 31.39 3.36

Triplicate analyses.



Table 4.4
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The effect of PH on % recovery of 10.00
ppm of 2,4,6-trichlorophenol in standard
aqueoug solution with the various organic

golvents.

1) SOLVENT : METHYLENE CHLORIDE

pH Ka %E %RSD
1 55.73 81.88 163
2 u8.27 79.49 3.08
3 55.35 81.72 0.61
4 48.39 79.72 0.69
5 54,67 81.46 1.90
() 21.92 64.60 8.16
f 20.73 63.18 3.67
8 27.51 42,81 6.97
9 4.10 25.66 4.25

(2) SOLVENT : CARBON DISULFIDE

pH Ka XE %RSD
1 42,21 78.80 2.54
2 49.99 81.12 1.24
3 50.30 81.25 0.39
4 45.68 79.80 2.59
5 4n.73 : 79.64 0.99
6 27.43 73 0.31
7 13.58 56.75 2.35
8 9.77 48.83 5.05
9 4,43 29.93 2.30

(3) SOLVENT : HAXANE

pH Kqa XE %RSD
1 41.64 80.07 2.21
2 43.74 80.87 1.56
3 61.19 85.61 1.16
u 45.51 80.73 2.73
5 35.60 76.45 2.81
6 1b.34 58.87 1.65
7 5.72 36.53 2.99
8 5.02 33.59 0.53
9 3517 . 4.73

Triplicate analyses.



Table 4.5 The effect of pH on ¥ recovery of

of U-chloro-3-cresol

in

standard

66

10.00 ppm

aqgqueous

solution with the various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Kg %E %RSD
. 29.60 71.46 0.60
2 28.89 70.93 1.59
3 30.35 71.96 053
e 28.59 70.74 0.95
5 30.36 71.97 0.59
6 27.27 69.78 0.19
7 28.39 70.60 0.09
8 25.98 62.72 0.50
] 27.20 69.68 1.62
(2) SOLVENT : CARBON DISULFIDE
pH Kg %E %RSD
1 11.7% 54.35 2.79
2 12.64 56.14 1.09
3 12, 2% 55.29 0.97
L 11.30 53.36 1.48
5 11.49 53.46 1.83
6 11.08 52.87 2.45
e g 10.49 51.52 0.91
8 11.05 52.82 0.43
9 8. 77 47.05 1.83
(3) SOLVENT : HEXANE
pH Ka %E %RSD
1 .25 18.51 2.68
2 2.22 18.36 5.56
3 2.38 19.39 1:867
[ 2.15% 17.90 3.37
5 2.03 17.05 1.60
6 2.08 17.43 1.93
7 2511 17.61 1.58
8 2.08 17042 1.68
9 2.09 17.47 1.48

Triplicate analyses.
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Figure 4.1 The effect of pH on ¥ recovery of 10.00
ppm of each phenoliec compounds in standard
aqueous solution with the various organic
solvents.
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Table 4.6 The effect of pH on % recovery of 10.00
ppm of phenol in standard mixture aqQueocus

solution with the various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Kqg ' %E %RSD
1 4.23 26.38 1.37
2 3.88 24.73 0.20
3 3.77 24.16 0.56
M 3.54 23.05 1.51
5 3.57 23.20 1.27
6 3.46 22.66 2.64
P 3.38 22.23 0.41
8 3.30 21.81 0.66
9 3.07 20.60 1.91

(2) SOLVENT : CARBON DISULFIDE

pH Kqa %E %RSD
1 0.88 8.14 L fe
2 0.80 .47 1.92
3 0.80 7.47 1.66
u 0.81 7.59 2.68
5 0.81 7.56 1.83
6 0.81 7.60 2.62
Y 0.78 7.33 0.36
8 0.77 7.20 1.30
9 0.78 7.35 0.54

(3) SOLVENT : HEXANE

pH Ka XE %RSD
1 0.29 2.89 3.02
2 0.29 2.81 3.48
3 0.28 2T 1.13
u 0.28 2.72 6.64
5 0.28 2.76 0.57
6 0.27 2.70 3.07
7 0.23 2,27 5.65
8 0.26 2.54 1.85
9 0.22 2.18 2.19

Triplicate analyses.
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Table 4.7 The effect of pH on % recovery of 10.00 ppm
2-nitrophenol in standard mixture aqQueous

gsolution with the various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Kg $E %RSD
1 196.22 9u4.11 120
2 2614 .17 95.96 0.33
3 185.49 93.88 0.92
4 16,12 90.20 2.65
5 107.37 89.69 2,11
6 60.86 82.03 6.16
7 28.16 70.43 0.51
8 9.75 45.17 2.34
9 3.52 22.92 5.89

(2) SOLVENT : CARBON DISULFIDE

pH Kq %E %RSD
1 40.80 80.50 2.60
2 40.39 80.07 3.00
3 41.67 80.61 2.65
4 40.30 80.26 1.43
5 36.58 78.42 3.52
6 24.40 71.02 3.25
7 11.38 53.54 1.75
8 5.50 35.77 1.59
9 2.99 23.21 1.83

(3) SOLVENT : HEXANE

pH Ka XE %RSD
1 34.12 77.30 2.79
2 35.83 78.22 2.58
3 33.30 77.02 Zo1y
4 31.56 76.17 0.59
5 28.98 74.43 2.79
6 19.33 66.14 2:%8
7 10.96 52.57 2.68
8 6.22 38.64 1.98
9

1.38 12727 F.a113

Triplicate analyses.



Table 4.8
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The effect of PH on % recovery of 10.00
ppm of 2,4-dichlorophenocl in standard
mixture aqQueous solution with the various

organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Kq XE %¥RSD
1 53.54 81.86 1.38
2 58.19 83.06 0.18
3 50.66 81.06 0.76
4 39.55 76.92 1.59
5 40.34 77.21 2.15
6 30.63 71.42 6.14
7 24.10 67.10 0.30
8 11.83 50.03 0.67
9 4.92 29.41 5.37

(2) SOLVENT : CARBON DISULFIDE

pH Ka %E %RSD
1 37.33 78.85 2.75
2 43.63 81.21 3.03
3 44,78 81.68 2.61
u 46.30 82.40 0.88
5 41.16 80.43 2.64
6 35.99 78.36 2.05
7 22.94 69.90 0.97
8 13.59 57.90 1.50
9 7.87 YERpish 1.29

(3) SOLVENT : HEXANE

pH Kq %E %RSD
3 19.60 66.39 2.98
2 19.68 66.55 2.02
3 18.88 65.64 1::82
u 17.87 64.40 1.5@
5 1747 63.45 2.15
6 17.03 63.21 3.12
7 $2. 7D 56.24 177
8 10.40 51.28 1.74
9 3.07 23.75 0.93

Triplicate

analyses.
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Table 4.9 The effect of pH on % recovery of 10.00
ppm of 2,4,6-trichlorophenol 1in standard
mixture aqueousg solution with the various

organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

pH Kq XE %RSD
1 78.80 86.91 0.88
2 9u.54 88.82 0.95
3 86.57 87.57 0.94
u 51.79 81.37 1.42
5 61.88 83.50 - 3.12
6 30.22 71.48 4.57
7 6.03 67.10 3.55
8 1.18 50.03 0.67
9 4.92 29.41 5.37

(2) SOLVENT : CARBON DISULFIDE

PH Kq XE %RSD
a 50.86 83.60 1.82
2 69.47 86.98 3.15
' 3 69.70 86.73 3.73
u 72.90 88.07 0.19
5 70.96 8747 2.29
6 25.09 71.22 5.76
7 8.03 hy,86 0.99
8 3.67 27.07 3.83
9 2.46 19.92 0.97

(3) SOLVENT : HEXANE

pH Kq %E %RSD
1 80.16 88,11 3.43
2 86.12 89.29 2.85
3 68.46 87.29 1.39
b 57.11 85.24 0.76
5 45.88 81.51 4.43
6 9.35 48.37 7.64
;4 5.41 35.36 5.29
8 2.08 17.38 T 87
9 0.15 1.52 0.48

Triplicate analyses.



Table 4.10 The effect of pH on % recovery of 10.00 ppm

of 4-chloro-3-cresol

aqueoug solution

solvents.

in

(1) SOLVENT : METHYLENE CHLORIDE

standard

mixture

with the various organic

pH Kq %E %RSD
1 46.75 79.79 0.87
2 u8.s54 80.41 0.51
3 45.09 79.18 1.35
4 34.16 74,22 1.79
5 37.00 75.48 3.51
6 30.68 71.821 i.92
7 31.10 72.46 0.56
8 30.69 72.18 1.04
9 27.95 70.24 1.52
(2) SOLVENT : CARBON DISULFIDE
pH Kq %E %RSD
X 18.97 65.74 3.15
2 19.39 62.56 0.92
3 L 64.25 0.57
4 19.90 64.31 1.02
5 19.85 65.87 0.37
6 19.95 65.54 0.84
7 19.34 62.30 0.46
8 18.98 60.u4 0.81
9 18.92 60.20 .57
(3) SOLVENT : HEXANE
PH Kq %E %RSD
1 2.76 21.8%7 83.27
2 2.56 20.56 1.60
3 2.61 20. 89 2.29
4 2.48 20.05 4.56
5, 2.47 20.01 4.40
6 2.42 19.66 2.99
7 2.21 18.27 2.75
8 2.33 19.10 2.36
9 2,915 17.90 3.32

Triplicate analyses.
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Figure 4.2 The effect of pPH on X% recovery of 10.00
ppm of each phenolic compounds in standard

mixture aqueous solution with the various

organic solvents.
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&

4.2 THE STUDY OF THE SHAKING TIME

The resulte of the study of the equilibration

time for each phenolic compound , i.e. , phenol , 2-
nitrophenol , 2,4-dichlorophenocl , 2,4,6-trichloro-
phenol , and 4-chloro-3-cresol obtained from the

procedure in the experimental section 3.3.2 are shown
in Table 4.11-4.15 for the single standard in aqQueous
solutions and Table 4.16 - 4.20 for thé standard
mixture 1in aqQueous solutions. The graphs plotted
the ghaking time against the percent recovery of
each phenolic compound are depicted 1in the Figure

4.3 and Figure 4.4 ,respectively.

It is found that phenol reaches equilibrium at
5 min and 2-nitrophenol, 2,4-dichlorophenocl, 2,4,6-
trichlorophenol ’ and U4-chloro-3-cresol are in
equilibrium at 15 min for methylene chloride , carbon
disulfide , and hexane. Therefore , the optimum shaking
time for the compounds studied would be 20 min to
ensure that the system would be completely in

equilibrium.
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Table 4.11 The effect of shaking time on % recovery of
10.00 ppm of phenol in standard aqQqueous

gsolution with the various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Ka %E %RSD
(min)
5 3.56 23.06 4,81
10 3.65 23.49 177
R 3.67 23.59 1.76
20 73 23.87 4.50
25 3.65 23.50 o.u4
30 3.7 23.80 0.59

(2) SOLVENT : CARBON DISULFIDE

Time Kg XE %RSD
(min)

5 0.61 5.84 1.95
10 0.63 6.02 2.45
15 0.62 5.94 2.80
20 0.63 5.98 2.43
25 0.62 5.90 5.92
30 0.62 5.89 9.03

(3) SOLVENT : HEXANE

Time Kq XE %RSD
(min)

5 0.16 1.60 4.51
10 0 I By 4 172 0.82
15 3 B 1.68 3.90
20 0.18 1:76 9.72
25 02T 1572 7.40
30 0.18 1.74 371

Triplicate analyses.
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Table U4.12 The effect of shaking time on ¥ recovery of

10.00 ppm of 2-nitrophenol standard
aqueoueg sgolution with the various organic
solvents.
(1) SOLVENT : METHYLENE CHLORIDE
Time Kq %E %RSD
(min)
5 88.55 88.25 4.36
10 131.49 91.56 1.63
15 279.97 o4.89 3.40
20 747.73 9721 2.30
25 432,82 97.25 0.66
30 615.39 97.04 1.96
(2) SOLVENT : CARBON DISULFIDE
Time Kq %E %¥RSD
(min)
5 22.60 69. 60 6.18
10 31.39 75.95 2.73
15 45.00 82.01 0.48
20 43.58 81.52 0.67
25 45.07 82.00 430
30 us.22 82.07 0.63
(3) SOLVENT : HEXANE
Time Kqg XE %RSD
(min)
5 24,34 b b e By 0.35
10 26.64 72.99 0.67
15 28.06 74.02 B 31
20 28.81 74.50 1.23
30 30.72 75.67 1.98

Triplicate analyses.



Table 4.13

(1) SOLVENT

77

The effect of shaking time on % recovery of
10.00 ppm of 2,4-dichlorophenol w2 in
standard aqueoug solution with the various

organic solvents.

: METHYLENE CHLORIDE

Time Ka XE %RSD
(min)

5 19.98 62.78 1.97
10 34.48 74.45 0.98
15 36.64 75.60 3 0. 61
20 36.92 75.74 o.44
25 36.42 75.49 0.39
30 37.15 75.86 0.27

(2) SOLVENT

: CARBON DISULFIDE

Time Kgq %E %RSD

(min)

5 9.81 49.84 0.86
10 22.24 69.25 0.88
15 27.32 73.44 0 T2
20 27.15 73.35 002
30 28.28 74.09 p o o

(3) SOLVENT : HEXANE
Time Kg XE %¥RSD
(min)

5 132,67 50.59 0.91
10 14.06 54.10 u.27
15 1&:8% 53.53 3. 81
.20 33503 53.64 2.08
25 11.88 52.42 15310
30 131340 53.56 - D3

Triplicate analyees.
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Table U4.14 The effect of ghaking time on ¥ recovery of
10.00 ppm of 2,4,6-trichlorophenol in
gtandard aqueoug solution with the various

organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kq %E %RSD
(min)

5 26.85 68.92 1.64
10 42.16 77.49 0.27
15 42.09 775406 0.21
20 45.68 78.77 i.49
25 hhy,96 78.52 1.39
30 u44.31 78.30 1.01

(2) SOLVENT : CARBON DISULFIDE

Time Kg %E %¥RSD
(min)

5 15.00 57.69 2.94
10 30.62 73.84 0.67
1% 39.87 27.61 1.18
20 46.34 80.11 0.13
25 53. 39 82.11 0.65
30 38.98 77.79 0.18

(3) SOLVENT : HEXANE

Time Kq XE XRSD
(min)

5 30.66 74.97 2.58
10 41.14 80.00 0.40
15 45,04 81.34 0.94
20 ‘ 48.05 82.05% 3.08
25 44,35 80.94 2.95
30 41.73 80.23 0.26

Triplicate analyees.
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Table ﬂ.15 The effect of shaking time on ¥ recovery
of 10,00 ppm of U-chloro-3-cresol in
standard agqueous sgolution with the various

-

organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kq XE %RSD
(min)

5 19.61 62.39 0.78
10 30.38 71.79 1.14
15 32.55 73.60 0.42
20 32.48 73.32 0.38
25 30.60 72.84 2.3%
30 30.87 73. 41 0.51

(2) SOLVENT : CARBON DISULFIDE

Time Kg XE %RSD
(min)

5 6.37 39.20 1.09
10 9.40 u8.75% 2.74
15 10.°2% 50. 84 3.46
20 15.03 53.52 0.49
25 10.53 51.61 1.34
30 1057 51.72 0.81

(3) SOLVENT : HEXANE

Time Kq XE %RSD
(min)

5 2.09 17.40 0.33
10 2.4% 17.99 1.45
15 2.24 18.54 1.83
20 2.5 18.68 1.35
25 2.21 18.61 1.56
30 2.26 18.61 1.56

Triplicate analyses.



80

120.00
IN METHYLENE CHLORIDE
110.00 -
100.00 ~§ 2 & o &
90.00 PREE s St ST S
#0.00 | g
/.__J
A .?4952

60.00 -

X RECOVERY

$0.00 -
40 00 —

30.00 -

20.00

10.00 -

0.00 T T T T T T
0.00 8.00 1000 10.00 20.00 25.00 3000 35.00

SHAKING TIME (min)

120.00
IN CARBON DISULFIDE
110.00 -
100.00

$0.00 -

©0.00 /j e
- & o

el = -

el /

s /P"_"‘

4000

30.00 -

X RECOVERY

20 00

1000

- o o o

o oo =Y T T T T =
0.00 8.00 1000 1800 20.00 2500 30.00 3300

SHAKING TIME (min)

120.00
IN HEXANE
110.00
100.00
$0.00 -
80.00 - B
& a —¥
70.00 — Y ¢
€0.00

v %000 LY

40 00 —

ks
!»
»
4o

30.00 -

20.00 fou
»

10.00

iy

0.00 ? ? - ——f—————{} .

0.00 800 1000 1600 2000 2500 3000 3300
SHAKING TIMF (min)

Figure 4.3 The effect of shaking time on ¥ recovery
of 10.00 ppm of each phenolic compounds
in standard aqQueous solution with the
various organic solvents.
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Table 4.16 The effect of shaking time on ¥ recovery
of 10.00 ppm of phenol in standard mixture
aqueous solution with the various organic

solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kg XE %¥RSD
(min)

o | 4.15 25.99 3.71
10 4.47 27.46 3.34
1D -4.39 27.10 3.10
20 4.43 27.26 3.04
25 4.26 26.50 1.90
30 4.59 27.94 £ 35

(2) SOLVENT : CARBON DISULFIDE

Time Kg *%E %¥RSD
(min)

5 0.81 T 57 T3
10 0.87 8.09 9.67
5 0.85 7.89 7.79
20 0.86 8.01 6.99
25 0.85 7.96 %41
30 0.87 8.08 1.49

(3) SOLVENT : HEXANE

Time Kqg _ XE %RSD
(min)

5 0.27 2.70 7. 0l
10 0.31 3.08 6.05
5 0.28 2:75 1.65
20 0.26 2.59 5.36
25 0.26 2.60 2.91
30 0.29 2.83 8.87

Triplicate analyses.
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Table 4.17 The effect of shaking time on % recovery
of 10.00 ppm of 2-nitrophenol in standard
mixture aqueous solution with the various

organiec solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kg XE %RSD
(min)

5 282.00 95.06 2.61
10 2946.67 99.60 5.67
x5 % 100.62 2.92
20 * 101.54 2.09
25 236.14 94.55 2.02
30 * 101.10 0.95

(2) SOLVENT : CARBON DISULFIDE

Time Kq XE %¥RSD
(min)

Bt 22.23 69.04 3.77
10 24.35 75.05 u4.17
5 29.85 79.87 2.07
20 43.04 81.35 2.50
25 Luy.u8 81.84 5.84
30 56.29 83.50 1.91

(3) SOLVENT : HEXANE

Time Kqg XE %RSD
(min) :

5 23.99 70.80 1.72
10 27.79 73.76 1.16
15 29.85 17505 2.07
20 30.88 75.72 1.52
25 33.23 77.00 1.99
30 31.55 76.14 1.18

Triplicate analyeses.
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Table 4.18 The effect of ghaking time on % recovery
of 10.00 ppm of 2,4-dichlorophencl 1in
standard mixture aqQuecus solution with the

various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kq XE %RSD
(min)

5 49.17 80.40 2.55
10 86.52 87.45 3.02
is 80.41 86.54 3.29
20 83.16 87.19 2.39
25 52.43 81.45 2:07
30 81.91 87,33 0.99

(2) SOLVENT : CARBON DISULFIDE

Time Kg %E %RSD
(min)

5 uz2.80 80.45 u.24
10 52.06 83.16 5.01
15 49.22 83.09 2.87
20 511 84.30 2.56
25 65.52 84.88 7.03
30 68.27 87.19 1.67

(3) SOLVENT : HEXANE

Time Kq %E %¥RSD
(min)

5 15.26 60.72 0.95
10 16.74 62.90 0.92
15 17.92 64.45 1.54
20 17.60 64.05 2.%%1
25 18.37 62.90 2.44
30 17.83 64.33 1.61

Triplicate analyses.
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Table 4.19 The effect of sghaking time on ¥ recovery
of 10.00 ppm of 2,4,6 - trichlorophenol in
standard mixture aqueous golution with the

various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kg XE %RSD
(min)

b 76.79 86.25 2.78
10 166.42 92.46 3.91
15 195.90 91.83 4.30
20 137.62 91.57 2.25
25 76.01 86.29 2.05
30 145.33 92.41 0.78

(2) SOLVENT : CARBON DISULFIDE

Time Kg XE %XRSD
(min) :

5 62.54 85.68 3.96
10 84.57 88.45 4.49
15 84.93 . 89.55 0.74
20 87.58 88.68 4,65
25 180.05 91.10 1.78
30 127.99 92.52 1.81

(3) SOLVENT : HEXANE

Time Ka %E %RSD
(min)

5 43.19 81.22 2s27
10 51.91 83.57 1.70
15 70.63 87.58 1.64
20 65.61 86.74 1.76
25 74.47 88.11 1.78
30 69.47 87.37 1.81

Triplicate analyses.
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Table 4.20 The effect of shaking time on % recovery
of 10.00 ppm of U-chloro-3-cresol in
standard mixture aqueous -solution with

the various organic solvents.

(1) SOLVENT : METHYLENE CHLORIDE

Time Kq XE %RSD
(min)

5 46.311 79.46 2.12
10 61.69 83.60 3.02
15 61.95 83.35 3.69
20 59.45 83.24 2.10
25 43.61 83.56 1.94
30 67. 22 84.64 2.80

(2) SOLVENT : CARBON DISULFIDE

Time Ka XE %RSD
(min)

5 17.46 63.56 5.34
10 20. 34 64.53 8.1%
15 1827 66.33 5.94
20 22. 23 69.22 .50
25 22.09 68.91 3.67
30 22. 60 69.58 1.06

(3) SOLVENT : HEXANE

Time Kg %E %RSD
(min)

5 2.85 22.38 5.22
10 3.20 24.72 0.67
15 2.99 23. 30 1.68
20 2.88 22.58 1.61
25 2.81 22.14 3.83
30 3.2 24.60 5.96

Triplicate analyses.
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Figure 4.4 The effect of shaking time on % recovery
of 10.00 ppm of each phenoliec compounds
in standard mixture aqueous solution with
the various organic solvents.
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4.3 THE SALTING OUT EFFECT

The salting out effect on the percent recovery
of each phenolic compound ,i.e., phenol . 2-
nitrophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol,
and U-chloro-3-cresol .by adding 2.00 g of sodium
chloride and 2.00 g of anhydrous sodium sulfate at the
two different concentration ,i.'e. , 1.00 and 10.00 ppm.
The results obtained from the studies of salting out

effect are compared with non galting out for each

extracting organic solvent ,i.e., methylene chloride,
carbon disulfide , and hexane and for each sample-to-
solvent ratio ,i.e., 9:1 , 5:5 , 2:8 as can be seen

from Table U4.21-4.25 and Table 4.26-4.30. The graphs
csrrelated to thése results are shown in Figure U4.5A-
4L.9B and Figure 4.10A-4.14B for the single standard
and standard mixture 1in  aqueous solutions .

respectively.

It is8 found that the percent recovery , %E , of

each phenolice compound for the sample-to-solvent
ratios of 9:1 , 5:5 , 2:8 and for each organic solvent,
foes methylene chloride , carbon disulfide , and

hexane i1ig increased by adding sodium chloride or
anhydroug sodium sulfate. This means that the salting
out with sodium chloride and anhydrous sodium sulfate
has the effect on percent reéovery of each phenolic
compound in each extracting organic solvent and each

sample-to-solvent ratio. However , the addition of



88

anhydroue sodium sulfate yields the highest percent
recovery of each phenoliec compound for the
single standard and standard mixture in aqQqueous
solutions , especially phenol and U4-chloro—3-cresol
than gsodium chloride and non sgalting out do ,
respectively ., as can be seen from Table 4.21-4.30.
The reason is that anhydrous sodium sulfate added
into the solutions results in higher ioniec strength
than the sodium chloride and non salting out do.
Therefore , anhydrous sodium sulfate would Dbe the

moet appropriated salt for the microextraction of these

compounds in water samples.



89

Table 4.21 The effect of salting out on % recovery of
phenecl in standard aqQueous solution with

the various organic solvents.

(A) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CHClp 9:1 No salt 4.33 25.89 2.88
' NacCl 11.62 54.73 0.83
NaoS0Oy 16. 39 62.58 0.25

5:5 No salt 2.79 71.03 1.310

NaCl 10. 80 88. 34 3.56

NaZSOa 20.03 92.95 2.22

2:8 No salt 3.85 92.45 787

NaCl 23.55 97.62 5.79

NaoSOy * 101.00 6.38

CSp 9:1 No salt 0.64 6.03 2.48
NaCl 2.5 21,561 0.85

NasS0y 7.58  43.44 3.38

5:5 No salt 0.59 35.72 2.13

NacCl 6.34 83.69 073

NasSOy .20, ©7.1) 2.56

2:8 No salt 0.84 75.36 8.94

NaCl 1. 34 81.19 7 S

Na>SOy 5.20 92.63 710

HEXANE 9:1 No salt 0.17 1.66 2.76
NaCl 0.66 6.82 4.79

NapSO0y 2.33 + AT 2.19

55 No salt 0.19 15,321 4,72

NaCl 2.82 73:.18 5.81

NaoS0y 4.51  87.40 2.08

2:8 No salt 0.22 45.88 5.19

NaCl 1.35 84.40 4.58

NaS0y 2.15 89.90 8.85
Note : x. * can not be calculated due to the

experimental concentration of phenol ig higher than its
initial concentration of standard solution.

2% Triplicate analyses.



(B) 1.00 ppm STANDARD SOLUTION

30

SOLVENT RATIO SALT Kg %E %RSD
CH5Clp 9:1 No salt 3.71 23. 867 0.38
NaCl 12.44 5778 1.54
NayS0y 15.65 62.03 1.09
545 No salt 2.7 69.53 0.68
NacCl 10.:35 87.85 2.92
NaoS0y 14.38 92.49 4.u40
2:8 No salt ND ND ND
NaCl ND ND ND
NaxS0y ND ND ND
CSp QT No salt 0.53 5.04 3.23
NaCl 1.94 17.:.39 2421
NasS0y 5. 73 38.87 2.36
5:5 No salt 0.80 u2.52 7.83
NacCl 3.6 75.52 5.87
NasS0y 6.35 83.43 2.79
2:8 No salt ND ND ND
NaCl ND ND ND
NazS0y ND ND ND
HEXANE 9:1 No salt ND ND ND
NacCl ND ND ND
Na>S0y ND ND ND
5:5 No salt ND ND ND
NaCl ND ND ND
NazS0y ND ND ND
248 No salt ND ND ND
NaCl ND ND ND
Nao>S0y ND ND ND
Note : (g = Not Detectable.
2. Triplicate analyeses.
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Table 4.22 The effect of salting out on % recovery of
2-nitrophenol in standard aqueousg solution

with the various organic solvents.

(A) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CH>Clp 9:1 No salt 243.66 95.37 0.16
NaCl 324.22 97.23 1. 34

NasSO; 1276.29 99.84 0.17

5:5 No salt 54.01 Q7.65 1.09

NaCl * 100.12 0.49

NaxS0y * 100.44 ©.20

2:8 Na salt * 100.51 1.38

NacCl * 100;23 2857

Na>S0y * 102.93 3.15

CSp 911 No selt u8.52 83.07 1.00
NaCl 137:55 92.70 1.25

Na>S50y 219.77..  95:.86 - 1.23

5:5 No salt 9.15 89.65 2:326

NaCl 19514 95.19 2.66

NaoS0y * 102.04 0.08

2:8 No salt 3.78 93.19 1.62

NaCl * 100.42 6.39:"

Na5S0y * 201.78 6.9

HEXANE 941 No salt 28.04 73.95 2. 84
NaCl 34.76 79.43 0.10

Na,S0y §2.37 - 8a. 47 0.6h

5:5 No salt Q.49 89.57 1.58

NaCl 18.23 92.34 1.86

NaxS80y * Qu.25 0.72

2:8 No salt I .81 97.92 7.51

NaCl 20.58 98.97 333

Na5S0y * 101.53 5.06
Note : 1. * can not be calculated due to the

experimental concentratioh of 2-nitrophenocl is higher
than ite initial concentration of standard solution.

2. Triplicate analyses.



(B) 1.00 ppm STANDARD SOLUTION

92

SOLVENT RATIO SALT Ka %E %RSD
CHxCljp 9:1 No salt 211.63 94.71 0.26
NaCl 216.00 96.01 1857
NapS0y L6L. 74 98.00 2:33
5:5 No salt 29.58 96. 39 0.69
NaCl 42.57 97383 1.94
Na>S0y 51.63 99. 39 s 0,
2:8 No salt ND ND ND
NaCl ND ND ND
Na>S0y ND ND ND
CSZ 9:31 No salt 91.30 89.24 5.02
NaCl 93. 30 91.22 013
NaoS0y 147.37 93.30 1.09
5:5 No salt 25.13 9637 0.80
NaCl 27 .57 98.17 .18
NaoS0y 81.30 98. 85 3.26
&8 No salt ND ND ND
NaCl ND ND ND
Na,SO0y ND ND ND
HEXANE 9:1 No salt 28.05 73.. 97 0.58
NaCl 47.61 84.61 3.59
Na,SOy 64.15 87.7% LT
5:5 No salt 16.:02 91. 37 5.74
NaCl 88.08 97.55 2.97
NaZSOu * 1.03.:52 0. 3%
2:8 No salt ND ND ND
NacCl ND ND ND
NazSOy ND ND ND
Note s 1. % can not be calculated due to the
experimental concentration of 2-nitrophenol is higher

than its initial concentration of standard solution.
25% ND = Not Detectable.

5 5% Triplicate analyses.
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Table 4.23 The effect of salting out on % recovery of
2,4-diehlorophenol in standard aqueous

solution with the various organic solvents.

(A) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Ka %E %RSD
CHzClp 9:1 No salt 36.63 75.59 0.75
NaCl 88. 65 90.60 1.40

Na,S0y 109.39 92.38 2.95

5:5 No salt 10. 74 90.68 2.7

NaCl 89.16 96.54 3.49

NazS0y 84.40 97.78 2.51

2:8 No selt 14.34 Q7.45 u. 47

NaCl 4.02 98.99 3.44

Na>SO0y 19.40 99.57 2.29

CSo o g B No salt 25..01% 71.58 2:. 53
NaCl 68.86 88.23 b (PP s 2

Na>S0y 135.63 B9.17 5,65

5:5 Na selt 5.00 86.24 1503

NaCl T+ 87 88.66 1.00

Na>S50y 1187 e 0r27

2:8 No salt 5.:53 95.29 0.77

NaCl * 100.49 3. o2

N3280u * 101.85% 0.19

HEXANE L~ S B No salt 12.33 55.46 3.43
NaCl 3353 78.45 3.61

Na>S0y 55.17 84.65 4.81

5:5 No salt 2.93 73.76 2:03

NacCl 6.45 36, 32 2.20

Na5S0y 7.95 88.55 1.92

2:8 No salt 2.326 88.88 1.52

NaCl 3.45 96.93 5.46

Na,S0y 6.29 97.98 5.45

Noxe o 1. ¥ can not be calculated due to the

experimental concentration of 2,4-dichlorophenol ise

higher than its initial concentration of standaxrd

golution.

2 Triplicate analyeses.
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(B) '1.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kd %E %RSD
CH3Cl1l, 9:1 No salt 45.86 79.38 2.14
NacCl 88.80 Q0.77 1.09

Na,S0y 186.13° 93.79 4.37
5:5 No salt 23¢10h 95.52 5.53
NaCl 2126 96. 89 224

Na>SOy 51.63 98.08 6.37

2:8 No salt ND ND ND

NaCl ND ND ND

Na>SO0y ND ND ND

CSZ g1 No salt 30.45 75.50 0.78
NacCl 43:71 82.53 3.90

NazSO0y 50.87 84.84 2.96

5:5 Na salt 4.63 80. 89 4.34

NacCl 5.54 88. 66 5312

N&a>SO0y 30711 91.48 8.06

2:8 No salt ND ND ND

NaCl ND ND ND

Na>S0y ND ND ND
HEXANE Q:1 No ss&lt 18. 39 65.05 2«53
NaCl 49.07 83. 50 4.47

NapS0y 93.24  88.98 4.74

5:5 No salt 3.81 80.16 1. 62

NaCl i 86.04 672

Nao>S0y 9.20  92.97 4.21

S No salt ND ND ND

NaCl ND ND ND

NasSOy ND ND ND

Note : x £ ND = Not Detectable.

2. Triplicate analyses.



(A)

Table 4.24

The effect of salting out on % recovery

2,4,6-trichlorophenol

in

solution with the various

10.00 ppm STANDARD SOLUTION

of

standard aqQueous

95

organic solvents.

T

SOLVENT RATIO SALT Kg %E %RSD
CH;Clo 9:1 No salt 45.83 78.82 1.42
NaCl 67.99 87.50 0.84

Na,S0y 105.80 91.28 0.74

5:5 No salt 12.08 91.75 0.86

NaCl 1438 93.46 0.99

NazSOy 34.67  97.10 3.10

2:8 No salt 2.07 96.05 1.38

NaCl * 100.94 2.57

Na,SOy * 101.38 3.15

CSo 91 No salt 39.90 78.1% 0. 57
NaCl 74.49 88.42 0.49

Na,SO;  1272.06  94.02 4.38

55/ No salt 42.23 95.78 370

NaCl 61.94 98.00 0.87

NazS0y . 85.92  99.84 0.14

2:8 No salt * 100.23 1.24

NaCl * 100.43 2.30

Na,S0y * 101.37 2.2%

HEXANE D& No salt 43.88 80.92 1.8
NaCl 108.10 89.98 3.26

NapS0y 95.74  90.39 1.86

5:5 No salt 87.33 87.99 2.21

NacCl .61 94,83 2.28

Na;S0y 16.91  95.70 5.94

2:8 No salt 4.10 90.45 2.78

NaCl 8.09 93.39 1.33

NaZSOu 38.15 96.02 5.06

Note : 1. * can not calculated due to the

experimental concentration of 2,4,6-trichlorophenol is

higher than itse initial concentration of standard

éolution.

2. Triplicate analyses.



(B) 1.00 ppm STANDARD SOLUTION

96

SOLVENT RATIO SALT Kg %E %RSD
CHZClZ g:1 No salt 79.10 86.35 2.45
NaCl 228.01 Q97.65 3..43
NaESOu 890.79 98.65 1:.29
5:5 No salt 343.16 97.13 gsal
NaCl * 101.88 3.67
NaoSOy * 103.57 1.98
CSp 9:1 No salt 47.45 82.82 2.10
NaCl 165.65 91.43 2.88
Na,S0y 276.00  9u4.39 1.83
5:5 No selt 54.85 90.36 2.88
NaCl 16.51 Q4.93 1.83
N3280u 59.63 96.51 0.99
2:8 No salt ND ND ND
NaCl ND ND ND
NaxS0y ND ND ND
HEXANE QA No salt u6.20 79.50 5.81
NaCl uy.o06 83.24 3.59
NasS0y 70.72 88.65 5.27
5:5 No salt 8.55 85.93 2:25
‘NacCl 11.80 89.14 0.87
Na5SO0y 16.93 90.21 3.38
2:8 No salt ND ND ND
NaCl ND ND ND
NayS0y ND ND ND
Note : 1% * can not Dbe calculated due to the

experimental concentration

of

2,4,6-trichlorophenol

412 higher than its initiel concentration

golution.

2. ND =

Not Detectable.

< 1 Triplicate analyses.

of

g tandard
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Table U4.25 The effect of salting out on % recovery of
4-chloro-3-cresol in standard aqQqueous

solution with the various organic solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CHpClp g9:1 No salt Ry 1.15
NaCl T3.72 89.10 0.63

NaoS0y 98.50 Q1.4 1. 75

5:5 No salt 5% 23 82.88 1.65

NacCl 18.25 98. 44 6.54

Na5S0y 29.87 99.11  4.11

2:8 No galt 7.74 97.10 1.28

NacCl * 100.56 3.03

Na>S0y * 101.00 2.1

CS»p 9:1 No salt 131.20 53.14 14.56
NacCl 66.21 87.94 1.4

Nas>S0y 112.35 91.94 3.34

5:5 No salt 29.56 75.91 1.51

NacCl 9.20 90.22 1.28

Nao>S0y 16.86 ou.u3 1.358

248 No sgalt 6.48 98.29 2.23

NaCl 29.51 99.76 1.38

NaoS0y * 100.80 2.98

HEXANE 0% No salt 2.26 18. 64 2.02
NacCl 10.33 53.39 3.03

Nao>SO0y A%5.87 3.8 0.59

5:5 No salt 187 64.16 1.58

NacCl 30.00 96. 34 1.79

NaoS0y * 101.24 0.72

2:8 No salt 1:46 81.02 2577

NaCl * 95.91 . 1.95

Na>SO0y * 100.01 0.85
Note : 1 * c¢can not be calculated due to the
experimental concentration of 4-chloro-3-cresgol is

higher than 1its 1initial concentration of standard

solution.

2% Triplicate analyees.
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(B) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CHxClp 9:1 No salt 27.14 69.62 0.23
NaCl 230.80 95.93 1. 4%
Nao>S0y 125.48 96.39 4.50
beh No salt T.73 Q0. 85 7.62
NaCl 24.02 99.24 5.65
Na5S0y * 102.28 4.15
28 No salt ND ND ND
NaCl ND ND ND
NaxS0y ND ND ND
CSp 9:1 No salt 12.17 55.08 5.86
NaCl 78.65 89.67 1: 12
Na-S0y 27187 96.77 0.36
5:5 No galt 3.21 75.55 7.38
NaCl 1011 90.72 3.83
Na,S0y 18.60  94.81 1.22
2:8 No salt ND ND ND
NaCl ND ND ND
NasSOy ND ND ND
HEXANE o ¥ No selt 1.86 15.87 7.89
: NaCl 7.66 45.96 1. 45
Nao>S0y 9B . B52.37 1.26
5:5 No salt 1.64 61.02 3.49
NacCl 2.46 721:310 143
N3280a 5531 84.10 1:19
= No salt ND ND ND
NaCl : ND ND ND
Na>S0y ND ND ND
Note : 3. * can not be calculated due to the
experimental concentration of L-chloro-3-cresol 1is

higher than 1its 1initial concentration of standard

golution.

2 ND = Not Detectable.

G 1 Triplicate analyses.
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Table U.26 The effect of sgalting out on ¥ recovery of
phenol in standard mixture aqueous solution

with the various organic solvents.

(A) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Ka %E %RSD
CHxCljp 9:1 No salt RGP 23T RIS
NaCl 36. 84 80.35 0,067

NaZSOu 43.78 82.81 1.81

5:5 No salt 2.74 71.60 1.97

NacCl 27 .47 96.17 1532

NaZSOu * 101.06 2.06

2:8 No sealt 8.73 95.03 3.62

NacCl 2706 97.97 1:..51

NaoSO0y * 102.14  4.89

CSp i 4 No salt 0.88 8.18 4.93
NaCl 5.28 36.88 T 2y

NaZSOa 10521 53. 0% 4.87

5:5 No selt 0.75 41.748 4.28

NaCl 7.65 87.98 2:62

NaySO0y 19.52 91.67  4.28

2:8 No salt 1.81 85.23 5.88

NacCl 2.03 93.14 6.24

NaxS0y 3.84 96.28 6.79

HEXANE 9:1 No salt 0.27 2.68 3.97
NaCl 1.84 16.94 5.70

NayS0y 3.20 26.129 6.51

5:5 No salt 0.33 12.63 1538

NacCl 1. 83 64.59 2.26

Na,SOy 4.64 82.12 2.12

2:8 No salt 0.30 52.81 8.65

NacCl 3.06 89.19 5.87

Na,S0y 3.88 908 7.842
Note : 1. * c¢can not be calculated due to the

experimental concentration of phenol i higher than
its initial concentration of standard solution.

2. Triplicate analyses.



(B) 1.00 ppm STANDARD SOLUTION
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SOLVENT RATIO SALT Kg %E %RSD
CH5Clp g9:1 No salt 3.'78 22.08 3.83
NaCl 13,27 59.56 1.63
Nas>S0y 17 4% 65.82 1.63
5:5 No salt 2857 69.95 2.87
NaCl 6.09 85.86 5.34
NaxS0y 29.30 96.67 4.19
2:8 No salt ND ND ND
NaCl ND ND ND
NasS0y ND ND ND
Csp 9:1 No salt 0.84 7.84 4.68
NacCl .78 34.10 2.79
Nao>S0y 8.24 U7.81 6.28
5:5 No salt 0.86 us5.02 6.73
NaCl 2.95 74.15 4,98
Na>S0y 3.81 87.59 Wil
2:8 No salt ND ND ND
NaCl ND ND ND
NazS0y ND ND ND
HEXANE Q21 No salt ND ND ND
NacCl ND ND ND
NasS0y ND ND ND
5:5 No salt ND ND ND
NaCl ND ND ND
NasS0y ND ND ND
2:8 No salt ND ND ND
NaCl ND ND ND
Na>S0y ND ND ND
Note : Not Detectable.

Triplicate analyses.
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Table 4.27 The effect of salting out on % recovery of
2-nitrophenol 1in standard mixture aqueous

solution with the various organic solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CH»Clp 9:1 No salt 285.50 93.15  3.89
NacCl 771.65 96.50 2.33

NaZSOu 212.90 98.65 4.54

5:5 No salt * 101:63 3.02

NacCl * 106. 37 4,28

Nay>S0y * 108.128 4.13

2:8 No salt * 103.17 1.25

NaCl * 105.45 1:59

Na,S0y * 106.07 2.88

CSp QA No salt 34.93 791l 2.59
NacCl 80.39 89.35 2.64

NapSOy 183.54 92.91 ~ 3.88

5:5 Na salt 7.28 86.74 3.95

NacCl 31.06 93.94 .53

NasSO0y 18.75 99.01  2.07

2:8 No salt 1.56 97.01% 8.44

NacCl 4.62 98.96 3.16

Na>S0y * 103:26 - 4.34

HEXANE o1 No salt 3181 76.04 100
NacCl 42.83 82.81 2.39

NaoS0y 69.29 88.53 2.64

5:5 No salt 26.47 92.45 4.43

NaCl 34.91 95.67 2.39

Na,S0y 22.0r - o./B6  Hy.22

2:8 No salt 3.60 98.81 u.26

NacCl 1657 99.76 u.22

Na,SO0y * 101.26 .. 3.45
Note ¢ 1. ¥ can not be calculated due to the

experimental concentration of 2-nitrophenol is higher
than its initial goncentration of standard solution.

2. Triplicate analyses.
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(B) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CH3Clo 9:a No salt u63.36 96. 39 2. 09
NacCl 350.00 08.88 3.83
Na5SO0y * 100.48 3.40
5:5 No salt 58.36 98.10 15 38
NaCl * 102.52 1.7
NaZSOu * 104.95 2+ 323
2:8 No salt ND ND ND
NacCl ND ND ND
Nas80y ND ND ND
CS» 9:1 No salt 69.54 86.90 3. 67
NaCl 270.59 87.85 150
NaoS0y 111.95 90.16 4.59
5:5 No salt 20.21 93.28 5.6
NacCl 24.00 96.32 2.89
NasS0y 49.00 98.00 4.12
2:8 No salt ND ND ND
] NaCl ND ND ND
N8280a ND ND ND
HEXANE 9:1 No salt 26.79 72.88 3.29
Nacl 53.51 84,88 3. 87
Na>SOy 65.98 B87.71 2.16
5:5 No salt 6.40 97.40 4.18
NaCl 20.:83 99.02 1: 63
Na,S0y * 100,13  1.89
2:8 No salt ND ND ND
NaCl ND ND ND
NaoS0y ND ND ND
Note e I * can not be calculated due ¢to the

experimental concentration of 2-nitrophenol is higher
than its initial concentration of standard solution.
2. ND = Not Detectable.

3. Triplicate analyses.
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Table 4.28 The effect of salting out on % recovery of
2,4-diechlorophenol in estandard mixture
aqueousg golution with the various organic
solvents.

(Aa) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kg %E %RSD
CHzClo o) 3 No salt 49.53 80.02 u.46
NaCl 61.65 86.90 2.60

5:5 No salt 16.%8 93.36 1.99

NaCl 15.23 98.90 3.44

NazS0y * 103. 64 312

2:8 No salt * 100.70 3.82

NacCl * 102.93 2.52

Na,SOy * 106.30 2.85

CSp 9:1 No salt 37.26 78.85 2.54
NaCl 85.69 90.46 2.19

NaoS0y 104.89 92.07 2.06

5:5 No salt 7.00 86.40 3.51

NaCl 38.36 94.16 3. 63

2:8 No salt 6.99 98.70 .78

NaCl * 101.09 2.56

N8280u * 102.82 5.30

HEXANE Q1 No esalt 18.40 65.70 2.88
NaCl 49.83 34.732 2.25

Nas>SOy 70.65 88.70 2.85

5:5 No salt 3.54 76.96 3..28

NaCl 6.13 84.74 4,64

NaZSOa 55l7 90.11 3.:27

2:8 No salt 3. 07 91.96 2.92

NacCl 13.80 95.77 3.90

Na>S0y 12.90 99.48 3.85

Note : 1 ¥ c¢can not be calculated due to the

experimental concentration of 2,4-dichlorophenol is

higher than 1its 1initial concentration of estandard
solution.

g Triplicate analyees.



(B) 1.00 ppm STANDARD SOLUTION
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SOLVENT RATIO SALT Ka %E %RSD
CH;Clo 9:1 No salt 70.94 85.27 3.10
NaCl 94.10 91.42 6.05
NaoS0y 149.33 93.53 3.32
5:5 No salt 25.00 96.42 6.83
NaCl 99.02 98. 64 6.55
Na>S0y 99.00 99.61 9.95

2:8 No salt ND ND ND

NaCl ND ND ND

NaZSOa ND ND ND
CS5 9:1 No salt 38.39 79.21 3.46
NaCl 82.99 88.13 1.06
NaxS0y 18457 90.90 4,87
5:5 No salt 6.04 84,45 4.88
NaCl 732 87.96 .07
NazS0y 1150 92.83 So:ce3d

2: 8 No salt ND ND ND

NaCl ND ND ND

NasS0y ND ND ND
HEXANE 9:1 No salt 27. 32 72,82 57
NaCl 91.63 89.51 u.57
NapSOoy 237.68 - 92.16 - 2.85

5:5 No esalt 9.58 90.53 381

NaCl 24.00 93.25 4.57
NaoSO0y 9.77  99.11 5.98

2:8 No salt’ ND ND ND

NaCl ND ND ND

Na>SOy ND ND ND

Note : 1. ND = Not Detectable.
e Triplicate analyses.
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Table 4.29 The effect of sgalting out on % recovery of
2,4,6-trichlorophenol 1in standard mixture
aqueous solution with the various organic

golvents.

(A) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Ka %E %RSD
CHpClp 9:1 No salt 81.80 85.58 5.25
NaCl 63:10 87.21 2.39

NaoSO0y 109.39 92.38 7.60

5:5 No salt 18.94 Qu.o1 3.87

NaC1l 24. 64 96.12 Rl e

NaoSO0y 61.50 98.41 1.39

248 No salt 7568 96.u4 a2

NaCl 2,24 98.53 6.53

Na,S0y * 102.94 4L.86

CSo 9:1 No salt 52.90 84.03 2.30
NaCl 153.34 93.86 1.88

NaoS0y 548.92  96.36 2.47

5:% No salt 51.51 95.13 5.02

NaCl * 101.07 4.39

NasSO0y * 102.71 3.26

238 No salt * 10T:11 4.38

NaCl * 104:10 5.67

Na5SO0y * 106.68 5.93

HEXANE 9:1 No salt 54.01 75:31 373
NaCl 43.12 83.04 3.03

Na;S0y 291.97 87.35 2.91

55 No salt 31.41 86.23 2.87

NaCl 98.58 98.45 2.44

NayS0y * 102.54 1.55

2:8 No salt 1.8 95.92 6.65

NaCl 1.51 97.96 3.28

NayS0y 2.60 101.41 7.85
Note : 1. * can hnot be calculated due to the
experimental concentration of 2,4,6-trichlorophenol

ig higher than ites initial concentration of standard

solution.

2% Triplicate analyses.



(B) 1.00 ppm STANDARD SOLUTION
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SOLVENT RATIO SALT Kg %E %RSD
CH2C12 Q:1 No salt 87.34 87.39 3.28
NacCl 515.55 97.41 6.66
Na,S0y 162.40 99.62 3.50
5:5 No salt 13.66 98.28 2.78
NacCl ’ * 102.05 2.65
NaZSOa * 104.51 3.93
2:8 No salt ND ND ND
NacCl ND ND ND
NapSOy ND ND ND
CSp 9:1 No salt 60.00 85.84 3.86
NaCl 174.:.00 95.04 2:20
Nas>S5S0y 125.86 9786 1+70
5:5 No salt 7450 92.95 7.95
NaCl * 100.16 5.20
NayS0y * 103.99 8.85
2:8 No salt ND ND ND
NaCl ND ND ND
NaoSO0y ND ND ND
HEXANE 9:1 No salt 30.83 75.65 1.99
NaCl 38.00 79.74 5.89
Na,SOy 42. 47 8Y.77 4,72
5¢5 No salt 5.18 88.75 6.42
NacCl 25. 35 89.96 9.40
NazS0y 26.99 90.51 792
2:8 No salt ND ND ND
NaCl ND ND ND
Na>SO0y ND ND ND
Note : 1. * c¢can not Dbe calculated due to the

experimental concentration

of

2,4,6-trichlorophenol

ie higher than its initial concentration

golution.

2. ND = Not Detectable.

35 Triplicate analyses.

of

standard
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Table 4.30 The effect of salting out on % recovery of
4-chloro-3-cresol in standard mixture
aqueous solution with the various organic
solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO SALT Kqg %E %RSD
CH3Clp 9:1 No salt 42.47 77.19 5. 85
NaCl 67.52 88.01 1.96

NaoS0y 117.98 92.86 2.67

5:5 No salt u.74 81.20 2+ 83

NaCl 49,32 95.16 .83

NaoS0y 24.83 98.27 3. 41

2:8 No salt 11.32 ou.37 8. 46

NacCl 3.09 98.22 4h.93

NaoS0y 2.83 99.98 6.48

CSy 9:1 No salt 17.79 é64.25 2. 58
NaCl 51.79 8517 s gD

NaoS0y 520.24 98.26 108

5:5 No salt 6.04 84.50 6. 45

NaCl 24.72 Qu.05 3. 76

NaxSO0y 33.06 95.15 n. 66

2:8 No salt 9.11 97.14 6.°33

NaCl 124.50 99.43 3.08

Na>SOy * 100.81 3. 44

HEXANE 9:3 No salt 2.82 67.83 hia7h
NaCl 58.89 86.68 1,30

NaxS0y 353.00 99.54 3. 21

5:5 No salt 2.28 67.83 v

NaCl 17.16 92.05 5. 68

Nao,S0y 42.13 96.78 B

2:8 No salt 1.13 79.88 5. 65

NaCl 3.69 01.423 i FT

Na,SOy 1.45% 97.22 8.75

Note : * can be calculate due to the

experimental concentration of 4-chloro-3-cresol is

higher than its initial concentration of standard
golution.

2. Triplicate analyses.



(B) 1.00 ppm STANDARD SOLUTION
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SOLVENT RATIO SALT Ka %E %RSD
CHCl15 9:1 No salt 68.99 68.98 2. 87
NacCl 48.58 82.59 3.54
,NaZSOQ 71880 87.74 4.39
5:5 No salt 7.58 87.75 5.46
NaCl 24.00 96.26 8.90
NazSO0y 10.93 99.46 9.30
2:8 No salt ND ND ND
NaCl ND ND ND
NapSOy ND ND ND
CSo Qe No salt 11.97 54.59 5.73
NacCl 71.39 88.03 ¥
NaoS0y 248.83 ou.u9 3.53
5:5 No salt 6.31 84.62 L4.66
NaCl 19.14 98.86 2.76
Na,S0y * 100. 40 6.74
2:8 No salt ND ND ND
NaCl ND ND ND
Na>S0y ND ND ND
HEXANE 971 No salt 3.27 25.09 3. 02
NaCl 14,26 60.17 u.47
NaxS0y 20.3% 69.23 1.89
5:5 No salt 1.66 70.05 10:23
NaCl 71D 87.18 5.09
NaoS0y 66.97 ol.18 1047
2:8 No salt ND ND ND
NaCl ND ND ND
NaoS0y ND ND ND
Note can not be calculated due to the
experimental concentration of 4-chloro-3-cresol is
higher ite 1initial concentration of standard

golution.

= Not Detectable.

Triplicate analyses.
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4.4 THE EFFECT OF SAMPLE-TO-SOLVENT RATIOS

The effect of sample-to-solvent ratios on
percent recovery of each phenoliec compound , i.e. ,
phenol, 2-nitrophenol , 2,4-dichlorophenol . 2,4,6-

trichlorophenol , U4-chloro-3-cresol for each extracting
organic solvent , i.e. , methylene chloride , carbon
disulfide , aﬁd hexane is studied. The results of
those studies are shown in Table 4.31-4.35 for the
gingle estandard in aqueous solutions and Table 4,36-
4.40 for the standard mixture in aqQueous gsolutions
and the graphs correlated to these results are
depicted in Figure 4.15-4.19 and Figure 4.20-4.24 ,
respectively. The results showing the percent recovery
of each phenolic compound at concentration of 10.00 ppm
for each sample-to-solvent ratio range from 2.49-
ou.62 % ,11.88-100.94 % , and 43.14-101.01 ¥ with the
percent RSD of 0.04-6.55 % ,0.32-7.58 ¥ . and 1.52-
10.92 % for the sample-to-solvent ratio of 9:1 , 5:5 ,
and 2:8, respectively , and from 4.45-94.60 % and
36.29-98.96 %, with the percent RSD of 0.68-6.12 ¥ and
0.72-10.35 % , for the sample-to-solvent ratio of 9:1
and 5:5 respectively. However , the sample-to-solvent
ratio.of 2:8 for 1.00 ppm of each phenolic compound
in standard solutions can not be detected due to their

concentrationeg are very low in an organic extract.

According to Table 4.31-4.4LO , the percent

recovery of the ratio of 9:1 is less than the ratios
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ofE 5:5 - and . 2r8 ., respectively. Nevertheless , the
concentration of each phenoliec compound in the solution
decreases as long as the sample-to-solvent ratio has
been decreased. This means that the concentration of
each phenolic compound in the organic extréct for the
sample-to-solvent ratio of 9:1 1is higher than the
sample-to-solvent ratios of 5:5 , 2:8 , respectively,
and its percent RSD 1is 1lower than that of +the other
two ratios ,i.e., 5:5, 2:8 as can be seen from Table
4.31-4.40. Therefore , the sample-to-solvent ratio of
9:1 should be considered as the suitable ratio for the

microextraction technique.
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Table 4.31 The effect of Bample-to—s61vent ratios of
phenol in standard aqQueous solution with

the various organic solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kq %E %RSD
CH3Cl1, 9:1 3.79 24.18 0.66
5:5 2.84 71.38 0.32
2:8 2.81 90.92 5.80
cSp 9:1 0.64 6.10 3.20
5:5 0.61 35.75 2.31
2:8 0.77 74.38 L.54
HEXANE 9:1 0.15 2.49 5.37
5:5 0.14 11.88 7.58
2:8 0.21 43.14 1.87

(2) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kq %E %RSD
CHpClp 9:1 3.72 23.74 2.2
T 2.69 69.42 2.33
2:8 ND ND ND
(ofP 9:1 0.46 4.45 2.43
5:5 0.75 u1.27 5.72
2:8 ND ND ND
HEXANE 9:1 ND ND ND
5:5 ND ND ND
2:8 ND ND ND

Note : 1: ND = Not Detectable.

2 Triplicate analyses.
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Table 4.32 The effect of sample-to-solvent ratios of
2-nitrophenol in standard aqueous solution

with the various organic solvents.

€13 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO Ka %E %RSD
CH5Clp 9:1 224.18 9u.62 1.59
5:5 119.63 99.53 1.08
2:8 * 100.51 2.2
cSy 9:1 4b.19 81.73 0.54
5:5 30.24 95.62 2,32
2:8 8.87 98.81 3.47
HEXANE 9:1 28.01 74.60 0.o04
5:5 5.04 82.74 2.30
2:8 10. 32 96.12 2.51

(1) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kg %E %¥RSD
CH2C12 (o X T33. 80 92.26 222
535 57.86 95.53 -~ g L.
2:8 ND ND ND
CSp 9:1 81.01 88.70 2043
5:5 16,70 93.1¢ 5.72
2:8 ND ND ND
HEXANE 91 28.05 73.97 3.28
5375 9.42 90. 37 3.51
2:8 ND ND ND
Note : 1. * can not be calculated due to the

experimental concentration of 2-nitrophenol is higher
than ite initial concentration of standard solution.
2. ND = Not Detectable.

3. Triplicate analyses.
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Table u.33‘ The effect of sample-to-solvent ratios of
2,4-dichlorophencl in standard aqQqueous

solution with the various organic solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kq XE %¥RSD
CH,Cl; 9:1 35.21 74.80 1.7
535 11.87 91.93 3.59
2:8 14.14 97.75 4.4a7
cSp 9:1 27.20 73.20 1.96
5:5 8.49 87.39 L.60
2:8 5.83 98.78 4.67
HEXANE 9:1 15.61 60.27 6.55
5:5 5.43 83.76 2.03
2:8 2.61 88.88 1.52

(2) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kq %E %RSD
CH,Cl, 9:1 45.86 79.38 1.70
5:5 7.92 87.91 1.04
2:8 ND ND ND
cSy 9:1 34.50 7T 78 1.45
5:5 0.24 88.74 0.72
2:8 ND ND ND
HEXANE 9:1 17.94 64.28 2.53
5:5 2.80 87.16° 4.61
2:8 ND ND ND

Note : 1 ND = Not Detectable.

2. Triplicate analyses.
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Table 4.34 The effect of sample-to-solvent ratios of
2,4,6-trichlorophenol in standard agueous

solution with the various organic solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO. Kg %E %$RSD
CH>Cl, 9:1 u6.48 79.08 0.92
5:5 18.53 93.46 0.86
2:8 2,07 96.05 1238
CSp 9:1 48.75 80.37 0.69
5:5 uh,.99 Qu.ol 1.58
2:8 46.63 97.77 2.38
HEXANE 9T uh, 55 81.03 2.67
5:5 58.80 97.18 0.66
2:8 * 102.99 0.65

(2) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kg %E %RSD
S5 7.92 87.91 Y08
2:8 ND ND ND
CSp 9:1 34.50 7. 72 1.45
5:5 0ig3 90.74 07 e
2:8 ND ND ND
HEXANE 9:1 17.94 64.28 2.53
5:5 2.80 87.16 u.61
2:8 ND ND ND
Note S * can not be calculated due to the

experimental concentration of 2,4,6-trichlorophenol is
higher than 1its initial concentration of standard
solution.

2. ND = Not Detectable.

A Triplicate analyses.
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Table U4.35 The effect of sample-to-solvent ratios of
4-chloro-3-cresol in standard aqueous

gsolution with the various organic solvents.

(1) 10.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kq %E %RSD
CHClp 9:1 2723 69.64 Y.0%
5:5 6.04 85. 24 2.85
2:8 10. 40 96.47 2. 58
CSp 9:1 10.95 52.63 0.82
5:5 3. 01 74,47 4.05
2:8 7,13 98.43 3.58
HEXANE 9:1 2.25 18.53 1.24
5:5 1.87 64.20 1.20
2:8 1.42 83.61 4.95

(2) 1.00 ppm STANDARD SOLUTION

SOLVENT RATIO Kg *E %RSD
CH,Clo 9:1 25.40 68.49 2.20
5:5 15.63 92.72 3.53
258 ND ND ND
CSp 9:1 11.93 54.68 3.45
5:5 3.39 76.87 2+.37
278 ND ND ND
HEXANE 9:1 1.86 15.85 6.60
525 1.89 63.72 9.53
2:8 ND ND ND

Note : qz ND = Not Detectable.

2. Triplicate analyses.
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