CHAPTER IV

RESULTS AND DISCUSSIONS

The Study of Temperature

The effect of temperature on the distribution coefficient (K) and the
sensitivity () of each volatile organic compound i.e., methylene chloride,
chloroform, benzene, trichloroethylene and 1,4-dioxane are studied. The results of
the study on the distribution coefficient (K) are presented in Tables 4.1 and 4.2 and
the graphs showing the relationship of the distribution coefficient of each organic
volatile compound with temperature are shown in Figures 4.1 and 4.2. The results
as the Figure show that the distribution coefficient of each volatile organic
compound decreases when the temperature of system increases and thus the
temperature has the effect on the distribution coefficient of each compound this
can be explained by the fact that raising temperature will increase the vapor

pressure of each compound also decrease their solubility in the solution as shown

in Tables 4.1 and 4.2.

The result of the effect of the temperature on sensitivity of each volatile
organic compound are shown in Tables 4.3 and 4.4 and the graphs plotted the
sensitivity of each compound against temperature are shown in Figures 4.1 and
4.2. It demonstrates that the temperature has the effect on sensitivity of each

volatile organic compound and therefore increasing temperature of the system will



result in the enhancement of the sensitivity of headspace analysis technique.
According to the results in Tables 4.3 and 4.4 1it can be seen that the highest
sensitivity of the headspace analysis technique is obtained at the temperature of

90 thich is different from the temperature used in the study. The reason is that
increasing the temperature of the system build up the pressure in it and is causing
the leak of the components from headspace sample vials. Moreover, the water
vapor in the headspace gas will be increased at high temperature resulting in the
decrease in the detector response. Therefore, the temperature of 70C is selected
as an optimum temperature for this headspace analysis due to it gives a 1 high
precision as shown the percent relative standard deviation (% RSD) in Table 4.3 and
4.4 and is a sufficient sensitivity for the determination of each volatile organic

compound.
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Table 4.1 The effect of temperature on the distribution coefficient and the
equilibrium concentration of each volatile organic compound in gas phase with

concentration of aqueous standard solution in lower level of ppm.

Compound Temperature (C ) Peak area K Cg(ppm)

Methylene chloride 60.0 5756 34.08 0.12
(4.21 ppm ) 70.0 6476 29.07 0.14
80.0 6636 27.07 0.15

90.0 7246 25.31 0.16

Chloroform 60.0 4544 25.50 0.16
(4.24 ppm ) 70.0 5323 21.32 0.19
80.0 5664 20.20 0.20

90.0 6208 18.27 0.22

Benzene 60.0 59600 22.28 0.18
(4.19 ppm ) 70.0 68982 18.95 0.21
80.0 83539 15.76 0.25

90.0 87661 15.12 0.26

Trichloroethylene 60.0 10014 22.39 0.18
(4.21 ppm ) 70.0 11581 19.05 0.21
80.0 15872 13.52 0.29

90.0 17937 13.03 0.30

1,4-Dioxane 60.0 3507 2480.50 0.04
(99.26 ppm ) 70.0 5814 1653.33 0.06
80.0 9119 1101.89 0.09

90.0 13428 708.00 0.14

Triplicate analyses



Table 4.2 The effect of temperature on the distribution coefficient and the equilibrium
concentration of each volatile organic compound in gas phase with concentration of

aqueous standard solution in higher level of ppm.

0
Compound Temperature (C) Peak area K @(ppm)

Methylene chloride 60.0 16111 35.09 0.35
(12.63 ppm ) 70.0 17913 31.38 0.39
80.0 19144 29.80 0.41

90.0 19631 29.07 0.42

Chloroform 60.0 12224 27.93 0.44
(12.73 ppm ) 70.0 14754 22.57 0.54
80.0 14849 22.57 0.54

90.0 16191 20.58 0.59

Benzene 60.0 134591 30.45 0.40
(12.58 ppm ) 70.0 161598 25.21 0.48
80.0 174589 23.19 0.52

90.0 185036 21.87 0.55

Trichloroethylene 60.0 29611 25.31 0.48
(12.63 ppm ) 70.0 33063 22.39 0.54
80.0 45044 16.54 0.72

90.0 45435 16.07 0.74

1,4-Dioxane 60.0 13810 2126.07 0.14
(297.79 ppm ) 70.0 22309 1352.59 0.22
80.0 34815 874.85 0.34

90.0 50645 605.73 0.49

Triplicate analyses
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Table 4.3 The effect of temperature on the sensitivity of each volatile organic

compound with concentration of aqueous standard solution in lower level of ppm.

Compound Temperature (OC) Sensitivity % RSD
Methylene chloride 60.0 1367 1.11
(4.21 ppm ) 70.0 1538 3.45

80.0 1576 1.21

90.0 1721 1.11

Chloroform 60.0 1071 2.89
(4.24 ppm ) 70.0 1255 1.25
80.0 1335 1.50

90.0 1463 2.17

Benzene 60.0 14205 2.80
(4.19 ppm ) 70.0 16444 0.92
80.0 19903 2.00

90.0 20896 2.07

Trichloroethylene 60.0 2379 3.22
(4.21 ppm ) 70.0 2751 2.52

80.0 4007 2.93

90.0 4260 2.62

1,4-Dioxane 60.0 35 3.05
(99.26 ppm ) 70.0 59 2.06
80.0 92 2.86

90.0 135 3.05

Triplicate- analyses



Table 4.4 The effect of temperature on the sensitivity of each volatile organic

compound with concentration of aqueous standard solution in higher level of ppm.

Compound Temperature (C) Sensitivity % RSD
Methylene chloride 60.0 1276 3.95
(12.63 ppm ) 70.0 1418 2.34
80.0 1515 3.07

90.0 1554 3.29

Chloroform 60.0 961 3.19
(12.73 ppm ) 70.0 1159 0.39
80.0 1167 3.77

90.0 1272 1.99

Benzene 60.0 10692 2.55
(12.58 ppm ) - 12840 0.07
80.0 13867 3.00

90.0 14702 2.55

Trichloroethylene 60.0 2344 2.09
(12.63 ppm ) 70.0 2618 1.49
80.0 3565 0.71

90.0 3574 3.02

1,4-Dioxane 60.0 46 2.22
(297.79 ppm ) 70.0 75 0.54
80.0 117 1.44

90.0 170 0.80

Triplicate'analyses
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Figure 4.1 The effect of temperature on the distribution coefficient of each
volatile organic compound with concentration (except 1,4-dioxane) of aqueous
standard solution in lower level of ppm.
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Figure 4.2 The effect of temperature on the distribution coefficient of each volatile
organic compound (except 1,4-dioxane) with concentration of aqueous standard

solution in higher level of ppm.
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Figure 4.3 The effect of temperature on the sensitivity of each volatile organic

compound with concentration of aqueous standard solution in lower level of ppm.
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compound with concentration of aqueous standard solution in higher level of ppm.



The Study of Equilibration Time

The results of the study of equilibration time for each volatile organic
compound i.e., methylene chloride, chloroform, benzene, trichloroethylene and
l.4-dioxane obtained from the procedure in the experimental section 3.5.2 are
given in Tables 4.5- 4.14. The graphs plotted the peak area ( A ) of each volatile
organic compound against time are shown in the Figures 4.5-4.14. It is found that
the equilibration time obtained from the study is 40 minutes for methylene chloride
at both 4.21 and 12.63 ppm , 40 minutes for chloroform at both 4.24 and 12.73
ppm , 40 minutes for benzene at both 4.19 and 12.58 ppm, 40 minutes for

trichloroethylene at both 4.21 and 12.63 ppm land 50 minutes and 40 minutes for

8

1.4- dioxane at 99.26 and 297.79 ppm, respectively .Therefore 1lthe time interval of

40 minutes is chosen as the optimum equilibration time for the studied compounds

and it is used for the entire studies to ensure that the system is in the equilibrium.



Table 45 The result of the effect of equilibration time on the peak area
of 421 ppm methylene chloride.

Time (min ) Peak Area %RSD
20 5286 3.78
30 5395 1.62
40 6195 1.46
50 5904 0.45
60 6038 1.67
70 6154 0.43
80 6013 1.87
100 6054 1.27

Triplicate analyses
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Figure 45 The effect of equilibration time on the peak area of 4.21 ppm
methylene chloride.



Table 4.6  The result of the effect of equilibration time on the peak area of
12.63 ppm methylene chlorice.

Time (min ) Peak Area %RSD
20 15021 531
30 15473 4.68
40 17558 3.53
50 15831 2.16
60 16174 6.99
70 16092 4.07
80 15832 6.45
100 15417 411

Triplicate analyses
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Figure 4.6 The effect of equilibration time on the peak area of 12.63
ppm  methylene chloride.



Table 4.7 The result of the effect of equilibration time on the peak area of
4.24 ppm chloroform

Time (min ) Peak Area %RSD
20 4072 2.95
30 4127 3.12
40 4542 0.97
50 4393 0.59
60 4413 3.19
70 4577 5.37
80 4378 157
100 4473 1.85

Triplicate analyses
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Figure 4.7 The effect of equilibration time on the peak area of

4.24ppm chloroform,



Table 4.8 The result of the effect of equilibration time on the peak area of
12,73 ppm chloroform.

Time (min ) Peak Area %RSD
20 11046 7.50
30 11347 7.58
40 13854 3.71
50 12430 1.78
60 12698 6.71
70 12681 5.53
80 12199 6.80
100 12328 2.59

Triplicate analyses
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Figure 4.8 The effect of equilibration time on the peak area of 12.73
ppm- chloroform.



Table 49 The result of the effect of equilibration time on the peak area of
4.19 ppm benzene.

Time (min ) Peak Area %RSD
20 52909 121
30 56835 1.07
40 60211 0.60
50 57364 3.06
60 57254 2.96
70 58458 8.64
80 58198 1.64
100 59687 8.99
Triplicate analyses
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Figure 4.9 The effect of equilibration time on the peak area of 4.19

ppm benzene.



labieAIO The result of the effect of equilibration time on the peak area

of 1258 ppm benzene.
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Figure 40 The effect of equilibration time on the peak area of 12.58

ppm benzene.
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Table 411 The result of the effect of equilibration time on the peak area
of 421 ppm trichloroethylene.

Time (min ) Peak Area %RSD
20 8340 2.01
30 8573 7.55
40 8998 4.59
50 8716 5.25
60 8804 7.47
70 8841 0.11
80 8798 3.91
100 8777 6.26

Triplicate analyses

Peak Rrea (Thousands)

10

X — ==

A . —

7.3

Ui G I | . B O I | K SR S | I | S S P j

O 1 1 2 l 1 1 1 l 1 1 1 141 1 ] 1 1 L liJ 1

20 40 60 80 100 120

o

Equilibration Time (min)
Figure 4.11 The effect of equilibration time on the peak area of

4.21 ppm trichloroethylene.



Table 4.12 The result of the effect of equilibration time on the peak area
of 1263 ppm trichloroethylene.

Time (min ) Peak Area %RSD
20 22912 3.12
30 24479 2.65
40 28388 2.40
50 26993 7.24
60 27234 4.51
70 27212 1.98
80 27613 6.21
100 27084 1.30

Triplicate analyses
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Figure 4.12 The effect of equilibration time on the peak area of 12.63

ppm trichloroethylene.



Table 4.13 The result of the effect of equilibration time on the peak area

of 99.26 ppm 4-dlioxane.

Time (min ) Peak Area %RSD
20 5753 2.88
30 6101 7.88
4Q 6307 4.13
50 6557 5.07
60 6455 5.96
70 6473 2.05
80 6427 5.72
100 6366 0.04
Triplicate analyses
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Figure 4.13 The effect of equilibration time on the peak area of

99.26 ppm 1,4-dioxane,



Table 4,14 The result of the effect of equilibration time on the peak area
of 297.79 ppm 1,4-dioxane.

Time (min ) Peak Area %RSD
20 22530 .18
30 23359 2.63
40 24972 4.73
50 22685 5.06
60 22118 4.09
70 22897 0.55
80 22277 2.03
100 22891 2.90

Triplicate analyses
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Figure 4,14 The effect of equilibration time on the peak area of 297.79

ppm 1,4-dioxane.



The Study of Liquid to Gas Phase Volume Ratio

The factor affecting the sensitivity of headspace analysis technique is also
the liquid to gas phase volume ratio. The selection of the correct liquid to gas
phase volume ratio will result in enhancing sensitivity and accuracy of the analysis.
Therefore, its effect on the distribution coefficient and the sensitivity of each
volatile compound are studied in order to determine the optimum liquid to gas
phase volume ratio for the headspace analysis.

The results of liquid to gas phase volume ratio on the distribution coefficient
and the sensitivity of each volatile organic compound i.e., methylene chloride,
chloroform, benzene, trichloroethylene and 1,4-dioxane are presented in Tables
4.15-4.16 and 4.17-4.18, respectively. The graph plotted the distribution coefficient
(K) and the sensitivity () of each volatile compound against the liquid to gas phase
volume ratio are shown in Figures 4.15-4.16 and 4.17-4.18, respectively. It shows
that the distribution coefficient of each volatile organic compound decreases when
the value of liquid to gas phase volume ratio increases (except 1,4-dioxane is
constant because of its is high solubility in water and high distribution coefficient).
The decrease in the value of distribution coefficient will continue until the ratio of
V/Vg reaches 1.0 (6,5) and it will remain constant up to higher phase ratios.
Therefore, the sensitivity of each volatile compound is not much different in the
liquid to gas phase volume ratios ranging from 5:5 to 8:2 as seen in Figures 4.17
and 4.18 and increasing the phase volume ratio of V, Ng tends to decrease the
precision of the analysis as shown in Tables 4.17 and 4.18 due to the high
concentration of each interested compound in gas phase (Q]) as shown in Tables
4.15 and 4.16. Hence, the liquid to gas phase volume ratio of 5:5 is chosen as a

suitable ratio for a headspace analysis.
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Table 4.15 The effect of liquid to gas phase ratio on the distribution coefficient and the
equilibrium concentration of each volatile organic compound in gas phase with concentration of
aqueous standard solution in lower level of ppm.

Compound V Vg Peak Area K Cq(ppm)
Methylene chloride 2:8 4872 38.10 0.10
(421 ppm) 4:6 7058 26.57 0.15
55 8125 22.39 0.18

6:4 8576 21.49 0.19

8:2 9027 20.80 0.20

Chloroform 2:8 0511 14.43 0.23
(4.24 ppm ) 4:6 9602 12.18 0.31
55 9924 1111 0.35

6:4 10157 11.10 0.36

8:2 10721 1091 . 038

Benzene 28 31051 31.90 0.10
(4.19 ppm ) 46 49177 26.43 0.15
55 56810 23.65 0.17

6:4 57443 23.98 0.18

8:2 64841 20.70 0.20

Trichloroethylene 2:8 51742 34.21 0.11
(421 ppm ) 4:6 95317 23.26 0.17
55 11375 20.05 0.20

6:4 12088 19.38 0.2

8:2 12283 18.87 0.2

1,4-Dioxane 2:8 1661 1236.75 0.08
(99.26 ppm ) 4:6 7546 1238.25 0.08
55 7603 1239.75 0.08

6:4 7569 1240.08 0.08

8:2 7550 124050 0.08

Triplicate analyses



Table 4.16 The effect of liquid to gas phase ratio on the distribution coefficient and the
equilibrium concentration of each volatile organic compound in gas phase with concentration of
aqueous standard solution in higher level of ppm.

Compound v,/Ivg Peak Area K Cg(ppm)
Methylene chloride 2:8 11446 46.52 0.25
(1263 ppm) 4:6 19723 21.87 043
55 21347 26.46 0.46

6:4 22211 25.64 0.48

8:2 24005 24.04 0.52

Chloroform 2:8 11543 26,31 0.42
(1273 ppm ) 4:6 13870 23.96 0.50
55 15007 2257 0.54

6:4 15598 21.66 0.57

= 16990 20.28 0.62

Benzene 2:8 16938 50.70 0.23
(1258 ppm ) 4:6 143593 21.76 043
55 160081 5,71 047

6:4 167304 25.00 0.49

8:2 181402 23.05 0.54

Trichloroethylene 28 12620 5341 0.22
(12.63 ppm ) 4:6 32657 22.33 0.53
55 35569 2116 0.57

6:4 39664 19.06 0.64

8:2 42106 18.52 0.68

1,4-Dioxane 2:8 26871 1141.35 0.26
(297.79 ppm ) 4:6 21720 1101.43 0.27
55 21472 1101.93 0.27

6:4 21353 1102.26 0.27

8:2 271884 1102.68 0.27

Triplicate analyses
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Table 4.17 The effect of liquid to gas phase ratio on the sensitivity of each volatile organic
compound with concentration of aqueous standard solution in lower level of ppm.

Compound 9 Sensitivity %RSD
Methylene chloride 2:8 1157 192
(421 ppm ) 4:6 1676 2.28
55 1929 0.82

6:4 1966 129

8:2 2145 2.13

Chloroform 2.8 2053 221
(424 ppm ) 4:6 2062 2.75
5.5 2113 0.96

6:4 2198 2.80

82 2240 3.60

Benzene 2:8 1401 2.03
(4.19 ppm ) 4:6 11720 2.67
55 13541 0.46

6:4 13689 1.04

8.2 14457 1.04

Trichloroethylene 2:8 1229 2.00
(421 ppm ) 4:6 2264 0.64
55 2102 351

6:4 2134 3.56

8.2 2818 3.68

1,4-Dioxane 2:8 I 0.44
(99.26 ppm ) 4:6 16 0.83
55 Il 051

6:4 16 0.75

8:2 16 1.36

Triplicate analyses



Table 4.18 The effect of liquid to gas phase volume ratio on the sensitivity of each
volatile organic compound with coefficient of aqueous solution in higher level of ppm.

Compound V,/vg Sensitivity ~ %RSD

()
Methylene chloride 2:8 906 374
(1263 ppm ) 4:6 1561 0.97
55 1863 163
6:4 1900 149
8.2 1929 1.89
Chloroform 2.8 907 4.54
(1273 ppm ) 4:6 1090 2.62
55 1179 0.80
6:4 1203 2.28
8.2 1335 1.28
Benzene 2:8 6112 403
(1258 ppm ) 4:6 11405 2.79
55 12716 2.66
6:4 13290 2.83
8.2 14409 241
Trichloroethylene 2:8 999 6.86
(12.63 ppm ) 4:6 2585 3.56
55 2816 1.29
6:4 3140 3.16
8.2 3378 0.86
1,4-Dioxane 28 90 153
(297.79 ppm ) 4:6 93 181
55 92 0.32
6:4 %2 IRV
8.2 9% 1.78

Triplicate Analyses
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The study of Salting Out Effect

The results of adding 1.00g of anhydrous sodium sulfate on the distribution
coefficient, the sensitivity and the percent recovery of each volatile compound i.e.,
methylene chloride, chloroform, benzene, trichloroethylene and ,4-dioxane in
mixture compound solution at two concentration levels using FID and ECD (except
two volatile compounds that low sensitive using ECD i.e., benzene and 1.4-
dioxane) as the detector as shown in Table 4.19-4.22 respectively and the graphs
plotted the distribution coefficient, the sensitivity and the percent recovery against
salt used are shown in Figures 4.19-4.22 and 4.23-4.26 and 4.27-4.30, respectively.
It is found that the results of adding salt into the solutions give the lower
distribution coefficient and the higher sensitivity and percent recovery for each
volatile compound than not used salt. Therefore, the anhydrous sodium sulfate can
be used to increase the sensitivity and the percent recovery of each volatile

compound in both mixture compounds solution.
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Table 4.19 The results of salting out effect on the percent recovery of each volatile
organic compound in mixture solution with concentration of aqueous standard in

lower level of ppm using FID as a detector.

Compound Salt K %E %RSD
Methylene chloride No salt 28.00 1601 34.50 0.78
(4.21 ppm.) NaZ504 16.04 2117 58.72 0.55
Chloroform No salt 211 1219 43.16 145
(4.24 ppm.) NaZS04 8.00 3070 71.20 3.39
Benzene No salt 24,36 12791 40.48 141
(4.19 ppm.) Na2S04 1457 21349 65.82 0.50
Trichloroethylene No salt 2051 2590 46.50 4.95
(421 ppm.) NaZS04 1492 3656 62.82 2.66
1,4-Dioxane No salt 487.26 bl 0.68 1.70
(99.26 ppm.) Na2 04 154.99 207 2.16 2.89

Triplicate analyses
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Table 4.20 The results of salting out effect on the percent recovery of each volatile
organic compound in mixture solution with concentration of aqueous standard in

higher level of ppm using FID as a detector.

Compound Salt K %E %RSD
Methylene chloride No salt 33.18 1353 29.26 0.25
(12.63 ppm.) Na2S04 19.95 2200 41.74 3.06
Chloroform No salt 21.21 979 35.44 141
(12.73 ppm.) NaZS04 14.85 1731 63.06 381
Benzene No salt 32.53 10021 30.58 5.16
(12.58 ppm.) Na2 04 18.92 17055 51.46 581
Trichloroethylene No salt 2153 2131 35.06 571
(12,63 ppm.) NazS04 1759 3356 53.80 1.45
1,4-Dioxane No salt 1385.77 13 0.72 1.04
(297.79 ppm.) Na2S04 484.09 213 2.06 1.56

Triplicate analyses
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The results of salting out effect on the percent recovery of each volatile
organic compound mixture solution with concentration of aqueous standard in

lower level of ppb using ECD as a detector.

Compound Salt K %E %RSD
Methylene chloride No salt 39.83 146216 34.48 176
(20.21 pph) Na2504 19.25 242765 62.00 4.28
Chloroform No salt 20.66 2271607 46.32 3.50
(20.36 ppb ) Na2504 8.43 3997225 76.28 140
Trichloroethylene No salt 1294 8826901 51.80 5.53
(20.20 ppb ) Na2S04 1.56 12962150 75.84 2.58

Triplicate analyses

Table 4.22 The results of salting out effect on the percent recovery of each volatile organic
compound in mixture solution with concentration of aqueous standard in higher level of ppb
using ECD as a detector.

Compound Salt K %E %RSD
Methylene chloride No salt 21.99 200348 43.50 3.38
(200.03 ppb ) Na2504 1149 352362 80.08 0.62
Chloroform No salt 17.25 1988100 44.80 3.60
(20151 ppb ) Na2504 10.50 3055810 7394 113
Trichloroethylene No salt 16.06 6264947 46.60 450
(200.00 ppb ) Na2504 10.58 9165889 70.34 157

Triplicate analyses
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Figure 4.19 The effect of salting out on the distribution coefficient of each volatile
compound with concentration of aqueous standard solution in lower level using FID

as a detector.
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Figure 4.20  The effect of salting out on the distribution coefficient of each volatile
compound with concentration of aqueous standard solution in higher level using
FD as a detector.
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Figure 421 The effect of salting out on the distribution coefficient of each volatile

compound with concentration of aqueous standard solution in lower level using

ECD as a detector.
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Figure 4.22  The effect of salting out on the distribution coefficient of each volatile

compound with concentration of aqueous standard solution in higher level using
ECD as a detector.
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Figure 4.23 The effect of salting out on the sensitivity of each volatile organic
compound with concentration of aqueous standard solution in lower level using FID

as a detector.
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Figure 4.24 The effect of salting out on the sensitivity of each volatile organic

compound with concentration of aqueous standard solution in higher level using

FID as a detector.
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Figure 4.25 The effect of salting out on the sensitivity of each volatile organic

compound with concentration of aqueous standard solution in lower level using

ECD as a detector.
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Figure 4.26 The effect of salting out on the sensitivity of each volatile organic

compound with concentration of aqueous standard solution in higher level using

ECD as a detector.
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Figure 4.27 The effect of salting out on the percent recovery of each volatile

organic compound with concentration of aqueous standard solution in lower level

using FID as a detector.
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Figure 4.28 The effect of salting out on the percent recovery of each volatile
organic compound with concentration of aqueous standard solution in higher level

using HD as a detector.
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Figure 4.29 The effect of salting out on the percent recovery of each volatile

organic compound with concentration of aqueous standard solution in lower level

using ECD as a detector.
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Figure 430 The effect of salting out on the percent recovery of each volatile

organic compound with concentration of aqueous standard solution in higher level
using ECD as a detector.
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The result in Table 4.23 shows that the percent recovery of methylene
chlorice ranges from 47.74 to 70.08 with 20.55-4.28%RSD, chloroform ranges
from 63.06 to 76.28 with £ 1.13 - 381 %R3D, benzene ranges from 5146 to
65.82 with  £0.50 - 581 %RSD, trichloroethylene ranges from 5380 to 75.84
with £1.57 - 7.45 %RSD and 14-clioxane ranges from 206 to 2.16 with £1.56 -
289 YRD. It can be summarized that the percent recovery of each volatile
compound in solution &t the two different concentrations s moderately different
and the percent recovery of each volatile chlorinated hydrocarbon ie., methylene
chlorice, chloroform and trichloroethylene using FD as a detector is different from
the percent recovery of each volatile chlorinated hydrocarbon using ECD as a
detector. This inclicates that the percent recovery of each volatile organic
compound is depend on the concentration of the compound and the detector of
gas chromatagraph.

The sensitivity of each volatile chlorinated hydrocarbon i.e, methylene
chlorice, chloroform and trichloroethylene at two concentration levels in mixture
compound solution with anhydrous sodium suifate s shown in Table 4.24. K
shows that the sensitivity of each compound at two concentration levels is slighted
different. Hence, the concentration of each interested compound has not any
effect on the sensitivity of each compounds. However, the sensitivity of each
Interested compound i.e, methylene chlorices, chloroform and trichloroethylene
stucied using ECD as a detector of gas chromatograph is higher than the one
using AD as a detector but the sensitivity of each volatile compound i, benzene
and 14-dioxane is lower than the one using AD as a detector. Therefore, AD is
chosen as the detector of gas chromatograph for this headspace technique and
using BECD as a detector when the interested compound IS a chlorinated
hydrocarton.



Table 4.23 The percent recovery of each volatile compound a two concentration
levels in mixture solution with anhydrous sodium sulfate.

The percent recovery (%)
(YRD)

Compound AD ED
Concentration  level Concentration level
lower higher lower higher

Methylene chlorice ~ 58.72 47.74 62.00 70.08
(£0%) (£300) (48 (£06)

Chlorgform 76 6306 68 T3
(£ 33) (£538) (¢ 14) (+1B)

Benzene B 546 ND \D
(£ 05) (¢ 58)

Trichloroethylene 62.82 5380 .8 10.34
(+266) (£74) (£25%) (¢ 157)

A-Dioxane 216 206 ND ND
(t 289 (z1%)
Triplicate analyses
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Table 4.24 The sensitivity of each volatile compound at two concentration levels in
mixture solution with anhyarous sodium sulfate.

Sensitivity ( )
(/' RD)

Compound AD ED
Concentration  level Concentration level
lower higher lower higher

Methylene chlorice 2717 2200 242165 1762
(£05%) (300 (£ 42 (£06)

Chlorgfom WO ML 0I5 05810
(t3%)  (£38) (¢ 14 (+1B)

Benzene 21349 17085 ND ND
(£ 050) (£ 580

Trichorcethylene 3% 30 196250 9165689
($266) (£74) (£2%) (¢ 15)

14-Dioxane 207 213 ND ND
(t 289 (£ 1%9)
Triplicate analyses



Table 425  The optimum headspace analysis condition used in the investigation
of the minimum detectable level, the precision, the accuracy and analyses of the
real drug samples using HD and ECD as a detector.

Headspace parameter Headspace condition
Eoulibration Time 40 minutes
Bath Temperature o o
Valve/Loop Temperature 100 °C
Sampling Interval 40 minutes
Valve Timing MIMmsec
Probe (Start) 001
Pressurize (Sart) 0:03
Pressurize (Stop) 0.23
Vent (Start) 0:24
Vent (Stop) 0:29
Inject (Start) 0:0
Inject (Stop) 0:50
Probe (Stanchy) 051
Camier Pressure (H) 03 Br
Aux Pressure (N2 15 Br
Ar Pressure (Ar) 37 Br
Liouid to gas phase volume ratio 55 In10 L
Injection volume 100 mL
Salt Used 100 g of anhydrous NaS04

Triplicate analyses
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The Precision of Headspace Analysis Technique

The results of the precision of headspace analysis technique of each volatile
compound using AD and ECD as a detector are shown in Tables 4.26 and 4.27,
respectively . The average concentration and the percent relative standard
cerivation of methylene chlorice 1chloroform 1benzene trichloroethylene and 14-
dioxane using AD as a detector are 20712 + 1.83 114933+ 2.48 1161689 £ 34
140499 + 300 and 31158 £ 2.02 , respectively . The average peak area and the
percent relative standard cerivation of methylene chlorice 1 chloroform  and
trichloroethylene using ECD as a detector are 3888 £1.97 1105057 + 243 and
291748 + 2.24 1 respectively.



Table 4.26 The precision of automated headspace analysis technique by using FID as a detector.

Compound 1

Methylene chloride 4.2
Chloroform 420
Benzene 432
Trichloroethylene 438
14-Dioxane

419
430
a1
436

402
392
402
412

413
407
409
407

4.25
441
437
417

424
431
430
4.34

418
423
413
415

an
4.14
405
406

425
432
430
430

10

412
411
411
415

%9% 9717 975%6 0% 10015 9858 10127 9918 10236 9944

Average
Concentration (ppm)
417
il
419
il
99.26

%RD

+1.80
+2.48
3.04
13.00
+2.02



Table 4.27 The precision of automated headspace analysis technique by using ECD as a detector.

Compound 12 3 4 S /= I, 8 9

Methylene chiorice  20.74 2013 2014 2010 19% 1964 2027 2077 19%
Chloroform 2078 2006 2079 2042 2021 2076 205 2000 1978
Trichloroethylene 2084 2022 2053 1969 2082 2060 198 1975 199

10

20.76
1958
1985

Average
Concentration (ppb)
20.23
2040
02

YRD

+1.97
211
2.4



113

Method Detection limit (MDL)

The method cetection limt is cefined as the smallest amount of solute
required to produce a signal that Is twice the noise level. The optimum headspace
analysis condition used in the investigation of the method detection limtt of each
volatile compound in aqueous solution under GC condition (as described in Tables
34 and 35 is shown in Table 425 . This condition would be used in the
Investigation of precision and accuracy. The resuits obtained from the method
detection limt study of each interested compound using AD and ECD as a
detector are shown in Tables 4.28 and 4.29, respectively.
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Table 428 The method detection limt of each volatile organic compound in
agueous solution using HD as the detector.

Compound Method detection limit (VL)

(Pom)
Methylene chlorice 0.10
Chloroform 0.20
Benzene 0.08
Trichloroethylene 0.20
14-Dioxane 1241

Triplicate analyses

Table 429 The nmrthod detection limit of each volatile organic compound in
agueous solution using ECD as the detector.

Compound Method Detection Limit (VOL)
(Pri)
Methylene chlorice 25
Chloroform 04
Trichloroethylene 02

Triplicate analyses
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The Linearity of Headspace Analysis Technique

The linearity of headspace analysis technique of each volatile compound
using AD and ECD as a detector are shown in Tables 4.30 and 431 Lrespectively
and the graph showing in Figures 4.21-4.25 and Figures 4.26-4.28  respectively.
The lineanity ranges of volatile organic compound wsing AD and ECD are 0.38-
223.34 pom and 4.21-1060.55 ppo, respectively, the correlation coefficient range
are 0.9988-0.9997 and 0.9984-0.9990, respectively.
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Table 430 The result of linearty of the concentration ranges and correlation
coefficient of each volatile organic compound using AD as a detector.

Compound Concentration Range ~ Correlation Coefficient
(Pom)

Methylene chlorice 042 - 15160 0.9988
Chloroform 042 - 15272 0.9994
Benzene 0.38- 14890 0.9993
Trichloroethylene 042 - 15158 0.9997
14-Dioxare 1241 - 2334 0.9973
Triplicate analyses

Table 431 The result of linearity of the concentration ranges and correlation
coefficient of each volatile organic compound using ECD as a detector

Compound Concentration Range  Correlation Coefficient
(o)
Methylene chlorice 421 - 105280 0.9990
Chloroform 442 - 1060.55 0.9939
Trichloroethylene 421 - 105265 0.994

Triplicate analyses
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The Accuracy of Headspace Analysis Technique

The accuracy of headspace analysis technique is investigated by comparing
the results of concentration of each volatile organic compound obtained from the
analysis with the true concentration of each compound in synthetic unknown
mixture solution prepared by thesis advisor.  The unknown is prepared in DVSO
and it is diluted with water. The concentration of each volatile organic compound in
the unknown solution is determined by means of external standardization method .

The results obtained from the study are presented in Table 4.32 The percent
error of each volatile compound in synthetic unknown mixture is in the range of
10.42 - 5.06 .

Table 432 The results of the analysis of synthetic unknown solution by external
standard method and using HD as a detector.

Compound Concentration ~ (pom) YEor  9RD
Tne Experiment

Methylene chlorice 0.27% 0.2814 $086  £238

Chloroform 0.3553 0.3568 1042  +220

Benzene 0.1293 0.1255 29 2389

Trichloroethylene 0.38% 04092 506 502

A-Dioxane 20,9700 21,2885 1152 1 351

Triplicate analyses
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Al of the results obtained from the above studies indicated that the
headspace analysis technique seems to be the best altermative method for

cetermination of volatile organic compounds in druy or water samples. The reasons
for this are thet:

()  This technique gives the good precision and good accuracy as showing
in Tables 4.26-4.27 and 4.32, respectively.

(9 It requires no preconcentration step for the determination of trace
volatile organic compound in drug,

(9  Nointerference peaks of uninterested nonvolatile organic compounds
appear on the chromatogram, so the chromatographic analysis time is short.

(@ The method detection limit is found to be in mid ppo level (except 14
dioxane) using HD as a detector and sub-ppb level sing ECD as a detector.

(B Itis comfortable to used because it can be performed analysis
altoratically.

(0) Itcan analyse 36 sample/day.



123

The Determination of Volatile Organic Compounds in Drug Samples

Fifteen drug samples i.e, Amoxycillin from the Unichem Co,Ltd. 1 Aspirin
and Aspent AD. from the Unichem Co,Ltd , B1,6,12 from Merck Co,Ltd 1 Clic
Co,Ld , PPLab Co,Ltd and Takeda Co,Ltd 1Brofen and lhuprofen from Pake-
Davis Co,Ltd. 1Clamosin from Biolab Co,Ltd. .Erythromycin from Prarmaceutical
Organization, Abbott Co,Ltd. and Servipharm Co, Ltd. 1FRuen 500 from TO Co, Ltdl
and Stresstab 600+zinc from FE Zuellig Co, Ltdl are analyzed by the automated
heacspace analysis technique uncer the aptimel headspace analysis condition &s
shown in Table 4.25 and under GC condiition s clescribed in Table 34 for AD as a
detector and Table 35 for ECD as a detector, The chromatograms of druy samples
are shown in Fgures 440(A) - 454(A) by wsing AD as a detector and the
chromatogram of some drug samples that can not be detected by AD in ppm level
and however, it can be detected - ppb level by using ECD as shown In Fgure 4.56

A

The retention time (t) of the unknown peaks obtained from the sample
chromatogram are compared with the retention time of the standard mixture of
volatile organic compound peaks as shown in the chromatogram in Fgure 4.39 and
455 for AD and ECD as a cetector, respectively. K found that the peak in the
sample have the same retention times of methylene chlorice chloroform by using
ECD as a detector . Moreover, it seem to be that there are high ethanol and
methanol peaks appeared in a lot of samples by using AD as a detector and it can
be seen that there are a small CS2 peaks and other peak appeared in al samples
chromatograms by using ECD as a detector. To confirm this result , dl samples are
spiked with the standard mixture solution of the interested compounds and it
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analysed uncer the icentical analysis condition. The chromatograms of the spiked
samples are shown in Figures 450(B) - 454(B) for AD as a detector and Figure
456(B) for ECD as a detector. K can e seen that al fifteen samples having the
eluted at the same peaks of standard methylene chlorice (tr 283 min) and
chloroform (tr 511 mn) by wsing AD and ECD as a detector, respectively.
Moreover, to confirm this result, dl sample are analysed by using MSD (mass
selective detector) as shown in Fgure 457-4.64. Three samples have 83 percent
matching for methylene chlorice and 4 percent matching for chloroform
Chloroform has low percent matching because of it has a low quantity in drug
samples.

Methylene chlorice and chloroform in dll oy samples are then determined
by means of external stancardization methods as mentioned in section 37.1 and
the concentration of the compound are indicated in Table 4.33 and other organic
compounds are indlicated in Table 4.34.



Table 433 The concentration of the interested volatile organic compounds in
fifteen drug samples using gas chromatograph equipped with ionization detector
and electron capture detector.

Concentration of interested

No. Sample volatile organic  compounds
CHX2 CHB

1 Amoxllin 202.10 jLigy ND
(Beechem Co, Lid) 10.31

2 Agirin ND ND
( ichem Co, Ltd)

3 Aspent ND ND
(Unichem Co, Lid)

4 B16,12 ND ND
(Merck Co, Lidl)

5 B16,12 ND ND
(Qlic Co, Ltal)

6 B16.12 ND 957.10 nglg
(PP. Lab Co, Lid) 12,05

1 BT,6,12 ND ND
(Takeda Co, Lid)

8 Brofen ND ND
(Parke-Davis Co, Lid)

9 louprofen ND ND

(Parke-Davis Co, Lid)



10

14

Remark :

Sample

Clamosin

(Biolab Co,, Lid)
Erythromyein
(Prarmaceutical Organization)
Erythromyein

(Adbott Co,, Lidl)
Erythromycin
(Servipharm Co, Lid))
Fuben 500

(0 Co, L)
Stresstab 600+ Zinc
(FE Zwellig Co, Lid)

ND = Not Detectable

CHXL2 = Methylene Chlorice
CHO3 = Chloroform

Concentration of interested
volatile organic compounds

05107
310 bay
10.56
4010 figlg
.13
ND

ND

CHOB
ND

ND
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Table 434 The other volatile organic compounds in fifteen drug samples  using
gas chromatograph equipped with ionization detector and electron capture detector
and mass selective detector.

No. Sample Other organic volatile compound

1 Amoxyaillin cyclohexane 1 methylamine a1
(Beechem Co, Ltd) pentanone

2 Aspirin ethanol  1methanol
(ichem Co, Ltd)

3 Aspent acetamine  Tarbonaisulfice
(Unichem Co,, Ltdl)

4 B16.12 ethanamine ,carbondisulfice
(Merck Co, Lid)

5 6,12 tetrachloroethylene  Zarbondisulficeb
(Qlic Co, Lid)

6 6,12 carbondlisulfice
(PP. Lab Co, Ltd)

1 0,12 carbondisuifice
(Takeda Co, Lid)

8 Brofen cyclohexane carbondlisuifice
(Parke-Davis Co,, Lid)

9 |ouprofen carbondlisulfice

(Parke Davis O, L)
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14

15

Remark :
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Sample Oxher organic volatile compound
Clamosin methanol  1ethanol3
(Biola Co,, Lid)
Erythromycin ethanol3 1carbondisulficieb
(Prarmaceutical Organisation)
Erythromyoin methanol  1ethanol3
(Aot Co, Ltd])
Erythromycin methanol 1 carbondisuificed
(Servipharm Co, Lid)
Fuben 500 ethanol - Lcarbondisuficeb
(10 Go, Lid)
Stresstah 600+ Zinc carbondisulfice
(FE Zellig Co, Lid)

D as a detector and confirming by GOMSD
ECD as a detector and confirming by GC/MSD
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STOP

Foure 439 The gas chromatogram of standard mixture in agueous solution.
Conition
GCHD described in Table 34
Headspace :  described in Table 4.25
Integrator
Concentration of the component
(I) Methylene chlorice (CHXID 211 ppm

@  Chloroform (CHg) 212 ppm
(9 Benzene (G 210 ppm
(@ Trichloroethylene  (TCB 211 ppm

G  ADioxane (CH2 4963 ppm

29
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START

urn
o4

=080

=25 ©

STOP STOP

A ®)

Foure 440  The gas chromatogram of
(A Amoxycillin (Beechem Co,Ltd)
(B Amoxyaillin + standard mixture in agueous solution
Condition
GOHD  : described in Table 34
Headspace : described in Table 4.25
Integrator : att 1
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Houre 441 The gas chromatogram of
(A Aspirin (ichem Co, Lid)
(B Aspin + standard mixture in aqueous solution
Condition
GCFID  : described in Table 34
Headspace : described in Table 4.25
Integrator  att 1
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Foure 4.42 - The gas chromatogram of
(A Aspent AD. ( !chem Co,Ltd)
(B Aspent AD. + standard mixture in aqueous solution
Condition
GCFID  : described in Table 34
Headspace : described in Table 4.25
Integrator : att 1
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STOP

(A (B)

Foure 443 The gas chromatogram of
(A Vitamin BL6,12 (Merck Co,Ltd)
(B Mitamn BL6,12 + standard mixture in aqueous solution
Condition
GOFD :Oescribed in Table 34
Headspace  :described in Table4.25
Integrator :att 1
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START

15,968

3TOP 3TOP

(A) (B)

FHoure 444 The gas chromatogram of
(A Vitamn B 6,12 (Clic Co,Ltdl)
(B Vitamin B 6,12 + standard mixture in agueous solution
Condition
GCFID  : described in Table 34
Headspace : described in Table 4.25
Integrator : att 1
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START START

2.3%4

5T0P

STOP

(A) (B)

Figure 4.45  The gas chromatogram of
(A) Vitamin B1,6, 2 (p.p. Lab Co.Ltd.)
(B) Vitamin B1,6,12 + standard mixture in aqueous solution
Condition
GCIFID :described in Table 3.4
Fleadspace  :described in Table 4.25

Integrator att 1
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STOP

Figure 4.46

36

15.978

A) (B)

The gas chromatogram of
(A) Vitamin B1,6, 2 (Takada Co.Ltd.)
(B) Vitamin B1,6,12 + standard mixture in aqueous solution

Condition

GCFID . described in Table 34
Headspace : described in Table 4.25
Integrator . att 1
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18 9y
}5.974 iv.u1¥

STOP STOP

A) (B)

Figure 4.47.  The gas chromatogram of
(A) Brofen (Parke-Davis Co.,Ltd)
(B) Brofen + standard mixture in aqueous solution

Condition

GCFID  : described  Table 34
Headspace : described in Table 4.25
Integrator : att 1
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Figure 4.48  The gas chromatogram of
(A) Ibuprofen (Parke-Davis Co.Ltd.)
(B) Ibuprofen + standard mixture aqueous solution

Condition

GCFD  : described in Table 34
Fleadspace : described in Table 4.25
Integrator . att 1
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(A) Clamosin (Biolab Co.,Ltd.)
(B) Clamosin + standard mixture in aqueous solution

Condition

GCFID  : described in Table 34
Fleadspace : described in Table 4.25
Integrator  att

THRT

rL Al L ‘®
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\ £.868 ®
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15,962 (5.4
5TOF TP
A ®
Figure 449  The gas chromatogram of
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STOP STOP

Figure 450  The gas chromatogram of
(A) Erythromycin (Pharmaceutical Organization)
(B) Erythromycin + standard mixture in aqueous solution
Condition
GC/FID :described in Table 3.4
Headspace :described in Table 4.25

Integrator :att
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2.850

C 13,199

13, 785

{C Ccr
L s P

STOP STOP

(A) (B)

Figure 451  The gas chromatogram of
(A) Erythromycin (Abbott Co.,Ltd.)
(B) Erythromycin + standard mixture in aqueous solution
Condition
GCIFID : described in Table 3.4
Headspace : described  Tahle 4.25

Integrator : att
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22.2H
4. P67

15%?

STTIP

A B)

The gas chromatogram of

(A) Erythromycin (Servipharm Co.,Ltd)

(B) Erythromycin + standard mixture in aqueous solution
Condition

GCIFID : described in Table 34

Headspace : described in Table 4.25

Integrator  att 1
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The gas chromatogram of
(A) Fuben 500 (TO Co.,Ltd.)
(B) Fuben 500 + standard mixture in aqueous solution

Condition

GCFID  : described in Table 34
Headspace : described in Table 4.25
Integrator : att 1
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Figure 4,54  The gas chromatogram of
(A) Stresstab 600 + zinc (F.E. Zuellig Co.,Ltd.)
(B) Stresstab 600 + zinc + standard mixture in aqueous solution

Condition

GCFID  : described in Table 34
Fleadspace : described in Table 4.25
Integrator : att 1
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Figure 4.55  The gas chromatogram of standard mixture in aqueous solution.

Condition
GC/ECD  : described in Table 3.5
Headspace : described in Tahle 4.25
Integrator att 1

Concentration of the component :
() Methylene chloride (CH2CI2) ~ 67.38 ppb
(2) Chloroform (CHCI3) 65.99 ppb
(3) Trichloroethylene (TCE) 65.50 ppb
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Figure 4.56  The gas chromatogram of
(A) Vitamin 1316,12 (P.P. Lab Co.Ltd.)
(B) Vitamin B1,6,12 + standard mixture in aqueous solution

Condition

GCECD  : described in Table 35
Headspace : described in Table 4.25
Integrator . att 1
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The gas chromatogram with MSD detection for headspace of

Amoxycillin drug sample in aqueous solution.

GC/MSD Condition : described in Table 3.6
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Figure 458  The mass spectrum for headspace of Amoxycillin drug sample with

¢ \DATABASE\PMW _TOXR.L
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the retention time of 2.35 min. from the gas chromatogram in
Figure 4.57

(A) Scan
(B) Library searched
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Figure 4,59  The gas chromatogram with MSD detection for headspace of

Clamosin drug sample sample in aqueous solution.

GC/MSD Condition : described in Table 3.6
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Figure 4,6Q  The mass spectrum for headspace of Clamosin drug sample with the
retention time of 2.34 min. from the gas chromatogram in
Figure 4.59
(A) Scan
(B) Library searched
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Figure 4, ]  The gas chromatogram with MSD detection for headspace of
Erythromycin (Pharmaceutical Organization) drug sample in aqueous

solution.

GC/MSD Condition : described in Table 3.6
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Figure 432 The mass spectrum for headspace of Erytromycin (Pharmaceutical
Organization) drug sample with the retention time of 2.34 min. from
the gas chromatogram in Figure 4.61
(A) Scan
(B) Library searched
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Figure 4.63  The gas chromatogram with MSD detection for headspace of
Erytromycin (P.P. Lab Co.,Ltd.) drug sample in aqueous solution.

GC/MSD Condition : described in Table 3.6
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figure 4,64 The mass spectrum for headspace of Erytromycin (P.P. Lab Co.,Ltd)
drug sample with the retention time of 3.42 min. from the gas
chromatogram in Figure 4.63.
(A) Scan
(B) Library searched
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