
CHAPTER 4

RESULTS AND DISCUSSION

3.1 The Study of E q u ilib ration  Time.

The r e s u lt s  of the study of the e q u ilib r a t io n  tim es fo r  each 
sem i v o l a t i l e  o r g a n ic  com pound, i . e . ,  e t h y l b e n z e n e ,  
chlorobenzene, 1 ,3 -d ich lorob en zen e, 1 ,4 -d ich lorob en zen e and 1 ,2 -  
dichlorobenzene obtained from the procedure in  experim ental s e c t io n
3 .5 .1  are given in Tables 4 .1  -  4 .5 . The graphs p lo tte d  the peak 
area (Ag) o f each se m iv o la tile  organic compound a g a in st tim e are 
shown in the F igures 4 .1  -  4 .5 . I t  i s  found th a t the e q u il ib r a t io n  
time ob ta in s from the study i s  3 minutes for eth ylb en zen e, 5 m inutes 
for chlorobenzene, 10 minutes for 1 ,3 -d ich lorob en zen e and 1 ,4 -  
dich lorobenzene, and 20 minutes for 1 ,2 -d ich lo rob en zen e . T herefore, 
the 30 minutes i s  chosen as the optimum e q u ilib r a t io n  tim e fo r  the  
stu d ied  compounds and i t  i s  used for the e n t ir e  s tu d ie s  to  ensure 
th a t the system i s  in the equ ilibrium .
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The results of the effect of equilibration time

on the peak area of ethylbenzene.

Time Peak area X  RSD
( min )

0 1986333 4.61
3 2748038 4.43
5 2851190 1.6110 2783256 1.0420 2833896 5.11

30 2944840 1.0060 2847518 4.48
120 2896390 1.86180 2970814 3.26

T r ip lic a te  analyses

Figure 4.1 The effect of equilibration time on the peak

area o f ethylbenzene.
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The results of the effect of equilibration time

on the peak area of chlorobenzene.

Time 
( min )

Peak area % RSD

0 796217 5.39
3 997850 4.125 1061966 3.8410 1117934 2.6120 1092528 5.6830 1139925 2.8260 1065467 3.04120 1088822 2.83180 1104422 2.11

T r ip lic a te  an alyses
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Figure 4.2 The effect of equilibration time on the peak

area of chlorobenzene.
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Table 4 .3 The results of the effect of equilibration time

on the peak area of 1,3-dichlorobenzene.

Time
(min)

Peak area % RSD

0 299573 11.733 381095 6.645 418328 12.5410 497941 4.3720 490613 2.3930 514985 5.3960 460204 7.75120 495042 7,21180 480704 6.07

T r ip lic a te  a n a ly ses

Figure 4.3 The effect of equilibration time on the peak

area of 1,3-dichlorobenzene.
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Table 4.4 The results of the effect of equilibration time

on the peak area of 1,4-dichlorobenzene.

Time 
(min )

Peak area % RSD

0 314895 6.71
3 458468 1.26
5 541429 6.38

10 561128 6.08
20 587252 3.96
30 552506 6.43
60 578528 2.21

120 577173 5.90
180 583756 4 .20

T r ip lic a te  an a lyses

Figure 4.4 The effect of equilibration time on the peak

area of 1,4-dichlorobenzene.
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Table 4.5 The results of the effect of equilibration time on

the peak area of 1,2-dichlorobenzene.

Time Peak area 1  RSD
(min )

0 124173 4.44
3 180454 3.06
5 153451 2 .20

10 199193 5.41
20 185317 10.09
30 189334 1.78
60 199850 3.66

120 146764 2.32
180 175698 1.30

T r ip lic a te  an a lyses

Figure 4 .5 The e f f e c t  o f eq u ilib r a tio n  time on the peak 
area o f 1 ,2-d ichlorobenzene.
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3 .2  The Study of Temperature

The e f f e c t  o f temperature on tne d is tr ib u tio n  c o e f f ic ie n t ,  
K, o f  each s e m iv o la t i le  org a n ic  compound i . e . ,  e th y lb e n z e n e ,  
chlorobenzene, 1 ,2 -d ich lorob en zen e, 1 ,3-d ich lorob enzene and 1 ,4 -  
dichlorobenzene was stu d ied . The r e s u lts  o f the study are presented  
in  Table 4 .6  and th e  graph show ing th e  r e la t i o n s h ip  o f  th e  
d is tr ib u tio n  c o e f f ic ie n t  o f each se m iv o la tile  organic compound with 
th e  tem perature i s  in  Figure 4 .6  . I t  i n d ic a t e s  t h a t  th e  
d is t r ib u t io n  c o e f f i c i e n t  o f each' s e m i v o l a t i l e  o r g a n ic  compound 
d e c r e a se s  when th e  tem perature o f  sy stem  i n c r e a s e s .  H en ce, th e  
temperature has the e f f e c t  on the d is tr ib u tio n  c o e f f ic ie n t  o f each 
com pound and i t  can  be e x p la in e d  by th e  f a c t  t h a t  r a i s i n g  
temperature w i l l  in crease  the vapor pressure o f each compound and 
th e re fo r e , th e ir  s o lu b i l i t y  in the so lu tio n  w il l  be decreased  as the 
con cen tration  o f each compound in the gas phase w il l  be increased  
as the r e s u lt s  shown in Table 4 .6 .

The r e s u l t  o f  the e f f e c t  o f th e  tem p era tu re  in c lu d in g  
30.0°,  40.0°,  50.0°,  60.0°,  and 70.'0° c on the s e n s i t iv i t y  o f each 
se m iv o la t i le  organic compound i s  shown in Table 4.7.  The graph 
p lo t t e d  th e  s e n s i t i v i t y  o f each s e m i v o l a t i l e  o r g a n ic  compound 
a g a in st tem perature i s  shown in Figure 4.7 .  I t  dem onstrates th at 
th e  t e m p e r a tu r e  h as th e  e f f e c t  on th e  s e n s i t i v i t y  o f  ea ch  
se m iv o la t i le  organic compound and th erefo re  in crea sin g  temperature 
of th e system w i l l  r e su lt  in the enhancement o f the s e n s i t iv i t y  of 
the headspace a n a ly s is  technique. According to  the r e s u lt  in  Table 
4.7 ,  i t  can be seen th at the h igh est s e n s i t iv i t y  o f the headspace 
a n a ly s is  technique i s  obtained at the temperature o f 70.0 °c which
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i s  d if f e r e n t  from the temperature used in the study . However, at 
h igh  tem p eratu re, th e p re ssu r e  in  th e  sy stem  w i l l  be b u i l t  up 
causing the leak  of the components from the headspace sample v ia l .  
Moreover, the water vapor in the headspace gas w il l  be increased  
r e s u lt in g  in the decrease in the d etecto r  response. T herefore, the  
tem perature o f 45.0  °c g iv in g  a s u f f ic ie n t  s e n s i t iv i t y  for the  
determ ination  o f each s e m iv o la t ile  organic compound i s  chosen as an 
optimum temperature for use in the headspace a n a ly s is .



59

Table 4 .6  The e f f e c t  o f temperature on the d is tr ib u t io n
c o e f f ic ie n t  and the equ ilibrium  con cen tration  
o f each se m iv o la t i le  organic compound in gas phase.

Compound Temperature
( °c )

K
(ppb)

30.0 3.74 97.70
40.0 2 .39 132.76

Ethylbenzene 50..0 1.55 171.33
60.0 1.07 204.79
70.0 0.59 253.51

30.0 7.59 59.12
40.0 4.87 84.67

Chlorobenzene 50.0 3.32 112.98
60.0 2.13 151.36
70.0 1.25 201.17

30.0 14.29 32.03
40.0 8.26 51.82

1 ,3-D ichlorobenzene 50.0 4 .97 78.64
60.0 3.24 108.33
70.0 2.38 132.74

1 ,4-D ichlorobenzene
3 0 . 0
40.0
50.0
60.0  
70.0

16.45
9.64
5.95
4.06
2.82

28.08
45.41
68.08
91.66

118.71

30.0 24.29 19.61
40.0 15.23 30.10

1 ,2-D ichlorobenzene 50.0 10.04 43.72
60.0 6.41 64.29
70.0 4.28 88.21

Triplicate analyses



Table 4.7 The r e s u lts  of the e f f e c t  o f temperature on the  
s e n s i t iv i t y  of each se m iv o la tlie  organic compound.

Compound Temperature 
โ °C)

S e n s i t iv i t y

30.0 4492
40.0 6112

Ethylbenzene 50.0 7895
60.0 9441
70.0 11693

30.0 1596
40.0 2283

Chlorobenzene 50.0 3045
60.0 4077
70.0 5416

1 ,3-Dichlorobenzene
30.0
40.0
50.0
60.0  
70.0

606
968

1458
2000
2446

30.0 697
40.0 1101

1 ,4-Dichlorobenzene 50.0 1629
60.0 2177
70.0 2807

30.0 396
40.0 619

1 ,2-Dichlorobenzene 50.0 908
60.0 1344
70.0 1852

Triplicate analyses
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Figure 4 .6  The e f f e c t  o f temperature on the d is tr ib u t io n  
c o e f f ic ie n t  o f each se m iv o la t i le  organic compound.

□  Ethylbenzene 
+ Chlorobenzene 
0 1.3-Dichlorobenzene
A 1 ,4-Dichlorobenzene 
X 1,2-Dichlorobenzene

Figure 4 .7  The e f f e c t  o f temperature on the s e n s i t iv i t y  o f  
each se m iv o la tile  organic compound.
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3 .3  The Study o f Liquid to  Gas Phase Ratio

The fa c to r  e f fe c t in g  the s e n s i t iv i t y  o f headspace a n a ly s is  
technique i s  a lso  the liq u id  to  gas phase r a t io .  The s e le c t io n  o f  
th e  c o r r e c t  l iq u id  to  gas phase r a t i o  w i l l  r e s u l t  in  h ig h e s t  
s e n s i t iv i t y  and accurate a n a ly s is . T herefore, i t s  e f f e c t  on the  
d is tr ib u t io n  c o e f f ic ie n t  and the s e n s i t iv i t y  o f each s e m iv o la t i le  
organic compound i s  stud ied  so as to  determ ine the optimum liq u id  
to  gas phase r a t io  for the headspace a n a ly s is .

The r e s u lt s  o f liq u id  to gas phase r a t io  having the e f f e c t  
on th e  d is t r ib u t io n  c o e f f i c i e n t  and th e  s e n s i t i v i t y  o f  each  
se m iv o la t i le  organic compound i . e . ,  eth ylben zen e, chlorobenzene, 
1 ,2 -d ich lo rob en zen e , 1 ,3-d ich lorobenzene and 1 ,4 -d ich lo rob en zen e  are 
p resented  in Tables 4 .8  -  4 .9 , r e sp e c t iv e ly . The graphs p lo tte d  the 
d is t r ib u t io n  c o e f f i c i e n t ,  K, and th e  s e n s i t i v i t y ,  ร , o f  each  
se m iv o la t i le  organic compound aga in st the liq u id  to  gas phase r a t io  
are shown in Figure 4 .8  and Figures 4 .9  -  4 .1 3 , r e s p e c t iv e ly . I t  
i s  shown th at the d is tr ib u tio n  c o e f f ic ie n t  o f each se m iv o la t i le  
organic compound decreases when the value o f l iq u id  to  gas phase 
r a t i o  i n c r e a s e s .  The d e c r e a s e  in  th e  v a lu e  o f  d i s t r i b u t i o n  
c o e f f ic ie n t  w il l  continue u n t i l  the r a t io  of V]/Vg reaches 25:35 and 
i t  w i l l  remain constant up to higher phase r a t io s .  T herefore, the  
s e n s i t iv i t y  o f each se m iv o la tile  organic compound remains s l i g h t l y  
d if f e r e n t  in the liq u id  to  gas phase r a t io s  ranges from 25:35 to  
5 0 :1 0  a s  s e e n  in  F ig u r e s  4 .1 0  th r o u g h  4 .1 3 ,  e x c e p t  f o r  
eth ylb en zen e, as shown in Figure 4 .9 , and the reasons o f t h is  i s  
th at the p o la r ity  o f ethylbenzene i s  l e s s  than the o ther stu d ied



Table 4.8 The effect of liquid to gas phase ratio on

equ ilibrium
d is tr ib u t io n
compound.

concentration  in gas phase and the  
c o e f f ic ie n t  o f each se m iv o la t i le  organic

Compound Vl :Vg (pp§>
K

50:10 227.74 2.01
35:25 188.82 1.95

Ethylbenzene 25:35 143.32 2.11
15:45 91.26 2.54
10:50 61.73 3.10

5:55 30.82 5.38

50:10 131.70 3.83
35:25 124.18 3.56

Chlorobenzene 25:35 109.22 3.48
15:45 82.88 3.45
10:50 59.52 3.91

5:55 34.78 4.34

50:10 87.45 5.56
35:25 83.16 5.31

1 ,3-D ichlorobenzene 25:35 72.98 5.48
15:45 55.93 5.95
10:50 35.97 8.90

5:55 23.24 10.46

1 ,4-D ichlorobenzene

50:10
35:25
25:35ร:!

5:55

59.93  
60.63  
56.65  
40.47  
30.59  
17.16

8.14
7.54
7.45
9.51

11.38
18.33

50:10 40.77 12.09
35:25 40.88 11.53

1 ,2-D ichlorobenzene 25:35 41.75 10.62
15:45 30.94 13.22
10:50 26.11 14.16

5:55 15.82 20.74

T r ip lic a te  an a ly ses
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Figure 4 .8  The d is tr ib u tio n  c o e f f ic ie n t  o f each se m iv o la t ile
organ ic compound versus l iq u id  to  gas phase r a t io



Table 4.9 The e f f e c t s  o f l iq u id  to  gas phase r a t io  on the  
s e n s i t iv i t y  o f each se m iv o la tile  organic compound.

Compound* Vl :Vg S e n s it iv ity R ela tiv e
s e n s i t iv i t y

50:10 10317 7.5035:25 8550 6.21ETB 25:35 6484 4.71
15:45 4121 2.9910:50 2780 2.025 ะ 55 1376 1.00

50:10 3667 3.8435:25 3457 3.62CB 25:35 3038 3.18
15:45 2302 2.41
10:50 1648 1.72

5:55 956 1.00

50:10 1619 3.63
35:25 1540 3.46

mCB 25:35 1351 3.03
15:45 1043 2.34
10:50 678 1.52

5 ะ 55 446 1.00

50:10 1439 3.25
35:25 . 1455 3.29
25:35 1359 3.07

pCB 15:45 986 2.23
10:50 756 1.71

5:55 443 1.00

50:10 845 2.68
35:25 847 2.68

oCB 25:35 866 2.74
15:45 636 2.02
10:50 534 1.69

5:55 316 1.00

T r ip lic a te  analyses
* ETB = Ethylbenzene, CB = Chlorobenzene, mCB = 1,3-D ich lorobenzene  

pCB = 1 ,4-D ich lorob enzene, oCB = 1,2-D ichlorobenzene
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PHASE RATIO (VpVg)
4 .9  The e f f e c t  o f l iq u id  to  gas phase r a t io  on th e

s e n s i t iv i t y  o f eth ylben zen e.

Figure 4.10 The e f f e c t  o f liq u id  to  gas phase r a t io  on the  
s e n s i t iv i t y  of chlorobenzene.
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50:10 35:25 25:35 15:45
P H A S E  RATIO ( V l : V g l

10:50 5:55

Figure 4.11 The e f f e c t  o f l iq u id  to  gas phase r a t io  on the  
s e n s i t iv i t y  o f 1 ,3 -d ich lo rob en zen e .
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r a t io  on the

5:55

s e n s it iv i t y  o f 1 ,4 -d ich lorob en zen e.



SEN
SIT

IVI
TY 

(ร)

6 8

Figure 4 .13  The e f f e c t  o f l iq u id  to  gas phase r a t io  on the
s e n s i t iv i t y  o f 1 ,2 -d ich lorob en zen e.
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compounds. Hence, th e l iq u id  to  gas p hase r a t io  o f  2 5 :3 5  i s  
s e l e c t e d  as s u it a b le  r a t io  fo r  a h ea d sp a ce  a n a ly s i s  due to  th e  
s e n s i t iv i t y  i s  not d if fe r e n t  from another phase r a t io s  as shown in 
F igures 4 .10  through 4.13 and increasin g  phase r a t io  w il l  a lso  
r e s u lt  in  the error o f an a n a ly s is  ( 22 ).

3 .4  The Study o f In jec tio n  Volume

The peak area which i s  corresponding to  the s e n s i t iv i t y  of 
the headspace a n a ly sis  can be increased  by means o f the in crea sin g  
o f the in je c t io n  volume of the headspace gas. T herefore, the e f f e c t s  
o f th e sample s iz e  or in je c tio n  volume of the headspace gas on the  
peak area and the s e n s i t iv i t y  o f each se m iv o la tile  organic compound 
i . e . ,  e th y lb e n ze n e , ch lo ro b en zen e , 1 ,3 - d ic h lo r o b e n z e n e ,  1 ,4 -  
dich lorobenzene and 1 , 2-dichlorobenzene are stu d ied . The r e s u lt s  
o f the study are presented in Table 4.10 and the graphs p lo tte d  the 
peak area and the s e n s i t iv i t y  aga in st the in je c tio n  volume are 
shown in F igures 4.14 and 4 .1 5 , r e sp e c tiv e ly . I t  i s  found th at the 
peak area o f each se m iv o la tile  organic compound in crea ses l in e a r ly  
w ith the in je c tio n  volume as shown in Figure 4 .14 and the maximum 
s e n s i t iv i t y  o f each se m iv o la tile  organic compound i s  found a t the 
h ig h e st in je c t io n  volume as seen in Figure 4.15 . The reason to  
s e l e c t  2 .0 0  mL as the optimum in j e c t i o n  volum e i s  t h a t  1 ,3 -  
dich lorobenzene and 1 ,4-dichlorobenzene w il l  not be ab le to  separate  
from each other by increasing  the sample s iz e  or in je c tio n  volume as 
seen from the chromatogram in Figure 4.18 . Therefore, the in je c tio n  
volume o f 2.00 mL is  used as the in je c tio n  volume for the headspace
a n a ly s is .



T a b l e  4 . 1 0 The r e s u l t s  o f  t h e  e f f e c t  o f  i n j e c t i o n  v o l u m e  on

the peak area and the s e n s i t iv i t y  o f each se m iv o la t i le
organ.c compound.

Compound In je c tio n Peak area S e n s i t iv i t y % RSD
volume (mL)

0 .50 1645452 3279 3.58
Ethylbenzene 1.00 3311178 6600 3.65

1.50 5094905 10155 1.50
2.00 6749663 13454 0 .97

0 .50 715445 1347 2.45
Chlorobenzene 1.00 1454750 2740 2 .76

1.50 2076236 3910 2 .49
2.00 2804197 5282 3.50

0 .50 225001 450 13.93
1 , 3-D ichlorobenzene 1.00 662476 1324 19.15

1.50 1058393 2116 7.38
2 .00 1402253 2804 5.08

0 .50 286175 572 2.51
1 , 4-D ichlorobenzene 1.00 588530 1177 6 .62

1.50 986936 1973 4.39
2.00 1294502 2589 2.54

0 .50 152611 305 4.48
1 , 2-D ichlorobenzene 1.00 367966 735 3.02

1.50 576937 1153 4 .29
2.00 750273 1500 4.37

T r ip lic a te  analyses
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Figure 4 .14  The r e la tio n sh ip  between th e peak area o f each  
se m iv o la tile  organic compound and in je c t io n  volume.
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77777X 1 ,3-Dichlorobenzene k\\\i 1 ,4-Dichlorobenzene [70 1,2-Dichlorobenzene

0.50
I

W i V'l
1 00 1 .50

INJECTION VOLUME CmL)
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Figure 4.15 The e f f e c t  o f in je c t io n  volume on the s e n s i t iv i t y
of each se m iv o la t i le  organic compound.
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4 .5  S a lt in g  Out E ffe c t in S in g le  Component Solution

The e f f e c t  o f adding s a l t  i . e . ,  10.00 g o f sodium ch lo r id e  
and 10.00 g o f anhydrous sodium s u lfa te  on the percent recovery, 
%E, o f  each s e m iv o la t i le  o rg a n ic  compound, i . e . ,  e th y lb e n z e n e ,  
chlorobenzene, 1 ,2 -d ich lorob en zen e, 1 ,3-d ich lorob enzene, and 1 ,4 -  
d ich lorobenzene i s  stu d ied  at two con cen tration  le v e ls  i . e . ,  50 ppb 
and 500 ppb in s in g le  component so lu tio n . The r e su lts  of the study  
are shown in Table 4.11 (a) and Table 4.11 (b ). The graphs 
c o r r e la te d  to  th ese r e s u lts  are shown in Figure 4.16 (a) and Figure 
4 .16  (b ).

I t  i s  fou n d  t h a t  th e  p e r c e n t  r e c o v e r y ,  %E, o f  ea c h  
s e m iv o la t i le  organic compound in s in g le  component so lu tio n s  ranges 
from 9.57-47.56%  with 2.04-7.52%  %RSD for 50 ppb so lu tio n s  and from 
1 2 .6 0 -4 2 .9 8  % with 1.28-6.58%  %RSD for 500 ppb so lu tio n s  for the  
s o lu t io n  w ithout any s a l t ,  from 42 .32-79 .30  % with 1 .66-10 .01  % %RSD 
for  50 ppb so lu tio n s  and from 44 .35-74 .11  % with 1.90-8.79% %RSD for  
500 ppb so lu tio n s  for adding 10.00 g of sodium ch lorid e in to  the 
s o lu t io n s ,  from 5 4 .8 7-87 .04  % with 0 .9 7 -9 .3 9  % %RSD for 50 ppb 
s o lu t io n s  and from 5 6 .6 1-86 .90  % with 1 .7 9 -7 .8 1  % %RSD for 500 ppb 
s o lu t io n s  for adding 10.00 g o f anhydrous sodium s u lfa te  in to  the 
s o lu t io n s .  This means th at adding sodium s u lfa te  or sodium ch lo r id e  
in to  the so lu tio n s  r e s u lt s  in the in crease in the percent recovery  
o f each se m iv o la tile  organic compound. However, adding anhydrous 
sodium s u lfa te  y ie ld s  the percent recovery of each se m iv o la tile  
organ ic compound higher than sodium ch lo rid e  do. Therefore, the 
percent recovery of each se m iv o la tile  organic compound w il l  be



T a b l e  4 . 1 1 The r e s u l t s  o f  s a l t i n g  o u t  e f f e c t  on p e r c e n t  r e c o v e r y

of each se m iv o la t i le organic compound in s in g le
component. s o lu t io n .

(a ) 50 ppb standard so lu tio n

Compound S a lt K % E %RSD

No s a l t 1.57 47.56 2 .67
Ethylbenzene NaCl 0.29 79.30 1.66

0.18 87.04 4 .8 6
No s a l t 3.40 29.16 3 .51

D ichlorobenzene NaCl 0.60 64.52 5 .9 9
Na2S0^ 0.21 85.59 2 .6 0
No s a l t 4 .31 24.67 2 .04

1 , 3~Dichlorobenzene NaCl 0.78 59.13 5 .07
Na2S0^ 0.49 72.55 9 .3 9
No s a l t 8 .13 14.98 3 .70

1 , 4-D ichlorobenzene NaCl 1.51 42.32 3 .1 6
Na2SC>4 1.04 54.87 0 .9 7
No s a l t 13.60 9.57 7 .52

1 , 2-D ichlorobenzene NaCl 1.36 45.25 10.01
1.05 54.97 8 .55

T r ip lic a te  analyses
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Figure 4 .16  (a) The e f f e c t  o f s a lt in g  out on percent recovery o f
each se m iv o la t i le  organic compound at 50 ppb 
in s in g le  component s o lu t io n .
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Table 4.11 The r e s u lt s  o f s a lt in g  out e f f e c t  on p ercent recovery  
o f each se m iv o la tile  organic compounds in s in g le  
component s o lu t io n .

(๖) 500 ppb standard so lu tio n

Compound S a lt K % E % R S D

No s a l t 1.84 42.99 3.01
Ethylbenzene N a C l 0.40 74.11 8 .79

N â ^ S O ^ 0.20 85.44 2.98
No s a l t 3.45 28.82 1.28

Chlorobenzene NaCl 0.55 67.43 1.90
0.19 86.90 1.80

No s a l t 4.18 25.03 3.02
1 , 3-D ichlorobenzene NaCl 0.69 61.09 8.14

Na2SC>4 0.45 73.63 2.81
No s a l t 6.93 17.02 6.58

1 , 4-D ichlorobenzene NaCl 1.20 48.43 2 .52
Na2S0Jj 0.84 60.03 1.79
No s a l t 19.79 12.60 1.30

1 , 2-D ichlorobenzene NaCl 1.43 44.35 2.92
^2ร0^ 0.98 56.61 7.81

T r ip lic a te  analyses
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Figure 4 .16  (๖) The e f f e c t  o f s a lt in g  out on percent recovery o f
each se m iv o la t i le  organic compound a t 500 ppb 
in s in g le  component so lu t io n .
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in c r e a se d  as in  th e  fo llo w in g  o rd er  o f  a d d in g  s a l t  in to  th e  
s o lu t io n s  ะ n o s a lt ,  NaCl, and anhydrous ^ 2 รอ4 . The reason o f th is  
i s  th a t adding anhydrous sodium s u lfa te  in to  a so lu tio n  y ie ld s  the 
higher io n ic  stren g th  than the sodium ch lo r id e  and n on sa ltin g  out 
do.

4 .6  The S a lt in g  Out E ffe c t in Mixture S o lu tion

The r e s u l t s  o f adding s a l t s ,  i . e . ,  1 0 .0 0  g o f  sodium  
c h lo r id e , and 10.00 g o f anhydrous sodium s u lfa te  on the percent 
r e c o v e r y , %E, o f each s e m iv o la t i l e  o r g a n ic  compound, i . e . ,  
eth y lb en zen e, chlarobenzene, 1 ,2 -d ich lorob en zen e , 1 ,-3-d ichloro
benzene, and 1 , 4-dich lorobenzene at two con cen tration  le v e ls  i . e . ,  
50 ppb and 500 ppb o f mixture in aqueous so lu tio n  are shown in  
T a b les 4 .1 2 ( a )  through 4 .1 2  (b ) and F ig u r e s  4 .1 7  (a ) th rou gh  
4 .1 7 (b ) .

I t  i s  fo u n d  t h a t  th e  p e r c e n t  r e c o v e r y ,  %E, o f  ea ch  
s e m iv o la t i l e  o rg a n ic  compound in  m ix tu re  s o l u t i o n s  ra n g es from  
15 .4 4 -47 .3 5  % with 1 .0 0 -3 .0 9  % %RSD for 50 ppb so lu tio n s  and from 
1 4 .4 3 -4 5 .2 4  % w ith  0 .8 2 -2 .6 7  % %RSD fo r  500 ppb s o lu t i o n s  fo r  
n o s a l t ,  from 4 5 .3 3 -7 8 .0 8  X  w ith  1 .7 5 - 3 .8 5  % %RSD fo r  50 ppb 
so lu t io n s  and from 4 2 .1 0 -7 6 .80  X  w ith 0 .4 3 -3 .9 3  % %RSD for 500 ppb 
s o lu t io n s  for adding 10.00 g o f sodium ch lo r id e  in to  the so lu t io n s ,  
from 5 7 .4 5 -9 1 .51  % w ith 0 .7 7 -4 .4 6  X  %Rรว for 50 ppb so lu tio n s  and 
from 5 3 .3 0 -8 7 .2 4  % with 3 .8 1 -1 0 .6 2  % %RSE for 500 ppb so lu tio n s  for  
adding 10.00 g o f anhydrous sodium s u lfa te  in to  the so lu tio n s . The 
s a lt in g  out e f f e c t  on the percent recovery in the s in g le  component 
so lu t io n s  and mixture so lu tio n s  are s im ila r  and adding anhydrous
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s o d i u m  s u l f a t e  i n t o  t h e  s o l u t i o n s  g i v e s  t h e  h i g h e s t  p e r c e n t  

r e c o v e r y  f o r  e a c h  s e m i v o l a t i l e  o r g a n i c  c o m p o u n d .  T h e r e f o r e ,  t h e  

a n h y d r o u s  s o d i u m  s u l f a t e  i s  c o n s i d e r e d  a s  t h e  s u i t a b l e  s a l t  w h i c h  

c a n  b e  u s e d  t o  i n c r e a s e  t h e  p e r c e n t  r e c o v e r y  o f  e a c h  s e m i v o l a t i l e  

o r g a n i c  c o m p o u n d  i n  b o t h  s i n g l e  c o m p o n e n t  a n d  m i x t u r e  s o l u t i o n s .  

T h u s ,  t h e  a n h y d r o u s  s o d i u m  s u l f a t e  i s  c h o s e n  a s  t h e  a p p r o p r i a t e  

s a l t  f o r  t h e  h e a d s p a c e  a n a l y s i s  t e c h n i q u e .

T a b l e  4 . 1 2  T h e  r e s u l t s  o f '  s a l t i n g  o u t  e f f e c t  o n  p e r c e n t  r e c o v e r y  

o f  e a c h  s e m i v o l a t i l e  o r g a n i c  c o m p o u n d  i n  m i x t u r e  

s o l u t i o n .

( a )  5 0  p p b  s t a n d a r d  s o l u t i o n

C o m p o u n d S a l t K % E %RSD

No s a l t 1 . 5 8 4 7 . 3 5 1 . 4 0
E t h y l b e n z e n e N a C l 0 . 3 2 7 8 . 0 8 1 . 7 5

^ 2 ร 0 ^ 0 . 1 7 8 8 . 1 4 0 .  77

No s a l t 2 . 6 5 3 4 . 8 8 1 . 0 0
C h l o r o b e n z e n e N a C l 0 . 3 8 7 4 . 3 6 2 . 2 7

Na^so^ 0 . 1 1 9 1 . 5 1 3 . 4 6

No s a l t 3 . 7 7 2 7 . 3 5 2 . 18
1 , 3 - D i c h l o r o b e n z e n e N a C l 0 . 8 1 5 7 . 8 6 3 . 7 8

N a ^ S O ^ 0 . 5 5 6 8 . 9 7 4 . 4 6

No s a l t 5 . 0 5 2 1 . 9 3 3 . 0 9
1 , 4 - D i c h l o r o b e n z e n e N a C l 1 . 0 4 5 1 . 6 2 3 . 8 0

N a 9 S 0 4 0 . 7 2 6 2 . 7 7 3 . 9 3

No s a l e 7 . 7 7 1 5 . 4 4 2 . 2 2
1 , 2 - D i c h l o r o b e n z e n e N a C l 1 . 3 3 4 5 . 3 8 3 . 8 5

N a 2 S 0 4 0 . 9 1 5 7 . 4 5 4 . 4 1

T r i p l i c a t e  a n a l y s e s
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Figure 4 .17 (a) The e f f e c t  o f s a lt in g  out on percent recovery of
each s e m iv o la t ile  organic compound at 50 ppb
i n  m i x t u r e  s o l u t i o n .
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T a b l e  4 . 1 2  The r e s u l t s  o f  s a l t i n g  o u t  e f f e c t  on  p e r c e n t  r e c o v e r y

o f  e a c h  s e m i v o l a t i l e  o r g a n i c  co m p o u n d s  i n  m i x t u r e

s c l u t i o n .

(b) 500 ppb standard so lu tio n

Compound S a lt . K % E %RSD

No s a l t 1.68 45.24 2 .53
Ethylbenzene NaCl 0.32 76.80 0 .43

N&^so^ 0.22 84.45 4 .00
No s a l t 3.09 31.26 0 .82

Chlorobenzene NaCl 0.46 70.32 0 .86
Na2S0^ 0.17 87.24 3.81
No s a l t 4 .79 22.72 1.98

1 , 3-D ichlorobenzene NaCl 0.99 52.30 2 .93
Na2SC>4 0.72 62.59 9.47
No s a l t 5 .99 19.02 2.27

1 ,4-D ichlorobenzene NaCl 1.20 47.61 3 .18
Na2SOij 0.84 57.99 9 .79
No s a l t 8 .35 14.43 2 .67

1 ,2-D ichlorobenzene NaCl 1.50 42.10 3 .93
1.05 53.30 10.62

T r ip lic a te  a n a ly ses
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Figure 4.17 (b) The e f f e c t  o f s a lt in g  out on p ercen t recovery o f
each se m iv o la t i le  organic compound at 500 ppb
i n  m i x t u r e  s o l u t i o n .
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According to  the percent reco v er ies  in Table 4 .1 3 , i t  i s  
shown th a t  th e p ercen t reco v ery  o f  each  s e m i v o l a t i l e  o r g a n ic  
compound in  s in g le  component or m ix tu re  s o l u t i o n s  a t th e  two 
d i f f e r e n t  c o n c e n tr a tio n s  i s  i n s i g n i f i c a n t l y  d i f f e r e n t .  T h is  
in d ic a te s  th at the con cen tration  does not have any e f f e c t  on the  
p ercent recovery of each se m iv o la t i le  organic compound.

Moreover, the data in Table 4 .14 i s  dem onstrated th at the  
p ercent recovery o f each se m iv o la t i le  organic compound o f s in g le  
component so lu tio n  i s  not mtfch d if fe r e n t  from the percent recovery  
o f each s e m iv o la t i le  o rg a n ic  compound in  th e  m ix tu re  s o l u t i o n .  
T h ere fo re , th e  p ercen t reco v ery  o f  an in d iv id u a l  s e m i v o l a t i l e  
organic compound at the two d if fe r e n t  con cen tra tion s i s  not a f fe c te d  
by the presence o f other organic compounds in the water sam ples.
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Table 4 .13  The percent recovery o f each se m iv o la t i le  organic  
compound at two concentration  le v e ls  o f 50 ppb 
and 500 ppb.

Percent recovery, %E
Compound

S in g le  component so lu tio n Mixture so lu tio n

50 ppb 500 ppb 50 ppb 500 ppb

Ethylbenzene 47.56 42.99 47.35 45.24
Chlorobenzene 29.16 28.82 34.88 31.26
1 ,3-D ichlorobenzene 24.67 25.03 27.35 22.72
1 , 4-D ichlorobenzene 14.98 17.02 21.93 19.02
1 12-D ichlorobenzene 9.57 12.60 15.44 14.43

T r ip lic a te  an a ly ses
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Table 4 .14  The percent recovery o f each s e m iv o la t ile  organic  
compound in the s in g le  component so lu tio n  and the  
mixture s o lu t io n .

Percent recovery , %E

Compound* 50 ppb in i .  Concn. 500 ppb in i .  Concn.

Type of so lu tio n Type of so lu tio n

s in g le mixture s in g le mixture
component component

ETB 47.56 47.35 42.99 45.24
CB 29.16 34.88 28.82 31.26
mCB 24.67 27.35 25.03 22.72
pCB 14.98 21.93 17.02 19.02
oCB 9.57 15.44 12.60 14.43

T r ip lic a te analyses

* ETB = Ethylbenzene , CB = Chlorobenzene,
mCB = 1 ,3-D ich lorobenzene, pCB = 1,4-D ich lorobenzene
oCB 1 ,2-Dichlorobenzene
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4 .7  Minimum D etectab le  Level (MDL)

The minimum d e te c ta b le  l e v e l  i s  d e f in e d  a s th e  s m a l l e s t  
amount of so lu te  required to produce a s ig n a l th a t i s  tw ice  the 
n o ise  le v e l  ( 61 ). The optimum headspace a n a ly s is  c o n d itio n  used in  
the in v e s t ig a t io n  o f accuracy and an a lyses of the rea l water samples 
i s  shown in Table 4 .15; and th ere fo re , i t  i s  a lso  used to  determ ined  
the minimum d etec ta b le  le v e l  of each se m iv o la t i le  organ ic compound 
in aqueous so lu tio n  under GC con d ition  as d escrib ed  in  Table 3 .2 .  
The r e s u lt s  obtained from the study are presented  in Table 4 .1 6 .

Table 4.15 The optimum headspace a n a ly s is  co n d itio n  used in the  
in v e s t ig a t io n  o f th e a ccu ra cy  and a n a ly s e s  o f  
the rea l water samples.

E q u ilib ra tio n  time 30 minutes
Temperature for  e q u ilib r a tin g  sample 45.0 °c 
Liquid to  gas phases r a t io  25:35
In je c tio n  volume 2.00 mL
S a lt  used 10.00 g of anhydrous ^ 2 ร0 4
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Table 4 .16  The minimum d etec ta b le  le v e l  o f each se m iv o la t i le  
organic compound in aqueous so lu t io n .

S e m iv o la t ile  Organic Compound * 11

Ethylbenzene 
Chlorobenzene 
1 ,3-D ichlorobenzene
1 1 4-D ichlorobenzene  
1 ,2-D ichlorobenzene

Minimum D etecta b le  Level (ppb)

0 .53
0 .48
0 .99
1.00
0 .98

4 .8  The Accuracy o f Headspace A nalysis

The a c c u r a c y  o f  h e a d s p a c e  a n a l y s i s  t e c h n iq u e  i s  
in v e s t ig a te d  by comparing the r e s u lt s  o f con cen tra tion  of each 
se m iv o la t i le  organic compound obtained from the a n a ly s is  with the  
true con cen tration  of each compound in sy n th e tic  unknown mixture 
s o lu t io n . The unknown is  prepared in methanol and i t  i s  d ilu te d  with  
d i s t i l l e d  water prior to the a n a ly s is . The con cen tration  of each 
s e m iv o la t i le  organic compound in the sy n th e tic  unknown so lu tio n  is  
determ ined by means o f extern al stan d ard ization  method and standard  
a d d i t i o n  m ethod  a s d e s c r ib e d  in  s e c t i o n  3 . 8 . 1  and 3 . 8 . 2  , 
r e s p e c t iv e ly .

The r e s u lt s  obtained from the study are presented  in Tables 
4 .17  -  4 .1 8 . The percent error in the determ ination  of the 
con cen tra tion  o f each se m iv o la tile  organic compound in the sy n th e tic  
unknown mixture is  in the ranges of 0 .0 4 -1 1 .6 3  % for the a n a ly s is
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Table 4 .17  The r e s u lt s  of the a n a ly sis  o f sy n th e tic  unknown
so lu tio n  by standard add ition  method.

S e m iv o la t ile  
Organic Compound

Concentration (ppb) 
True Experiment

% Error

Ethylbenzene 90.53 80.00 11.63
Chlorobenzene 75.10 75.07 0 .04
1 , 3-D ichlorobenzene 60.03 64.63 7 .66
1 ,4-D ichlorobenzene 20.92 22.38 6 .98
1 , 2-D ichlorobenzene 89.87 92.01 2 .38

T r ip lic a te  a n a ly ses

Table 4 .18  The r e s u lts  o f the a n a ly sis  of sy n th e tic  unknown
so lu tio n  by extern al stan dard ization  method.

S e m iv o la t ile  
organ ic compound

Concentration (ppb) 
True Experiment

% Error

Ethylbenzene 90.53 86.91 4.00
Chlorobenzene 75.10 75.63 0.71
1 , 3-D ichlorobenzene 60.03 60.95 1.53
1 , 4-D ichlorobenzene 20.92 22.09 5.59
1 , 2-D ichlorobenzene 89.87 84.50 5.98

T r ip lic a te  a n a ly ses
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A ll o f the r e s u lt s  obtained from the above s tu d ie s  in d ica te  
t h a t  th e  h e a d s p a c e  a n a l y s i s  t e c h n iq u e  seem s to  be th e  b e s t  
a lte r n a t iv e  method for  the determ ination  o f s e m iv o la t i le  organic  
compounds in water sam ples. The reasons for th is  are th a t ะ

(a ) T h is tech n iq u e  g iv e s  th e  good p r e c i s io n  and good  
accuracy .

(b) I t  r e q u ir e s  no p r e c o n c e n tr a t io n  s t e p  fo r  th e
determ ination  o f trace  se m iv o la tile  organic compound in water .

(c ) No in ter feren ce  peaks o f u n in terested  n o n v o la tile  
organ ic compounds appear on the chromatogram, so the chromatographic 
a n a ly s is  time i s  sh ort.

(d) The minimum d etec tio n  l im it  i s  found to  be in the 
mid-ppb le v e l  using  flame io n iza tio n  d e tec to r .

(e) I t  i s  an ecouomic method as shown in Table 4 .1 9 . The 
reson s of th is  are th at the sep ta , aluminum f o i l s ,  aluminum caps and 
serum v ia ls  used in th is  technique can be purchased lo c a l ly  and a lso  
the p r ice  o f the con stan t temperature water bath used in th is  study  
i s  cheaper than a commercial h ea d sp a ce  sam p ler  u sed  in  th e  
con ven tion al headspace a n a ly sis  technique.

w i t h  s t a n d a r d  a d d i t i o n  method a n d  i s  i n  t h e  r a n g e  o f  0 . 7 1  -  5 . 9 8  %

f o r  t h e  a n a l y s i s  w i t h  e x t e r n a l  s t a n d a r d i z a t i o n  m e t h o d .
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Table 4 .19  The comparison of the p r ice  o f m ateria ls  used in the
headspace technique developed in t h is  study w ith the  
commercially a v a ila b le  headspace sampler.

I tem Q uantity Price
(ข .ร .ร )

** Serum v ia ls 36 7
* Serum v ia ls 36 33
** Black rubber /aluminum f o i l  sep ta 1000 1
* TefIon/rubber septa 1000 28
* *  Aluminum caps 1000 1.4
* Aluminum caps 1000 9
** Temperature water bath 1 600
* Headspace sampler option 1 13,000

m a teria ls  used in the developed headspace technique, 
m ateria ls  used in the commercial headspace sampler.
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4 . 9  T h e  D e t e r m i n a t i o n  o f  S e m i v o l a t i l e  O r g a n i c  C o m p o u n d  i n  R e a l  

W a t e r  S a m p l e s .

T h r e e  w a s t e w a t e r  s a m p l e s  c o l l e c t e d  f r o m  t h r e e  p o o l s  i n  t h e  

C h u l a l o n g k o r n  U n i v e r s i t y  a r e  a n a l y z e d  b y  t h e  h e a d s p a c e  a n a l y s i s  

t e c h n i q u e  u n d e r  t h e  o p t i m u m  h e a d s p a c e  a n a l y s i s  c o n d i t i o n  a s  s h o w n  i n  

T a b l e  4 . 1 5  a n d  u n d e r  t h e  GC c o n d i t i o n  a s  d e s c r i b e d  i n  T a b l e  3 . 2 .  T h e  

c h r o m a t o g r a m s  o f  t h e  u n k n o w n  s a m p l e s  a r e  s h o w n  i n  F i g u r e s  4 . 1 9  

t h r o u g h  4 . 2 1  ( a ) .

T h e  r e t e n t i o n  t i m e s  ( t  ) o f  t h e  u n k n o w n  p e a k s  o b t a i n e d  f r o m  

t h e  c h r o m a t o g r a m  o f  t h e  u n s p i k e d  s a m p l e s  a r e  c o m p a r e d  w i t h  t h e  

r e t e n t i o n  t i m e s  o f  t h e  s t a n d a r d  s e m i v o l a t i l e  o r g a n i c  c o m p o u n d s  

m i x t u r e .  T h e  c h r o m a t o g r a m  o f  s t a n d a r d  m i x t u r e  s o l u t i o n  i s  s h o w n  i n  

F i g u r e  4 . 1 8 .  I t  i s  f o u n d  t h a t  s a m p l e  # 1  a n d  s a m p l e  # 2  a r e  n o t  

c o n s i s t e d  o f  t h e  i n t e r e s t e d  c o m p o u n d s ,  a n d  s a m p l e  # 3 ,  h o w e v e r ,  s e e m s  

t o  h a v e  c h l o r o b e n z e n e  a n d  1 , 4 - d i c h l o r o b e n z e n e .  T o  c o n f i r m  t h i s  r e s u l t ,  

t h e  s a m p l e  # 3  i s  s p i k e d  w i t h  t h e  s t a n d a r d  m i x t u r e  s o l u t i o n  i n  

m e t h a n o l  a n d  i t  i s  a n a l y z e d  u n d e r  t h e  i d e n t i c a l  a n a l y s i s  c o n d i t i o n s  

a s  t h e  u n s p i k e d  s a m p l e .  T h e  c h r o m a t o g r a m s  o f  t h e  u n s p i k e d  s a m p l e  # 3  

a n d  t h e  s p i k e d  s a m p l e  # 3  a r e  s h o w n  i n  F i g u r e  4 . 2 1 ( a )  a n d  F i g u r e  

4 . 2 1 ( b ) .  I t  c a n  b e  s e e n  t h a t  t h e  p e a k  a t  t  4 . 3 4  m i n  f o r  u n k n o w n  

s a m p l e  a p p e a r s  s l i g h t l y  d i f f e r e n t  f r o m  t h e  s t a n d a r d  e t h y l b e n z e n e  p e a k  

( t  3 . 9 8  m i n )  a s  s h o w n  i n  F i g u r e  21  ( b ) .  H o w e v e r ,  t h e  u n k n o w n  p e a k s  i n  

F i g u r e  4 . 2 1  ( a )  a t  t  6 . 6 1  m i n  a n a  t r  1 4 . 6 4  m i n  e l u t e  a t  t h e  s a m e  

t i m e  a s  t h e  p e a k s  o f  s t a n d a r d  c h l o r o b e n z e n e  ( t r  6 . 6 1  m i n )  a n d  

s t a n d a r d  1 , 4 - d i c h l o b e n z e n e  ( t  1 4 . 5 0  m i n ) ,  r e s p e c t i v e l y  a s  s h o w n  i n  

F i g u r e  4 . 2 1 ( b ) .  T h e r e f o r e ,  i t  s e e m s  CO b e  t h a t  t h e r e  a r e  c h l o r o b e n z e n e  

a n d  1 , 4 - d i c h l o r o b e n z e n e  i n  t h e  s a m p l e  # 3 .
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M o r e o v e r ,  t h e  s a m p l e  = 3  w a s  r e c h e c k e c l  b y  m e a n s  o f  a b s o l u t e  

r e t e n t i o n  t i m e  m e t h o d  w i t h  a  d i f f e r e n t  t y p e  o f  c o l u m n ,  i . e . ,  2 m X  3 

mm I D ,  s t a i n l e s s  s t e e l  c o l u m n  p a c k e d  w i t h  5 % D i - i s o d e c y l  

P h t h a l a t e  ( D I D P )  o n  C h r o m o s o r b  WAW, 6 0 / 8 0  m e s h .  T h e  c h r o m a t o g r a m s  o f  

t h e  s a m p l e  # 3  a n d  t h e  s t a n d a r d  m i x t u r e  i n  a q u e o u s  s o l u t i o n  o b t a i n e d  

f r o m  t h i s  c o l u m n  a r e  s h o w n  i n  F i g u r e  4 . 2 2 ( a )  a n d  F i g u r e  4 . 2 2 ( b ) ,  

r e s p e c t i v e l y .  F r c m  t h e  r e s u l t ,  i t  c a n  b e  c o n c l u d e d  t h a t  C h l o r o b e n z e n e  

m a y  b e  o n l y  o n e  c o m p o n e n t  i n  t h e  s a m p l e  # 3  .

T h e  c o m p o n e n t s  i n  t h e  s a m p l e  # 3  i s  a l r e a d y  i d e n t i f i e d  a n d  i t  

i s  t h e n  q u a n t i f i e d  b y  s t a n d a r d  a d d i t i o n  m e t h o d  a s  d e s c r i b e d  b y  t h e  

p r o c e d u r e  i n  s e c t i o n  3 . 8 . 2  a n d  t h e  c o n c e n t r a t i o n  o f  c h l o r o b e n z e n e  i n  

s a m p l e  # 3  i s  0 . 6 0  p p b .
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F i g u r e  4 . 1 8  T h e  g a s  c h r o m a t o g r a m  o f  s t a n d a r d  m i x t u r e  i n  

a q u e o u s  s o l u t i o n .

C o n d i t i o n  ะ 1 . 8  m X 3 mm I D ,  g l a s s  c o l u m n  p a c k e d  

w i t h  8 . 9  % FFAP o n  c h r o m o s o r b  WAW, 1 0 0 / 1 2 0  m e s h ;  

O v e n  t e m p e r a t u r e ,  h o l d  a t  8 0  °c  f o r  9 m i n ,  t h e n  

p r o g r a m m e d  a t  r a t e  3 0  ° c / m i n  a n d  h o l d  f o r  8 m i n ;  

I n j e c t i o n  p o r t  t e m p e r a t u r e ,  2 1 0  ° C ;

D e c t e c t o r ,  F I D ;  D e c t e c t o r  t e m p e r a t u r e ,  2 1 0  ° C ;  

C a r r i e r  g a s ,  N2 3 0  m L / m i n ; S a m p l e  S i z e ,  2 mL.
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F i g u r e

*

4 . 1 9  T h e  g a s  c h r o m a t o g r a m  o f  a  r e a l  s a m p l e  # 1 *

C o n d i t i o n  ะ 1 . 8  m X 3 mm I D ,  g l a s s  c o l u m n  p a c k e d  

w i t h  8 . 9  % F F A P o n  c h r o m o s o r b  WAW, 1 0 0 / 1 2 0  m e s h ;  

O v e n  t e m p e r a t u r e ,  h o l d  a t  8 0  °c f o r  9 m i n ,  t h e n  

p r o g r a m m e d  a t  r a t e  3 0  ° c / m i n  a n d  h o l d  f o r  8 m i n ;  

I n j e c t i o n  p o r t  t e m p e r a t u r e ,  2 1 0  ° C ;

D e c t e c t o r ,  F I D ;  D e c t e c t o r  t e m p e r a t u r e ,  2 1 0  ° C ;  

C a r r i e r  g a s ,  N'? 3 0  m L / m i n ;  S a m p l e  S i z e ,  2 mL.

c o l l e c t e d  f r o m  t h e  p o n d  n e a r  t h e  m a i n  g a t e  b y

P h y a t h a i  R o a d  o f  C h u l a l o n g k o r n  U n i v e r s i t y .
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F i g u r e  4 . 2 0  T h e  g a s  c h r o m a t o g r a m  o f  a  r e a l  s a m p l e  # 2 *

C o n d i t i o n  ะ 1.8  m X  3 mm I D ,  g l a s s  c o l u m n  p a c k e d  

w i t h  8.9 % FFAP o n  c h r o m o s o r b  WAW, 100/120 m e s h ;  

O v e n  t e m p e r a t u r e ,  h o l d  a t  80 °c  f o r  9 m i n ,  t h e n  

p r o g r a m m e d  a t  r a t e  30 ° c / m i n  a n d  h o l d  f o r  8 m i n ;  

I n j e c t i o n  p o r t  t e m p e r a t u r e ,  210 ° C ;

D e c t e c t o r ,  F I D ;  D e c t e c t o r  t e m p e r a t u r e ,  2 1 0  ° C ;  

C a r r i e r  g a s ,  N2 3 0  m L / m i n ;  S a m p l e  S i z e ,  2 mL.

* c o l l e c t e d  f rom t h e  p o o l  i n  f o r n t  o f  t h e  C h e m i s t r y  B u i l d i n g  1,

C h u l a l o n g k o r n  U n i v e r s i t y .
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( a ) ( b )

F i g u r e  4 . 2 1  T h e  g a s  c h r o m a t o g r a m  o f  a  r e a l  s a m p l e  # 3 *

( a )  u n s p i k e d  s a m p l e ,  ( b )  s p i k e d  s a m p l e .

C o n d i t i o n  ะ 1 .8  m X  3 mm I D ,  g l a s s  c o l u m n  p a c k e d  

w i t h  8 .9  % FFAP o n  c h r o m o s o r b  WAtf, 100/120 m e s h ;  

O v e n  t e m p e r a t u r e ,  h o l d  a t  80 °c  f o r  9 m i n ,  t h e n  

p r o g r a m m e d  a t  r a t e  30 ° c / m i n  a n d  h o l d  f o r  8 m i n ;  

I n j e c t i o n  p o r t  t e m p e r a t u r e ,  2 1 0  ° C ;

D e c t e c t o r ,  F I D :  D e c t e c t o r  t e m p e r a t u r e ,  2 1 0  ° C ;

C a r r i e r  g a s ,  h'2 3 0  m L / m i n ;  S a m p l e  S i z e ,  2 mL.

* c o l l e c t e d  f rom t h e  p o o l  b e h i n d  t h e  C h e m i s t r y  B u i l d i n g  2 ,

C h u l a l o n g k o r n  U n i v e r s i t y .
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-  1. ,  1

F i g u r e  4 . 2 2  T h e  g a s  c h r o m a t o g r a m  o f  ( a )  r e a l  s a m p l e  # 3 *  ,

( b )  s t a n d a r d  m i x t u r e  i n  a q u e o u s  s o l u t i o n .

C o n d i t i o n  ะ 2 เท X 3 I D ,  S t i a n l e s s  s t e e l  c o l u m n  

p a c k e d  w i t h  5 % D I D P  o n  c h r o m o s o r b  WAW,

6 0 / 8 0  m e s h ;  O v e n  t e m p e r a t u r e ,  1 0 0  °c ;
I n j e c t i o n  p o r t  t e m p e r a t u r e ,  2 1 0  ° C ;

D e c t e c t o r ,  F I D ;  D e c t e c t o r  t e m p e r a t u r e ,  2 1 0  ° C ;  

C a r r i e r  g a s ,  ร 2 3 0  m L / m i n ;  S a m p l e  S i z e ,  2 mL.

c o l l e c t e d  f rom t h e  p o o l  b e h i n d  t h e  C h e m i s t r y  B u i l d i n g  2,

C h u l a l o n g k o r n  U n i v e r s i t y .
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