
CHAPTER 3

EXPERIMENTAL

3 .1  Apparatus

A Shimadzu model GC-R1A gas chromatograph (Shimadzu Corp. 
Kyoto, Japan.) equipped with Flame Io n iza tion  D etector (FID) and 
the Shimadzu model RPR-G1 in teg rator  (Shimadzu Corp. Kyoto, Japan) 
were used in t h is  study.

A Memmert m odel 854 c o n s t a n t  t e m p e r a tu r e  w a te r  b a th  
(Schwabach, W-Germany)

A Pressure-Lok s e r ie s  A2 g a s - t ig h t syringe 2 .00  m i l l i l i t e r s .  
(P r e c is io n  Sampling C orp., บ .s .A . ). (see  appendix A).

M ic r o s y r in g e s  1 .0 0  and 5 .0 0  juL (H a m ilto n  Com pany, 
S w itzer la n d )

B L D -p ip e tt le r s  5 0 .0 0  and 2 0 0 .0 0  ;uL (B ec to n  D ic k in s o n  
Labware, U .S .À .)

P ip e tte s  1 .0 0 , 2 .0 0 , 5 .0 0 , 10.00, 25.00 mL.
V ia ls  3 and 8 drams.
Volum etric f la sk s  5 .0 0 , 10 .00, 25 .00 , 5 0 .0 0 , 250 .00 ,

and 500.00 mL.
60 mL serum v ia l s ,  (see  appendix A).
B lack rubber s e p ta , aluminum f o i l s ,  aluminum c a p s ,  ( s e e  

appendix A).
Manual Hand Operated Crimper (S u p elco .In c . , B e lle fo n te , PA, 

U .S .A .). (see  appendix A).
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d i s t i l l e d  water r e sp e c t iv e ly  and dried  in  an oven a t 150 °c for 3 
hours.

The procedure for c a lib r a tin g  the volume o f a l l  serum v ia ls  
i s  d escribed  in appendix B.

3 .2  CHEMICALS

3 .2 .1  The Standard of S em iv o la tile  Organic Compounds

Ethylbenzene was purchased from Chem S e r v ic e , I n c .,  
West C hester, PA, บ .S.A.

Chlorobenzene which was a n a ly t ic a l  reagent grade was 
purchased from Carlo Erba, I ta ly .

1 ,2-D ich lorobenzene 1 ,3-D ich lorob enzene and 1 ,4 -  
Dichlorobenzene which were a n a ly t ic a l  reagent grade were purchased  
from Fluka A .G ., Sw itzerland .

The standard chem icals were checked for the p u r ity  by 
gas chrom atograph p r io r  to  use in  th e  s tu d y  and th e  s ta n d a r d  
chem icals used as primary standards in checking for th e  p u r it ie s  of 
th ese  standard chem icals were provided by EPA. The r e s u lt  o f the  
p u r it ie s  o f standard was shown in Table 3 .1  .

3 .2 .2  Organic Solvent

A ll so lv e n ts  includ in g  a b so lu te  methanol and carbon 
d is u lf id e  were a n a ly t ic a l  reagent grade and were purchased from J.T . 
Baker Chemical Company, D eventer, Holland and E. Merck, Darmstdt, 
G erm any, r e s p e c t i v e l y .  They w ere p u r i f i e d  by f r a c t i o n a l

All glasswares, including v ia l s  and serum v i a l s  were cleaned
with d e t e r g e n t , 1:1 HNOg: H2 O, water,  and r in s e d  with double
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d i s t i l l a t i o n  and the d i s t i l l a t e  was checked fo r  the p u r ity  by gas 
chromatograph p rior  to  use in the study.

Table 3 .1  The r e s u lt  o f the p u r it ie s  o f s e m iv o la t i le  standard  
chem icals used in the headspace stud y.

Name of  
compound

% p u rity  of 
chem ical from EPA

% p u rity  (+ %RSD) of  
standard compounds

Ethylbenzene 99.30 91.50 ± 0 .97
Chlorobenzene 99.90 91.13 ± 1 .20
1 ,2-D ichlorobenzene 99.17 96.34 ± 0 .43
1 , 3-D ichlorobenzene * > 99.5
1 14-D ichlorobenzene 99.98 98.37 ± 0 .38

Note * There i s  no primary standard chem ical provided by EPA
for checking the p u rity  o f standard 1 ,3 -d ich lo ro b en zen e .

3 .2 .3  Sodium S u lfa te  and Sodium C hloride

Sodium ch lo r id e  (A.R. Grade) and anhydrous sodium 
s u lf a t e  (A.R. Grade) were obtained from E. Merck, Darmstadt, Germany 
and J .T . Baker Chemical Company, D eventer, H olland, r e s p e c t iv e ly .  
They were heated in an oven at 210 °c  for  6 hours and were kept in 
d e s ic c a to r  b efore used.

3 .2 .4  Double d i s t i l l e d  Water

The double d i s t i l l e d  water used in t h is  study was 
d i s t i l l e d  by the Yamato d i s t i l l a t o r  model WA-52R (Yamato S c ie n t i f i c
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Co; Ltd. Tokyo, Japan) and i t  was checked fo r  the p u r ity  by the  
headspace technique before used in the study.

3 .3  P reparation  o f the standard S o lu tio n s

3 .3 .1  The 2000.00 ppm S in g le  Component standard S o lu tio n s  
o f  E t h y lb e n z e n e ,  C h lo r o b e n z e n e ,  1 ,2 - D i c h l o r o b e n z e n e ,  1 , 3 -  
D ichlorobenzene and 1 ,4-D ich lorobenzene in Carbon D is u l f id e .

The 2000.00 ppm s in g le  component standard stock  
s o lu t io n s  o f each se m iv o la t i le  organic compound, i . e . ,  e th y lb en zen e, 
ch loroben zen e, 1 ,2 -d ich lo rob en zen e , 1 ,3 -d ich lorob en zen e  and 1 ,4 -
d ich lorob en zen e in carbon s u lf id e  were prepared by weighing 0 .0500 g
o f each standard, d is s o lv in g  , d ilu t in g  to  th e mark w ith carbon 
d is u l f id e  in  25.00 mL volum etric f la sk  and mix thoroughly .

3 .3 .2  The standard  M ixture S o lu t io n  o f  E th y lb e n z e n e ,
C hlorobenzene, 1 ,2-D ich lorob enzene, 1 ,3-D ich lorob enzene and 1 ,4 -
D ichlorobenzene in Carbon D is u lf id e .

■ A standard mixture so lu tio n  con ta in in g  2008.00 , 
2 1 0 0 .0 0 ,  2 0 2 8 .0 0 ,  2 0 4 8 .0 0 ,  1 9 9 2 .0 0  ppm o f  e t h y l b e n z e n e ,
ch lorobenzene, 1 ,2 -d ich loro b en zen e , 1 ,3 -d ich lo rob en zen e  and 1 ,4 -
d ich lorob en zen e, r e s p e c t iv e ly , in carbon d is u l f id e  was prepared by 
d is s o lv in g  0.0502 g eth ylben zen e, 0.0525 g ch lorobenzene, 0 .0507 g
1 ,2 -d ich lo ro b en zen e , 0.0512 g 1 , 3-d ich lorob en zen e and 0 .0498  g 1 ,4 -  
dich lorobenzene with carbon d is u l f id e  and was then d ilu te d  to  the  
mark w ith  carbon d is u lf id e  in 25.00 mL volum etric  f la s k .
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3 .3 .3  The S in g le  Component standard S o lu tio n s  o f E th yl­
benzene, Chlorobenzene, 1 ,2-D ich lorobenzene 1 ,3 -D ich lorob enzene and 
1,4-D ichlorobenzene in Methanol.

The 125 ,000.00 ppm s in g le  component standard stock  
s o l u t i o n s  o f  ea c h  s e m i v o l a t i l e  o r g a n ic  com pound i n c l u d i n g  
ethylbenzene 1 chlorobenzene 1 1 ,2 -d ich lorob en zen e, 1 , 3-d ich lorob en zen e  
and 1 ,4 -d ich lorob enzene were prepared by weighing 6.2500 g o f each  
s e m iv o la t ile  standard , d is s o lv in g  and d ilu t in g  i t  w ith methanol 
to  the mark in 50.00 mL volum etric, f la s k . The o th er co n cen tra tio n s
i . e . ,  12 ,500 .00  ppm and 1 ,2 5 0 .0 0  ppm of each s e m iv o la t i le  standard  
in methanol were prepared by p ip e ttin g  1 .00 mL o f 125 ,00 0 .0 0  ppm of  
each stan d ard  s to c k  s o lu t io n  in t o  1 0 .0 0  mL and 1 0 0 .0 0  mL 
volum etric f la s k s ,  r e s p e c t iv e ly  ,and were then d ilu te d  to  the mark 
with methanol.

3 .3 .4  The standard Mixture S o lu tion  o f E th ylben zen e, 
Chlorobenzene, 1 ,2-D ich lorobenzene 1 ,3-D ich lorob enzene and 1 ,4 -  
D ichlorobenzene in Methanol.

The standard mixture so lu tio n  con ta in in g  12 ,5 00 .00  
ppm of each standard compound, i . e . ,  eth ylb en zen e, ch lorobenzene,
1 ,2 -d ich lorob en zen e, 1 , 3-d ichlorobenzene and 1 ,4 -d ich lorob en zen e in  
methanol was prepared by tra n sferr in g  1 .00 mL o f 125 ,00 0 .0 0  ppm of 
each standard stock  so lu tio n  in to  a 10.00 mL volu m etric  f la s k  and 
was d ilu te d  the mixture to  the mark w ith methanol. The 1 .00  mL of  
the 12 ,500 .00  ppm standard mixture so lu tio n  was then tra n sferred  
in to  10.00 mL volum etric f la sk  and was d ilu te d  to  the mark w ith  
m eth an ol, r e s u l t in g  th e stan d ard  m ix tu re  s o l u t i o n  w ith  f i n a l
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con cen tration  o f 1 ,2 5 0 .0 0  ppm.

3 .3 .5  The 500.00 ppb S in g le  Component standard S o lu tio n s o f 
E thylbenzene, Chlorobenzene, 1 1 2 -D ich lorob en zen e,1 1 3-D ichlorobenzene  
and 1 ,4-D ich lorobenzene in Water.

The 500.00 ppb s in g le  component standard so lu t io n s  
o f each s e m iv o la t i l e  o rg a n ic  compound in c lu d in g  e t h y lb e n z e n e ,  
chlorobenzene, 1 ,2 -d ich lo ro b en zen e , 1 ,3 -d ich lorob en zen e and 1 ,4 -  
dich lorobenzene in water were prepared by tr a n sfer r in g  20.00 pL of 
the 12 ,500 .00  ppm standard so lu t io n s  o f each s e m iv o la t i le  organic  
compound in methanol in to  500.00 mL volum etric f la s k  and was then 
d i lu t e d  to  th e  mark w ith  d ou b le  d i s t i l l e d  w a te r  and mix 
thoroughly.

3 .3 .6  The 50.00 ppb s in g le  Component standard S o lu tio n s  of 
Ethylbenzene, Chlorobenzene, 1 ,2-D ich lorob enzene, 1 ,3 -D ich lorob enzene  
and 1 ,4-D ichlorobenzene in Water.

The 50.00 ppb s in g le  component standard so lu t io n s  
o f each s e m iv o la t i l e  o r g a n ic  compound, i . e . ,  e t h y lb e n z e n e ,  
chlorobenzene, 1 ,2 -d ich lo ro b en zen e , 1 13-dich lorobenzene and 1 ,4 -  
dichlorobenzene in water were prepared by p ip e tt in g  20.00  pL of 
1 ,2 5 0 .0 0  ppm standard m ethanolic so lu tio n s  o f each s e m iv o la t i le  
o rg a n ic  compound in to  5 0 0 .0 0  mL v o lu m e tr ic  f l a s k  and was th en  
d ilu t e d  i t  to  th e mark w ith  d ou b le  d i s t i l l e d  w a te r  and mix
thoroughly.
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3 .3 .7  The 5 00 .0 0  ppb sta n d a rd  M ix tu re  S o lu t io n  o f  
Ethylbenzene, C hlorobenzene, 1 , 2 -D ich lorobenzene, 1 , 3-D ichlorobenzene  
and 1 ,4 -D ich lorob enzene in Water.

The standard m ixture so lu tio n  con ta in in g  500.00 ppb 
o f  e t h y l b e n z e n e ,  c h l o r o b e n z e n e ,  1 , 2 - d i c h l o r o b e n z e n e ,  1 , 3 -  
dichlorobenzene and 1 ,4-d ich lorobenzene in water was prepared by 
p ip e tt in g  20.00 pL o f the 12 ,5 00 .00  ppm standard so lu t io n  o f the  
m ixture in  m ethanol in to  a 5 0 0 .0 0  mL v o lu m e tr ic  f l a s k  and was 
d ilu ted  to  the mark w ith double d i s t i l l e d  water and mix thoroughly.

3 .3 .8  The 5 0 .0 0  ppb sta n d a rd  M ix tu re  S o lu t io n  o f  
E thylbenzene, Chlorobenzene, 1 )2 -D ich lorob en zen e,1 , 3-D ichlorobenzene  
and 1 ,4-D ich lorob enzene in Water.

A standard mixture so lu tio n  con ta in in g  50.00 ppb o f  
e t h y l b e n z e n e ,  c h l o r o b e n z e n e ,  1 , 2 - d i ch 10 r o b e n z e n e , 1 , 3 -  
dich lorobenzene and 1 ,4 -d ich lorob en zen e in water was prepared by 
measuring 20.00 uL o f 1 ,2 5 0 .0 0  ppm standard s o lu t io n  o f the mixture 
in methanol w ith 50.00 pL m icrosyringe and tr a n sfe r r in g  i t  in to  a 
500.00 mL volu m etric  f la s k . I t  was then d ilu ted  i t  to  the mark with  
double d i s t i l l e d  water and mix thoroughly.
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3.4 Gas Chromatographic C onditions

Table 3 .2  The gas chromatographic c o n d itio n s  used in the study of 
s in g le  component so lu t io n .

GC Parameters
Compound *

ETB CB oCB mCB pCB

A n a ly tica l Column 1 . 8 m X 3 mm ID, g la s s column packed with
8.9% FFAP on chromosorb WAW, 100/120 mesh.

Oven Temperature ( °c) 80 110 130 130 130
Flow Rate (mL/min) o f

C arrier Gas (N2 ) 40 40 40 40 40

H2 50 50 50 50 50
Air 500 500 500 500 500

D etector FID FID FID FID FID
D etector Temperature (°C) 210 210 210 210 210
In je c tio n  Temperature (°C) 210 210 210 210 210

Note * ะ
ETB = eth y lb en zen e, CB = chlorobenzene, oCB = 1 ,2 -d ich lorob en zen e , 
mCB = 1 , 3 -d ich lo ro b en zen e , pCB = 1 ,4 -d ich lo rob en zen e
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Table 3 .3  The gas chromatographic con d itio n  used in the study of 
standard m ixture so lu t io n .

GC Parameters GC C ondition

A n a ly tica l Column 1 .8  m X 3 mm ID, g la s s  column packed
with 8 .9  % FFAP on chromosorb WAK, 
100/120 mesh.

Oven Temperature ( °C) 80 ๐c for 9 min. , then to  110 ๐c at
30 ๐c/min and hold for 8 min.

Flow Rate (mL/min) o f
C arrier Gas (N2 ) 40

H2 50
Air 500

D etector FID
D etector temperature ( ๐c) 210
In je c t io n  Temperature ( °c) 210
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3 .5  The Study o f the Various Parameters on the S e n s i t iv i ty  of 
Headspace Technique.

The v a r i o u s  p a r a m e te r s  w h ich  have th e  e f f e c t  on th e  
s e n s i t iv i t y  o f the headspace technique includ ing  the eq u ilib r a tio n  
tim e, tem perature, phase r a t io , in je c tio n  volume and s a lt in g  out 
were stu d ied  in order to  be ab le to  determine the optimum headspace 
a n a ly s is  con d itio n  and th erefo re  the procedures fo r  the s tu d ie s  
were d escrib ed  as fo llo w s ะ

3 .5 .1  E q u ilib ra tion  Time

1. p ip et 25.00 mL o f the 500.00 ppb standard s in g le  
component in aqueous so lu tio n  in to  a s e r ie s  o f 60 mL serum v ia l s .

2 . C lose  each v i a l  w ith  aluminum f o i l ,  b la c k  
rubber septum and aluminum cap se q u e n tia lly , and then t ig h t ly  
crimp i t  w ith Manual Hand Operated Crimper .

3. P lace  th e  se a le d  serum v i a l  in  a c o n s ta n t  
tem perature water bath which the temperature i s  s e t  a t 40 .0  °c for  
0, 3, 5, 10, 20, 30, 60, 120, 180 minutes.

4 . Each serum v i a l  i s  taken  from th e  c o n s ta n t  
tem perature water bath when i t  reaches the time as s e t  in 3 and i t  
i s  shaken v ig o ro u s ly  for about 1 minute .

5. Withdraw 1.00 mL of vapor phase from the sample 
v ia l  w ith a 2 .00  mL Pressure-Lok s e r ie s  A2 g a s - t ig h t  syrin ge and i s  
then  in j e c t e d  in to  gas chrom atograph under th e  GC c o n d it io n  as  
d escr ib ed  in Table 3 .2  .

6. P lo t  peak area  o f each s t u d ie d  compound (Ag)
a g a in st time (m in).
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3 .5 .2  Temperature

The procedure for the study of the e f f e c t  o f the  
tem perature i . e . ,  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 headspace technique was described  as the fo llow :

1. P ipet 25.00 mL of 500.00 ppb standard s in g le  
component in aqueous so lu tio n  in to  a s e r ie s  of 60 mL serum v ia l s .

2. Close each v ia l  with aluminum f o i l ,  black rubber 
septum and aluminum cap se q u e n tia lly , and then t ig h t ly  crimp i t  with  
Manual Hand Operated Crimper.

3. Place them in a con stan t tem perature water bath  
which i s  s e t  a t various tem perature, i . e . ,  30.0°,  40.0°,  50.0°,  
60.0°,  and 70.0 °c and leave them to stand in the water bath u n t i l  
they reach an eq u ilib r a tio n  time as found in the se c t io n  3.5 .1  .

4. Each serum v ia l  i s  taken out from the con stan t 
tem p eratu re w ater bath and i t  i s  sh ak en  v ig o r o u s ly  fo r  a b ou t 1 
m inute.

5. Withdraw 1.00 mL o f vapor phase from each serum 
v ia l  w ith a 2 .00  mL Pressure-Lok s e r ie s  A2 g a s - t ig h t  syrin ge and i s  
in je c te d  in to  gas chromatograph under th e GC con d itio n  as d escribed  
in Table 3 .2  .

6. C a lc u la te  th e  s e n s i t i v i t y  (ร ) o f  i n t e r e s t e d  
component by d iv id in g  the peak area o f th e in te r e s te d  component by 
i t s  i n i t i a l  con cen tration  in aqueous phase (C°^).

7 . D e te r m in e  t h e  c o n c e n t r a t i o n  o f  i n t e r e s t e d  
component in  vapor phase (Cg) by means o f  e x t e r n a l  
s t a n d a r d i z a t i o n  m eth od , th e n  c a l c u l a t e  th e  d i s t r i b u t i o n  
c o e f f ic ie n t  o f each in te r e s te d  component (K).
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8. P lo t the s e n s i t iv i t y  (ร) and the d is tr ib u t io n  
c o e f f ic ie n t  (K) a ga in st the temperature ( °C).

The optimum temperature of each se m iv o la t i le  organic  
compound found in th is  sec tio n  would be used in the next stud y.

3 .5 .3  Liquid to  Gas Phase Ratio

The liq u id  to  gas phase r a t io s ,  i . e . ,  5 :55 , 10:50,
15:45, 25:35, 35:25, 50:10 o f eâch s e m iv o la t ile  organic compound
were stud ied  in order to  be ab le to  determine the optimum phase 
r a t io . The procedure for th is  study was d escribed  as fo llo w s:

1. P ipet 5 .0 0 , 1 0 .00 , 1 5 .00 , 2 5 .0 0 , 3 5 .0 0 , 50 .00  mL 
of 500.00 ppb standard s in g le  component in aqueous so lu t io n  in to  a 
s e r ie s  of 60 mL serum v ia l s .

2. C lose each v i a l  w ith  aluminum f o i l ,  b la c k  
rubber septum and aluminum cap se q u e n t ia lly , and then t ig h t ly  
crimp i t  w ith Manual Hand Operated Crimper.

3. Place them in to  a con stan t tem perature water 
bath which the temperature i s  s e t  at the optimum tem perature as 
found in se c tio n  3 .5 .2 .

4. Each serum v ia l  i s  taken out from the water bath  
when i t  reaches the e q u ilib r a tio n  time and i t  i s  shaken v ig o ro u s ly  
for  about 1 minute .

5. Withdraw 1 .00  mL vapor phase from th e sample 
v ia l  with a 2 .00  mL Pressure-Lok s e r ie s  A2 g a s - t ig h t  sy r in g e  and i s  
in je c te d  in to  gas chromatograph under the GC co n d itio n  as d escrib ed
in Table 3 .2  .
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6. C a lc u la te  th e  s e n s i t i v i t y  (ร ) o f  i n t e r e s t e d  
component by d iv id in g  the peak area of the in te r e s te d  component by 
i t s  i n i t i a l  concentration  in aqueous phase (C0 ^).

7. Determ ine th e c o n c e n tr a t io n  o f  i n t e r e s t e d  
component in vapor phase (Cg) by means o f ex tern a l sta n d a rd iza tio n  
method, then c a lc u la te  the d i s t r ib u t io n  c o e f f i c i e n t  o f  each  
in te r e s te d  component (R).

8. ' P lot the d is tr ib u tio n  c o e f f ic ie n t  (K) and the  
s e n s i t iv i t y  (ร) against the phase ra tio  (V^/Vg).

The optimum liq u id  to gas phase r a t io  o f each 
s e m iv o la t ile  compound found in th is  study would be used in  th e next 
study.

3 .5 .4  In jec tio n  Volume

The in je c t io n  volumes o f h ea d sp a ce  g as fo r  each  
se m iv o la t i le  organic compound i . e . ,  0 .5 0 , 1 .0 0 , 1 .5 0 , 2 .00  mL were 
s tu d ie d  in  order to  be a b le  to  d eterm in e  th e  optimum i n j e c t i o n  
volume. The procedure for the study of the in je c t io n  volume was 
described  as fo llo w s ะ

1. P ipet 25.00 mL of 500.00 ppb standard s in g le  
component in aqueous so lu tio n  in to  a s e r ie s  o f 60 mL serum 
v ia l s .

2. C lose each v ia l  w ith  aluminum f o i l ,  b la c k  
rubber septum and aluminum cap se q u e n t ia lly , and then t ig h t ly  
crimp i t  v ia l  with Manual Hand Operated Crimper .

3. Place them in to  a constant tem perature water bath  
which the temperature i s  s e t  a t the optimum tem perature as found in

I 'ท ^  CCI c\ b i
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se c tio n  3 .5 .2 .
4. Each serum v ia l  i s  taken out from the con stan t 

temperature water bath when i t  reaches the e q u ilib r a tio n  tim e and 
i t  i s  shaken v ig o ro u sly  for about 1 minute .

5. Withdraw 0 .5 0 , 1 .0 0 , 1.50 and 2.00 mL o f vapor 
phases from each v ia l ,  r e sp e c t iv e ly , with a 2 .00 mL Pressure-Lok  
s e r ie s  A2 g a s - t ig h t  syringe and i s  then in je c te d  i t  in to  the gas 
chromatograph under the GC con d ition  as described in Table 3 .2 .

6. C alcu late 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 by d iv id in g  the peak area o f each compound by i t s  
i n i t i a l  con cen tration  in aqueous phase (C°^) and then p lo t  the  
s e n s i t i v i t y  o f each s e m iv o la t i le  o r g a n ic  compound a g a in s t  th e  
in je c t io n  volume.

The optimum in je c t io n  volume o f each se m iv o la t i le  
organic compound found in th is  sec tio n  would be used in th e next 
study.

3 .5 .5  S a ltin g  Out E ffe c t

The e q u ilib r a tio n  tim e, tem perature, l iq u id  to  gas 
phase r a t io ,  and in j e c t io n  volume o f  each  s e m i v o l a t i l e  o r g a n ic  
compound were stu d ied  and were evaluated . T herefore, they would be 
used in the study of the e f f e c t  o f adding s a l t  on th e percent 
recovery o f headspace techn ique. The study of the s a lt in g  out e f f e c t  
was carr ied  out w ith 50.00 ppb and 500.00 ppb standard mixture 
so lu t io n s  and each study was co n sis te d  o f th ree system s ะ-
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1. no add ition  o f s a l t  (not s a lt in g  out)
2. 10.00 g o f sodium chloride
3. 10.00 g of anhydrous sodium s u lf a t e  

The procedure for th is  study was described as fo llow  ะ

1. Weigh 10.00 g o f sodium ch lo rid e  and 10.00 g of 
anhydrous sodium su lfa te  in a s e r ie s  o f 60 mL serum v ia l s

2. T ransfer 2 5 .0 0  mL o f th e  sta n d a rd  m ix tu r e  in  
aqueous so lu tio n  in to  three 60 mL serum v ia ls  con ta in in g  no s a l t ,  
10.00 g o f sodium ch lorid e and 10.00 g o f anhydrous sodium s u lf a t e  .

3. C lose each v ia l  w ith  aluminum f o i l ,  b la c k  
rubber septum and aluminum cap se q u e n tia lly , and then t ig h t ly  
crimp i t  with Manual Hand Operated Crimper .

4. Place them in to  a constant temperature water bath  
which the temperature i s  s e t  at 45.0 °c for 30 min and each v ia l  i s  
o cc a s io n a lly  shaken v igorou sly  during the eq u ilib r a tio n  a t 45‘^° c.

5. Withdraw 2.00 mL of vapor phase from the serum 
v ia l  by using a 2 .00  mL Pressure-Lok s e r ie s  A2 g a s - t ig h t  sy r in g e  and 
i s  then in je c te d  in to  the gas chromatograph under GC con d itio n  as 
d escrib ed  in Table 3 .2 .

6. Determ ine the c o n c e n tr a tio n  o f  th e  i n t e r e s t e d  
component in gas phase (Ctf) by means o f extern al sta n d ard iza tio n  
method, then ca lcu la ted  d is tr ib u tio n  c o e f f ic ie n t  (K) and %E o f each 
component.

7. Compare the p ercen t r e c o v e r ie s  (%E) o f  each  
in t e r e s t e d  compound a g a in s t  th e  th r e e  sy s te m s s t u d ie d  i . e . ,  
n o n sa ltin g  o u t, 10.00 g of anhydrous sodium s a lf a t e  s a lt ,a n d  10.00 g
of sodium chloride.
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3 .6  Q u an tita tive  Headspace A nalysis ( 22,65)

Any tr a d it io n a l q u a n tita tiv e  gas chromatographic techn iques  
can be used to  determ ine th e i n i t i a l  c o n c e n tr a t io n  (C0 ^) o f  a 
substance in so lu tio n  from i t s  concentration  in the gas phase. The 
methods o f standard  a d d it io n  and e x t e r n a l  s t a n d a r d iz a t io n  were 
chosen as the q u a n tita tiv e  methods for the determ ination  o f the 
i n i t i a l  c o n c e n tr a tio n  of each s e m i v o la t i l e  o rg a n ic , compound in  
unknown aqueous so lu tio n s . The p r in c ip le  of th ese  two q u a n tita tiv e  
methods i s  d escribed  in the fo llow in g  c la u ses .

3 .6 .1  The External standardization  Method (22)

Tne q u a n t i t a t i v e  a n a l y s i s  in  th e  h e a d s p a c e  
technique can be carried  out in two d iffe r e n t methods:

3 .6 .1 .1  When the D istr ib u tio n  C o e ff ic ie n t , K, of 
the In terested  Compounds Is  Known.

The i n i t i a l  concentration  o f each in te r e s te d  
compound in  aqueous s o lu t io n ,  c°-p  can be d e term in ed  by u s in g  
Equation 2 .1 6 . S ince the volume of the l iq u id  phase, the volume 
Vg o f th e  gas p h ase , the d i s t r ib u t io n  c o e f f i c i e n t ,  K, o f  th e  
in te r e s te d  compound i s  known and the equilibrium  con cen tration  of 
each in te r e s te d  compound , Cg, in the e q u ilib ra ted  unknown sample 
can be determ ined by means o f extern al stan d a rd iza tio n  method as 
d escrib ed  in se c t io n  3 .7 ; hence, by su b st itu tio n  the value o f Cg, K, 
Vg, and in to  Equation 2 .1 6 , the i n i t i a l  con cen tration  o f the  
in te r e s te d  compound, c°-p in  the aqueous so lu tio n  can be e a s i ly
c a lc u la te d .
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(2 .1 6 )

3 .6 .1 .2  When the D istr ib u tio n  C o e f f ic ie n t , K, of
the In terested  Compounds Is  Not known.

A variou s con cen tration s o f standard mixture
o f in t e r e s t e d  com ponents in aqueous s o lu t i o n  a re  p re p a r e d  for. 
co n stru ctin g  the standard c a lib r a tio n  curves o f each in te r e s te d  
compound. These standard m ixtures' in aqueous so lu tio n  are analyzed  
by the headspace technique under the id e n t ic a l  headspace a n a ly t ic a l  
con d itio n  and GC con d ition  as the analyzed sample. Then the peak 
area o f each standard component obtained from the chromatogram 
( Ag s |. ) i s  p lo tte d  a g a in st the i n i t i a l  con cen tration  o f the  
standard ( C°JL s t  ) . The curve should be l in e a r  for a p a r tic u la r
system . The s lo p e  (m) and y -in te r c e p t (b) can be c a lc u la te d  by the  
l in e a r  le a s t  square method from a lin e a r  equation

The exact volume of the vapor phase from the e q u ilib r a te d  unknown 
sample i s  then chromatographed. F in a lly , the i n i t i a l  con cen tra tion  
of the in te r e s te d  compound i in the aqueous so lu tio n  ( c ° j i )  can be 
determ ined by s u b s t itu t io n  the peak area Ag^ o f the in te r e s te d  
component in to  the equation (3 .3 ) .

(3 .3 )
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3 .6 .2  The Method of standard A ddition (65)

The standard a d d ition  method should be used when i t
i s  im possib le to  suppress in ter feren ces  from m atrix e lem en ts. To 
q uantify  the unknown headspace sample with th is  method, two serum 
v ia l s  con ta in in g  the same volume of the id e n t ic a l  analyzed sample 
are p repared . A sm all amount o f  a n a ly te  s o l u t i o n  o f  known 
con cen tration  i s  spiked in to  one o f the two serum v i a l s ,  then the  
headspace a n a ly s is  are made on the unspiked sample and th e spiked  
sam ple u sin g  th e  same headspace a n a ly s i s  c o n d i t i o n ,  in s tr u m e n t  
param eters, and procedure. I f  a gas chromatographic resp o n se, Ag, 
i s  obtained from a sample so lu tio n  of unknown i n i t i a l  co n cen tra tio n , 
C0 ^, and a gas chrom atographic r e sp o n s e  Ag+S£ from th e  sam p le
so lu tio n  to  which a known con cen tra tion , CS£, o f a n a ly te  has been 
added, then c°^ can be c a lcu la ted  from the fo llo w in g  r e la t io n

one o ther standard a d d itio n . A ddition o f an alyte  equal to  tw ice  and 
o n e-h a lf the amount o f an a ly te  in the o r ig in a l sample are optimum 
s t a t i s t i c a l l y .  A ll so lu tio n  should be d ilu ted  to  the same f in a l  
volume so any in te r fe r e n c e  in  th e  sam ple m a tr ix  w i l l  h ave an

(3 .7 )
Ag+st

I t  i s  always a d v isab le  to  check the r e s u lt  w ith  a t le a s t

id e n t ic a l  e f f e c t  on each so lu t io n .
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3. 7 The D eterm ination  o f E q u ilib r iu m  C o n c e n tr a t io n  o f  th e  
In terested  Compound in Gas Phase .

In order to  determine the equilibrium  con cen tration  o f the  
in te r e s te d  components in vapor phase (Cg ^ ), the c a lib r a tio n  curve 
of each in te r e s te d  component must be con stru cted . Thus, a s e r ie s  o f  
standard so lu tio n s  con ta in ing  the known weight o f the components in 
carbon d i s u l f i d e  were prepared and chrom atograp hed  u nd er th e  
id e n t ic a l  GC con dition  as the analyzed sample. Then the peak area  
of each standard component obtained from the chromatogram ( Ag>s£ ) 
was p lo tte d  a g a in st the weight o f the standard component ( wg , s t  ) • 
The curve should be lin e a r  for a p a r ticu la r  system . The s lo p e
(m) and y - in te r c e p t  (b) can be ca lcu la ted  by the lin e a r  l e a s t  square
method from a lin e a r  equation

Ag ,s t  = 1,1 Wg ,s t  + ๖ (3<1)

The exact volume o f the vapor phase from the e q u ilib ra ted  headspace
sample (v g) was then chromatographed. The computation o f w eight o f 
th e in t e r e s t e d  component i  in  gas p h ase  ( wg ?j )  can be com pared  
g ra p h ica lly  to  the con stru cted  c a lib r a tio n  curve o f th a t in te r e s te d  
component or c a lc u la te d  by s u b s t i t u t i o n  th e  peak a r e a  o f  th e  
in t e r e s t e d  component i (Ag ^) in to  E q u a tio n  ( 3 . 1 ) ;  an d , th e  
equ ilibrium  con cen tration  o f the in te r e s te d  component i in  vapor 
phase can be c a lc u la te d  by d iv id in g  th e  w e ig h t  o f  i n t e r e s t e d  
compound (Wg ^) by th e in j e c t io n  volum e o f  vap or p h a se  (V g ) ,  
th ere fo re  ะ

c g»i
vg

(3 .2 )
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component i in gas phase.
Vg =  I n j e c t i o n  v o l u m e  o f  g a s  p h a s e .

The c a lib r a t io n  curves o f each standard compound in clu d in g  
e t h y l b e n z e n e ,  c h lo r o b e n z e n e ,  1 , 2 - d i c h 10 r o b e n Z e n e , 1 , 3 -
d ichlorobenzene and 1 ,4 -d ich lorob en zen e  in ca rb o n d isu lfid e  used in 
the determ ination  o f the weight o f the in te r e s te d  component were 
shown in F igures 3 .1 , 3 .2 , 3 .3 , 3 .4 , and 3 .5 , r e s p e c t iv e ly .

where ^g,i  = Equilibrium concentration of the interested

Figure 3.1 The c a l ib r a t io n  curve of  e th y lb e n z e n e  in carbon
d isu l f id e .
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F igu re 3 .2  The c a l ib r a t io n  cu rv e  o f  c h lo r o b e n z e n e  in  carbon  
d is u l f i d e .
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Figure 3.3 The c a l i b r a t io n  curve of  1 , 2 - d i c h l o r o b e n z e n e  in
carbon d i su l f id e .
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To e v a lu a te  th e  accuracy o f t h i s  t e c h n iq u e , th e  s y n t h e t i c  
unknown m ix tu r e  s o l u t i o n  in  m e th a n o l w ere p r e p a r e d .  The 
con cen tration  of each se m iv o la t ile  organic compound in the sy n th e tic  
unknown s o l u t i o n  was d e te r m in e d  by means o f  th e  e x t e r n a l  
stan d a rd iza tio n  method as described  in sec tio n  3 .6 .1 .2  and standard  
a d d it io n  method under the optimum h ea d sp a ce  a n a ly s i s  c o n d i t io n  
found in the previous stud ied  These two procedures were d escrib ed  
as fo llow  :

3 .8 .1  The Q u a n tita t iv e  H eadspace A n a ly s is  by E x te r n a l  
Stan dardization  Method

1. P ipet 20.00 p L  o f the sy n th e tic  unknown so lu t io n  
in  methanol in to  a 500.00 mL volum etric f la s k , and i s  then d ilu te d  
to  the mark with double d i s t i l l e d  water and mix i t  w e ll.

2. P ip e t 2 5 .0 0  mL o f th e  unknown in  aq u eou s  
so lu tio n  in to  a 60 mL serum v ia l ,  con ta in ing  10.00 g o f anhydrous 
N ท2 SO^•

3. C lose the v ia l  with aluminum f o i l ,  black
rubber septum and aluminum cap se q u e n t ia lly , and then t ig h t ly  crimp 
the serum v ia l  with Manual Hand Operated Crimper .

4. P lace i t  in to  a con stan t temperature water bath  
which the temperature i s  s e t  a t 45.0 °c  for 30 min and a v ia l  i s  
shaken v ig o ro u sly  in occasion  during the e q u ilib r a tio n  a t 45.0 °c.

5. Withdraw 2 .00  mL of vapor phase from the serum 
v ia l  by u sin g  a 2 .00 mL Pressure-Lok s e r ie s  A2 g a s - t ig h t  sy r in g e  and

3.8 The Procedure for Checking the Accuracy of Headspace Analysis

Technique
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i s  then in je c te d  in to  gas chromatograph under the GC con d itio n  as 
d escribed  in Table 3 .3  .

6. Determ ine the i n i t i a l  c o n c e n t r a t io n  o f  each  
se m iv o la t i le  organic compound in aqueous so lu tio n  (C°^) from the 
a b so lu te  c a lib r a tio n  curves as shown in Figures 3 .6 -3 .1 0 .

3 .8 .2  The Q u a n tita tiv e  H eadspace A n a ly s is  by s ta n d a r d  
A ddition Method

To q u a n t i f y  th e  co m p o n en ts  in  th e  s y n t h e t i c  
unknown sample with standard ad d ition  method, two serum v ia l s  are 
needed to  prepare the fo llow in g  samples

1. unspiked sample,
2. spiked sample.

The procedure o f preparing the above samples and q u a n tify in g  the  
in te r e s te d  components was d escribed  as the fo llo w  :

1. P ip e t 2 0 .0 0  o f th e  s y n t h e t i c  unknown 
so lu t io n  in methanol in to  a 500.00 mL volum etric f la s k . D ilu te  to  
the mark with double d i s t i l l e d  water and mix them w e ll.

2. Add 10.00 g o f anhydrous sodium s u lf a t e  and 
25.00  mL o f the sy n th e tic  unknown in  aqeous so lu tio n  se q u e n t ia lly  in  
each v ia l  and sp ik e known amount o f standard mixture so lu tio n  in  
methanol in to  the spiked sample v ia l .

3 Close the v ia l s  with aluminum f o i l s ,  b lack  
rubber sep ta  and aluminum caps se q u e n t ia lly , and then t ig h t ly  crimp 
the serum v ia l s  w ith Manual Hand Operated Crimper.

4. Place them in to  a con stan t tem perature water 
bath which the temperature i s  s e t  a t 45.0 °c fo r  30 min and each
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5. Withdraw 2.00 mL of gas phase from the serum 
v ia l  by using a 2 .00  mL Pressure-Lok s e r ie s  2A g a s - t ig h t  syrin ge and 
i s  then in je c te d  in to  gas chromatograph under the GC con d itio n  as 
d escribed  in Table 3 .3  .

6. D eterm ine th e i n i t i a l  c o n c e n t r a t io n  o f  th e  
in te r e s te d  component i ,  c ° 2  in the unknown aqueous so lu tio n  by 
standard ad d ition  method.

vial is shaken vigorously in occasion during the equilibration at

45.0°c.

Figure 3.6 The absolute calibration curve of ethylbenzene in

aqueous so lu tio n .
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Figure 3 .7  The a b so lu te  c a lib r a t io n  curve o f chlorobenzene  
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Figure 3.8 The absolute calibration curve of 1,3-dichlorobenzene
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Figure 3 .9  The absolute c a lib r a t io n  curve o f 1 ,4 -d ich lorob en zen e  
in aqueous so lu t io n .
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