
CHAPTER 1

INTRODUCTION

E th ylb en zen e and c h lo r in a te d  a ro m a tic  h y d ro ca rb o n s  are  
produced a n n u a lly  by ch em ica l com p an ies in  U .S .A . ( 1 ,  2 ) .  
Ethylbenzene i s  used as a so lv en t or d ilu en t in the p a in t in d u stry , 
a g r icu ltu r a l sprays for in s e c t ic id e  and as a component o f autom otive 
and a v ia tio n  g a so lin e . I t  may be introduced in to  an environment by 
the v ap oriza tio n  during so lv en t used, p y r o ly s is  o f g a so lin e  and 
em itted  vapors a t f i l l i n g  s ta t io n s  (1 ). For monochlorobenzene and 
d ich lorob en zen es, they are used as a p rocess so lv e n t and as a raw 
m a teria ls  or in term ed iates in the manufactures o f o th er chem ical 
p r o d u c t s  su ch  a s  p e s t i c i d e s ,  p h e n o ls ,  d y e s t u f f s ,  e t c .  The 
discharged  stream s from th ose manufactures are the source o f 
the e n try  o f th e se  o rg a n ic s  in to  e n v iro n m en t ( 1 ) .  The 
c h lo r in a te d  arom atic compounds are r e l a t i v e l y  u n r e a c t iv e  and 
b io lo g ic a l ly  non-degradable, th ese  to x ic  compounds may remain in 
the environment for weeks or months and may be bioaccum ulated in  
f i s h  and animal ( 2 ). Furthermore, they may m igrate in a ero so l 
or vapor phase over extended d ista n ces  and may be d ep o sited  by 
natural p ro cesses as rain  or gra v ity  ( 2  ) .

To co n tro l th is  type o f p o llu t io n , i t  i s  important to  have 
the a b i l i t y  to  id e n t ify  and quantify  th ese  tra ce  organic compounds 
in w ater. There are variou s methods used fo r  m onitoring the tra ce  
organic p r io r ity  p o llu ta n ts  in water and waste water e . g . ,
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d ir e c t  aqueous in j e c t io n  ( 3 ) ,  s o lv e n t  e x t r a c t i o n  ( 4 - 7 )  , steam  
d i s t i l l a t i o n  (8 -9 ) , adsorption  technique (1 0 -1 4 ), purge and 
trap ( 15-20 ) , headspace technique (21-29 ) , e t c .  Each 
method has advantages and d isadvantages which r e la te  to  
equipm ent n eed s, d e s ir e d  l i m i t s ,  sam ple m a tr ix  and a n a l y s i s  
speed. The two methods th a t the United S ta te s  Environmental 
P rotectio n  Agency (EPA) recommended fo r  the determ ination  o f  
tra ce  v o la t i le  and se m iv o la tile  organic p r io r ity  p o llu ta n ts  in 
water were purge and trap (1 6 -1 7 ,3 0) and l iq u id  -  l iq u id  
ex tra c tio n  (3 0 -3 2 ). However, at such the low con cen tra tion  
l e v e l  o f ppb or ppm, th ese  two methods required the sample 
preparation  includ in g  is o la t io n  and p re-con cen tration  which must 
be performed p rior  to  the a n a ly s is  to  ach ieve the d esired  
s e n s i t iv i t y  (3 2 -3 4 ). This p re-con cen tration  step  can cause se r io u s  
problems drawback to  the q u a lita t iv e  and q u a n tita tiv e  a n a ly se s ,  
e . g . ,  the lo s s  o f the organic c o n s t itu e n ts , the enrichment o f the  
o r ig in a l  im p u r it ie s  in  w ater and s o l v e n t ,  th e  i n t e r f e r e n c e  o f  
im p u rities  in the str ip p in g  gas, the larg e  amount o f water p assin g  
the absorbent, time consumption, e tc .  (3 2 -3 5 ).

The headspace a n a ly s is  techn ique, th e re fo r e , seems to  be an 
a t t r a c t iv e  a l t e r n a t iv e  fo r  q u a n t i t a t i v e  a n a ly s i s  o f  o r g a n ic  
su b sta n c es  in  w ater due to  i t  i s  a s im p le ,  r a p id , s e n s i t i v e ,  
r e l ia b le  method and required no p re-con cen tra tion  step  (3 5 -3 8 ). The 
advantages o f th is  technique can be summarized as fo llo w  ะ

1. Headspace i s  a convenient way to  i s o la t e  and con cen tra te  
many v o l a t i l e  and s e m i v o l a t i l e  o r g a n ic  com pounds f o r  g a s
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chromatographic a n a ly s is . The sample does not have to  be vaporized  
for  the gas chromatographic a n a ly s is  due to  low co n cen tra tion s o f 
the components already e x is t  in the vapor phase.

2. No overloading or contam ination of the column w ith high  
b o ilin g  or n o n -v o la t ile  m aterial occurs.

3. There i s  a lso  no p re-con cen tration  step  required for the  
determ ination of tra ce  organic .compounds in water. Minimum d e te c tio n  
l im it s  are freq u en tly  in the mid-ppb con cen tration  u sin g  a flame 
io n iz a tio n  d etec to r .

4. I t  i s  an economic method.

In order to  develop the headspace a n a ly s is  techn ique for  
the determ ination of some s e m iv o la t ile  organ ics i . e . ,  e th y lb en zen e, 
chlorobenzene , 1 ,2-dichlorobenzene , 1 ,3-d ichlorobenzene , and 1 ,4 -  
d ich lo ro b en zen e  in  w ater , v a r io u s  p a ra m eters  w hich  a f f e c t  th e  
s e n s i t i v i t y  would be s tu d ie d  and e v a lu a te d  fo r  th e  optimum  
con d ition  o f the headspace a n a ly sis .T h e  parameters stu d ied  were:

1. The eq u ilib r a tio n  tim es o f the sample i . e . ,  0, 3, 5,
1 0 , . . . . ,  e tc . m inutes.

2. The temperature for e q u ilib r a tin g  sample i . e . ,  30.0°,  
40.0°,  50.0°,  60.0° and 70.0° c.

3. The liq u id  to  gas phase r a t io s  i . e . ,  5 :5 5 , 10:50, 
15:45, 25:35, 35:25, and 50:10 .

4. The headspace gas in je c t io n  volumes i . e . ,  0 .5 0 , 1 .0 0 ,
1 .5 0 ,  2 .0 0  mL.
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5. The s a lt in g  out e f f e c t  with sodium ch lo r id e  and sodium
s u lf a t e .

In a d d ition  the accuracy and p rec is io n  o f t h is  technique  
were a lso  stu d ied  and evaluated  p rior tc use i t  in the a n a ly s is  o f  
th ese  compounds in the rea l water samples. The gas chromatograph 
equipped with a flame io n iz a tio n  d etecto r  (FID) was used fo r  the  
study.

HISTORICAL

E th y lb en zen e, ch lo ro b en zen e , 1 , 2 -d ic h lo r o b e n z e n e  , 

1 ,3 -d ic h lo r o b e n z e n e  and 1 ,4 -d ic h lo r o b e n z e n e  a re  a group o f  
s e m iv o la t ile  organic compounds th at has been c la s s i f i e d  as 
p r io r ity  p o llu ta n ts  by EPA (3 0 ). The inform ation on th e ir  
t o x i c i t i e s  and m etabolic s tu d ie s  have been documented (1 , 3 9 -4 0 ). 
The human exposure to  dichlorobenzene i s  reported  to  cause  
hem olytic anemia and l iv e r  n ecro s is  (1 ) . In a d d it io n , the
d ichlorobenzenes are to x ic  to  nonhuman mammals, b ir d s , and aq u atic  
organisms and impart an o f fe n s iv e  ta s te  or odor to  the water (3 9 ). 
For e th y lb e n z e n e , th e  major e f f e c t s  f o l lo w in g  a c u te  and 
chronic exposure includ e l iv e r  and kidney p a th o lo g ie s  and 
n ervou s system  d iso r d e r s  (3 9 ) .  I t  has a ls o  been  c l a s s i f i e d  
chlorobenzene in  EPA’s Group as a p o ss ib le  carcinogen due to  
i t  has been shown to  cause mutagenic e f f e c t s  in  h igher  
p la n ts  and c e r ta in  microorganisms (3 9 ). Hence, the con cen tra tion  
o f ethylbenzene in  water recommended by EPA should not exceed 1 .4  

p g / L  and th e  c o n c e n t r a t i o n  o f  m o n o c h lo r o b e n z e n e  and  
d ich lorob en zen es in water should not exceed 500 p g / L  (1 ) .
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The headspace technique used in the a n a ly t ic a l  work was 
accom plished more than 2 0  years ago and the f i r s t  a p p lica tio n  o f the 
headspace a n a ly s is  for the q u a n tita tiv e  determ ination o f organic  
su bstan ces was the in v e s t ig a t io n  on the enzymatic generation  o f the 
v o l a t i l e  components o f rasp b erries (2 2 ,2 4 ).

M cA u liffe  (25 ) d e sc r ib e d  th e  b a s ic  fu n d am en ta l o f  th e  
a n a ly s is  o f v o l a t i l e  o rg a n ic  com ponents in  w ater  w ith  unknown 
p a r t it io n  c o e f f ic ie n t s  by m u ltip le  gas ex tra c tio n .T h is  a n a ly s is  was 
based on su c c e ss iv e  gas chromatographic an alyses a f te r  repeated  
e q u ilib r a t io n  of helium with aqueous sample con ta in in g  d isso lv e d  
hydrocarbon. The method gave q u a lita t iv e  separation  of hydrocarbon 
from h ig h ly  w a ter -so lu b le  organic compounds. The r e s u lt s  were shown 
th a t normal a lkanes were p a r titio n ed  in to  the gas phase higher  
than 96% owing to  th e ir  low s o lu b i l i t y  in  water, the cyc loa lk an es  
p a r t i t io n e d  l e s s  in to  th e gas p h ase  th an  do a lk a n e s ,  and th e  
arom atic hydrocarbons which were r e la t iv e ly  high s o l u b i l i t i e s  in  
water w ith r e la t iv e  to  th e ir  vapor p ressu res, remained p r in c ip a lly  
in  th e  w ater phase when eq u al vo lu m es o f  w ater  and g as were 
e q u ilib r a te d .

The f i r s t  su c c e ss fu l a p p lica tio n  o f headspace a n a ly s is  to  
the d eterm ination  o f a lco h o l content in blood was d escribed  by Curry 
and co-worker (2 6 ). A 2 mL o f blood sample was eq u ilib r a te d  and the 
e q u ilib r iu m  gas phase o f  e th a n o l was a n a ly z e d . T h is  s u c c e s s  
con trib u ted  to  the widening acceptance o f th is  method and promoted 
the development c f  the appropriate instrum entation  ( 2 2 ).

Hanna and Marek ( 27 ) r e p o r te d  on th e  a n a l y s i s  o f

ห อ แ ม ค ก ล าง  ส ฉ า บ น !« ข บ J■ ทา; I
:  Cบ ุน าลงทนนมห  ท ท ย าล น
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to lu en e , benzene, ethylbenzene and tr ich lo r o e th y len e  in blood using  
headspace gas chrom atography. One g o f s o ld  N aC l, 2 .00  mL o f  
in tern a l standard and 1.00 mL o f blood were shaken in a c lo se  
v e s s e l  w ith rubber membrane and cap for 30 min a t 70°c and 1.00 mL 
o f the headspace gas was analyzed by GC/FID. The r e s u lt s  were shown 
th at the method had a r e la t iv e  standard d ev ia tio n s  o f 5 -  9 % and i t  
was s u i t a b le  fo r  use in  a s s e s s in g  i n d u s t r i a l  e x p o su r e  or a c u te  
a cc id en ta l or su ic id a l in to x ic a tio n .

Drozd and Novak ( 35 ) conducted a comparison of headspace 
a n a ly s is , l iq u id - l iq u id  ex tra c tio n  and purge and trap . The r e s u lt s  
from the study were a lso  d iscu ssed .

D ietz  and S in g ley  (38) compared the headspace method to  the  
purge and trap method for determ ination  o f ch lo r in a ted  hydrocarbons 
in drinking w ater, w ell w ater, in d u str ia l water and lake w ater. The 
chromatograms obtained from the purge and trap method were o f much 
poorer q u a lity  than th ose observed using the headspace technique  
e . g . ,  peak t a i l in g  and d etec to r  base l in e  n o is e . With headspace 
techn iq ue, 25 samples per day could be r o u tin e ly  analyzed, w hile  
only 8 - 1 2  samples per day could be analyzed w ith the purge and 
trap . In a d d itio n , for samples th at contain  high le v e ls  o f v o l a t i l e  
o rg a n ics , the purge and trap system could e x h ib it  the ca rr ied  over 
e f f e c t .  T herefore, the headspace method was p referab le  to  purge and 
t r a p  t e c h n iq u e  f o r  r o u t i n e  sa m p le  a n a l y s e s  o f  v o l a t i l e  
hydrocarbons.

Kolb, Auer and P o s p is i l  ( 28 ) analyzed v o l a t i l e  halogenated  
hydrocarbons from aqueous so lu t io n s  by headspace gas chromatography
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with fused s i l i c a  c a p illa r y  column and an e lec tro n  capture d etec to r  
with d etec tio n  lim its  below the ppb le v e l .  The q u a n tita tiv e  a n a ly s is  
o f th ese  compounds by means of the in tern a l stan d ard iza tion  method, 
extern a l standardization  method and the standard a d d itio n  method 
was d i s c u s s e d  and was com pared w ith  th e  m u l t i p l e  h e a d s p a c e  
e x tr a c t io n  procedure, which was b ased  on a r e p e a te d  h ea d sp a ce  
ex tra c tio n  o f the sample.

Kazuo, e t  a l .  ( 41 ) used th e h ea d sp a ce  te c h n iq u e  to  
determ ine ch lorin ated  and brominated organic compounds in  drinking  
w ater. A fter e q u ilib ra tio n  of v o la t i le  halogenated compounds a t 20°c 
in  the headspace v ia l  , the headspace gas was sampled and in je c te d  
in to  a gas chromatograph equipped with an e le c tr o n  capture d e te c to r .  
By u s in g  a S i l ic o n e  DS 550 column, n in e  compounds w ere f u l l y  
separated  in the fo llow in g  order CHClg, CHgCClg, CCI4 , CClgCHCl, 
CHBrClg» CClgNOg, CHBrgCl, ClgCCClgi and CHBrg. R ecoveries o f th ese  
compounds added to the raw water and tap water were 95-106 %.

Meier ( 42 ) analyzed organohalides in water by headspace 
gas chromatography with d étec tio n  l im it s  ranging from 0 .01  jug/L 
for CCI4 to  20.0 jug/L for CHgBr; and from 0.005 p g / L  for CCI4 and 
1 ,1 ,2 ,2 -te tra ch loroeth an e  to  0.07 ;ug/L for CHgBr by the purge and 
trap method.

A ntonius e t  a l .  ( 43 ) su g g e s te d  t h a t  h ea d sp a ce  gas  
chromatography using s p l i t l e s s  coupled c a p il la r y  columns o f CP-WAX 
51 was s u ita b le  for determ ination o f v o l a t i l e  a lip h a t ic  and arom atic 
hydrocarbons in re fin ery  e f f lu e n ts .  The method provided s u f f i c ie n t  
sep aration  and high s e n s i t iv i t y ;  the r e la t iv e  standard d ev ia tio n s
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were + 5 .7  -  16.4 % and the d etec tio n  l im it  was 10 ppb.

D ieter  and Claus { 44 ) d iscu ssed  the in stru m en tation , gas 
chromatographic parameters and problems, and th e ir  s o lu t io n s  in  
headspace gas chromatograph of v o la t i le  halogenated hydrocarbons. 
The a p p lica tio n  o f the technique in water con trol was d escr ib ed .

Pugen ( 45 ) d e v e lo p e d  h e a d s p a c e  t e c h n iq u e  f o r  th e  
determ ination of organic compounds in water. A 40 mL water sample 
con ta in in g  15 g o f anhydrous Na2 SC>4 at 65 + 0.1°c under reduced  
p ressu res was determined by th is  technique with d e te c tio n  l im it s  
for acetadehyde, 2 - c h lo r o - l , 3-butadiene, and benzene o f 0.016,0.001 
and 0.001 mg/L, r e sp e c tiv e ly . The lin e a r  response was observed for  
a con cen tration  range o f 10-  ̂ to  1 mg/L . The s e n s i t i v i t i e s  and 
reco v er ies  o f the method were l e s s  than 5 and were h igher than 90 %, 
r e sp e c t iv e ly .

Jones ( 46 ) d iscu ssed  the headspace technique fo r  a n a ly s is  
o f complex liq u id  samples. The a p p lica tio n  o f the techn iq ue to  
a n a ly s is  o f complex liq u id  samples was a lso  i l lu s tr a t e d  by a n a ly s is  
o f in d u str ia l sam ples, a n a ly s is  o f fla vo r  and fragrance compounds, 
and a n a ly s is  o f chemical process waste.

K eeley, e t  a l .  ( 47 ) stud ied  the sorp tion  o f benzene and 
to lu e n e  on p o ly ( t e t r a f lu o r o e t h y le n e  ) (PTFE) d u r in g  h e a d sp a ce  
a n a ly s is . The s o lu b i l i t i e s  o f benzene and to lu en e in aqueous NaCl 
so lu t io n s  were determined at 25° c in the presence o f both PTFE and 
g la s s  covered magnetic s t ir r in g  bars. The d iffe r e n c e  in  the r e s u lt s  
was a ttr ib u te d  to  the absorption of the aromatic hydrocarbons on the  
PTFE covered s t ir r in g  bars.
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M cNally and Grob (48) a p p lie d  h ea d sp a ce  a n a l y s i s  to  
determ ine the s o lu b i l i t y  l im it  va lu es o f members o f the ch lo r in a ted  
a lk an es, ch lo rin a ted  a lkenes and ch lo rin a ted  arom atics l i s t e d  as 
the EPA P r io r ity  P o llu ta n ts .

Comba and Kaiser (49) described an improved headspace method 
for the determ ination  of v o la t i le  contam inants a t ng/L le v e l  in  
water. D etection  l im its  a t the 1 .0  ng/L le v e l  or b e tte r  could  be 
determ ined for CCI4 using a c a p illa ry  column and e le c tr o n  capture  
d etec to r . This method was a lso  a p p licab le  to  d rin k in g , su r fa c e , and 
ground w aters fo r  measurement o f  h a lo fo r m , h a lo m e th a n e s , and 
h aloeth an es.

C ro ll  and Summer ( 50 ) used h ea d sp a ce  te c h n iq u e  fo r  
determ ination  of trihalom ethanes in w ater. Headspace vapors were 
withdrawn from th e  sample c o n ta in e r  a t  am b ien t te m p e r a tu r e  and 
in je c te d  in to  GC equipped with e lec tro n  capture d e te c to r . R e la tiv e  
standard d ev ia tio n  o f l e s s  than 2 % was observed fo r  tr e a te d  r iv er  
w ater sam ples and th e  r e s u l t s  were com p arab le  to  th o s e  o f  an 
e s ta b lish e d  l iq u id - l iq u id  ex tra ctio n  method.

M cNally and Grob (36) have w r i t t e n  a r e v ie w  o f  th e  
environm ental a p p lica tio n s  o f s t a t i c  and dynamic headspace a n a ly se s . 
The c h a r a c te r is t ic s  o f s t a t i c  and dynamic headspace a n a ly ses  were 
d iscu ssed . Some examples o f the environm ental a p p lic a t io n s  o f th ese  
two techn iq ues were a lso  i l lu s tr a t e d .

Kolb ( 51 ) has w r itten  a rev iew  w ith  8 r e f e r e n c e s  
con ta in in g  two headspace gas chromatographic a n a ly s is  methods for  
determ ination  o f v o la t i le  halogenated hydrocarbons in  w ater. The 2-
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column method, in which a c a p illa r y  column with e le c tr o n  capture  
d etec to r  and a pack column with a FID were used, was s u ita b le  for  
the autom atic rou tin e a n a ly s is . The s in g le  c a p illa r y  column w ith FID 
and c r y o f o c u s i n g  e n v ir o n m e n ta l  m ethod had good  s e p a r a t i o n  
e f f ic ie n c y  and was s u ita b le  for the determ ination  of a la rg e  number 
o f compounds.

K aiser and O liver ( 52 ) d escribed  a rapid method for  
q u a n tita tiv e  determ ination  of v o la t i l e  halogenated hydrocarbons in  
w ater. This method was based on the e q u ilib r a tio n  o f the analyzed  
w ater w ith  a sm a ll volume o f g a se o u s  h ea d sp a ce  u nd er red u ced  
pressu re a t e lev a ted  tem perature. A fter e q u il ib r a tio n , the headspace 
was returned to  atm ospheric pressure and the headspace sample was 
analyzed w ith  GC/ECD. Less than 10 ng/L of halogenated hydrocarbons 
in c lu d in g  chloroform  in a 60 mL water sample was e a s i ly  and rap id ly  
d etec ted .

Kaing and Grob (53) used the headspace techn ique for the  
d eter m in a tio n  o f  v o l a t i l e  compounds i . e . ,  b e n z e n e , t o lu e n e ,  
c h l o r o b e n z e n e ,  e t h y l 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 ich lorob en zen e, and 1 ,4 -d ich lorob en zen e in s o i l .  The p re c is io n  
and accuracy o f the headspace procedure were determ ined and the  
r e la t iv e  standard d ev ia tio n  for 3 grams of s o i l  sample sp iked  with
5 .1  ppm p o llu ta n ts  mixture in a 20 mL v ia l  was l e s s  than 3% . This 
techn iq ue was concluded to  be a sim ple, p re c ise  and accu rate  method 
for  the a n a ly s is  o f v o l a t i l e  compounds in s o i l .
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