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Different types of microwave extraction systems have been used for PCBs.
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And, several layouts have been shown in this slide.
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Clean-up

Two methods are employed for the clean-up of lipids:
one destructive and the other non-destructive.

+ Non-destructive lipid removal--Adsorption columns-
-The method involves passing extracts through
several adsorbent columns. Alumina, silica and
florisil columns in different mesh sizes, levels of
activity and column size, either separately or in
combination are widely used to reduce sample
handling and analysis time. Alumina columns of 10—
20 g have a fat capacity of ~ 250 mg, which may not
be enough to remove large quantities of lipids. The
technique is labor intensive .

However, PCBs need to be cleaned up. And, the clean-up methods — there are two
distinct methods for clean-up. The two methods are employed for the clean-up of lipids:
one is a destructive method and the other is a non-destructive method. The non-
destructive method lipid removal, as the name suggests, it is in the adsorption columns —
the method involves passing the extracts through the several adsorbent columns. It could
be alumina, silica and florisil columns in different mesh sizes, levels of activity and
column size, either separately or in combination are widely used to reduce the sample
handling and analysis time. Alumina columns of 10 to 20 gram have a fat capacity of
almost 250 milligrams, which means that they can adsorb 250 milligrams of fat, which
may not be enough to remove large quantities of lipids. The technique is labor intensive.
That means it has to be done again and again on different types of columns like for
alumina column, then silica column and then florisil column. So, it is a labor intensive

process.
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Destructive lipid removal

Destructive methods using either alkaline treatment
(saponification), or oxidative dehydration by sulfuric acid
have been used. Alkaline treatment resembles the
saponification used in extraction, but is applied to the
solvent extract instead of the food matrix. Saponification
has been reportedly used either prior to, or in
conjunction with, PCB extraction. Lipids can be
saponified by heating the extract in a small volume of
solvent with 20% ethanolic potassium hydroxide at ca.
70°C for 30 min. However, because the method is
exhaustive, some loss of chlorine atoms has been
reported

Destructive lipid removal — destruction methods using either alkaline treatment, which
means saponification, or oxidative dehydration by sulfuric acid have been used.
Somehow, the lipid has to be removed; otherwise, the PCBs will not be able to come out
of the extraction medium. Alkaline treatment resembles the saponification used in
extraction, but is applied to the solvent extract instead of the food matrix. Saponification
has been reportedly used either prior to, or in conjunction with PCB extraction. Lipids
can be saponified by heating the extract in a small volume of solvent with 20 percent
ethanolic potassium hydroxide at 70 degrees for 30 minutes. So, just by agitating with 20
percent ethanolic potassium hydroxide at 70 degrees for half an hour, one can get rid of
the lipids and one can get the PCB in the extract. However, because the method is
exhaustive, some loss of chlorine atoms has also been reported. However, this method
has a little trickiness that sometimes, in some congeners, the chlorine may be cleaved off.
So, that will give wrong results. So, one has to optimize and not overdo this particular

destructive removal of lipids.
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Fractionation

= Separation of CBs is normally required prior to analysis.
It is necessary to utilize spatial planarity to separate the
non-ortho and mono-ortho CBs present at substantially
lower concentrations compared with remaining CBs,
since the range of concentrations of CBs is normally too
large for all congeners to be measured without additional
dilution or concentration, and some of key CBs are not
resolved on a single GC column, regardless of the
column phase.

= Activated carbon in adsorption columns has been widely
used to separate the non-ortho and the mono-ortho CBs
from the remaining congeners. Some workers employed
polyurethane foam to disperse the activated carbon, but
with limited success because polar solvents broke down
the foam. Glass fiber was employed as an alternative
substrate, and automated methods involved a
carbon/glass fiber column.

Fractionation — separation of several CBs is normally required prior to analysis. It is
necessary to utilize spatial planarity to separate the non-ortho and the mono-ortho CBs
present at substantially lower concentrations compared with remaining CBs, since the
range of concentrations of CBs is normally too large for all congeners to be measured
without additional dilution or concentration, and some key CBs are not resolved in just
one single GC column, regardless of the column phase. So, because these compounds are
so close in their structures, it is important to manipulate the process in such a manner that

all the congeners should be separated properly.

Activated carbon in adsorption columns has been widely used to separate the non-ortho
and the mono-ortho CBs from the remaining congeners. So, there was a need to be able
to separate the volatiles, non-congeners, non-ortho congeners and mono-ortho congeners,
and that is how activated carbon was utilized for this purpose. Some workers employed
polyurethane foam to disperse the activated carbon, but with limited success because
polar solvents broke down the foam. Glass fiber was employed as an alternative
substrate, and the automated methods involved a carbon/glass fiber column. So, many
manipulations had to be done in order to be able to extract the maximum number of

congeners from the extract or the matrix.
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Chromatographic analysis

« Itis essential that a pre-separation (e.g., by HPLC) is
carried out prior to determination of non-ortho CBs. A
preparation is also useful for the determination of mono-
and di-ortho CBs, although a direct GC determination for
these CBs is possible under optimized GC conditions.

= Infrared spectrometry (IR) has been used as a
confirmatory technique for an on-line GC detection for
PCBs when the concentrations are sufficient and the
identities of congeners are needed. More recent
combinations of GC or MDGC with both IR and MS to
yield GC/IR/MS have increased the utility and usability of
the application of IR to PCB determination.

* Capillary columns with high-resolution GC combined with
specific detectors allow for good resolution of highly-
volatile PCB congeners. GC separation and detection
with ECD or MS is the method of choice for routine
analysis, particularly for non-ortho compounds.

Chromatographic analysis — it is essential that a pre-separation, that is, by HPLC, is
carried out prior to determination of non-ortho CBs. A preparation is called carefully and
useful for the determination of mono- and di-ortho CBs, although a direct GC
determination for these CBs is possible under optimized GC conditions. So, if a little bit
of pre-separation is carried out with the help of HPLC, then a normal GC machine can be
utilized. Infrared spectrometry or IR has also been used as a confirmatory technique for
an on-line GC detection for PCBs when the concentrations are sufficient and the
identities of congeners are needed.

Infrared spectrometry comes very handy. The information imparted by infrared is very
good. More recent combinations of GC or MDGC with both IR and MS to yield
GC/IR/MS have increased the utility and usability of the application of IR to find out the
PCB determination.

Capillary columns with high-resolution GC combined with specific detectors allow for
good resolution of highly-volatile PCB congeners. GC separation and detection with
ECD or MS is the method of choice for routine analysis, particularly for non-ortho
compounds. Non-ortho means that the chloro groups are not next to each other; that is

what is meant by non-ortho.
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Different types of columns for PCBs

= On non-polar stationaryr)hases PCBs with a homologue
group (e.g., alkyl, phenyl or cyanopropgl) elute accordi ng
fo their number of ortho chlorines (4 < 3<2< 1< 0).
general the structured order of PCB separation tends to

ecrease with an increase in stationary phase polarity. A
5% phe dyl column (e.g., SE-54, DB-5) has been used as
the standard for PCB analysis.

* However, because of coelution of a number of
congeners, alternative phases, such as DB-XLB and
HT8 columns have been tried. Carbonate-backbone
phases developed for high-temperature stability showed
selectivity for PCB analysis. An HT5-carbonate column
gave better separation than a DB-5 column for mono-
ortho and non-ortho (coplanar) PCBs. An HT8-carbonate
column, when combined with a DB-17 column,
separated a total of 106 Aroclor congeners in a GC-ECD
gy?eT and 138 congeners when MS was used as the

etector,

Different types of columns have been utilized for the analysis of polychlorinated
biphenyls, that is, the PCBs. On non-polar stationary phases, PCBs with homologous
group — alkyl, phenyl, cyanopropyl elute according to their number of ortho chlorines,
that is, 4 is greater than 3; and 3 is greater than 2; and 2 is greater than 1; and 1 is greater
than 0. In general, the structured order of PCB separation tends to decrease with an
increase in stationary phase polarity. A 5 percent phenyl column, that is, DB-5 of a

commercial name, has been used as the standard for PCB analysis.

Now, let me tell you one thing at this point of time that columns are of different
polarities, as what I mentioned when | was talking about GC and its working and the
different types of columns that were used in GC. The different companies have different
prefixes, that is, DB or SE may change, but the number that follows the hyphen, that is,
1, 5, 17 shows the polarity level of the column. So, that remains the same; whether the
manufacturer is a Perkinelmer manufacturer or a DB company manufacturer, it does not

matter. The polarity of DB-5 and PE-5 will be the same.

However, because of coelution of a number of congeners, alternative phases, such as
DB-XLB and HT8 columns have also been tried out. Carbonate-backbone phases
developed for high temperature stability showed selectivity for PCB analysis. An HT5-
carbonate column gave better separation than a DB-5 column for mono-ortho and non-

ortho coplanar PCBs. An HT8-carbonate column, when combined with a DB-5 column,



separated a total number of 106 Aroclor congeners in a GC-ECD system and 138
congeners when MS was used as the detector. So, you can see immediately that in my
earlier lecture also, | had mentioned, that GC-ECD and GC-MS have different
sensitivity, and here also, the Aroclor congeners were identified in different numbers,

which shows that ECD detector is less sensitive as compared to the MS detector.
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Special Points to remember
= Sensitive methods have been developed for analyses of
bioaccumulative PCBs in food. Pretreatment is
important.

» Apart from solvent extraction, extraction methods for
these trace pollutants include SOX, SPE, SPME, SFE,
Soxhlet extraction, ASE and MAE.

= Clean-up of these trace compounds is a tedious job that
generates a large amount of waste. Destructive methods
using alkaline treatment (saponification) or oxidative
dehydration br sulfuric acid are used. Non-destructive
methods employing adsorption columns utilized to
remove lipids.

» Fractionation is also required prior to GC analyses to
remove the accompanying pesticides, the remaining
biological material and chlorophyll from plants.

= Becausethere is no single capillary column capable of
separating all 209 PCB congeners in one chromatogram,
more advanced techniques have been employed, such
as the use of serial-coupled columns, parallel-coupled

Special points that need to be remembered when one is analyzing PCBs. Sensitive
methods have been developed for analyses of bioaccumulative PCBs in food.
Pretreatment is important. Apart from solvent extraction, extraction methods for these
trace pollutants include SOX, PSE, SPME, SFE, Soxhlet extraction, ASE and MAE.
Clean-up of these trace compounds is a tedious job that generates a large amount of
waste. Destructive methods using alkaline treatment or saponification or oxidative
dehydration by sulfuric acid are used. Non-destructive methods employing adsorption
columns utilized to remove lipids as well. So, one can use either a destructive method,
where there is a possibility of losing out of some chlorine atoms or a non-destructive

method by employing adsorption columns.

Fractionation is also required prior to GC analyses to remove the accompanying
pesticides and other chemicals, which are not required to be analyzed in the system, the
remaining biological material and chlorophyll from the plants. Because there is no single

capillary column capable of separating all the 209 PCB congeners in one chromatogram,



more advanced techniques have to be employed, such as the use of serial-coupled
columns, parallel columns and so on. So, one can understand that the more the intricate
the analysis, the more care has to be taken for designing the methodology. | am again
coming back to modern gas chromatography, because so far, we have studied so many
adaptations of gas chromatography, and | feel that a more intense treatment once again
needs to be done for the modern gas chromatography and the recent developments that

have been brought about in this chromatographic technique.
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Modern trend

Recent developments and trends in the use of
headspace sampling with gas chromatography ( GC)
will be discussed. A brief overview of headspace
analysis techniques and theory references will be
provided. The techniques described include static and
dynamic headspace extraction, solid phase micro-
extraction (SPME) and several additional techniques
now receiving attention. Examples of applications in
environmental, clinical, forensic, biological, food, flavor
and pharmaceutical analysis will be provided.
Research in headspace- GC is very active and
growing, with new applications being reported
continually.

Modern trend has been that in the recent developments and trends, there is the use of
headspace sampling with gas chromatography. | have spoken the word headspace earlier,
but I thought that I should spend some special dedicated lecture on the headspace
adaption of the GC machine. A brief overview of headspace analysis technique and
theory references will be provided in this lecture. The technique describes that it includes
static and dynamic headspace extraction, solid-phase microextraction (SPME) and
several additional techniques now receiving attention. Examples of applications in
environmental, clinical, forensic, biological, food, flavor and pharmaceutical analysis
will be provided. Research in headspace-GC is very active and growing, with new

applications being reported continuously.
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History and scope

The idea of analyzing samples of the vapor above a
solid or liquid for their organic content originates long
before the development of GC. The first reported use
of static headspace with GC occurred in 1958 and the
first widely-read use of dynamic headspace ("purge
and trap") with GC occurred in the 1970s soon after
the introduction of Tenax as a commercial adsorbent.
In the intervening decades, techniques for both static
and dynamic headspace sampling in combination with
GC have evolved significantly and the theory of
headspace sampling and transfer of the samples to
the GC has been well-developed. In 1999, Kolb
provided an excellent review of the principles and
instrumentation of headspace-GC . More recently,
Ettre has provided an especially straightforward
review of the principles of static headspace-GC.

I will give you a little history and its scope, because this is the most modern trend of the
GC machine and the use of the headspace has come to be in notice very recently. That is
why | am spending special time on this particular new technique. The idea of analyzing
samples of the vapor above a solid or liquid for their organic content originates long
before the development of GC. The first reported use of static headspace with GC
occurred in 1958 and the first widely-read use of dynamic headspace, that is, the purge
and the trap method with GC occurred in the 1990s; so, it is not very old; soon after the
introduction of Tenax as a commercial adsorbent. In the intervening decades, techniques
for both static and dynamic headspace sampling in combination with GC have evolved
significantly and the theory of headspace sampling and transfer of the samples to the GC
has been well-developed. In 1999, Kolb provided an excellent review of the principles
and instrumentation of headspace-GC. More recently, Ettre has provided an especially
straightforward review the principle of static headspace-GC. So, you see a lot of research
has gone into whether headspace should be static or dynamic. As the name suggests,
static means it is not moving and only the adsorption and desorption is taking place,
whereas in the dynamic, the adsorption is also taking place and the extraction is also
taking place. So, as the name suggests, these two methods have their own significant role

to play while analyzing these on the GC machine.
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Static sampling in GC

While most madern headspace-GC instruments
employ static sampling, they typically replace the
syringe with a heated transfer line and they
pressurize the sample vial above the capillary
column head pressure, which allows for more
inert sampling, rapid sample transfer and ready
equilibration, for interfacing the sampling device
to the GC. The configuration of a modern static
headspace-GC sampling system is shown in Fig.

—

Static sampling in GC — while modern headspace-GC instruments employ static

sampling, they typically replace the syringe with a heated transfer line and they
pressurize the sample vial above the capillary column head pressure, which allows for
more inert sampling, rapid sample transfer and ready equilibration, for interfacing the
sampling device to the GC machine. The configuration of a modern static headspace is
given in the next figure. So, what happens? There is a direct on the column head itself;

capillary column, there is a pressurized on-line transfer.
(Refer Slide Time: 17:25)
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Dynamic headspace

If the vagor phase flows through the sample and is Iatertra;g)ed
on a sorbent, or somehow collected, the technigue is terme
dynamic headspace extraction. The most important example is
the classicalﬁurge-and-trap technique. Dynamic headspace is
often used when a large degree of analyte concentration is
needed. In his review, Kolb provided a number of diagrams of
common instrumental configurations for several dynamic
headspace-GC systems. A dynamic headspace-GC system
that uses a cryogenic trap to re-focus the analyte bands for
separation is shown in the next slide. There are numerous
ancillary techniques, such as multiple headspace extraction,
that are based on these classical ideas, and are described in
the aforementioned references. Recentlr, sorbent and
membrane techniques have been used for the analysis of
headspace samples. Sorbent-based methods have seen a
renaissance since the introduction of SPME by Pawliszyn and
El:gévgorkers in 1990 and the introduction of headspace-SPME in




Dynamic headspace — if the vapor phase flows through the sample and is later trapped on
a sorbent, or somehow collected, the technique is termed as dynamic headspace
extraction, as what | mentioned a while ago. | said, there is a simultaneous transfer and
extraction, both occurring, and that is happening at the headspace of the GC. So, that is
why the name dynamic headspace. The most important example is the classical purge—
and-trap technique. Dynamic headspace is often used when a large degree of analyte
concentration is needed. In this review, Kolb provided a number of diagrams of common
instrumental configuration for several dynamic headspace-GC systems. A dynamic
headspace GC system that uses a cryogenic trap to re-focus the analyte bands for
separation is shown in the next slide. There are several ancillaries and numerous
techniques, such as multiple headspace extraction, that are based on these classical ideas,
and are described in the aforementioned references. Recently, sorbent and membrane
techniques have also been used for the analysis of headspace samples. Sorbent-based
methods have been seen as a renaissance since the introduction of SPME was done very
recently in 1990 and the introduction of headspace SPME in 1993. So, you can see that
how the development has taken place. From 1958 to 1993, the headspace, both static and

dynamic, came into existence and was used by the analysts.
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Use of Static headspace-GC

Static headspace-GC has been used for the analysis
of natural aromas and odors in several industries. This
is another area in which many papers are being
published in far-reaching areas. For example, in food
analysis, Panosyan et al. qualitatively and
guantitatively determined the volatile components in
brandy by static headspace GC-MS, and Schiberle
and Steinhaus used headspace-GC along with
dilutions of the sample and isotope dilution-MS to
determine the odor-active components in fresh and
processed hops. In natural products analysis, Royer et
al. developed an automated headspace-éc method
for the determination of dithiocarbamates in plant
matrices and found that the method was much simpler
than classical techniques.

Use of static headspace-GC - static headspace-GC has been used for the analysis of
natural aromas and odors in several industries. This is another area in which many papers

are being published in far-fetching areas. For example, in food analysis, Panosyan et al.



quantitatively and qualitatively determined the volatile components in brandy by static
headspace GC-MS, and Schiberle and Steinhaus used headspace-GC along with dilutions
of the sample and isotope dilution-MS to determine the odor-active compounds in fresh
and processed hops. In natural products analysis, Royer et al. developed an automated
headspace-GC method for the determination of dithiocarbamates in plant matrices and
found that the method was much simpler than the classical techniques. So, in many
cases, the static headspace-GC turned out to be much simple to operate as compared to

the conventional or the statistical techniques.
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Dynamic headspace purge-and-trap
sampling

Dynamic headspace sampling involves the
passing of carrier gas through a liquid sample,
followed by trapping of the volatile analytes on a
sorbent and desorption onto a GC. This is a well-
known, validated technique, which is also
routinely performed by non-specialists, and it is
the method of choice for analysis of extremely low
(ppb and ppt) concentrations of volatile organic
compounds in aqueous matrices. For dynamic
headspace-GC techniques, publication trends
continue to rise, but perhaps not at the rapid rate
of headspace-SPME and some of the other
sorbent-based techniques

Dynamic headspace purge-and-trap sampling — dynamic headspace sampling involves
the passing of carrier gas through a liquid sample, followed by trapping of the volatile
analytes on a sorbent and desorption onto the GC. As the name suggests, it is moving; it
is getting extracted; and it is getting desorbed on the GC capillary column. This is a well-
known validated technique, which is also routinely performed by non-specialists and is
the method of choice for analysis of extremely low, that is, in the ppb and ppt (parts per
billion and parts per trillion) concentrations of the volatile organic compounds in
aqueous matrices. For dynamic headspace-GC techniques, publication trends continue to
rise, but perhaps not at the rapid rate of headspace-SPME and some of the other sorbent-
based techniques, which means that the more common and the more trendy mechanism
is the headspace with solid-phase microextraction, which is connected to the GC

machine.
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Recent uses

As with static headspace sampling, recent applications
are seen in a very wide variety of industries, including
environmental contaminants, foods and aromas. For
example, Olliver and Guerre used dynamic
headspace-GC to measure benzene hydrocarbons in
virgin olive oil at levels below 0.1 mg/kg. Martin et al.
have developed a dynamic headspace-GC method for
the determination of aroma compounds in cheese
curd, cultured with various yeasts and bacteria. They
found that dynamic headspace-GC provided the best
quantitation of the aroma compounds, which are often
at very low concentrations. The second example
further demonstrates the maturity of purge-and-trap
sampling for GC, as the work has progressed from
basic developments to its use in solving increasingly
difficult problems.

Recent uses — as with static headspace sampling, recent applications are seen in a very
wide variety of industries, including environmental contaminants, foods and aromas. For
example, Olliver and Guerre used dynamic headspace-GC to measure benzene
hydrocarbons in virgin olive oil at levels below 0.1 milligram per kilogram. Martin et al.
have developed a dynamic headspace-GC method for the determination of aroma
compounds in cheese, curd, cultured with various yeasts and bacteria. They found that
dynamic headspace-GC provided the best quantitation of the aroma compounds, which
are often at very low concentrations. The second example further demonstrates the
maturity of the purge-and-trap sampling for GC, as the work has progressed from basic
developments to its use in solving increasingly difficult problems. So, you see, as the
recent trends have proceeded, more and more intricate systems and more and more

intricate headspace systems have been used.
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More uses

Roose and Brinkman provided an interesting
example, showing both the sensitivity and
versatility of dynamic headspace sampling,
coupled with GC/MS. For this paper, they analyzed
extracts of marine organisms for volatile organic
contaminants at ppt levels, using an on-line purge-
and-trap sampler. They were able to determine 55
compounds in a total analysis time of about an
hour. An example chromatogram of volatile
organic contaminants in water obtained using
their method

More uses — Roose and brinkmen provided an interesting example, showing both the
sensitivity and versatility of dynamic headspace sampling, coupled with GC/MS. For this
paper, they analyzed extracts of marine organism for volatile organic contaminants at ppt
levels (parts per trillion), using an on-line purge-and-trap sampler. They were able to
determine 55 compounds in a total analysis time of about an hour. An example
chromatogram of volatile organic contaminants in water obtained using their method,
can be seen in this research paper. So, you see that in such a complicated system, where
there are so many volatile organic contaminants that to add the ppt level, they have been

identified and they have been analyzed very carefully.
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Headspace-SPME

Headspace-SPME, in which a coated fused-silica fiber
is used to trap and concentrate analytes from a static
or dynamic headspace process, was developed in
1993 and has experienced the strongest growth in
research interest over the past decade. This technique
can also now be automated routinely and has been
validated for numerous applications. SPME is

enerally applied to samples with concentrations in
the ppb-low ppm range, while some aEp[ications in the
ppt range have been described. SPME has shown
pleasantly surprising versatility and has been
employed for a tremendous variety of analytical
problems, as evidenced by the recent applications
shown in the next slide shows a schematic diagram of
a headspace-SPME procedure, including extraction,
followed by desorption into classical splitless GC inlet.

Headspace-SPME — headspace-SPME, in which a coated fused-silica fiber is used to trap
and concentrate the analytes from a static or dynamic headspace process, was developed
in 1993 and has experienced the strongest growth in the research interest over the past
decade. This technique can also now, be automated routinely and has been validated for
numerous applications. SPME is generally applied to samples with concentrations in the
ppb-low ppm range, while some applications in the ppt range have been described as
well. SPME has shown pleasantly surprising versatility and has been employed for a
tremendous variety of analytical problems, as evidenced by the recent applications, and
one can see that the headspace-SPME, when connected or desorbed on the classical

splitless GC, can work very well.
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Further new techniques and
developments

While static, dynamic and SPME headspace-GC
techniques have reached levels of maturity that make
them suitable for use routine analysis by specialists
and non-specialists alike, there are several newer
techniques that are receiving attention in the literature
and that have tremendous potential. These include
membrane extraction techniques and headspace
solvent micro-exiraction. Further, there have been
numerous recent developments in the classical
techniques that show that, while they are mature,
research and development of new techniques and
instrumentation is and should remain active in the
near future.

Further new techniques and developments — while static, dynamic and SPME headspace-
GC techniques have reach levels of maturity that make them suitable for the use routine
analysis by specialists and non-specialists alike, there are several newer techniques that
are receiving attention in the literature and that have tremendous potential. So, as what |
told, continuously, | have been talking about the advancement. Every time a method is
developed, there is always a need to go ahead and do something more specialized; and
that is what the scientists are doing world over. They want to find a better and a better
and a still better method for the analysis; and that is what give rise to lot of research
work. These include membrane extraction techniques and headspace solvent micro-
extraction. Further, there have been numerous recent developments in the classical
techniques that show that, while they are mature, research and development of new
techniques and instrumentation is and should remain active in near future, because one
cannot say that this is it; there has to be... Research is an ongoing process. Newer and

newer methods are developed for very compounds-specific need.
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Normal Analysis of the oils

=+ GC analyses are carried out on a gas
chromatograph equipped with a FID and a DB-5
capillary column (30 m x 0.25 mm; 0.25 pm film
thickness). The oven temperature was held at 50
°C for 0.5 min then programmed at 2.5 °C/min to
265 °C. Other operating conditions were as
follows: carrier gas, N2 with a flow rate of 1.5
ml/min; injector temperature, 250; detector
temperature, 300 °C; split ratio, 1:10.

~ GC/MS analyses were performed on a GC coupled
with Mass system and a DB-1 capillary column (30
m x 0.25 mm; 0.25 pm film thickness). The
operating conditions were the same conditions as
described above but the carrier gas was He. Mass
spectra were taken at 70 eV. Mass range was from
m/z 35-375 amu.

Normal analysis of oils — GC analyses are carried out on a gas chromatograph equipped
with FID and a DB-5 capillary column having 30 meters length, 0.25 millimeter ID and
0.25 micrometer film thickness. The oven temperature was held at 50 degrees for 0.5
minutes then programmed; there was a ramp given at 2.5 degrees centigrade per minute
to 265 degrees. Other operating conditions were the same. The carrier gas, that is, the
nitrogen flow rate and injector temperature, detector temperature and the split ratio, were

all designed for this kind of analysis.

The GC/MS analyses were performed on GC coupled with mass system with a DB-1
capillary column having the similar specification. The operating conditions were the
same conditions as described above, but the carrier gas in GC/MS was the helium instead
of nitrogen, as what it was in GC-FID. Mass spectra were taken at 70 electro volt. Mass

range was from 35 to 375 amu. And, all the essential oils could be analyzed on these.
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Application of comprehensive two-dimensional
gas chromatography—time-of-flight mass
spectrometry in the analysis of volatile oil

Comprehensive two-dimensional gas
chromatography—time-of-flight mass spectrometry (GC
x GC-TOF MS) analysis of Pogostemon cablin
Benth (Cablin Patchouli) volatile oil. The suitable
column system and operation conditions were chosen
on the basis of the properties of composition of the
volatile oil. One-dimensional gas chromatography
(1D-GC) and GC x GC, GC-MS and GC x GC-TOF
MS were compared under appropriate conditions, and
the enhanced sensitivity and superior resolution of GC
x GC were demonstrated. 394 components were
tentatively identified by GC x GC-TOF MS.

Application of the comprehensive two-dimensional gas chromatography with time-of-
flight — 1 have already talked about this particular analysis in details in the previous

lecture.

(Refer Slide Time: 29:10)

Advantages

* The column system with a 60 mx0.25 mmx0.25 pm polar
column as first dimension and a 3 mx0.1 mmx0.1 pm chiral
column as second column was a good choice for the
detailed component analysis and 79 peaks were detected
with GC, while about 800 peaks were resolved with GC x
GC. GC x GC-TOF MS not only tentatively identified 394
peaks (much more than 27 peaks tentatively identified by
GC-MS), Among 394 components there are 100 ketones, 27
ethers, 21 esters, 27 acids, 82 alcohols, 38 aldehydes, 82
hydrocarbons, and 17 other components.

= GC x GC-TOF MS can give the information about the
formula and structure, can provide the opportunity for
differentiating different volatile oils, can give the subtle
differences of the oils from different areas, and can find
new compounds that have the possible pharmaceutical
effect on some diseases.

Now, the advantages that are there, one has to keep in mind that these compounds are an
array of large number of compounds. Almost 394 compounds would be identified and
among that 394, 100 were ketones, 27 were ethers, 21 were esters, 27 were acids, 82

were alcohols, 38 were aldehydes and 82 were hydrocarbons. So, you see how specific



this analysis is. With a minor adaptation, one can do the analysis to the minutes detail;

even the VOCs can be analyzed.

(Refer Slide Time: 29:56)
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Application of gas chromatography to

environmental analysis

Nowadays, gas chromatography ( GC) continues to play an
important role in the identification and quantification of
ubiquitous pollutants in the environment. This describes
current state-of-the-art capillary GC in the analysis of various
classes of persistent organic contaminants in air, water, soils,
sediments and biota. Special attention is given to sample-
preparation techniques. The organic pollutant groups covered
in this are: volatile organic compounds (VOCS%; olycyclic
aromatic hydrocarbons (PAHSs); pesticides; and, halogenated
compounds. These last include polychlorinated dibenzo-p-
dioxins and dibenzofurans, polychlorinated biphenyl,
terphenyls, naphthalenes and alkanes, organochlorine
pesticides, and the brominated flame retardants,
ﬁu_olybrominated biphenyls and polybrominated diphenylethers.

he use of capillary- GC columns, the type of column, the
need for multi-dimensional GC techniques, and the
advantages and limitations of the available detection systems
forthe analysis of these compounds. Trends and future

perspectives of capillax GC in the field of environmental

Application of gas chromatography for environmental analysis — nowadays, gas

chromatography continues to play an important role in the identification and
quantification of ubiquitous pollutants in the environment. And, all the volatile organics,
polycyclic aromatic hydrocarbons, can be analyzed on the GC machine with great

specification.

(Refer Slide Time: 30:23)

Sample preparation

= Sample preparation is the most time-consuming and labour-
intensive task involved in the analytical scheme. In recognition
of the need for effective, robust and reliable sample
preparation, many procedures have been developed with the
aim of achieving fast, simple and, if possible, solvent-free or
solvent-minimised operations. Most of these techniques, both
conventional and new, are used for the analysis of pollutants in
air, water, soils, sediments, and biota.

» The sampling and pre-concentration procedures most widely
applied in ambient air analysis are sorbent sampling and the
cryogenic method. A wide range of solid sorbents, based on
silica gel, different types of carbon and organic polymers, have
been used in the pre-concentration of VOCs and of semi-VOCs
in ambient air. The desorption is performed thermally or by
using an organic solvent. Soxhlet extraction, ultrasonic
extraction and supercritical fluid extraction (SFE) are used for
the desorption of semi-VOCs from sorbents and glass filters.




Sample preparation — of course, as | said, is always very item-specific. That means that
sample preparation depends on which type of compound is to be analyzed. And so,
sampling and pre-concentration procedures most widely applied in ambient air analysis
are sorbent sampling and the cryogenic method. A wide range of solid sorbents, based on
silica gel, different types of carbon and organic polymers, have been used in the pre-
concentration of volatile organic carbons, which is VOCs and semi-volatile organic
carbons in ambient air. The desorption is performed thermally or by using an organic
solvent. Soxhlet extraction, ultrasonic extraction and supercritical extractions are also
used for the desorption of the semi-VOCs from sorbents and the glass filters, because
they have to be desorbed on the GC capillary column and then only, the analysis can take

place very efficiently.

(Refer Slide Time: 31:38)

GC analysis of VOCs

For GC analysis of VOCs in air and water
samples, splitless, on-column and PTV
injectors have been used successfully. The
separation is achieved by the proper selection
of capillary columns of different diameter (0.23-
0.53 mm) and length (25-100 m) and stationary
phases of various polarities, depending on the
chemical nature of the pollutants to be
analysed. Capillary columns with film thickness
of between 1 ym and 5 ym are the most
commonly used, although, for the analysis of
semi-VOCs, thin films (<1 ym) are preferable.

GC analysis of the VOCs — for GC analysis of the VOCs in air and water samples,
splitless, on column and PTV injectors have been used successfully. The separation is
achieved by the proper selection of capillary columns of different diameter and length
and stationary phases of various polarities, depending on the chemical nature of the
pollutants to be analyzed. Capillary columns with film thickness of between 1
micrometer to 5 micrometer are the most commonly used, although, for the analysis of

semi-VOCs, thin films are preferred.
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GC analysis of PAHs

- Capillary GC was first applied to analyse PAHSs in the early
1960s, and its use has progressed to the point that it now
comprises one of the standard methods for the determination of
these compounds in environmental matrices. Nevertheless,
PAHSs with more than 24 carbon atoms cannot be analysed by
GC because of their lack of volatility.

= Many capillary-GC stationary phases designed for optimally
separate complex PAH mixtures are commercially available
from different suppliers. In general, non-polar stationary
phases, such as methyl polysiloxane or phenyl methyl
polysiloxane, are the most suitable for the separation of these
compounds . A FID is normally adequate for sensitive
detection, but coupling GC with MS affords greater selectivity
through the application of selected ion monitoring (SIM). LC is
still widely used but it is being replaced by GC-MS, mainly for
identification and confirmation purposes.

GC analysis of PAHs — | have just discussed a while ago. So, | will not repeat, but I will
only say that a GC with an FID, can do the needful, but of course, a GC/MS is always

superior for polycyclic aromatic hydrocarbons.

(Refer Slide Time: 32:43)

GC analysis in Pesticides

The most important classes of pesticides
usually analysed by GC. OCPs, such as those
of the DDT group, hexachlorocyclohexane
(HCH) isomers and cyclodienes, have been
used for decades for agricultural purposes
because of their insecticide properties and are
often detected in environmental samples.
Although most of the OCPs have been banned
in western countries since the 1970s, they and
their metabolites are still present in the
environment because of their high persistence
and lipophilic properties.

- e

GC for pesticide is again a very important area for analysis of environmental samples —
the most important classes of pesticides usually analyzed by GC. The OCPs, that is, the
organochlorine pesticides, such as those of the DDT group, hexachlorocyclohexane

(HCH) isomers and cyclodienes, have been used for decades for agricultural purposes,



because of their insecticide properties and are often detected in environmental samples.
Although most of the OCPs have been banned in western countries since the 1970s, they
are there still present in their metabolites form and are still present in the environment,
because of their high persistence and lipophilic properties; and, that is precisely, why

they are called as POPs (persistent organic pollutants).

(Refer Slide Time: 33:49)

How to analyze Pesticides
= Organophosphorus pesticides (OPPs) and organonitrogen
pesticides (ONPs) have became important groups of
compounds for replacing the OCPs in many agricultural
applications because they are less toxic and persist less in the
environment than OCPs.

« The insecticides, pyrethrins and pyrethroids, are widely used in
the world. Capillary GC is the most widely used technique in
pesticide analysis..

* The selection of the GC stationary phase depends on the

nature of the pesticides to be separated. For example, for

OCPs, non-polar stationary phases, such as DB-1 or DB-5, are

usually used. Semi-polar stationary phases (OV-17 and OV-

1701) are usually chosen for the separation of more polar

B\?siicides. such as OPPs. Polar stationary phases, e.g. DB-
ax, are suitable for more polar compounds, such as

methamidophos.

+ Splitless injection is generally preferred for the analysis of

pesticides because of its robustness, but on-column interesting
approach is the direct injection of large sample volumes using

How to analyze pesticides? Organophosphorus pesticides and organonitrogen pesticides
have become important groups of compounds for replacing the OCPs in many
agricultural applications, because they are less toxic to humans and persist less in the
environment than as compared to the organochlorine pesticides. The insecticides,
pyrethrins and pyrethroids, are widely used in the world. Capillary GC is the most
widely used technique in pesticide analysis.

The selection of the GC stationary phase depends on the nature of the pesticides to be
separated. For example, for OCPs, that is, organochlorine pesticides, non-polar stationary
phases like DB-1 or DB-5, are usually used. Semi-polar stationary phases like OV-17 or
OV-1701, are usually chosen for the separation of more polar pesticides, such as OPPs.
Polar stationary phases like DB-Wax, are suitable for more polar compounds, such as
methamidophos. Splitless injection is generally preferred for the analysis of pesticides
because of its robustness, but on-line interesting approach is the direct injection of the

large sample volumes using an autoloop interface. It means that a splitless injection is



preferred for pesticide analysis and on the column, it is important to have an autoloop
interface, so that the compound can be trapped in that auto loop and only release into the

column when required to do so.
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Field-portable GC instruments

* The need for fast, on-site analysis of field contaminants is
increasing rapidly, and the Iong-ierm trend is to conduct
analytical investigations in the field. Some of the most important
advantages of field analysis are that it allows real-time
decisions, interactive sampling and cost-effective solutions to
the problems faced at the time of the investigation.

= As with much other scientific instrumentation, there is a
continuing effort to make GCs smaller and more portable to
enable on-site measurements of environmental contaminants.
Nowadays, the most common applications of field GC are the
determination of VOCs in air, such as BTEX, and chemical-
warfare agents. Indoor air pollutants, such as toluene, pinene
and dichlorobenzene, have also been determined using field-
portable instruments with detection limits at the low microgram
per cubic meter level. Other compounds such as OCPs and
chlorinated solvents are also screened by field GC.

Field-portable GC instruments — now, because the pesticides have become such a mess,
one needs to have field-portable GC machines as well. The need for fast, on-site analysis
of field contaminants is increasingly and rapidly being used, and for the long term trend,
is to conduct analytical investigations in the field itself. Some of the most important
advantages of field analysis are that it allows real-time decisions, interactive sampling

and cost-effective solutions to the problems faced at the time of investigation.

As with much other scientific instrumentation, there is a continuing effort make GCs
smaller and more portable to enable on-site measurements of environmental
contaminants. Nowadays, most common applications of field GC are the determination
of VOC:s in air, such as BTEX, and chemical-warfare agents, indoor air pollutants, such
as toluene, pinene and dichlorobenzene, have also been determined using field-portable
instruments with detection limits as low as microgram per cubic meter level. Other
compounds, such as organochlorine pesticides and chlorinated solvents are also screened
by field GC. So, these are smaller versions, smaller machines, but they can do the job of

analyses of environmental contaminates very effectively.
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High-speed GC (HSGC)

- in high-speed GC (HSGC), also known as fast, rapid and ultra-
fast GC, has grown greatly in the course of the last few years.
HSGC, which is bound to show important developmentsin the
near future, is particularly significant because of its uses in
solving environmental problems. One of the primary objectives
in developing HSGC was to provide near-real-time monitoring
for field applications. Because of developmentsin its ease of
use, hardware simplicity, ruggedness, reduced size, and
acceptance by emergency response teams, such applications
will increase significantly in the next few years.

L Considering the need for rapid identification of chemicals with a
high degree of certainty in situations where an incident has
occurred, the use of portable GC-MS is certain to grow. As a
consequence, a new generation of field-portable GC-MS
instruments, mainly with TOF analysers and laboratory-quality

performance, is expected to enter the market soon.

High-speed GC - in high-speed GC, as the name suggests, it is fast, rapid, ultra-fast GC,

and has grown greatly in the course of the last few years. High-speed GC, which is
bound to show important developments in the near future, is particularly significant
because of its uses in solving environmental problems. One of the primary objectives in
developing the high-speed GC was to provide near-real-time monitoring for field

application.



