CHAPTER 11

THEORY

2.1 Sample Preparation

Sample preparation is a te

: *\ e before analyzing it and/or to

concentrate a sample to j ion. The nced for sample preparation steps

from three majors conce

Sample Concentration
Frequently, the component of intgrest is present in level too low a for detection. Sample
preparation can make the hecor rated to an adequate level for

measurement.

Contaminations -

el

N

The presence of interfej n : rll;f alysis of the component of

)

interest. Sample preparation can remove excess contamina . s to yield clean, informative

chromatograms. @’uﬁiﬁwﬂﬂ{w E]']ﬂ‘j

In Solution ¢

ror most AR R SEHUBAI N Y VL s

prepared in s%lution for subsequent analysis.

Classification of extraction methods depend on the type of samples (solids, liquids and

gases)



12

2.1.1 Volatile Samples
There are many sampling techniques for volatile samples, including gas-solid adsorption,

headspace (HS) analysis, purge and trap. There are many sampling and sample

preparation methods for gases.

2.1.1.1 Solid-Phase Trapping

A gaseous sample passed through

N

ith adsorbent (such as silica gel or
activated carbon); trapped a solvent. This method is used for
semi volatile organic compounds-1 OW rate is critical for trapping
efficiency. Watch for acie$ w.overloading, and irreversible
adsorption of reactive a silica gel, alumina, porous

polymers (Tenax, polyuret
2.1.1.2 Heax

Sample (solid or liquid) is pladed {fi a‘closed. ostated glass vial until equilibrium is
established. At equilibrium, analytes-pant tion themiselves between a gas phase and the
solid (or liquid) phase a n—;:;ﬂ.;“.:..;%i pled and injected into GC

for analysis. Instumen las a5 shown in Figure 2.1. This

method is used pnmanly or determination of trace concentrations of volatile substances

in samples diffic gﬂﬁ Vl %{ lﬂﬁs Sensitivity can be
increased by hea u Eﬂﬁ adj FJ other means to shift
equilibrium. Sometimes water or solvefit is added tezaid in san’lﬁle ‘dispersion or to free

oraanics o YR e SoFpa Bl 4t ol £ )
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2.1.1.3 Purg

Sample (solid or liquid) is placg ated container and the HS vapors are
Fr e
continually removed by means of-iner
; e ;
components by solid phase e ion or cold t and then thermally desorbed into

v with subsequent trapping of sample

GC injection port. This Shouid-be-used-when-analytes-aro-f0o low in concentration or
Y p v g

have unfavorable partitiomtoe Ampling; sometimes called gas phase

stripping. It can provide ml?re sensitivity than statlc HS by accumulating the volatiles

until concentratio ?tlx‘ﬂ %nd GC analysis. It can
be manual or automate urge and trap as shown in Fi 1gure 2.2.

QW']ﬂﬂﬂ‘iﬂJ UANINYA Y
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2.1.1.4 The

A form of dynamic HS controlled) much higher in-

ed (
%

tal surfaces; system cold spots

temperatures, up to 350 ¢ ted by fused quartz or fused

silica so that extracted analytesido ng

should be avoided. This should o’:-t atile compounds.
2.1.2 Liquid S oS
y J

Liquid samples are muc eas1er to prepare for analytical measurement compared to
volatile compo tlon step may not be
involved. Ofte ﬂuﬁmmgm& 1S j ﬂt 1s required. The major
considerati é’ ncentration of
it o s g nardyrede
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2.1.2.1 Liquid- Liquid Extraction (LLE)

Sample is partitioned between two immiscible phases chosen to maximize differences in
solubility; separator funnel is used for small sample volumes. Beware of formation of
emulsions; break them with heat, addition of salt, filtration through a filter paper; change
Kp by different solvent or chemical equilibria affecting additives (such as buffers for pH

adjustment, salts for ionic strength, complexing agents, and ion pairing agents); many

published methods are available; continuius extractions are used for low Kp or large

- | ‘§ ,///A'

J -
Sample is diluted with solv

\

ical measurement technique
to avoid chromatographic verload f to bein linear range of detector or
spectrophotometer. Solv ' np, ' with analytical measurement technique;

solvent should not be to « 2:.' c phase conditions so that injection

2.1.2.3 Evaporation

. —

Liquid is removed by g eatle

X

W
1Y

ith flowing air or inert gas
or under vacuum. Do not levaporate 00 quickly; bumping can lose sample; watch for
sample loss on wall of containes; do not overheat to dryness. Best under inert gas such as

nitrogen; rotary eﬂ%&%sﬂﬂmwm ﬂ z@ilable. The instrument

of evaporator as shaJvn in Figure 2.3. o

RINNINUNINYIAY
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5\
2.1.24 Distllafon /4

Sample is heated to bolM ile analytes are concentrated in

vapor phase, condensed, 2 involves boiling with water or

purging with steam and co

sample can decompose if heated fog -,;v., im distillation can be used for nonvolatile
ey Y

. 4 By
compounds. The instrument ofidis :lag 17- S shown
o il =

Y22

. Jl*ﬂf'-;;‘ Fii

Water out

awawﬂ%mm

q Figure 2.4 Instrument of distillation
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2.1.2.5 Centrifugation
Sample is placed in tapered centrifuge tube and spun at high force, liquid is decanted.

Quantitatively removing solid sample from tube sometimes presents practical problem;

ultracentrifuge normally not used for simple particulate removal.

2.1.2.6 Solid Phase Extraction (SPE)

Solid Phase Extraction is an ext 38 il ased on the selective partitioning of
one or more components between. | ,&mch is a solid sorbent. The second
phase typically is a liquid, be , a gas or a supercritical fluid.
The coponents of interest preferentially-.ad orb to the solid, or they may
remain in the second, non
phases are physically sep ecan
process. If the desired -2 e, solid phase, they can then be
selectively desorbed by ittisiand 7 priate solvent. If the components of

interest remain in a liquid

chromatographic separation,

Reversed Phase SPE: R¢ rations ¢ A4 polar (usually aqueous) or

moderately polar samplé

cveral S& materials, such as the alkyl-
or aryl-bonded silicas (C-18,4,C-8, C-4, andy-Ph) are in the reversed phase category.

Here, the hydropfli ‘Hﬁx’g 36 B ) iead) g kel it Sica packing have been

chemically modifiéd with hydrophoblc alkyl or aryl functional groups by reaction with

‘“e°°“°8’?l’W€Tﬂ‘\‘1ﬂﬁm AN

analyte of interest is typi
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?H} ?Hi
rnann Si-OH + CI-SI-C (H,, 7 manan §i-0-Si-C, H,, + HCI
CH, CH,

Retention of organic analytes from polar solutions (e.g. water) onto these SPE materials
is due primarily to the attractive forces between the carbon-hydrogen bonds in the analyte
and the functional groups on the silica surface. These nonpolar-nonpolar attractive forces
are commonly called vander Waals forces, or dispersion forces. To elute an adsorbed
compound from a reversed phase SPE tube or disk, use a nonpolar solvent to disrupt the

forces that bind the compound to the 18 and C-8 are standard, monomerically

bonded silicas. Polymerically
silica surface and higher

extremes, and thus is mo

in a more complete coverage of the
./ ﬁdmg is more resistant to pH

ironm lications for trapping organic
percentage of residual unfre silafiols at act : ary interaction sites. These
r retention of highly polar

analytes or contaminants, ly in ibly bind analytes of interest. The

following materials also 2 d i lor “teve ase conditions: carbon-based,

_ A ) , ..
Carbonaceous adsorptitaﬂ media, such as the mater st of graphitic, nonporous
=
carbon that has a high|attraction for organic polar and fionpolar compounds from both
polar and nonpolar matriﬁf e cart COT

j priﬁd of atoms in hexagonal ring
structures, interconnected a?d layered in graphitic sheets. The hexagonal ring structure
F-N

demonstrates a stﬂg?ilﬁ\ﬂgr ﬂ Mw E‘Ilfé}ﬂﬁ ring-shaped molecules

and hydrocarbon ohains with potential for multiple surface contact points. Retention of

analytes iﬁ , i ﬁ' sl 1 —Pn — )] rather than on
interactions qﬁn’j—:ﬁ: gﬁl}j mmxhﬁmeﬁﬂace. Elution is
performed with mid- to nonpolar solvents. Styrene/divinylbenzene material is used for
retaining hydro-phobic compounds which contain some hydrophilic functionality,

especially aromatics. Phenols are sometimes difficult to retain on C-18-modified silica

under reversed phase conditions, mainly due to their greater solubility in water than in
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organic matrices. Styrene/divinylbenzene material has been shown to retain phenols well
under reversed phase conditions. Elution steps can be done with mid- to nonpolar
solvents, because the polymeric packing is stable in almost all matrices. Hydrophobic (C-
18-like) bonded silica that is coated with a hydrophilic polymer and is typically used
under reversed phase conditions. The porous polymer coating prevents the adsorption of
large, unwanted molecules onto the silica surface. The pores in the polymer allow small,
hydrophobic organic compounds of interest (such as drugs) to reach the bonded silica

surface, while large interfering compounds (such as proteins) are shielded from the

bonded silica by the polymer and arigww the SPE tube.

ically involve a polar analyte, a

mid- to nonpolar matrix (€.g_acélefie. chlorinated solvents, and hexane), and a polar

stationary phase. Polar-functiefialized licas (e.g..CN, NH,, and Diol), and polar
adsorption media (Si, 1sill and’ ; ar¢ used under normal phase
conditions. Retention of ah amalyte undgr ' phase ditions is primarily due to
interactions between pol i e and polar groups on the
sorbent surface. These inc n interactions, dipole-dipole
interactions, and dipole-induce J' | ohg others. A compound adsorb

by these mechanisms is eluted by p@ g
usually a solvent that 1§Bom polardthan thg

The bonded silica, -CN, @Hz, -F , rt alkﬂchains with polar functional
groups bonded to the surfac,g ese silicas, b geause of their polar functional groups, are

e o 3 Y1 5 DU B o e i i

normal phase silicas, these packings San be used to adsorb polar compounds from
nonpolar arﬁf‘ﬁmlﬂ E;l; llﬁrf]:!}?ﬁl Elq aﬁlectwely elute
compounds qf very similar structure (e.g. isomers), or complex mixtures or classes of
compounds such as drugs and lipids. These materials also can be used under reversed
phase conditions (with aqueous samples), to exploit the hydrophobic properties of the
small alkyl chains in the bonded functional groups. The Si material is underivatized silica

commonly used as the backbone of all of the bonded phases. This silica is extremely
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hydrophilic, and must be kept dry. All samples used with this material must be relatively
water-free. The functional groups that are involved in the adsorption of compounds from
nonpolar matrices are the free hydroxyl groups on the surface of the silica particles. Si
may be used to adsorb polar compounds from nonpolar matrices with subsequent elution
of the compounds in an organic solvent that is more polar than the original sample
matrix. In most cases, LC-Si is used as an adsorption media, where an organic extract is
applied to the silica bed, the analyte of interest passes fhrough unretained, and the

unwanted com-pounds adsorb onto the silica and are discarded. This procedure is usually

called sample clean-up. Florisil SPE H# agked with a magnesium silicate that is
used typically for sample clean ' . his highly polar material strongly
adsorbs polar compounds @lar ah—ﬁ@a SPE tubes are also used in

A ‘ oxide materials can either be

of acidic (Alumina-A, pH ~3) ha ina-B, p) .5), or neutral (Alumina-N, pH
_ N

~6.5) pH, and are classified agthavigg/B ocKme \ )%:f I. The activity level of the

alumina may be altered £ g the controlled addition of

Ion Exchange SPE: Ion exchange %ﬁ Y used ompounds that are charged when
in a solution (usually aqueous,gl;gi;ggj?} 4

anic). Anionic (negatively charged)
compounds can be isolated on strong anionic ;

) or NH; bonded silica

S ated by using strong cationic
exchanger (SCX) or weg cationic WCX) Bnded silica cartridges. The
primary retention mechanigm.of the compound is based mainly on the electrostatic

attraction of the (ﬁr%d Hcﬁ}n%%ﬁeﬂr&bﬂﬂ fﬁe charged group that is

bonded to the silicid’surface. In order f%r a compound to retain by ion exchange from an

=3 o/
aqueous satw Eﬂm rrr m mf?eﬂeat] ﬁ?lﬁ the compound
of interest and the functional group on the bonded silica are charged. Also, there should

be few, if any, other species of the same charge as the compound in the matrix that may
interfere with the adsorption of the compound of interest. A solution having a pH that
neutralizes either the compound’s functional group or the functional group on the sorbent

surface is used to elute the compound of interest. When one of these functional groups is
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neutralized, the electrostatic force that binds the two together is disrupted and the
compound is eluted. Alternatively, a solution that has a high ionic strength, or that
contains an ionic species that displaces the adsorbed compound, is used to elute the

compound.

Anion Exchange SPE: The SAX material is comprised of an aliphatic quaternary amine

group that is bonded to the silica surface. A quaternary amine is a strong base and exists
as a positively charged cation that exchange or attracts anionic species in the contacting
solution - thus the term strong anio _

very high (greater than 14),

when in an aqueous soluﬁ?"lt 'SAX
pKa, <1) or weak anionic (mog

-
o) ( o , 'S{K sharged. For an anionic (acidic)

)- The pKa of a quaternary amine is

funct10na1 group charged at all pH

wolate strong anionic (very low

mpounds as long as the pH of the

sample is one at which the 0 af

compound of interest, th€ pHs6f /1 wst be 2 p its above its pKa for it to be
charged. In most cases, lo nds ,' erest are strong or weak acids. Because it
binds so strongly, SAX is sSedito xtrdﬁ s g 4 ions only when recovery or elution of

the strong anion is not desiged
can be isolated and eluted f om, ﬁﬁ%

2.-,7- /

 isolated and discarded). Weak anions

can be either displaced by an

alternative anion or eluted with an,@%; at a pH that neutralizes the weak anion
e '.-\"'-i ;l‘" £ lr'—‘
(2 pH units below its P&) If recovery of‘za strong 'g_%ecies is desired, use NH,.

ne tions is also considered to be a
weak anion exchanger (V@X) vhen 1 1 aqueous solutions. The NH, material has
an aliphatic aminopropyl group bonded to %sﬂlca surface. The pKa of this primary

amine functional ﬂnﬂsﬂ ng‘wx ﬁ)w ﬁ)%ea}sq:ﬂuj exchanger, the sample

must be applied at pH at least 2 units be 6Jlow 9.8. The pH must also be at a value where the

anionic ¢ Hd'l g IT?W ;ﬁL ﬁ ﬁ;ﬂ(a) NH; is used
to isolateﬁ ong and we ons because the amine ional group on

the silica surface can be neutralized (2 pH units above its pKa) in order to elute the strong
or weak anion. Weak anions also can be eluted from LC-NH, with a solution that
neutralizes the adsorbed anion (2 pH units below its pKa), or by adding a different anion

that displaces the analyze.
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Cation Exchange SPE: The SCX material contains silica with aliphatic sulfonic acid

groups that are bonded to the surface. The sulfonic acid group is strongly acidic (pKa
<1), and attracts or exchanges cationic species in a contacting solution - thus the term
strong cation exchanger (SCX). The bonded functional group is charged over the whole
pH range, and therefore can be used to isolate strong cationic (very high pKa, >14) or
weak cationic (moderately high pKa, <12) compounds, as long as the pH of the solution
is one at which the compound of interest is charged. For a cationic (basic) compound of

interest, the pH of the matrix must be 2 pH units below its pKa for it to be charged. In
most cases, the compounds \1\

are strong or weak bases.
SCX SPE tubes shoula be us 1ons only when their recovery or

elution is not desired. We ic beﬁso uted from SCX; elution is done

with a solution at 2 pH uni neutrahzmg the analyte), or by

adding a different cation £ recovery of a strongly cationic

species is desired, use W

The WCX SPE material ¢ id group that is bonded to the
silica surface. The carboxyli and is thus considered a weak
cation exchanger (WCX). Th Haggh acid i ai group in WCX has a pKa of
about 4.8, will be negatively chargea%pz f at least 2 pH units above this value,
and will isolate cations i ﬂhe pH ;;'6 t;at vﬁn 1 harged. WCX can be used

functional group on the slﬂcz; surfa alized @ pH units below its pKa) in
order to elute the strong or \geg cation. Weak gations also can be eluted from WCX with

a solution that ne‘ﬂﬂqzisﬂe’g Gﬁ E}% "g'z w @tﬁ}ﬁ ?s pKa), or by adding a

different cation thafldisplaces the analyz‘(:

NI AN

In many casqsﬂe ana is eluted in an aqueous solution. If you
must use an acidic or basic solution to elute an analyte from an SPE tube, but the
extracted sample must be analyzed in an organic solvent that is not miscible with water,
try to elute the compound with acidic methanol (98% methanol / 2% concentrated HCI)

or basic methanol (98% methanol / 2% NH4OH). The methanol can be evaporated
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quickly, and the sample may be reconstituted in a different solvent. If you need a stronger
(more nonpolar) solvent to elute the analyte from the SPE tube, add methylene chloride,

hexane, or ethyl acetate to the acidic or basic methanol.

Secondary Interactions

The primary retention mechanisms for compounds on the SPE materials are described
above. For the bonded silicas, it is possible that secondary interactions will occur. For

reversed phase bonded silicas, the primary retention mechanism involves nonpolar

interactions. However, because of the s icle backbone, some polar secondary

interactions with residual silan 'bed for normal phase SPE could
occur. If a nonpolar solven? ompound from reversed phase
SPE packing, the addition o nole wthanol) may be necessary to
disrupt any polar i 1 ; N fcompound In these cases,

methanol can hydrogen

up any hydrogen bondingt

The silanol group at the surface 1 also be acidic, and may exist as
Si-O group above pH 4. As a > sil bone may also have cation exchange
secondary interactions, attracting caﬁﬁ alytes of interest. In this case, a pH

i '

adjustment of the elung solvent may b‘é m iStupt these interactions for
elution (acidic to neutrg e silanol group, or basic to hcutralize the basic analyte).
This can be done bygu-sing acidic thas (98" : MeOH: 2% concentrated
HCI) or basic methanol (98% MeOH: 2% conggntrated NH4OH), or by mixtures of these

with a more noxﬁlur%}h% olhifeibié|solvany Normiaf phiase bonded silicas will

exhibit primary polar retention mechamgsms via the bonded functlonatlﬁroup, but also can

have somﬁmawnnq‘mmmﬁﬂm fTﬁﬂalkyl chain that

supports thegfunctional group. In this case, a more nonpo lvent, or a mix of polar and

nonpolar solvents, may be needed for elution. As with the reversed phase silicas,
secondary polar or cation exchange interactions of the adsorbed compound may occur
with the silica backbone. Ion exchange bonded silicas can provide secondary nonpolar

interactions of analytes with the nonpolar portions of their functional groups, as well as
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polar and cation exchange interactions of the analyte with the silica backbone. A delicate
balance of pH, ionic strength, and organic content may be necessary for elution of the

analyte of interest from these packings.

Solid phase extraction is used to separate compounds of interest from impurities in three

ways. Choose the most appropriate scheme for your sample:

Selective Extraction: Select an SPE sorbent that will bind selected components of the
sample - either the compounds . the sample impurities. The selected
ough the SPE tube or disk (the

iponents). Then, either collect the

components are retained when
effluent will contain the s
adsorbed compounds of inteze 'scard the tube containing the

extracted impurities.

Selective Elution: The adsorhéd ¢ &0 inds of interest are eluted in a solvent that leaves

the strongly retained impugities'be nd..m..,

BUL I
WL

SPE is a five-step process: Thg'SPE L process | ides samples that are in solution, free of

interfering matrix components, and concentratéd.enough for detection. This is done in
a0 - -

five steps: >
1. Select the P 7. f:;f_:ﬁ e
2. Condition the SHE Tube ¢
3. Add the Sample ¢ .

a8 ) Y871 TN T

5. Elute thélCompounds of Inteéest

ARIANN I UAIAINYA Y
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1 Selecting SPE Tube
1.1 Selecting an SPE Tube: Bed Weight

Reversed Phase, Normal Phase, and Adsorption-Type Procedures:
The mass of the compounds to be extracted should not be more than 5% of the mass of
the packing in the tube. In other words, if you are using a 100 mg/ImL SPE tube, do not

load more than 5 mg of analytes.

Concentrate analyte by evapozatitas Evaporate to ¢ ss and reconstitute with another
solvent. Use SPE. Is the qugani¢ ; ventipolar 2 r-miscible (e.g. methanol or
| “n6 ¢ (e.g. dichloromethane or
hexane). If polar: dilute. v agerft 0% ganic and follow the matrix scheme for
aqueous analytes. If midgfto polz ! al e, or evaporate to dryness,

reconstitute with water or a wa ¢ lvent, then dilute with water as above and

Reversed phase: type silicas and nonpolar adsorption medg usually are conditioned with

a water-miscible organic sglyent such as methanol, followed by water or an aqueous

buffer. Methanolﬂ ulﬁls@ 9;' ﬂhﬂ'ﬁ Wa.g qnﬁa% bonded alkyl phases,

allowing water to Wet the silica surface‘efﬁcwntly Sometimes a pre- condltlomng solvent

is used b mﬁﬁlﬁwwq YT\? elutlon solvent,
and is usedjto remove any impurities on the SPE that could mterfere with the

analysis, and may be soluble only in a strong elution solvent.

Normal phase: type SPE silicas and polar adsorption media usually are conditioned in the

organic solvent in which the sample exists.
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Ion exchange: packings that will be used for samples in nonpolar, organic solvents should
be conditioned with the sample solvent. For samples in polar solvents, use a water-
miscible organic solvent, then an aqueous solution with the proper pH, organic solvent
content, and salt concentration. To ensure that the SPE packing does not dry between
conditioning and sample addition, allow about Imm of the last conditioning solvent to
remain above the top tube frit or above the surface of the disk. If the sample is to be
introduced from a reservoir or filtration tube, add an additional 0.5 mL of the final

3 mL tube, 4 mL to a 6 mL tube, and

conditioning solution to a 1 mL SPE @

so on. This prevents the tube e sample actually reaches the tube.

If the packing dries before ? is M d@conditioning procedure. Flush
buffer salts from the tube y Wucing organic solvents. If

appropriate, attach the sam -a tube adapter.

3. Add the Sample

Accurately transfer the s using a volumetric pipette or

micropipette. The sample m mpatible with SPE. Total sample

volume can range from microhteﬁ

= a,.- *

solutions are extracteg,:xeversed phase sili -g

acquired through the conditioning proc

en excessive volumes of aqueous

lly lose the solvent layer

tion efficiency and sample
recovery. For samples @O mounts of’ Eater-miscible solvents (up to
10%) to maintain proper wetting of reversed phase packings. Maximum sample capacity

o spcific 10 ofah WRERIAINS ‘}WEJ O recoverios are tow o

1rreprodu01ble tesﬂ:for analyte break-t?rough usmg the following techmque Attach two

condition: qﬂtﬁ ﬂ‘m @ﬂg@r’! ?’F Pass the sample
through bo tubes en finished, detach eac e and elute it separately If the analyte

is found in the extract of the bottom tube, the sample volume is too great or bed weight is
too small, resulting in analyte breakthrough. To enhance retention of appropriate
compounds on the packing, and elution or recipitation of unwanted compounds, adjust

the pH, salt concentration, and/or organic solvent content of the sample solution. To
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avoid clogging SPE tube frits or the SPE disk, pre-filter or centrifuge samples prior to
extraction if possible. Slowly pass the sample solution through the extraction device,
using either vacuum or positive pressure. The flow rate can affect the retention of certain
compounds. Generally, the flow rate should not exceed 2 mL/min for ion exchange SPE
tubes, 5 mL/min for other SPE tubes, and may be up to 50 mL/min for disks. Dropwise

flow is best, when time is not a factor.

4. Wash the Packing

If compounds of interest are , wash off unwanted, unretained

materials using the same so s dissolved, or another solution
that will not remove the desired.e6tapounds. Usually ng more than a tube volume of wash
solution is needed, or 5-10 & e unwanted, weakly retained
materials, wash the packing with/soluts n e \\' on e than the sample matrix, but
weaker than needed to removeicom ids o ' terest. A typical solution may contain less
organic or inorganic salt tha ' I be adjusted to a different pH.

Pure solvents or mixtures of sc é%%;xf ffenng sufficiently in polarity from the final

eluant may be useful wash so S. ing a procedure by which compounds
of interest are not retained on th -  _- out one tube volume of the sample
solvent to remove any rﬁidual, be, or 5-10 mL to remove
the material from a disk /] blto complete the extraction

) uawamwmm
%zmwm S04 1N

interest, but leaves behind any impurities not removed in the wash step. Collect the eluate
and further prepare as appropriate. Two small aliquots generally elute compounds of

interest more efficiently than one larger aliquot. Recovery of analytes is best when each
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aliquot remains in contact with the tube packing or disk for 20 seconds to 1 minute. Slow

or drop-wise flow rates in this step are beneficial.

Sample Pretreatment

In addition to ensuring proper pH of the sample, you should consider other sample
pretreatment needs. The following section describes how some difficult sample matrices

should be pretreated before being applied to the SPE device: |

Liquids; :’ = ”//‘/Z’

Serum, plasma, and wh@ __-_' ~ samples may not need to be
pretreated for SPE. In man however, s ;uch as drugs may be protein-
bound, which reduces /

sru n,._ otein binding in these biological

\'-.- phase or ion exchange SPE
procedures: Shift pH ofshe samplg o B et pH<3 or pH>9) with acids or bases in
the concentration range off0. - esulting supernatant as the sample
for SPE. Precipitate the pro ‘Such as acetonitrile, methanol, or
uid is typical). After mixing and
centrifugation, remove the supem : .r _._. ith water or an aqueous buffer for the

SPE procedure. To preﬂpltate protems,. : alffluid with acids or inorganic

icefig acid, ammonium sulfate,

sodium sulfate, or zinc s@'ate. he p ng suﬂrnatant may be adjusted prior

to use for the SPE procedweéomcate the biglogical fluid for 15 minutes, add water or

e ot %WW%@%
Urine: U m cgﬁ ﬁ[ l;mmaaﬂor ion exchange
SPE, but often is diluted with water or a buffer of the appropriate pH prior to sample

addition. In some cases, acid hydrolysis (for basic compounds) or base hydrolysis (for
acidic compounds) is used to ensure that the compounds of interest are freely solvated in
the urine sample. Usually a strong acid (e.g. concentrated HC!) or base (e.g. 10M KOH)

is added to the urine. The urine is heated for 15- 20 minutes, then cooled and diluted with
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a buffer, and the pH adjusted appropriately for the SPE procedure. Enzymatic hydrolysis

that frees bound compounds or drugs also may be used.

Milk: Milk generally is processed under reversed phase or ion exchange SPE conditions.
The sample may be diluted with water, or with mixtures of water and a polar solvent such
as methanol (up to 50%). Some procedures may require precipitation of proteins by
treatment with acid (typically HCl, H,SO, , or trichloroacetic acid). After precipitation,

the sample is centrifuged and the supematant is used for SPE.

ate//@te-water samples may be extracted

@ solid particles. Groundwater

and wastewater samples mi red prior to the SPE procedure. Filtering

Water Samples Drinking wate

may reduce recoveries if c i t are d to the removed particles. If
possible, do not filter the s . Pass.  unfiltere \ e directly through the SPE
device and, during eluti :
adsorbent bed. This will i

through the particles on the
bound com-pounds of interest

ef samples are used with reversed

Wine, Beer, and Aqﬁou‘s Beverages A . alcoholic beverages may be
processed for SPE withi ,-, retreatment un 1 & ’ r ion exchange conditions.
1gh, @ution with water or buffer to
<10% alcohol may be requtrfg. If necessary,gsolids in the sample can be re-moved by

i RN TNYINT
Fruit Jui wqﬁﬁpﬂmﬁ m%rm?%ﬂ%t Eul are centrifuged

for reversedqahase or ion exchange ged, the resulting supernatant is used

For reversed phase procedures, if 2

for the SPE procedure. Viscous juices may need to be diluted with water or buffer at the

proper pH.



30

Liquid Pharmaceutical Preparations Because liquid pharmaceuticals are mainly
aqueous, these samples generally are processed by reversed phase or ion exchange SPE.
If the preparation is viscous, dilution with water or an appropriate buffer may be
necessary. Organic extracts of the preparation may be processed using normal phase SPE.
Oils Hydrocarbon or fatty oils are commonly processed under normal phase conditions,
because they cannot be diluted with water. The diluent is usually a mid-polar to nonpolar
solvent such as hexane or a chlorinated solvent. The diluted sample is passed through a

normal phase bonded silica or adsorptlon medlum and the sample is collected as it passes
ere m/ s through unretained, while impurities

@ &rest is retained on the packing,
successive washes of the Sw th! in ——+ olar solvents, or with mixtures
of the diluent with a polay rmed.

the fractions. For collectin

through. The compound of int

remain in the adsorbent. If

e analyte 1s recovered in one of

..phase SPE is used.

Solids;

Soil and Sediment: Soil an are extracted with mid-polar to
nonpolar solvents via Soxhle . The resulting extracts are then
processed by normal phase SPE tg gﬁ nces. The cleaned extracts then can be
evaporated and reconstllated with ar another goT /ent i igi_hl SPE (reversed phase, ion
exchange, or normal -ig' se) 1f necessary. f fliciency of the compound of
interest is pH-dependentj)il 3 mayaeed to be homogenized with
water at the appropriate pHe mor to extracti d SPE cleanup. In some cases, small

amounts of soil ﬂ%ﬂ ’%ﬁﬁ We‘}w Zq ﬁ%}nate solvent and then

passed through theSPE device w1thout‘pretreatment as long as the artlcles do not clog
the devic lﬂm‘ l-rtl E%ﬁb I?(I ﬂferﬂ' E:jssmg it directly
through anypart cle on ¢ packing or dis

Plant Tissues, Fruits, Vegetables, and Grains Plant tissues, fruits, vegetables, and
commodities such as animal feeds and grains are homogenized either in water, in a polar

organic solvent (e.g. methanol or acetonitrile), or in mixtures of water with these
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solvents, for reversed phase or ion exchange cleanup procedures. After centrifugation or
filtration to remove the precipitated proteins and solids, the pH of the sample may need to
be adjusted. The analyte may adsorb onto the SPE packing or may simply pass through,
free from interferences. The sample also may be homogenized with a mid-polar to
nonpolar solvent for normal phase SPE procedures. Again, the sample may need to be

centrifuged or filtered prior to SPE.

Meat, Fish, and Animal Tissues Meat, fish, and other tissues can be processed in the

same manner as described above ‘ft I its and vegetables. In addition to

eversed phase and ion ex-change

SPE procedures may also inveive hyd: @f the meat or tissue with acid
(typically HCI or richloroacetic.a¢id)or saponifi cation with base (e.g. NaOH). Enzymatic
hydrolysis also may be used ; ntrifuged and the supernatant

used for the SPE procedtfe. © £xtra tstobtaine nid-polar to nonpolar solvents

can be processed using ng

il
WA
Tablets and Other Solil Pharmacen
*-I'-";:'."'.'

pharmaceutical preparations should be

2 d ff,

k]
-

homogenized with water or an a;; _ -_ or reversed phase and ion exchange
SPE procedures. A rr}iﬁpqlat ;;n%npo i : or normal phase cleanup
procedures. fi
7
2.1.3 Solid Samples . 'y,

AULINYNINEING

When a sample is 4lsolid, the sample pretreatment process can be more complex. There
P ple pF Y Y

are two spachrﬂ-ﬁeﬂ? ﬂ(ﬂfé‘(fsz ﬂﬂl r&qﬁ‘iglized, or only.a
and the t be selectively removed. If the solid

part of the splid is of interest analytes mus
sample is a soluble salt or drug tablet formulation, the only sample preparation that may
be required is finding a suitable solvent that will totally dissolve the sample and the
components of interest. If the sample matrix is insoluble in common solvents but the

analytes of interest can be removed or leached out, then sample preparation can also be
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rather straightforward. In these cases, techniques such as filtration, Soxhlet extraction,
supercritical fluid extraction (SFE), ultrasonication, or solid-liquid extraction may be

useful.

2.1.3.1 Solid — Liquid Extraction

Sample is placed in stoppered container and solvent is added that dissolves analyte of
interest; solution is separated from solid by filtration (sometimes called shake/filter
method). Solvent is usually boiled or refluxed to improve solubility; sample is in finely

divided state to aid leaching proc

/ be shaken manually or automatically;

om insoluble solid.

sample is filtered, decanted, or
———

2.1.3.2 Soxhlgt

Sample is placed in disposable S conta \ \ constantly refluxing solvent
flows through the thimblé 2 hi

1'are continuously collected in
boiling pot. Extraction ocefirs be stable at boiling point of

) raction is carried ‘out unattended until complete;
e ad
process is also inexpensive andi€xggfient recoy ent as shown in Figure 2.5.

solvent. The process is slo

! m Sample in porgus cup

ARAINTUNR"

Solvent reservoir

Figure 2.5 Instrument of soxhlet extraction
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2.1.3.3 Homogenization

Sample is placed in a blender, solvent is added, and sample is homogenized to a finely
divided state; solvent is removed for further workup. This is used for plant and animal
tissue, food, environment samples. Organic or aqueous solvent can be used; dry ice or
diatomaceous earth can be added to make sample flow more freely. Finely dispersed

sample promotes more efficient extraction.

W,

iltrasoi: nl. h_with solvent and subjected to

2.1.34 Sonicatio

Finely divided sample is
ultrasonic radiation. An ultzas6 ptobe lor ult "’ disrupter can also be used.

Dissolution is aided by ultzaSoni added for additional extraction.

Process is safe and rapid; bést fo ars 1als. Multiple samples can be
done simultaneously; contactwith s et{t V‘ \

f J‘J 2ad

¥ qu.l

2.1.3.5 Disselution +!‘J’1l_"

Sample is treated with solve /into solution with or without chemical

change. Inorganic so id sompletely dissolve; organic

iy

especially organic polymérs; consult solubility tables for ¢ l on compounds and salts.

S nﬂmwmm
oot AR TAIUNA TRENR Yo« con &

passed throﬂgh sample; after depressurization, extracted analyte is collected in solvent or

samples can often be dissol cquired for many samples,

trapped on adsorbent, followed by desorption by rinsing with solvent. Automated and
manual versions are available; to affect “polarity” of supercritical fluid, density can be

varied and solvent modifiers added. Collected sample is usually concentrated and pure
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because CO; is removed after extraction; matrix has an effect on extraction process. The

instrument of supercritical fluid extraction as shown in Figure 2.6.

thermostat (60 C)

9

o

),

il

1
1
1
1
‘
com- H | ® % .
CO,| |pressor supercritical E . filter
‘
1

1
]
|
I
| fiuid {CO,) reducing E
. valve :
- controller I il ~C O g
carbon dioxide !
1
! '
1
/L '
1 | | :
1 1
TBP i \ trap :
tributylphosphate . 248 ' """"""""" !
3 ;! upereritical fluid extraction
2.1.3.7 Ace hanced) ¢ olvént Extraction (ASE or ESE)

The sample is placed in a seale, éf; ed to above its boiling point, causing

pressure in vessel to risé;‘extracted sample is automati cally-temoved and transferred to

; ; ) : ;
vial for further treatme "'i’i- ,&_? extraction process and is

|
automated. Vessel mus ithstand high pressure; ex 4 ed sample in diluted form

requires further c ncentr{idl; safe rovisions are_required. The instrument of
ot ol & SRRV 1]
U

AN TUNNINGAY
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A combination of hot ion (Figure 2.8); sample in

thimble is first immers imble is raised for Soxhlet

Figure 2.8 Instrument of automated Soxhlet extraction



36

2.1.3.9 Microwave-Assisted Extraction (MASE)

Sample is placed in an open or closed container and heated by microwave energy,
causing extraction of analyte. Extraction solvent can range from microwave absorbing
(MA) or non-microwave-absorbing (NMA); in MA case, sample is placed in high-
pressure, non-microwave-absorbing container and heated well above its boiling point.
Also in the MA case, the sample and solvent can be refluxed at atmospheric pressure,
analogous to solid-liquid extraction; in. NMA case, container can be open, with no

pressure rise; safety provisions are

7."

The class of agricultural

2.2 Pesticides

compound intended to des - othie ol insects, weeds, nematodes,
rodents and any other f

Agency.

Post — World War II, chemical’pesticides have the most important consciously —
: neration pesticides” were largely highly

toxic compounds, such)as arsenic and h ide, Their use were largely

abandoned because they.w f“'! . The “second generation”
pesticides largely includg synthetic orgz 0 pounds.mSynthetic’ here means made

by humans — not naturally ecemring, while ‘ofganic’ means carbon containing, not to be

confused with the%p%r&‘e% Llefrichds ib tind Eabehibe))
e RO TE A 4 B Ve

(organochlofine): dichlorodiphenyltrichloroethane or DDT. DDT was discovered in 1939
by a Swiss chemist Paul Mueller. It was hailed as a miracle for a number of reasons:

- It was toxic to wide range of insect pests yet appeared to have low toxicity to

mammals.
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- It was persistent (didn’t break down rapidly in the environment) so that it
didn’t to be reapplied often.
- It was not water—soluble, so didn’t get washed off by rains.

- It was inexpensive and easy to apply

It was so effective at killing pests and thus boosting crop yields and was so inexpensive
to make that its use quickly spread over the globe. It was used for many non-agricultural

applications as well, until the 1960’s. It was used to control mosquitoes in residential

areas of the US. Yields increased / disease such as malaria were brought
under control as never before (i et &now is on the increase again as the
vectoring insects develop f@des) People could cheaply and
easxly control so many pes icide' manufact ers sa1d that the minute amounts

experimental work dem some of the pesticides could

More important, although

; a0 .
concentrations were very Jdow, . § , re and water, concentrations were

affect the survival

er as one moved up the food

DDT was being transported for _l-ong#&i:' es ir ‘ sﬁre and then being washed
7 an_ breast milk at remark high
1gh oﬁlcentratlons and for chronic,

long—term exposure, it maylﬁlmvolved wi thyliver cancers, reproductive abnormalities,

and other human ﬁ%ﬁ%ﬁ?w&mt@ resulting public outcry

prompted the US. Environmental Protection Agency (EPA) to cancel the registration of
&

o RAWTR PSRV VGRS Bfror i e

late 1970’sg Currently these are no manufacturing of DDT in the US. DDT is still,

concentrations. It is incrgsing

however, widely used in less developed countries. When the last DDT manufacturing
plant in the US was dismantled in 1983, it was sold to Indonesia, where it is currently
manufacturing DDT. In December 2000, 122 nations (including the US) signed a treaty
intended to phase out completely Persistent Organic Pollutants (POPs), including DDT.
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These POPs are generally fat n-soluble (as in DDT), and are also very dispensable. The
list of 12 POPs covered by the treaty includes nine pesticides (aldrin, chlordane, DDT,

dieldrin, endrin, heptachlor, hexachlorobenzene, mirex and toxaphene) as well as dioxins.

The EPA wrote, in 1985, that dioxins are “the most potent carcinogen ever tested in
laboratory animals”. Many more POPs are likely to be list of globally—banned
compounds. The chemical industry responded to the concern over DDT and its relatives

with new classes of pesticides, which are less persistent than DDT, are often also acutely

The EPA banned use of ¢ epta nd, ¢ n in 1988 because they can
remain in the environm >riods of ti ability of these pesticides to

air, water, soil and food can

laboratory animals. Nervous syst ity h: een documented in humans receivin
ry u@ﬁ% = g

large doses of poisonirig; dnclude mild symp tor a8 loss of balance, headache,

e abllltya cause cancer too.

222 cnaﬁ%ﬂﬁl%ﬁﬂ‘ﬁ WBINS
s GRG0t 4443 449 ot s

control (insécticide, acaricide, fungicide, bactericide, herbicide, nematicide, rodenticide

depending upon the dose.Eome pesti

and molluscicide), kind of pesticides to destroy (anti — feedant, anti — respirant, attractant,
chemosterilant, defoliant, desiccant, repellent and growth regulator), source of pesticides
(chemical from synthesis and plants), chemical compositions. For chemical composition

pesticides can be divided into 3 types.
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Inorganic compounds—they have an element that can be found in the environment to be
the composition, but there is no carbon, stable, non—volatile,
water soluble and highly toxic for humans and animals.

Organic compounds—synthetic compounds that have carbon, hydrogen and one or more

elements such as chlorine, oxygen, sulfur, phosphorous or
nitrogen. |

Compound from plant extracts—extraction of plant that has pesticides such as pyrethrin.

Organic compounds can be cl

1. Organochlorine compoun ehioninated hydroearbons consist of carbon, hydrogen,
chlorine and/or oxygen. ‘ Ompe sition and water—soluble such

as DDT, endrin and Hepta _Moreover; org: Q\ ilorine compounds can be divided

by structures too—diphe aliphatic, benzg \ ivative and cyclodiene.

‘ coRsiitd tey very severe toxic to humans

and animals such as Malathioh, pa thid nd pirimiphos methyl.

Organosulfur compounds ¢ :E"’ sulfur sueh,as tetradifon.

Carbamate like organophospho d 3 such as carbaryl and carbofuran.

—_'_r

Formamedine—fo g_,

Dinitrophenol—binafacryl, dinol X

Organotin compoundﬂ—cyhe 2 m

Pyrethmds—{ieltamethryp ermethrin and gypermethrin.

Fumlgam—mﬁ%ﬁf.] %%@%’\‘ﬂ na

10. Petroleum oils 4

R TRN TR NN INYA Y

o g T N o A e



2.3. Turmeric (Curcuma Longa.)

Curcuma longa

LUENR [ e

Curcuma longa L

Figure 2.9 Picture of Turmeric (Curcuma Longa.)

40
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Curcuma Longa, which belongs to the Zingiberaceae family, Curcuma Genus and Longa
species. It has many common names, such as curcuma. It is a perennial herb that
measures up to 1 m height with a shot stem, distributed throughout tropical and
subtropical regions of the world, being widely cultivated in Asiatic countries, mainly in
India and China ®> As a powder, called turmeric, it has been in continuous use for its
flavouring, as a spice in both vegetarian and non-vegetarian food preparations and it also

has digestive properties.

curcumin, which was extracted«from the rhizotues of Curcuma Longa., with yellow color
and is the major component*of'plant. Pa ge-yellow volatile oil (6%) is
composed of a number of mohotErpenés  an "'- including zingiberene,
curcumene, o and (- turme | heca g principles are curcuminoids,
50-60% of which afe 2 X ireumin, monodesmethoxycurcumin and
bisdesmethoxycurcumi . T o %\ urcumin and volatile oil in

Curcuma Longa. as sho

e L cH, i
AUBINENTNEINS
AURIATUNRANYAY

2 |

HyC CH,



42

Zingiberene

HO

rcuminoids

e ——— s ——e

|
lgf papers on the literature relati ij to the activity of compounds
extracted from C o b it i ation. The volatile oil
has exhibited mmm a:il‘m:ant-induced arthritis,
carrageemin-induced paw oedema. (,36)‘ i its_derivativ the active anti-
mﬂammata'w:s-t]taﬁf[h%m(ﬁcﬁpiﬁmmw of curcumin

may be due1o its ability to scavenge oxygen radicals, *® which have been implicated in
(39)

There are a great numbe

the inflammation process.
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2.3.1.2 Antioxidant Activity “0)

Unnikrishnan and Rao (1995) studied the anti-oxidative properties of curcumin and its
there derivatives (desmethoxycurcumin, bisdesmethoxy curcumin and diacethyl
curcumin). These substances provide a protection of hemoglobin from oxidation.
curcumin is a good anti-oxidant and inhibits lipid peroxidation in rat liver microsomes,
erythrocyte membranes and brain homogenates (Pulla Reddy & Lokesh 1994). The lipid
peroxidation has a main role in the inflammation, in heart diseases, and in cancer. Pulla

Reddy and Lokesh (1992) observed that cureumin is capable of scavenging oxygen free

radicals such as superoxide icals, which are important to the
J

Mazumber et al. (1995
HIV-I integrase inhibitor
Aids drugs.

anti-viral activity, being a

1 analogs may be developed as anti-

2.3.1.4 Anti - Tu
“-:P

Ozaki et al. (2000), e ““‘"“ o _rabbit osteoclast apoptosis,
demonstrated that curc@in dras bits bone @orption in parallel with its

stimulation of apoptosis ingthe cells. Since cancer and bone inflammation are diseases

thamcreasebonﬁwfa‘nﬂmwmm
AIREAIN UM INY1AY

Curcumin can decrease high cholesterol levels and have anti-mutagenic activity.
Moreover, curcumin could effectively inhibit diethylnitrosamin-induced liver

inflammation in rats. Other interesting action was acute heptotoxicity and anti-bacterial.
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