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Procedures prior to analysis

the bottleneck of analytical methodologies -- .
as it constitutes the principal source of error
and remains as one of the most time-

consuming steps.

Sampling, field sample preparation, lab
sample preparation, Extraction, Clean-up,
Concentration.

Sample extraction

Transfer PR to solvent from commodity sample.
solid-liquid extraction: Solvent extraction from solid sample

liquid-liquid extraction

Water sample
Liquid-liquid extraction, LLE
Solid Phase Extraction, SPE

Air sample
Cold-extraction

squeezing extraction of PR from the absorbent
immersed in solvent.

easy (procedure), simple (equipment), fast, only fit to
the squeezable absorbent of PUF

Soxhlet extraction

with boiling solvent
recommended by EPA




Soxhlet extraction: Soxhlet extractor

The sample is placed in a thimble-holder that
is gradually filled with condensed fresh
extractant (term used to refer to the solvent
used for extraction) from a distillation flask.

When the liquid reaches the overflow level,
a siphon aspirates the solute from the
thimble-holder and unloads it back into the
distillation flask, thus carrying the extracted
analytes into the bulk liquid.

This operation is repeated until the complete
extraction.
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PR Extraction

Soil sample
Solvent immersing extraction
Oscillation extraction
Ultrasonic extraction

il

Immersing the homogenized sample in extraction solvent

Oscillating the sample
Sucking filtration of samples
@COncentrate the eluent.

Oscillating extraction

Sucking filtration

PR Extraction

Crop or animal tissue
Rinse
Oscillating

Blending or homogenizing

Soxhlet extraction

Digestion
I g
Gy




PR Extraction

Digestion method
Acid digestion
Alkali digestion
Enzymatic digestion

Microwave assisted digestion

the homogenized fish sample is treated by
20mL mixture of 4:1 glacial acetic acid and
perchloric acid, seal the sample and put it in
microwave oven.

Extraction solvent

1. Inertness.
No chemical reaction with the solvent, no effect to the
equipment.

2. Purity.
Testing method

300~500mL of solvent is concentrated with K-D
Apparatus to 3~5mL.

No interferences peak in GC-ECD with 2 microliter
injection.

Purify the reagent

Hexane: reflux distillation 20min with the present of NaOH, then
redistilled, discarded the first and the last 10%.

Acetone: reflux distillation with the present of potassium
permanganate until the purple color stable, dry it with K,CO,,
filtration and re-distillation, collect the portion of 56°C.

Acetonitrile: collect the distillation portion from 81~82°C with
the present of 1ml H;PO,, 30g P,O5in 4 L acetonitrile.

Ethyl acetate: reflux distillation for 4h with the present of 100mL
acetic anhydride and 10 droplets of concentrated H,SO, in 1 L ethyl
acetate. Dry it with K,COj, filtration and re-distillation, collect the

portion of 77°C.
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Extraction solvent

3. Polarity “AA{l A JE 28

Low polarity of OCl is easily extractable with low polarity of solvent, such

as hexane.

More polar OP or phenoxy acid herbicide, with polar solvent, such as
CH,Cl,, CHCIl,, acetone.

Mixture of solvents often have better result.

4. Commodity-based:

Water sample, extracted by solvent or absorbent.

Soil, the mixture of water and solvent
High water content sample, water intermiscible solvent
High fat content sample,  low polarity solvent

Extraction solvent

5. Boiling point
Proper range 45~80°C
too low, easy to evaporate
too high, difficult to concentrate, especially to thermo labile pesticides.

6. Toxicity: acetonitrile, methanol has better effect than
acetone for few interferences. However, their toxicity...

7. Cost: price of the solvent

8. Analytical target range: single residue or multi residue

Solvent used

LgKow (-3~7)

acephate -0.89 methamidophos -0.8
atrazine 2.5 malathion 2.75
chlorpyriphos 4.7  endosulfan 4.79
permethrin 6.1 cypermethrin 6.6

mixture of solvent
acetone acetonitrile ethyl acetate




Water removal from the extract

Mgz2* Na*
MgSO, xH20 Na,50, xH20
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Homework title?

Supercritical Fluid Extraction

Utilizes the combination of gas or liquid properties of the
supercritical fluid (SF).

SF - dense gases

SF is any substance at a T and P above its critical point.

It can diffuse through solids like a gas, and dissolve
materials like a liquid.

Near to the critical point, minor change in P or T can cause
large change in density, allowing many properties of a
supercritical fluid to be "fine-tuned".

Supercritical Fluid, SF
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Supercritical Fluid, SF

Gas SF Liquid

P=latm, P=Pc, | P=4Pc, P=latm,
T=15-30C T=Tc T=Tc T=15-30C

Density 0.0006~0.0 | 0.2-05 | 0.4-0.9 0.6-16
(g/em3) 02
Viscosity 1-3 1-3 3-9 20-300
(10g/cmes)
coefficient of 0.1-0.4 0.7x10° | g2x 10 (02-2)x 10~
diffusion -3

(cm2/s)

Supercritical Fluid Extraction
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Ideal extraction solvent, SF

1. Solvent Strength of SF - density

Solubility of SF for macromolecule compounds increases
with increasing density (that is with increasing pressure).

Solvent Strength of SF decreases with the decreasing
pressure. When the pressure decreases to atmospheric pressure,
the SF loses the dissolving power and the extracted compounds
settle out.

Ideal extraction solvent, SF

2. Higher diffusion coefficient of SF than liquid solvent

It could diffuse into the matrix faster, and the dissolved
pesticides diffuse faster out of the matrix into the solvent. In
other words, pesticides could be extracted from the matrix faster.

3. Lower viscosity than liquid solvent

It could penetrate into porous solid materials more effectively
than liquid solvents and, consequently, it may render much faster
mass transfer resulting in faster extractions.

4. Unnecessary to concentrate for the use of CO, or N,0.

Ideal extraction solvent, SF

5. To improve the solubility, by adding some cosolvents, or
called entrainers, modifiers

Although scCO2 has bipolar and good dissolving capacity,
cosolvents should be added to compete active sites with
analytes when SF is used to extract polar compounds. The
addition of cosolvents could increase the dissolving capacity
and enhance the extraction efficiency. In addition,
cosolvents could improve the selectivity of the extraction.

Methanol. ethanol. isopropanol, <10%

Supercritical Fluid, CO,

scCO,

Easy to obtain the critical condition

sc CO, (Tc=31IC, Pc=7.38MPa)

Low price, low toxicity. non-ignitibility. low boiling point,
released to environment after extraction at normal pressure

Only fit to the non polar or low polar compound.

Advantage of SFE:
Volume of organic solvent was reduced
Time of extraction was reduced.
Disadvantage, expensive equipment

Accelerated Solvent Extraction

Pressurized Fluid Extraction (PFE)

ASE is a technique for the extraction of solid and semisolid
sample matrices using common solvents at elevated

temperatu res and pressures
High T (175°C —200°C) High P (102—136atm)

ASE operates at temperatures above the normal boiling point of
most solvents, using pressure to keep the solvents in liquid form

during the extraction process.

Typically, ASE methods are completed in 15-25 min, while

consuming only 15-50 mL of solvent.

Accelerated solvent extraction
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Accelerated Solvent Extraction

Benefits:
Extractions for sample sizes 1-100 g in few minutes
Dramatic solvent reduction
Wide range of applications
Fit to acidic and alkaline matrices
Approved for use by the U.S. EPA

High cost of equipment
Decomposition of thermo labile pesticides
Co-extract of interferences

Microwave Assisted extraction

Irradiation at a frequency about 2500MHz at 1000-1200W

Microwave could heat the sample quickly and accelerate the
molecular motion. Its high penetrating power enables microwave
energy penetrate inside the sample and radiate the whole sample
quickly other than over heating the sample surface. Molecular
motion in sample enables the sufficient action between the solvent
and analytes, which accelerate the extraction processing.

Extraction time reduced-25min
Several samples can be extracted simultaneously
Domestic microwave ovens can be used (open style)

Solid Phase Micro Extraction

SPME, is a sample preparation technique used both in the
laboratory and on-site. Developed in the early 1990s
Simple, inexpensive, without solvents.

SPME involves the use of a fibre coated with an extracting phase,
that can be a liquid (polymer) or a solid (sorbent), which extracts
different kinds of analytes (including both volatile and non-volatile)
from different kinds of media, that can be in liquid or gas phase.

The quantity of analyte extracted by the fibre is proportional to its
concentration in the sample as long as equilibrium is reached or, in
case of short time pre-equilibrium, with help of convection or agitation.

After extraction, the SPME fibre is transferred to the injection port
of separating instruments, such as a GC, where desorption of the
analyte takes place and analysis is carried out.

Riners KRN

Fiber Coating

SPME fibers are commercially available
*PDMS—nonpolar
*PA—polar

some fiber coatings based on solid sorbents such as
+PDMS-DVB

+PDMS-CAR

«CW-DVB

«CW-TRP

Bonding mode: bonded. non-bonded. partially cross-linked

Polar comparison:
CAR - TPR>PDMS - DVB >PA> PDMS> PDMS (#ZHt)

How to Develop SPME Method

Extractio Fiber Desorpti

Sample Extractio
n Mode Coating

Extractio
volume n time n
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Solid Phase Micro Extraction

Fiber Membrane
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Liquid-Phase Micro-Extraction

LPME

is a miniaturized implementation of conventional LLE in
which only microliters of solvents are used instead of several
hundred milliliters in LLE. It is quick, inexpensive and can be
automated.
Example: Aqueous solution of target pesticides was shaken and transferred
into a vial containing a stirring bar. After 0.5mL of chloroform was added to
the solution, the vial was sealed and the magnetic stirrer was turned on at
200rpm for 20min. (The extraction procedure could repeat for more than one
time to obtain high extraction efficiency). The extract solvent (chloroform)
was collected and volatilized to dryness under gentle N2 stream. The
extractant was then dissolved with 100ul methanol for determination.

Solvent, stirring speed, extraction solvent, time, salt

Liquid-Phase Micro-Extraction
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Single Drop Micro Extraction

An organic solvent (10uL,
extraction solvent) was drawn
into a microsyringe. After
immersing the needle under
the sample solution, the

- extraction solvent was

S depressed to the tip and
suspended in the sample

-l solution. The magnetic stirrer

LR LU Lo was turned on at 1000rpm for
20min, and then the suspended
Solvent, volume, immersing time, extraction solvent was drawn

immersing depth back for instrument analysis.

Dispersive Solid Phase Extraction

Dispersive SPE (DSPE), often referred to as the
“QUEChERS” (Quick, Easy, Cheap, Effective, Rugged, and
Safe) method

Popular in the area of multi-residue pesticide analysis.




DSPE procedure

Samples are extracted firstly with an aqueous miscible solvent
(e.g., acetonitrile) in the presence of high amounts of salts (e.g.,
NaCl and MgSO,) and/or buffering agents (e.g. citrate) to induce
liquid phase separation and stabilize acid and base labile pesticides.

Upon shaking and centrifugation, an aliquot of the organic phase
is subjected to further clean up using SPE. Unlike traditional
methods using SPE tubes, in dispersive SPE, clean up is
facilitated by mixing bulk amounts of SPE (e.g., Supelclean PSA,
ENVI-Carb, and/or Discovery DSC-18) with the extract.

After sample clean up, the mixture is centrifuged and the resulting
supernatant can either be analyzed directly or can be subjected to
minor further treatment before analysis.

QUEChERS

‘ 15g sample + 15mL MeCN (0.1% acetic acid) ‘

v

‘Add 6g anhydrous MgSO4 and l.SgNaAC‘

kﬁ‘ Vortex 1min and centrifuge ‘

‘1 mL supernatant + 50mgPSA + 150 mg anhydrous MgSO4‘

14—{ Vortex 1min and centrifuge ‘

500 1 L extract into autosampler
vial for LC / GC analysis
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ethyl acetate, 159 Na,SO,, 59 NaCl, 1g florisil, = = ssmn: sms =wa
0.05-0.1g activated carbon

CH,4CN was alternative

10 12 14 16 18 20 22 21 26
h min

DSPE method
QUEChERS reported in 2003

DSPE

The proportion of florisil:

Different proportion florisil (0%. 2.5%. 5%. 10% . 20%)
was added into10g sample .

Result shows that good recovery was obtained at 10% of florisil
addition .

The proportion of active carbon
Different proportion of active carbon (0.2%, 0.5%, 1.0%, 2.0%,
5%, 10%) was added into 10g sample .
Results:
0.2%: less pigment was adsorbed.
0.5%-~1.0%: good recovery and better absorbing effect
>5% : Recovery decreased was more than 24.4%

ARG A PR BOE I, pIEAO R AL, dbat, 2003, 250-253

.- QUEChERS was used to PRs in
GBI HIAR IR SR 3 0% it i Ik | Lycium barbarum
WEHPCT 2 2R

Homogenized sample 5g + 10mL CH,CN

Centrifugation
The supernatant was added with 125mg PSA and 300mg MgSO,

Centrifugation

Concentrate the supernatant, inject to GC-MS

Less procedure than QUEChERS
For less water content in Lycium barbarum

Sssuns AND TRACE ELIMENTS

QUEChERS was used to 14
OPs in Lycium barbarum

Determination of Organophosphorus Pesticides in Lycium
Barbarum by Gas Chromatography with Flame Photometric
Detection

L, it L, s G, Som s B, Pmgu v Famo, s s P

Homogenized sample 5g + 10mL ethyl acetate (0.01g activated carbon)

Centrifugation

The supernatant (5mL)

Concentrate the supernatant, inject to GC-FPD
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Homogenized sample 4g + 50mL CH,CN + 0.2 activated carbon
Filtration

Concentration and inject to GC-FPD.

Less procedure than QUEChERS
For less water content in bupleurum chinense
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belore analvsis.

The upper layer was translerred inlo an
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-+*MWCNTSs as r-DSPE cleanup material for
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0.5 g portion sample
0.5 g of C18-bonded silica

This mixture was transferred

10 ml ethyl acetate at 1ml/min - _,rl

LC-MS of 15 fungicide in F+V.

Factors in MSPD

« the effect of average particle size diameter. (40-100 1 m)
« the character of the bonded-phase.
« the best ratio of sample to solid support material. (1 to 4)

« the optimum choice of elution solvents and the sequence of
their application to a column.

« the elution volume. It has been observed that for an 8 ml
elution of a 2 g MSPD column blended with 0.5 g of sample
that target analytes usually elute in the first 4 ml,
approximately one column volume.

« the effect of the sample matrix itself.

Low-temperature extraction

Principle:

the lipids and wax in the sample could be precipitated
in acetone solution at low temperature (-70°C), while
the pesticide residue still left in acetone, cleanup by
filtration.

Not easy to reach the condition of —70°C (adding dry-
ice is a way)




Low-temperature extraction

Application of the condition at —20C

OP in soybean oil, peanut oil, sesame oil
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Multi-Residue Analysis

Extraction and GC-FPD
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Cloud Point Extraction

Cloud point of a nonionic surfactant

is the temperature where the mixture starts to phase
separate and two phases appear, thus becoming cloudy.

This behavior is characteristic of nonionic surfactants
containing polyoxyethylene chains, which exhibit reverse
solubility versus temperature behavior in water and therefore
"cloud out™ at some point as the temperature is raised.
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When T increased, the two layers occurred.

PR in the layer of surfactant.
Polar interferences in water layer
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pesticides
npmpanude water Cerspol 2080
orpnoplogplons water 0. 25 % Titon X114
water FOLE and Cenegol 26080
fungcides water 0. 25 % Titon X114
DoT il 3 % loepal Joor830 and Tron N114
lerbucides water 2% Cenaplo X050
water Cerapol 3050
manne water Tnton X114
nater 0.02 % Thion X100
water Tnton X114

CPE

neutral surfactants

For nonionic surfactant, phase separation happened
when T increases to above critical point.

For zwitterionic surfactant, phase separation happened
when T decreases to below critical point.

Continuous Liquid-Liquid Extraction

| tiquia soivent fiow

+ gaseous soivent low

Bolling Flask
—— Heating
Mantis

Sample Concentration

The procedure to remove large volume of solvent in
extractant to increase the concentration of target analytes

KD evaporators
Rotating film (vacuum) evaporators
Gas stream concentrator

Kuderna-Danish (KD) evaporators

Some of KD evaporators was not equipped with a receiver for
the solvent distilled off: solvent vapours (acetonitrile, light
petroleum and even diethyl ether) are allowed to escape freely
into the air, causing unnecessary environmental pollution and
safety hazards.

KD evaporators principally work under atmospheric
pressure. Their practical use is therefore limited to solvents
with low boiling point, such as light petroleum, acetone, etc.

The distillation shall be stopped before the liquid is
completely distilled off. If needed, the last millilitres of the
solvent can be blown off by a gentle stream of nitrogen.
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Rotating film (vacuum) evaporators

-do not fill the distillation flask for more than 1/2 of its volume;

- firmly fix the distillation flask to the evaporator by means of a
clamp;

- slowly start rotation so that an even distribution of the liquid
over the inner wall of the flask is obtained; do not let the flask
turn at a higher speed than necessary;

Rotating film (vacuum) evaporators

-gradually lower the distillation flask into the water bath until
evaporation starts; keep the boiling process well under control at
all times (if this is not the case, lift the flask from the water bath
and lower the temperature of the water);

- lift the distillation flask from the water bath as soon as the
volume of the remaining liquid is approx.2-3 ml; do not
evaporate to complete dryness;

- slowly release the vacuum;

Rotating film (vacuum) evaporators

When only small amounts of co-extractives are present in the
extract to be concentrated, and when the pesticides to be
determined are volatile, losses during the evaporation
procedure can occur. This can be circumvented by adding an
inert “holder”, such as n-hexadecane. A useful quantity is 2
ml of a 0.2% solution in n-hexane in a 500 ml evaporation
flask.

Nitrogen Evaporators

Nitrogen stream is used to evaporate the solvent.

Solvent which has less volume and higher volatility.
Pesticide which has lower vapor pressure.

IMulti-Residue Analysis of Some Polar

Pesticides in Water Samples with SPE
jand LC-M5-M5

2006, 41, 255217
Frengmas liv' . G. BischolF, W, Pestemer”, Wienna X, A Koloet'

Higher vapor pressure and lower solubility could lead to higher
Henry’s constant and higher loss in the evaporation step.

Henry’s constant =f (vapor pressure/ solubility)

Table 7. Recovery (%) of concentration step and their physico-chemical properties
Pesticide Acephate Carbofuran Dimethoate Tsoproturon Metharridophos
) 1184 478 167 1142 07
e 933 313 100 941 480
0226 0072 02 C : >
Solubilty in water g [ gL
Henry's Corstant W0x10t Cagexid 1o’ ) <Lox 10

(Pam’ mol )20 C

1000mL Water sample 35mL Water sample 5mL Water sample
with VOC with VOC with VOC

A

Cooling

Vapor dynamic headspace enrichment device

Fit to VOC

Chinese Journal of Chromatography, 2011, 9, 914




Questions

1. PR extraction method
2. How to select proper solvent?

3. Concentration method




