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Executive Summary

National level governing bodies and organizations
which monitor global health risks, such as the United
States Congress and the World Health Organization,
authorize regulatory agencies to set maximum
contaminant levels for toxic contaminants found in the
environment and consumer goods. These regulatory
agencies also advise on the appropriate analytical
technique to use for the quantitative determinations of
these compounds by providing scientific methods.

Sample preparation is critical for successfully
performing the recommended scientific methods.
Disregarding the importance of sample preparation
can result in insufficient percent recoveries of the Protecting the Global Community

contaminants of interest. In order to protect the global community from risks associated with human
health and environmental safety, laws and standards are developed to set legal

For the specific extraction of solid and semisolid
matrices, accelerated solvent extraction is a technique
that increases sample extraction efficiency by utilizing
elevated temperature and pressure conditions.
This technique is recommended for use in various
regulatory methods worldwide, a few which will be
highlighted below. Regulatory agencies including the United States Environmental Protection
Agency (U.S. EPA), are granted the power to develop and enforce regulations.
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limits on harmful substances which can be found on land, in ground and
surface water or in commercial products (food, electronic devices, etc). The
standards can be created by governing bodies at the national and state levels
as well as by organizations that form policies on human health and environ-
mental safety issues.

Method 6860, GB/T 19649-2006, SN/T 2593.1-2010, Regulatory agencies also develop scientific methods which provide recom-
National Standard NMX-AA-146-SCFI-2008, mended techniques for extraction, separation and detection of regulated
L00.00-34, Pesticide residues compounds which analytical laboratories utilize for compliance monitoring.

High performance liquid chromatography (HPLC), gas chromatography (GC),
ion chromatography (IC) and mass spectrometry (MS) are common examples
of recommended techniques for the quantitative determinations of regulated
compounds. The process of sample preparation in these scientific methods is
very critical as any variation in extraction conditions can affect the percent
recoveries of the analytes of interest.



Accelerated Solvent Extraction

Accelerated solvent extraction is a sample preparation technique that was first introduced in 1995.
It improves extraction efficiency for solid and semisolid sample matrices through the use of elevated
temperature and pressure with organic and water based solvents. The technique reduces both
extraction times and solvent usage in addition to providing more consistent and reliable data when
compared to methods such as Soxhlet and automated Soxhlet.

Many of the organic solvents used boil at relatively low temperatures at atmospheric pressure. If
sufficient pressure is exerted on the solvent, the boiling point of the solvent is elevated. As a result,
temperatures above the

boiling point can be used for extraction. When extractions are achieved at elevated temperatures,
several factors contribute to improved speed, efficiency, and reduced solvent use:

1. Solvating power is higher
2. Diffusion rates are faster
3. Solvent viscosity is decreased

4. Solute-matrix interactions (dipole attractions, Van der Waals forces, hydrogen bonding, etc.) are
more easily disrupted allowing the analytes to be removed from the matrix.

Techniques such as Soxhlet or automated Soxhlet may only allow extractions to take place at the
solvent’s boiling point.

Acceptance of Accelerated Solvent Extraction by Regulatory Agencies

The below scientific methods recommend the use of the accelerated solvent extraction method for
sample extraction from solid and semisolid matrices. The section under U.S. EPA Method 3545A
has been expanded to show a specific example of time and solvent savings when using the acceler-
ated solvent extraction method compared to Soxhlet or Automated Soxhlet.

United Stated of America

U.S. EPA Method 3545A

This method is for the extraction of water insoluble or slightly water soluble organic compounds
(semivolatile organic compounds, organophosphorus pesticides, organochlorine pesticides,
chlorinated herbicides, polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans (PCDDs/PCDFs), and diesel range organics (DRO)) from soils, clays,
sediments, sludges, and waste solids using accelerated solvent extraction method.! Table 1 demon-
strates both the solvent and time savings experienced using the accelerated solvent extraction
technique in comparison to other traditional extraction techniques; only 15-45 mL of solvent is
required per sample with a total extraction time of 10-15 min.

Table 1. Solvent and time savings.

EPA Method Technique Solvent Used (mL) | Extraction Time
3545A Accelerated Solvent Extraction 15-45 10-15 min
3540C Soxhlet 300-500 18 hours
35412 Automated Soxhlet 50 2 hours

U.S. EPA Method 8276

Toxaphene is a toxic insecticide which does not degrade easily in the environment and can cause
damage to the lungs, immune and nervous systems.> U.S. EPA Method 8276 is used to determine
the concentrations of certain toxaphene congeners and technical toxaphene in extracts from solid
and liquid matrices. For determining the concentration of technical toxaphene in fish tissue
specifically, the accelerated solvent extraction technique can be used followed by gas chromatogra-
phy with negative ion chemical ionization mass spectrometry (GC-NICI/MS).?

U.S. EPA Method 6860

Perchlorate can interfere with the human thyroid’s ability to produce hormones which are required
for growth and development.* U. S. EPA Method 6860/6850 is used for the determination of
perchlorate in surface water, groundwater, salt water and soil using IC coupled with electrospray
ionization (ESI) mass spectrometry (MS) or tandem mass spectrometry (MS/MS). Accelerated
solvent extraction is a recommended technique for the extraction of perchlorate in selected soils
and wastewater treatment sludges specifically. 3



China

GB/T 19649-2006

Agricultural chemicals, which include pesticides, are used to protect the health of crops and
livestock, boost crop yields, and manage weed growth. However plants and animals must be tested
for pesticide residues in order to minimize health risks to consumers which can depend on factors
including pesticide type and the length of exposure.® China has created a recommended method for
regulating 475 pesticides and related chemicals residues in barley, wheat, oat, rice and corn. GB/T
19649-2006 is a recommended national standard which uses the accelerated solvent extraction
technique followed by gas chromatography-mass spectroscopy (GC-MS). 7

SN/T 2593.1-2010

Polycyclic aromatic hydrocarbons (PAHs) are a widespread environmental pollutant comprising
specific isomers which are classified as carcinogens, mutagens, and teratogens.® The Chinese
Method SN/T 2593.1-2010 is used for the determination of 16 polycyclic aromatic hydrocarbons
(PAHSs) specifically in electronics using the accelerated solvent extraction technique followed by
HPLC as the analytical technique.’

Mexico

National Standard NMX-AA-146-SCFI-2008

This standard is for the determination of PAHs in soils and sediments using the accelerated solvent
extraction technique followed by GC-MS and HPLC using an Ultraviolet Visible (UV-VIS) Fluores-
cence Detector. 1

Germany

Lebensmittel Bedarfsgegenstinde Gesetz (LMBG) L00.00-34

The official method Lebensmittel Bedarfsgegenstinde Gesetz (LMBG) L00.00-34 is for the
determination of pesticide residues in various foodstuffs. The accelerated solvent extraction
technique is recommended for plant material and foodstuffs with a fat content below 2.5g/100g
and water content below 20g/100g depending on the specific type of compounds. Analysis is done
by GC with multiple detectors including a flame photometric detector (FPD), a mass spectrometric
detector (MS), a nitrogen/phosphorous detector (NPD) and a electron capture detector (ECD)
depending on the application.!

Conclusion

Compliance monitoring assures that the regulated community adheres to a set of policies created
by regulatory agencies for the determination of compounds which pose global health risks. Sample
preparation is an important part of this determination process and can require concerning amounts
of time and solvent when using traditional extraction techniques. Use of the accelerated solvent
extraction technique in regulatory methods including U.S. EPA 3545A provides examples of how
this automated technique reduces both the solvent usage and extraction time per sample.
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