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o reduce operating costs and 
maximize profits, environmen-
tal laboratories must become 
much more efficient in terms 

of materials, labor, and time. Solid-phase 
extraction (SPE), which can be automated, 
produces more consistent results than 
manual labor techniques and stream-
lines the process to increase sample 
throughput. Here, William Jones, Director 
of Chemical R&D at Biotage, discusses 
recent SPE developments such as the 
evolution to multi-modal disks that accom-
modate complex chemistry in a single 
pass, the move toward anion exchange 
resins, and future directions such as the 
trend toward field sampling.

LCGC: What types of challenges (e.g., 
in sample preparation) do environ-
mental laboratories face today?
Jones: Today’s environmental laborato-
ries face numerous challenges. One, in 
particular, is high sample-throughput de-
mand. A lot of people need many samples 

processed, and there is a finite amount of 
time in which to complete sample analy-
sis. There are often limits on how long a 
sample can be held before it expires and 
the laboratory must resample. Thus, labo-
ratories must have speed and efficiency in 
processing samples.

Sample matrices in environmental labo-
ratories can vary dramatically. These can 
range from clean drinking water samples, 
to semi-dirty samples such as groundwa-
ter, to extremely dirty samples such as 
wastewater. Environmental laboratories 
are constantly trying to reduce operating 
costs and maximize profits. That means 
laboratories must be much more efficient 
in terms of materials, labor, and process-
ing time.

One problem faced by environmental 
laboratories is high technician turnover 
rates. New employee training must be 
conducted frequently. In addition, techni-
cians often have different sample prepara-
tion skill sets and that variation must be 
dealt with. Such variation could cause 
problems in the consistency and reliabil-

T

Benefits of Solid-
Phase Extraction in 
Sample Preparation
Developments in solid phase 
extraction are alleviating many 
sample preparation challenges faced 
by environmental laboratories.
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ity of results. Many sample preparation 
techniques that are still in use today were 
established years ago and are based on 
technology that was available at the time. 
Some of these techniques are dictated by 
the U.S. Environmental Protection Agency 
(EPA); other techniques may be carryovers 
from other regulated environmental test 
methods. However, sample preparation 
usually involves a lot of manual effort, 
which can sometimes be the bottleneck 
that hinders productivity.

LCGC: How does SPE help alleviate 
some of these challenges?
Jones: SPE reduces the amount of extrac-
tion solvent needed to prepare samples. It 
also eliminates emulsion formation, which 
is a problem commonly encountered with 
liquid–liquid extraction (LLE). When mixing 
a water sample with a nonpolar solvent, 
shaking it to perform the extraction, and 
then extracting analytes from the water 
into the organic solvent, the sample com-
ponents can form an emulsion. In that 
case, the technician must try to break up 
the emulsion to obtain the organic solvent 
as part of the sample.

In SPE, the sample passes through a 
disk and does not come into contact with 
any solvents; therefore, emulsions are 
eliminated. In addition, SPE can be auto-
mated, which will produce more consis-
tent results than a manual process such 
as LLE. Through automation, SPE also 
reduces processing time and solvent us-
age. SPE can capture target compounds 
while the sample passes through the disk, 
whereas LLE requires multiple extraction 

steps because the process is based on a 
solution equilibrium.

LCGC: Can you talk about the evolu-
tion of these techniques?
Jones: Several forces have driven SPE in 
certain directions to meet market needs 
and analytical goals set by regulatory 
agencies (e.g., International Organization 
for Standardization [ISO], US EPA). For 
SPE, there has been an evolution from 
cartridges to disks because 1 liter is often 
dictated as the sample size for extraction. 
Trying to pass a 1-liter sample through 
a cartridge limits the flow rate (e.g., 10 
milliliters per minute) due to the smaller 
surface area in this media configuration.

With the larger surface area of disks, 
the sample flow rate increases dra-
matically from 100 to 200 milliliters per 
minute. Thus, passing a 1-liter sample 
through a cartridge may take 100 min-
utes, whereas using an SPE disk can 
reduce processing time down to 5 or 10 
minutes. Disks have also evolved from 
a standard size of 47 millimeters to 90 
millimeters for selected applications to 
increase their chemical capacity.

The increase in physical size and chemi-
cal capacity can be particularly beneficial 
for higher-throughput applications with 
challenging sample matrices, such as oil 
and grease extractions. In this example, 
it is possible to extract milligrams (versus 
micrograms) of material, which is eluted 
with hexane and evaporated such that a 
gravimetric measurement can be made. 
Challenging sample matrices like these 
have spurred the development of reus-
able disk holders and custom prefilter 
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stacks that use benign materials (e.g., 
microglass fiber). This extraction ap-
proach has helped tremendously when 
working with samples containing high 
levels of solid materials.

When extracting compounds from 
environmental samples, particulates 
and suspended solids can interfere with 
the media’s ability to effectively interact 
with the target analytes in solution. Filter 
stacks remove solid materials from the 
sample matrix, allowing the solution to 
pass through without interference from 
the matrix components. Modern filters 
use relatively inexpensive materials and 
can often be mixed and matched to ac-
commodate the particulate level for each 
sample. This improves the accuracy and 
reproducibility of each extraction without 
adding a significant amount of cost.

Along with the development of various 
disk holders, there has been a push to 
develop a wider range of media to accom-
modate increasing compound lists and ap-
plication challenges. These offerings have 
been expanded to include ion exchange 
resins and multi-mode disks, just to name 
a couple of examples. Disks may contain 
a blend of resins, offering a range of ca-
pacities and the ability to capture a wider 
class of compounds in a given sample run, 
rather than doing multiple extractions of 
each sample.

Disks have also been created for the pur-
pose of drying samples. These disks offer a 
much more convenient means to remove 
residual water from organic solvent extracts 
prior to concentration. Before the creation of 
disk membranes for drying, techniques for 

drying solvents typically included the use of 
sodium sulfate, which has several challenges 
associated with its use, handling and stor-
age. 

There has also been an evolution from 
reusable to disposable disk holders. 
Disposable disks offer speed and conve-
nience for high-throughput laboratories 
that need to maximize productivity while 
reducing overhead costs. Disposable 
disks eliminate the time that would have 
been spent cleaning disk holders, while 
eliminating the risk of sample-to-sample 
carryover.

LCGC: Can you provide an example of 
a specific application?
Jones: One example is the development of 
the Atlantic® One Pass disk, a multi-mode 
disk that allows hundreds of compounds to 
be retained with a single pass of a sample 
solution. The One Pass disk was designed 
to tackle the challenges of EPA Method 
8270, a method for extracting semi-volatile 
organics from wastewater. Method 8270 
contains a list of more than 300 semi-vola-
tile organic compounds. There are approxi-
mately 14 different classes of compounds 
that are categorized as being acidic, basic, 
neutral, or hydrophilic.

With the One Pass disk, in combina-
tion with a carbon cartridge, all of these 
compounds can be captured in a single 
run. Comparable speed and efficiency 
are nearly impossible to achieve with LLE 
when trying to capture compounds from 
a list of 300, ranging from extremely hy-
drophobic to extremely water soluble. It is 
hard to take compounds that are extremely 
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water soluble into a hydrophobic solvent. 
Examples include recoveries for key com-
pounds listed in Method 8270 such as 
cancer-forming agents (e.g., methyl 
methanesulfonate) or suspected car-
cinogens (e.g., N-Nitrosodimethylamine 
[NDMA]). Recoveries for these compounds 
are typically poor when using LLE.

The One Pass disk is successful be-
cause it contains media with three differ-
ent retention mechanisms. The mixed-
mode disk contains ion exchange resins, 
as well as an HLB resin to give the disk 
hydrophilic and lipophilic properties. Under 
acidic conditions (pH=2), this disk will re-
tain the acidic, neutral and basic analytes 
outlined in Method 8270. The sample 
passes through the disk, then to the 
carbon cartridge to retain the extremely 
hydrophilic compounds (these are com-
pounds that are typically volatile and have 
relatively low boiling points). Both the One 
Pass disk and the carbon cartridge are 
geared to handle high flow rates, making 
this setup appropriate for environmental 
laboratories that are trying to process 
large sample volumes.

LCGC: Where do you see SPE headed 
in the future?
Jones: I can see SPE heading in a couple 
of directions. Right now, there is concern 
about rapid proliferation of perfluorinated 
compounds and their intermediates. They 
come from materials such as Teflon and 
fire retardants, which persist in the envi-
ronment. Current EPA methods look for 
some of these compounds (e.g., perfluo-

rooctanoic acid [PFOA] and perfluorooc-
tane sulfonate [PFOS]) using a reverse-
phase resin (styrene divinylbenzene).

Styrene divinylbenzene is ideal for cap-
turing hydrophobic compounds. However, 
regulators have banned PFOA and PFOS 
compounds, so manufacturers have 
been forced to use smaller-chain carbon 
compounds in their intermediates. These 
smaller-chain compounds were thought to 
be healthier in the environment. However, 
it has been discovered that these “Gen 
X” compounds are persisting and building 
up in the environment, just like the longer-
chain perfluorinated compounds. They are 
now being monitored.

The problem with these new com-
pounds is that they are not retained 
well using traditional methodologies 
and resins. Therefore, it is necessary to 
use different SPE modes such as weak 
anion exchange, WAX-type resins, which 
capture these anionic compounds more 
effectively. The carbon footprints of these 
compounds are too small to be captured 
effectively by traditional reverse-phase 
resins.

Another future direction is the use of 
disks in the field. There has been a lot of 
interest in using SPE in field sampling. 
Obtaining samples in the field has led to 
the discovery that the nature of the disk 
makes it more amenable to longer-term 
sample storage. Since compounds are 
captured directly onto a porous resin, they 
remain more stable for transport to the 
laboratory, compared to keeping them in 
solution for transport. Pore sizes can vary 
between disks, but if they are smaller 
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than 90 angstroms (which is typical of 
many resin-based materials), any bacteria 
present in the sample will be unable to 
gain access to captured compounds. Thus, 
sample degradation as a result of being 
consumed by bacteria is significantly 
reduced, and the quality of the sample 
brought to the laboratory is greatly in-
creased.

William Jones 
Director of Chemical 
R&D, Biotage

Benefits of Solid-Phase Extraction
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Improving Horizon Technology Disk 
Extraction Technology

Introduction
The US EPA monitors a variety of chemi-
cals in water that may cause harm to 
humans or wildlife in order to minimize 
exposure. Method 625 was developed 
by the Office of Science and Technology 
in the Clean Water program to monitor 
a large suite of semivolatile chemicals 
in wastewater for compliance with the 
National Pollution Discharge Elimination 
System (NPDES). NPDES is a system of 
permitting that regulates the characteris-
tics of water that are released into a wa-
terway, defined by industrial category. The 
permitting levels are set depending on the 
waterway’s use. If the waterway is used 
for recreation or is an important wildlife 
habitat, the limit may be set lower.

The original method was developed in 
the early 1980s and has been updated 
several times since then to allow for the 
use of more modern technology. The 
latest update has taken place over the 
last few years and was proposed in a 
Method Update Rule (MUR) in 2015 (1).
The latest version of the method includes 

a larger suite of analytes (up to 364) and 
an extensive set of labeled surrogates to 
better monitor the method performance 
throughout sample preparation and analy-
sis steps (2).

This application note examines the 
results from an initial demonstration of ca-
pability (DOC) with one liter samples utiliz-
ing automated disk solid phase extraction 
(SPE) for US EPA Method 625.1. Samples 
were evaluated and measured against the 
criteria listed in Table 6 of Method 625.1. 
The analytes chosen for evaluation were 
from Tables 1, 2 and 3 in Method 625.1. 
Analytes from Table 3 do not have any ac-
ceptance criteria for comparison.

Experimental
One liter samples were processed and 
laboratory control samples (LCS), matrix 
spike, matrix spike (MS), matrix spike 
duplicate (MSD) and calibration verifica-
tions were evaluated. The samples were 
extracted using an Atlantic® One Pass 
SPE disk (Horizon Technology), which is a 
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mixed mode disk containing several func-
tionalities. The process was automated 
with the SPE-DEX® 5000 (Horizon Technol-
ogy) extraction system. A carbon cartridge 
(Max Detect, Horizon Technology) was 
also used to ensure adequate retention 
of the light end compounds, such as N-
Nitrosodi-n-propylamine.

The Fast Flow Disk Holder (FFDH) was 
used with the samples because this meth-
od is known for varying levels of particu-
late matter and the sample size was 1L. 
The FFDH uses a 47mm disk, but allows 
larger filters to be placed on top to shield 
the SPE disk from particulates that may 
cause clogging and keep the flow through 
the disk fast. The particulate material is 
retained on the filters and washed with 
solvent during the elution step, so any 
material that has been absorbed on the 
surface will be included in the extraction. 

Figure 1 shows a photo of the SPE-DEX® 
5000 (Horizon Technology) configured with 
the One Pass kit, Carbon Cartridge and 
the Fast Flow Disk Holder.

The resulting extracts were dried using 
the DryDisk® membrane drying system 
(Horizon Technology) and evaporated to 
1 mL with the DryVap® In-line Drying and 
Evaporation System (Horizon Technology). 
The DryVap was chosen for its ability to 
in-line dry and concentrate extracts at a 
very low boiling point. Those two features 
preserve the concentrations of the ex-
tracted compounds throughout the drying 
and concentration process, compared to 
traditional multistep processes. Figure 2 
shows the DryVap system with DryDisk 
glassware holding the drying membranes 
in front. The dried extract is drawn into 
the concentration tube in the back and the 
evaporation occurs there. Residual water 
remains in the front reservoirs separated 
from the extract.

The extraction method used with the 
SPE-DEX 5000 is shown in Table 1. The 
conditions for operating the DryVap are 
shown in Table 2.

The samples were measured using a 
GC/MS (6890GC/5975CMS, Agilent Tech-
nologies). The operational conditions are 
shown in Table 3.

All spiking standards used were from 
(Supelco, Bellefonte, PA). The surrogate 
mixes were from (Restek Corp, Belle-
fonte, PA).

Figure 1: SPE-DEX® 
5000 Extractor

Improving Horizon Technology Disk 
Extraction Technology
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Results and Discussion
Table 6 in US EPA Method 625.1 (De-
cember 2014) lists criterion by analytes 
for a variety of characteristics to validate 
that the method applied with changes 
will meet the requirements of the original 
method for a variety of challenging matri-
ces; representative of those that may be 
encountered in a commercial laboratory. 
This table is included in Appendix 1 for 
easy reference.

The first column of Table 6 in Method 
625.1 is range in % for recovery of the 
calibration verification standard. The re-
sults for this standard during the testing 
of the extracts is shown in Table 4 and 
meets the criteria listed in Method 625.1 
for compliance.

Before running samples, the laboratory 
must first demonstrate their capability 
to use a method with an initial DOC, run-
ning four spiked reagent water samples 
through the complete sample preparation 
and analysis step. The results for recovery 
accuracy and precision are compared 
with the range specified for compliance. 

The range is included in Table 5 for easy 
comparison. Analytes with a * indicate 
that they are from Table 3 and do not 
have acceptance criteria in Table 6 within 
Method 625.1. It is up to the laboratory to 
generate their own acceptance criteria for 
Table 3 analytes.

The criteria was met in all cases for 
Table 6 analytes in Method 625.1, indicat-
ing the analyte list is under control and 
further analysis can proceed.

Table 6 demonstrates the results for the 
MS/MSD. The spike recovery data from 
the sample is shown in the second col-
umn, alongside the range criteria for Table 
6 analytes in Method 625.1. The spike and 
surrogates were added at 100 μg/mL in 
each liter of sample. The relative percent 
difference between the spike recovery 
and spike recovery duplicate is calculated 
using the equation in Method 625.1. If the 
data meets the criterion, a pass is indicat-
ed in the Pass/Fail column. Analytes with 
a * indicate that they are from Table 3 and 
do not have acceptance criteria in Table 6 
within Method 625.1. It is up to the labora-
tory to generate their own acceptance 
criteria for Table 3 analytes.

As the data indicates, matrix spikes 
were recovered within the range specified 
in Table 6 in Method 625.1. The relative 
percent difference (RPD) between the 
matrix spike and duplicate sample showed 
excellent agreement when compared to 
the limit allowed. The agreement was 
generally well below the limit, sometimes 
more than an order of magnitude better.

Conclusion
US EPA Method 625 is an important 

Figure 2: DryVap System

Improving Horizon Technology Disk 
Extraction Technology
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method for evaluation of water pollution 
or clean-up. It allows a full suite of analyt-
es to be evaluated at one time using GC/
MS. Sample preparation is an important 
part of the process and disk solid phase 
extraction can provide advantages in us-
ing less solvent, eliminating emulsions 
and providing good extraction across the 
suite of analytes considered while mini-
mizing exposure.

A number of analytes within Tables 1-3 
were extracted simultaneously from a 
1-liter sample, which demonstrates the 
advantage of SPE when facing a challeng-
ing extraction and many potential interfer-
ences. The results show excellent per-
formance of the One-Pass disk coupled 
with a Carbon Cartridge for capture of 
the analytes. Reduced sample volumes 
can be used for this method to improve 
performance as long as all Method De-
tection Limits (MDLs) and reporting limits 

are met.
Solid phase extraction disks are another 

tool for the environmental laboratory to 
consider when evaluating their workflow 
for increased efficiency and safety. Ad-
ditional benefits include reduced solvent 
usage, as well as reduced maintenance 
and overhead costs. Automating your 
SPE workflow increases data accuracy 
and reproducibility. Excellent duplicate 
agreement was shown here, even for the 
more difficult samples. Overall, the dem-
onstrated analytical performance meets 
the criteria required by EPA Method 625.1 
and adds to the other benefits of bring-
ingnewer technology into today’s modern 
laboratory.

References
1. Method Update Proposed Rule, Federal Register, 

February 19, 2015, page 8946.

Table 1: SPE-DEX 5000 Extraction Method
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2. Method 625.1, December 14 revision, can be 
found in the MUR, February 20, 2014. Or down-
loaded here: https://nepis.epa.gov/Exe/ZyPDF.cgi/
P100LVHC.PDF?Dockey=P100LVHC.PDF
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Improving Horizon Technology Disk 
Extraction Technology



 15  MAY 2019 |  LCGC SPONSORED CONTENT

Solid-
Phase 
Extraction

EPA Waste-
water Method 
625.1

EPA Ground-
water Method 
8270E

Table 4: Calibration Verification over the Course of Operation

Improving Horizon Technology Disk 
Extraction Technology



 16  MAY 2019 |  LCGC SPONSORED CONTENT

Solid-
Phase 
Extraction

EPA Waste-
water Method 
625.1

EPA Ground-
water Method 
8270E

Table 4 (continued): Calibration Verification over the Course of Operation

Improving Horizon Technology Disk 
Extraction Technology



 17  MAY 2019 |  LCGC SPONSORED CONTENT

Solid-
Phase 
Extraction

EPA Waste-
water Method 
625.1

EPA Ground-
water Method 
8270E

Table 4 (continued): Calibration Verification over the Course of Operation

Table 5: Initial Demonstration of Capability
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Introduction
Semivolatile organic compounds (SVOC) 
have a variety of chemical properties 
that have been found to cause harmful 
effects to both humans and the environ-
ment. Accurate measurements are chal-
lenging to obtain because SVOCs read-
ily adsorb onto surfaces, and are found 
in common household items such as 
cleaning agents, personal care products, 
electrical components, pesticides, water 
and food. Affects to health depend on 
the chemical nature of the compound 
in conjunction with the degree of expo-
sure; yet have been known to include 
allergenic symptoms, reproductive and 
endocrine issues. Laboratories around 
the world measure these compounds 
in water, soil, and leachates from waste 
sites. US EPA Method 8270E can be 
used to determine the concentration of 
SVOCs extracted from liquid, solid and 
leachate samples in effort to limit expo-

sure and the spread of these persistent 
organic pollutants (1).

While almost all laboratories test for 
less than the full list of 243 compounds 
included in the method, typical laborato-
ries will often measure a large suite of 80 
to 100 compounds. Compound classes 
that can be extracted using this method 
include: polynuclear aromatic hydro-
carbons, chlorinated hydrocarbons and 
pesticides, phthalate esters, organophos-
phate esters, nitrosamines, haloethers, 
aldehydes, ethers, ketones, anilines, 
pyridines, quinolines, aromatic nitro com-
pounds, and phenols.

This application note will demonstrate 
the results of Initial Demonstration of Pro-
ficiency (IDP) evaluations for compliance 
with US EPA Method 8270E to determine 
a list of 114 semi-volatile organic com-
pounds that are neutral, acidic, and basic. 
In addition to the IDP, a typical ground-
water sample will be evaluated which 

Application Note

Improving Automated 
SPE Disk Extraction 
Technology for Semi-
volatile Compounds in 
Groundwater Using US 
EPA Method 8270E
Alicia Cannon, Melissa Lever, and 
Michael Ebitson

Improving Automated SPE Disk 
Extraction Technology

SPONSORED CONTENT



 26  MAY 2019 |  LCGC SPONSORED CONTENT

Solid-
Phase 
Extraction

EPA Waste-
water Method 
625.1

EPA Ground-
water Method 
8270E

contains a different matrix and particulate 
content than that in the IDP.  The Matrix 
Spike (MS)/ Matrix Spike Duplicate (MSD) 
are presented. Solid phase extraction is 
described as a suitable sample prepara-
tion alternative in Method 8270 and com-
panion method US EPA 3535 outlines the 
general use of SPE. Suitable sorbent ma-
terial in disk format for this list of analytes 
and a modern system for automation will 
be demonstrated (2).

Experimental
Outline of SPE Procedure
The SVOCs in this method were extract-
ed using automated sample preparation 
solutions for solid phase extraction (SPE), 
drying and concentration. The samples 
were extracted using an Atlantic® One 
Pass Disk (Horizon Technology) which is 
a mixed-mode disk containing several 
functionalities. Two different pre-filters, 
Atlantic Fast Flow 1 μm and 5 μm (Hori-

Improving Automated SPE Disk 
Extraction Technology

Figure 1. SPE-DEX 5000 Extractor with One Pass Kit
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zon Technology) with a fine mesh screen 
were used, as well as a carbon cartridge 
(Horizon Technology) to ensure adequate 
retention of difficult to obtain light end 
compounds, such as NDMA and N-Nitro-
somethyl ethylamine.

The Fast Flow Disk Holder was used 
with the samples because groundwater 
and leachate samples can at times, have 
varying levels of particulate matter. The 
Fast Flow Disk Holder uses a 47 mm 
disk, but allows larger diameter pre-filters 
to be placed on top to shield the SPE 

disk from particulates that may cause 
clogging, which allows the sample to 
flow through the disk more quickly. The 
particulates are retained on the filters 
and washed with solvent during the elu-
tion steps, so any compounds that have 
been adsorbed on the particulates will be 
included in the extraction.

The extraction was completed using 
the SPE-DEX® 5000 (Horizon Technology) 
(Figure 1); an automated extractor which 
allows various types of liquid samples to 
be processed directly from the original 
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Figure 2. DryVap System
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sample container. The system includes in-
tuitive software for easy programming, and 
automatic sample and solvent delivery.

The one liter samples were spiked and 
acidified to pH 2 with hydrochloric acid (HCl) 
and placed on the SPE-DEX 5000. Each of 
the three positions on the SPE-DEX 5000 
was set up with the One Pass Kit (Horizon 
Technology). The resulting extracts were 
dried using DryDisk® Membranes (Horizon 
Technology) and concentrated with a 
DryVap® (Horizon Technology) (Figure 2) for 
automatic in-line drying and concentration.

The extraction method used with the 
SPE-DEX 5000 is shown in Table 1. The 
conditions for operating the DryVap are 
shown in Table 2. Most of the steps us-
ing the SPE-DEX 5000 were completely 
automated and require no operator inter-
vention. For the few steps where a new 
flask is required for an elution step, a clear 
message is shown in the software to 
make the operation of the system simple 
to follow.

The samples were measured using 
GC/MS (6890GC/5975CMS, Agilent 
Technology). Operational conditions are 
shown in Table 3. All spiking standard 
solutions used were from Supelco, 
Bellefonte, PA. The surrogate mixes 
were from Restek Corp., Bellefonte, PA. 
Samples were spiked with 50 ug/L of 
analytes.

Results and Discussion
Prior to implementation of the sample 
preparation method, EPA Method 8270 
requires each laboratory to complete 
an Initial Demonstration of Proficiency 
(IDP) by performing at least four repli-
cate reference samples, taken through 
the entire sample preparation and 
analysis steps. Section 1.1 of Method 
8270 suggests that method operation 
is considered appropriate if average 
recovery falls between 50 – 150 %. This 
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Table 1: SPE-DEX 5000 Extraction Method
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Table 1 (cont’d): SPE-DEX 5000 Extraction Method

note explains that actual recoveries may 
vary depending on the sample matrix, 
number of constituents being analyzed 
concurrently, analytical instrumentation, 
and the preparation method used. The 
note also includes a list of compounds 

that have historically been considered 
problematic (Section 1.4). Section 13.1 
suggests that performance criteria 
should be developed on a 
project-specific basis, and the labora-
tory should establish in-house QC 
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Table 1 (cont’d): SPE-DEX 5000 Extraction Method
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performance criteria to meet the needs 
of the application. The method criteria is 
for guidance purposes only.

Table 4 presents data obtained for 4 
consecutive runs completed as an IDP 
study per Section 9.4 with the use of 
Horizon Technology’s suit of automated 
sample equipment. For all compounds 
except for those of which EPA Method 
8270E considers to be problematic 
(e.g., pyridine, NDMA, hexachlorocy-
clopentadiene and 2-picoline), average 
recovery fell in the 50 - 150% recovery 
range, and most were better, showing 
this preparation technique to be accept-
able. Standard Deviation for this set of 
data was found to be 0.77-13 demon-
strating reproducibility of results. Blank 
results are also shown (surrogate re-
coveries not shown) to indicate the low 
level of contamination in the process.

Matrix effects on method performance 
is documented by the analysis of 2 rep-
licates of unspiked samples or a matrix 

spike (MS) and matrix spike duplicate 
(MSD). Since the groundwater samples 
extracted were not expected to contain 
target analytes, a matrix spike and ma-
trix spike duplicate pair was performed 
as indicated in the method. Results 
for the MS/MSD are shown in Table 5 
and meet the criteria listed in Method 
8270E for compliance having average 
percent recoveries fall within 50-150% 
for all compounds analyzed; except 
those of which EPA Method 8270E con-
siders to be problematic. Relative Per-
cent Difference (RPD) between the data 
sets was observed to be well below the 
generally accepted RPD value of 20%, 
except for one pair of hexachlorocyclo-
pentadiene (light sensitive) MS/MSD 
pairs, where the RPD was 25%.

The data presented is normalized against 
internal standards to demonstrate the 
extraction efficiency of compounds in EPA 
Method 8270E and to eliminate any ex-
ternal sources of error from the analytical 
instrumentation.

Conclusion
The precision and accuracy shown in the 
Initial Demonstration of Proficiency dem-
onstrate that extraction with automated 
SPE, combine with, extract drying and 
evaporation is an effective solution for a 
wide range of semivolatile compounds 
extracted from ground water samples. The 
results are compliant with the method 
requirements and show a solid base for 
laboratory use.

Solid phase extraction is an effective 
extraction technique that reduces the 

Table 2: DryVap System Condi-
tions
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solvent that must be evaporated before 
GC/MS introduction, reducing costs and 
time required for sample preparation. 
SPE disks, especially when used with the 
Fast Flow Disk holder can handle large 
amounts of particulate and will drastically 
reduce the possibility of emulsion forma-
tion, making extractions more consistent.

This system can be extended to leachate 
preparation from soil samples or water 
matrices with high levels of particulate, 
such as wastewater. With today’s modern 
analytical instrumentation the requirement 
for one liter samples may not be neces-

sary for all projects and smaller volume 
sample (such as 100 mL) preparation has 
been demonstrated for semivolatile com-
pounds (3).
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Table 4: IDP Initial Demonstration of Proficiency (IDP)
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Table 4 (cont’d): IDP Initial Demonstration of Proficiency (IDP)
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Table 4 (cont’d): IDP Initial Demonstration of Proficiency (IDP)
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Table 5: Matrix Spike (MS) and Matrix Spike Duplicate (MSD) Results- 
Ground Water
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Table 5 (cont’d): Matrix Spike (MS) and Matrix Spike Duplicate (MSD) 
Results- Ground Water
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Table 5 (cont’d): Matrix Spike (MS) and Matrix Spike Duplicate (MSD) 
Results- Ground Water

Samples, available at www.horizontechinc.com.
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