A New Technology, Energized Dispersive Extraction, for the Extraction of
Semi-Volatile Organic Compounds from Soll



o
Environmental Application

Extraction of Semi-Volatile Organic Compounds from Soil

EPA Methods

e Soxhlet — US EPA 3540C

« EDGE — US EPA 3545A

« GCMS Analysis — US EPA 8270

EDGE Soxhlet

» Solvent — Hexane : Acetone (50:50) < Solvent — Hexane : Acetone (50:50)

» Solvent Volume — 30 mL (25 mL » Solvent Volume — 100 mL
extraction, 5 mL rinse) « Total Time — 16 - 20 hours

e Temperature — Ramp to 100 °C
 Total Time — 5 minutes

——
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Presentation Notes
We follow EPA methods.


GCMS Method

» Agilent 7890A GC with a 5986C MSD
* Phenomenex ZB-5MSplus 30 m, 0.25 mm column

* Inlet 250 °C and 1 pL spitless injection
* 0.8 mL/min flow rate using Helium as the carrier gas

» Temperature Profile

Rate (°C/min) Temperature (°C) Hold (min)
40 0 0

30 260 4 13
6 295 6 26

» Quantitation was based on a 6 point multi-level calibration curve in the concentration interval from 12 ppm to 100

ppm
 lon Monitoring mode was used to identify each specific compound and from that total area was used for

guantifying each peak



Chromatogram of BNA Compounds
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Presentation Notes
Clay can have more matrix effects then Loam. The main point there are now matrix effects using EDGE.


| Samples

Extracted So
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Presentation Notes
This is unique to the EDGE as you see a dry sample with 


Compound

Pyridine
1,4-dichlorobenzene
2-methylphenol
3-methylphenol
hexachlorobutadiene
2,4,6-trichlorophenol
2,4,5-trichlorophenol
2,4-dinitrotoluene

hexachlorobenzene

% Recovery Data of Spiked 15 g Soil Samples
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Presentation Notes
These BNA’s are harder to extract Dioxins. 


% Recovery Data of Spiked 30 g Soil Samples

Sand Loam Clay
Pyridine 78 70 79

1,4-dichlorobenzene 86 95 90
2-methylphenol 83 98 100
3-methylphenol 90 96 91

hexachlorobutadiene 90 91 89

2,4,6-trichlorophenol 93 97 89

2,4,5-trichlorophenol 90 105 82

2,4-dinitrotoluene 80 99 86

Compound

hexachlorobenzene 98 85 83


Presenter
Presentation Notes
Even at 30grams we have great extraction with out moving up in equipment or vessel size.


Recovery Data of 15 g CRM 110-100
Compound
94

2-nitroanaline
114

2,4-dinitrotoluene
dibenzofuran 92

fluorene 105

97

Bis-2-ethylhexyl-phthalate

CRM 110-100 purchased from Sigma Aldrich


Presenter
Presentation Notes
These are non spiked cured CRM data which is more authentic than spiked CRM data


Environmental Tips
Q-Disc Selection

Default Q-Disc: dry samples

Maximum Fill Line _ _
Did not drain
C4 ) Default Q-Disc: wet samples
Add bottom layer of Salt Did not drain
for wet samples .
@

—
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Presentation Notes
If the sample is wet then default to C4. If the sample is mixed than start with C4 and them moved C9.

Never go above the maximum fill line. 

You can just layer the bottom for salt so you don’t have to mix. Don’t use salt if the sample is wet.

C4 is very good with wet soil. But rat poison didn’t drain well and we had to move to C9.



Post Extraction Tips

Extract
» Direct to analysis
— GCorlLC

Need Evaporator

Concentrate
1 ML

Need Evaporator

> Gravimetric

30mL
Dryness

—



Options: Traditional

oar

|- Condensar

5

Extractor ._|

Siphon

Sample —

Distillation
flask

o | «—Heaat source

Soxhlet
150 mL

6

hours

Bank of 8

- !I*
ET . ‘
Automated Soxhlet Ultrasonic
*90 mL «300 mL
*2 hours 1 hour

Bank of 6

Time consuming and lots of solvent usage!
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Soxhlet
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Assemble Soxhlet apparatus

Weigh
Add solvent

Monitor
6-24 hrs.

Verify no loss
of valume ‘Wash glassware
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Bring to wvolume Analyze
(Move than 16 hours after weighing)

Evaporata

Tranzfer



Sonication/Basic Extraction
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Add solvent Mix or vortex Weigh & set up "."errf:.r there
20 minu tes ﬂpe1 vessal
sonication -::uf -.roILme

%% # | # y/ | # ‘ \
1. Setup II\_ — 'Ikh _4
2. Condition Transfer Bring to volume
3. Filter Analyz

o, < P
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U‘”’—» #f—»ﬂ W.T

Pack & prep ]
Pre-cleanup separatory column Collect extract Bring to volume

nalyze
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Options: Pressurized Fluid Extraction

Dionex ASE FMS Buchi Speed Extractor
(Accelerated Solvent Extraction) (Fluid Management Systems)

*40 mL «80 mL *60 mL

30 minutes «22 minutes 30 minutes

«2 samples per hour «2 samples per hour *12 samples per hour

—r—

Large and expensive!



Pressurized Fluid Extraction

Steal band
ﬁrg& o-ring
'Stamp filter
Steeal frit

“Small o-ing  small g-ring tool

QSMI band
& ree o-ring

_‘) Base
Small e-ring tool
Weigh & spraad Fill to top with
sand or sorbants glass beads

* Small oring
Assemible Lop

Assemble base

Mverage time of
single-stage run: 14 min.

Program 15 stops/
mathod console

Laad entire run
{it locks)

- o | |
Cool-down of Evaporate _
Transfar & transfar Bring to volume Analvze

sample & cell



EDGE Extraction

Q-Cup™ top

Place in unit Bring to volume Analyze
P Play
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ASE 350

Thermo Fisher Scientific Dionex ASE 350 or 150 - - -
Patented (Same for EDGE) T T £
. ] ] Solvent Sodvent Salvent
Solid or semi-solid samples (Same for EDGE) e
Common solvents and elevated temperatures and pressures (Same for EDGE) Pump | o
Automatically extract 24 samples (2 EDGE for the price of 1 ASE) "1;:;1",:" -
1, 5, 10, 22, 34, 66, and 100 mL cell sizes (1 Q-Cup can be used for all samples sizes) Eg—H
oy 1 oven
EDGE Added Features M Pretreated matx . (] — Chemisty
‘ L - \ In-cell clean-up — | o | —— Solvent extraction
e 6 solvent lines -
« No need for HPLC like pump | static vaie
 No N, required ll
L‘.‘-nlec‘ﬁ&?lbnlﬂe

* Internal thermocouple
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The Difference Is Q-Cup Technology

Q-Cup technology

. -‘ A simple solution to a

complicated problem.

The Q-Cup™ sample holder
IS easy to assemble, consisting
of just three simple pieces.

— '
No packed column required ‘
e No need to run at HPLC like Pressures
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Thermo Fisher Scientific’s Comparison

Technigue Solvent Usage®

Technique Average Extraction Times®

Sosflet 4=4Bh Souhiet 150-500 mL

Automated Soahlet 1=} h Automated Soxhiet 50=100 mL

Sonication 05-1h Sonication 150=200 mL

SFE 052h SFE 5=50 mL

Microwave 05=1h Microvwava 25-50 mL

Dionex ASE 1506350 02-03h Dionex ASE 1504350 5900 mi
Sample Preparation Productivity "
T — || —— i occton i

T2 Hours 10 Hours Fmomtion
e e—rrr— | 5ererizton of e
4.5 Hours 10 Hours. Evaporation
1 Hoasr

m- The Dionex ASE System with In-Cell Cleanup, evaporator compatible
collection vessels, and the Rocket Evaporator
4.5 Hours Evaporation
1 Houwr

Iilldbouuinduhuwbmmm

*average processing times for 18 samples



6 Times Faster

12 Samples/hr

Includes extraction, rinsing, filtering, cooling & washing

Time (minutes) Solvent Usage Cost!?
(mL)

EDGE
QUEChERS

Pressurized Fluid Extraction
Soxhlet
Automated Soxhlet

Ultrasonic

lincludes instrument cost and running cost

No Carryover

30
30
360
120
60

30
35
150
90
300

$$$
$$
$$$
$$
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ASE 350

Only extraction time reported in application notes
Steps not included:

« Sample prep

* Washes between samples

e Heating or cooling

e System set up

* Preheat

* Pressure release

* No access to samples until entire run is complete
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Presentation Notes
These steps are not included in the ASES run time.


ASE 350: Sample Cell

« Each cell contains
1 steel shaft
« 2 Steel end pieces
2 Tiny rubber o-rings* (also requires unique tool)
2 Steel frits (10 micron)
2 Large rubber o-rings*
2 Steel open circular clamps (also requires unique pliers)
Enough glass beads to fill the cell void volume

*Needs replacement at least every 50 samples run



Presenter
Presentation Notes
The cell is extremely complicated. This is what excites EDGE users








Cost per test comparison

Sa
[ ==

Extractor _|

Distillation 11
fask

o | «—Heal source

Soxhlet
e $6.40/test

Sonication
e $.72/test

ASE 350
e $10.60/test

EDGE

$0.75/test
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ASE 350: Issues

Beyond the obvious drawbacks when compared to EDGE

* Pressures errors due to improper cell construction
e Clogging problems |
e Solvent leaking issues

e Dated system, tedious to program



Presenter
Presentation Notes
The solvents are all on top of the electronics…not to smart.



ASE 350: 52 Application Notes

 Environmental (15 Application Notes)
* Fish, Waste Water, Sludge, Soils, Air Filters, etc.

 Food (13 Application Notes)
e Fats
» Pesticides/Herbicides in Foods
« Active Natural Ingredients
» Acrylamide and Zearalenone Detection

« Chemicals & Allied Plastics (12 Application Notes)
» Plastics/ Textiles
« Alternative Energy
e Consumer Products

* Plant/Herbicides in Animal Tissue (8 Application Notes)
 Pharmaceutical/Nutraceutical (3 Application Notes)


Presenter
Presentation Notes
If you can do it on the ASE or if you can do it on Soxhlet…YOU CAN DO IT ON THE EDGE.  Please don’t try to run the EDGE for 30 minutes…new technology…not the same.



EDGE | A New World of Sample Preparation

|
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