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Overview

ωWhy Solid Phase Extraction for EPA 625?

ωMulti-lab SPE study for revision to method 625

Introduction  

ωSample preparation and Instrumental Protocols

Method

ωSPE Performance

Results

Summary and Conclusions
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Used to measure acidic, basic and neutral semi-volatile organic compounds 
in municipal and industrial wastewater using GC-MS.
Å Polynucleararomatic hydrocarbons
Å Chlorinated hydrocarbons and pesticides
Å Phathalateesters
Å Organophosphate esters
Å Nitrosamines
Å Haloethers
Å Aldehydes
Å Ethers
Å Ketones
Å Anilines
Å Pyridines
Å Quinolines
Å Nitro aromatics
Å Phenols

EPA Method 625
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Revision to US EPA Method 625 
Purpose of Study

Objectives

Demonstrate efficacy of SPE for EPA 625: 
multi-lab, multi-vendor and EPA

Does SPE sample prep provide 
acceptable results?

Reproducible recovery from a 
challenging matrix?

Does surrogate recovery accurately 
measure system performance?

11/1/2017
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Revision to US EPA Method 625 
Round Robin Study

ÅPerformance test in synthetic wastewater 
(triplicate analysis)

ÅPerformance test in drinking water (i.e., 
Aquafina bottled water; triplicate analysis)

ÅLCS in laboratory reagent water (quadruple 
analysis)

ÅWastewater, bottled water, and reagent 
water blanks

ÅMDL/LOQ check at three levels in reagent 
water

Test Criteria: 

11/1/2017
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Benefits of SPE Versus LLE

SPE

Ç Minimal solvent usage/waste.

Ç Amenable to high-throughput 

workflows and automation.

Ç Sample Concentration

Ç Cheap and disposable one time use 

tubes/discs.

LLE

Ç Large amount of organic solvent 

required.

- Increases solvent costs, hazardous waste, 

and evaporation time.

Ç Requires ample time for sample 

preparation using and specialized 

glassware/ capital equipment.

Ç Large solvent volumes require 

increased evaporator time/size.

Ç Emulsions

11/1/2017
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Benefits of SPE Versus LLE

SPE LLE
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Revision to US EPA Method 625 
Target Analytes
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Base/Neutrals µg/L

Acenaphthene 10 to 200

Acenaphthylene 10 to 200

Anthracene 10 to 200

Benzidine 200 to 1000

Benzo(a)anthracene 10 to 200

Benzyl butyl phthalate 50 to 200

Benzo(b)fluoranthene 20 to 200

Benzo(k)fluoranthene 20 to 200

Benzo(g,h,i)perylene 10 to 200

Benzo(a)pyrene 10 to 200

4-Bromophenyl-phenylether 20 to 200

bis(2-Chloroethoxy)methane 20 to 200

bis(2-Chloroethyl)ether 20 to 200

bis(2-Chloroisopropyl) ether 30 to 200

Bis(2-ethylhexyl) phthalate 20 to 200

4-Chlorophenyl-phenylether 20 to 200

2-Chloronaphthalene 20 to 200

Chrysene 10 to 200

Dibenzo(a,h)anthracene 20 to 200

Dibenzofuran 30 to 200

1,2-Dichlorobenzene 20 to 200

1,3-Dichlorobenzene 20 to 200

1,4-Dichlorobenzene 20 to 200

Base/Neutrals µg/L

3,3'-Dichlorobenzidine 50 to 200

Diethyl phthalate 50 to 200

Dimethyl phthalate 50 to 200

Di-n-butyl phthalate 40 to 200

2,4-Dinitrotoluene 20 to 200

2,6-Dinitrotoluene 20 to 200

Di-n-octyl phthalate 30 to 200

Fluoranthene 30 to 200

Fluorene 10 to 200

Hexachlorobenzene 20 to 200

Hexachlorobutadiene 50 to 200

Hexachlorocyclopentadiene 50 to 200

Hexachloroethane 50 to 200

Indeno(1,2,3, cd)pyrene 30 to 200

Isophorone 20 to 200

2-Methylnaphthalene 20 to 200

Naphthalene 20 to 200

Nitrobenzene 20 to 200

N-Nitrosodimethylamine 75 to 200

N-Nitroso-di-n-propylamine 30 to 200

N-Nitrosodiphenylamine 30 to 200

Phenanthrene 10 to 200

Pyrene 10 to 200

1,2,4-Trichlorobenzene 20 to 200

Acids µg/L

4-Chloro-3-methylphenol 30 to 200

2-Chlorophenol 30 to 200

2,4-Dichlorophenol 30 to 200

2,6-Dichlorophenol 30 to 200

2,4-Dimethylphenol 40 to 200

2,4-Dinitrophenol 100 to 200

2-Methyl-4,6-Dinitrophenol 40 to 200

2-Methylphenol (o-Cresol) 40 to 200

4-Methylphenol (p-Cresol) 50 to 200

2-Nitrophenol 50 to 200

4-Nitrophenol 100 to 200

Phenol 100 to 200

Pentachlorophenol 40 to 200

2,4,5-Trichlorophenol 30 to 200

2,4,6-Trichlorophenol 30 to 200

Surrogates

Acenaphthylene-d8

4,6-Dinitro-2-methylphenol-

d2

Anthracene-d10 Fluorene-d10

Benzo(a)pyrene-d12 4-Methylphenol-d8

Bis-(2-chloroethyl)ether-d8 Nitrobenzene-d5

4-Chloroaniline-d4 2-Nitrophenol-d4

2-Chlorophenol-d4 4-Nitrophenol-d4

2,4-Dichlorophenol-d3 NDMA-d6

Dimethylphthalate-d6



Solid Phase Extraction (SPE) 
Mechanisms of SPE

ÅNon-polar phases (reversed phase)

Hydrophobic 

ÅPolar phases (normal phase)

Polar 

ÅIon exchange phases 

Electrostatic

ÅCan also introduce secondary interactions 

Mixed mode

11/1/2017
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Solid Phase Extraction (SPE) 
Four Steps of SPE

ÅPreparation of the sorbent prior to sample addition

Conditioning

ÅAnalytes of interest and other interferences adsorb onto 
the surface of the sorbent during sample addition

Loading

ÅElimination of undesired interferences

Washing

ÅSelective desorption and collection of desired 
analytes from the sorbent

Elution

11/1/2017
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1.Condition

Solid Phase Extraction

Salt

Matrix

Analytes

November 17

NACRW 2015

11

2.Load 3.Wash 4.Elute

5.Evaporate/

Reconstitute

6.Analyze

Stationary Phase:

Hydrophobic/ion-exchange



Solid Phase Extraction (SPE)
Basic Chromatography Theory

Choose the right SPE:

Like Dissolves Like 

ÅReversed phase
ÅVan der Waals or hydrophobic interactions

ÅNormal Phase
ÅPolar interactions (hydrogen bonding and dipole-dipole)

Opposite Charges Attract

ÅIon Exchange
ÅElectrostatic interactions

Select Phase based on these rules

11/1/2017
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Solid Phase Extraction (SPE)
Basic Chromatography Theory

Mechanism of Action

Similar to HPLC, its 
chromatography

Higher affinity for the mobile 
phase, no retention

Increased affinity for the 
stationary phase, retained by 

stationary phase

11/1/2017
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= Acid/Neutral

= Bases

Load (pH 2)

Elute A/N

(organic)

Elute B

(base)



Agilent Solutions

11/1/2017
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Bond Elut ENV
Polymeric SPE tube 

Agilent 7890 GC 

5977 MSD

Bond Elut Plexa PCX
Cation Exchange SPE tube

Bond Elut SPECS
Cation Exchange SPE Disk

Agilent GC Columns
Ultra Inert DB-5ms

Ultra Inert Liners
2 mm dimpled

Sample Preparation GC Consumables Analysis

Column Backflushing
15 x 15 m midpoint

SPE for EPA 625 - MELA



625 Round Robin Study ïSynthetic Waste Water 
Matrix

Recipe:

Å 0.400 g flour

Å 2.000 g ocean salt

Å 0.080 g Kaolin

Å 0.024 g TritonÊ X-100 surfactant

Å 120 mL beer

Å Dilute to 2 L with reagent grade water.

Based on ASTM D5905

11/1/2017
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EPA 625.1 Update ïSample Preparation
Sample Pretreatment: Spike sample (100 mL to 250 

mL) and adjust to pH 2 with 6 M HCl.

Condition: 5 mL DCM, 5 mL MeOH, 5 mL H2O (pH 2)

Load: Pass through cartridge bed at 10 mL/min; dry 

for 2 min 

SPE: Bond Elut ENV ï6 mL, 500 mg

Elution: 2 x 5 mL DCM, 1x 5 mL 1% ammonium 

hydroxide, 1 x 5 mL ethyl acetate

Evaporation/reconstitution: 0.5 mL DCM

11/1/2017
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Wash: Pass through 5 mL H2O 



Revision to US EPA Method 625 
GC-MS (SIM) Chromatogram ï50 µg/L 

11/1/2017
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Revision to US EPA Method 625 
Recovery by Analyte, Bond ElutENV ïBases/Neutrals

11/1/2017
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Revision to US EPA Method 625 
Recovery by Analyte, Bond Elut ENV -Acids

11/1/2017
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Surrogate Recovery and A/B/N Summary

11/1/2017
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BE ENV 

Waste Water

BE ENV DI 

Water

LLE

B/N Avg.

%Recovery

73.8% 64.6% 69.4%

Acids Avg. 

%Recovery

84.9% 71.1% 69.2%

%Recovery

Surrogates Waste Water DI Water

Acenaphthylene-d8 85.0 66.8

Anthracene-d10 67.7 60.8

Benzo(a)pyrene-d12 84.7 69.7

Bis-(2-chloroethyl)ether-d8 84.8 82.8

2-Chlorophenol-d4 83.4 76.2

2,4-Dichlorophenol-d3 83.8 75.5

Dimethylphthalate-d6 78.9 69.1

4,6-Dinitro-2-methylphenol-d2 85.3 75.4

Fluorene-d10 82.6 65.8

4-Methylphenol-d8 95.4 83.3

Nitrobenzene-d5 66.5 62.3

2-Nitrophenol-d4 86.1 69.2

4-Nitrophenol-d4 79.4 71.7



Revision to US EPA Method 625
Conclusions

ÅAnalyte recovery from ASTM  Synthetic Wastewater samples within the 
acceptance limits for EPA  Method 625.1 and TNI lab performance tests

Recovery

ÅSPE yields analytical results comparable to conventional liquid-liquid extraction.  

Applicability

ÅUse of SPE products without prior optimization of the particular SPE products 
for the types of aqueous matrix or particular types of analytes demonstrates 
ruggedness of SPE technique itself.  

Ruggedness

ÅThree commercial laboratories, with no prior experience with SPE, successfully 
prepared and analyzed

Ease of Use

11/1/2017
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Launch Applications:

ÅVeterinary Drugs in Beef Liver

5991-6098EN

ÅPesticides in Avocado (LC-MS/MS)

5991-6096EN

ÅPesticides in Avocado (GC-MS/MS)

5991-6097EN

ÅPAHs in Salmon 

5991-6088EN

ÅMycotoxins in Infant Formula

ÅMycotoxins in Peanuts

EMR-Lipid ðLose The Fat, Not Analytes

EMR dSPE

Coming Sooné



Thank you 
Letôs Continue the Conversation
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