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Determination of Phthalate and Adipate Esters in Drinking Water by 
Liquid-Solid Extraction and Gas Chromatography with 
Photoionization Detection 
 
UCT Part Numbers: 
ECUNIC18 (1100 mg C18, 83 mL cartridge) or EEC181M6G (1000 mg C18, 6 mL 
glass cartridge) 
ECSS156 (Drying Cartridge 5 g, Na2SO4, 6 mL cartridge) 
FLORISIL PR® Clean-up Cartridge EUFLS12M15 (2000 mg,15 mL cartridge) 
Alumina Clean-up Cartridge EUALN1M6 (1000 mg, 6 mL cartridge) 
ENVIRO-CLEAN® Zero-Blank™ filter cartridge (optional) 
 
EPA Method 506 Revison 1.1* 
 
March 2012 

 

 
Procedure 

 
1. Cartridge Activation  

a) Place ECUNIC18 cartridge(s) on the manifold 

b) Add a 10 mL aliquot of methylene chloride   

c) Slowly draw solvent completely through the cartridge 

d) Repeat with a second 10 mL aliquot of methylene chloride 

e) Hold for 1 minute then draw through 

f) Dry cartridge by drawing air at full vacuum for 2-3 minutes 

 
Optional: To reduce background contamination from laboratory air, use of the  
ENVIRO-CLEAN® Zero-Blank™ filter cartridge is highly recommended during 
drying steps 1) f) and 2) c) 

 
g) Add 10 mL of methanol to the cartridge 

h) Draw through leaving a thin layer on the frit 

 

Note: Do not allow the cartridge to go dry otherwise repeat step i 

 

i) Add a second 10 mL portion of methanol 

j) Wait 1-2 minutes to activate sorbent then draw through to level of frit 

k) Add 10 mL reagent water to the cartridge and draw through until meniscus                           

reaches the top of the frit 

l) Cartridge is now ready for sample extraction 
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2. Sample Extraction 

a) Add the 1 liter water sample to the cartridge and draw through over a period of 

about 20–30 minutes (fast drip) 

b) Rinse sample bottle and cartridge with a small volume of reagent water then add 

to cartridge 

c) Dry cartridge under full vacuum for 10 minutes (Optional: Use Zero-Blank™ filter 

cartridge to prevent airborne contamination) 

 
3. Cartridge Elution 

a) Place a collection vial in the vacuum manifold 

b) Add 5 mL of methylene chloride to the sample bottle and swirl 

c) Using a disposable glass pipette transfer the methylene chloride to the cartridge 

d) Collect dropwise 

e) Repeat this procedure with another 5 mL of  methylene chloride 

 
4. Eluate Drying and Concentration 

a) Pour eluant through a 3 gram bed of anhydrous sodium sulfate (or use Drying  

Cartridge ECSS156) and collect 

b) Rinse vial and sodium sulfate with a 3 mL aliquot of methylene chloride 

c) Repeat rinse using an additional 3 mL aliquot of methylene chloride 

d) Evaporate with a gentle stream of N2 to 1 mL   

e) If sample is clean proceed to GC analysis  

f) If extract requires clean-up for phthalates esters proceed to Florisil or  

Alumina clean-up stages 
 
Extract Clean-up---Florisil or Alumina 
Clean-up procedures are not required for clean drinking water. Under certain circumstances 
for dirty water, a Florisil or Alumina clean-up may be needed.  
Florisil Column Clean-up for Phthalate Esters 

1. Add a 1 cm layer of anhydrous sodium sulfate to the top frit of Florisil cartridge 

EUFLS12M15 

2. Flush cartridge with 20 mL of hexane leaving enough to cover the frit 

3. Add sample extract to the cartridge then rinse vial with 2 mL of hexane 

4. Add 20 mL of hexane to the cartridge and elute. Discard the hexane solution 



10 
 

5. Elute using 20 mL of 20% diethyl ether in hexane into a 500 mL K-D flask* 

equipped with a 10 mL concentrator tube. Elute at a rate of about 2 mL/minute 

6. No solvent exchange is required 

7. Concentrate eluate in hot water bath at 85° C to 1 mL   

8. Sample is ready for GC analysis 

 
Alumina Column Clean-up (neutral) for Phthalate Esters  
 

1. Add a 1 cm layer of anhydrous sodium sulfate to the top frit of a Alumina cartridge 

EUALN1M6 

2. Flush cartridge with 10 mL of hexane leaving enough to cover sodium sulfate 

3. Add sample extract to the cartridge. Rinse vial with 2 mL of hexane and add to the 

cartridge 

4. Add 15 mL of hexane to the cartridge and elute. Discard hexane solution 

5. Elute at a rate of about 2 mL/minute using 15 mL of 20% diethyl ether in hexane 

6. Collect eluate in a 500 mL K-D flask equipped with a 10 mL concentrator tube 

7. No solvent exchange is required 

8. Concentrate eluate in hot water bath at 85° C to 1 mL 

9. Sample is ready for GC analysis 
 
 
 
 
 
 
 
 
 
*The analyst should refer to EPA Method 506 “Determination of Phthalate and Adipate Esters in Drinking Water by Liquid-Solid Extraction 
and Gas Chromatography with Photoionization Detection”, Revision 1.1 Issued 1995, F.K. Kawahara and J.W. Hodgeson, Ed. By D. J. 
Munch  US EPA, National Exposure Research Laboratory, Office of Research and Development, US Environmental Protection Agency, 
Cincinnati, Ohio 45268 
**K-D Flask = Kuderna-Danish Flask 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-900840-156 
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Determination of Chlorinated Pesticides, Herbicides, and 
Organohalides by Liquid-Solid Extraction and Electron 
Capture Gas Chromatography* 
 
UCT Product Numbers:   
ECUNIC18 (1100mg C18, 83 mL cartridge) 
ECSS15M6 (5000 mg Na2SO4, 6 mL cartridge) 
 
EPA Method 508.1 Rev 2.0 
 
August 2009 

  
 

Procedure 
 
1. Condition Cartridge 

a) Wash the cartridge with 5 mL of ethyl acetate (EtOAc) and 5 ml of methylene    

chloride (MeCl2). Let the cartridge drain dry after each wash 

b) Add 10 mL of methanol (MeOH) to the cartridge then draw through to top of frit 

c) Rinse the cartridge with 10 mL of reagent water and draw through to top of frit 

 

Note: Do not let the cartridge go dry after addition of methanol otherwise repeat at step b) 
 
2. Sample Extraction 

a) Samples must be dechlorinated and pH adjusted to <2 

b) Add 5 mL of methanol to the 1-liter sample and mix well 

c) Add 50 μL of surrogate compound to the water sample and mix well 

d) Draw the water sample through the cartridge at a fast drip 

e) Dry the cartridge by drawing air or N2 through for about 10 minutes 

 

3. Extract Elution 
a) Insert an eluate collection tube in the vacuum manifold 

b) Rinse the inside walls of the sample bottle using 10 mL EtOAc then transfer 

solvent to the cartridge 

c) Collect dropwise 

d) Rinse the inside walls of the sample bottle using 10 mL of MeCl2 then transfer to 

the cartridge 

e) Collect dropwise combining eluents 
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4. Sample Drying 

a) Pour the combined eluents through drying tube ECSS15M6 
b) Rinse the drying tube with 2 x 3 mL portions of MeCl2 

c) Concentrate the extract to about 0.8 mL under a gentle stream of N2 while in a 

water bath 

d) Rinse the inside walls of the concentrator tube three times with EtOAc during 

evaporation 

e) Add internal standard (IS) 

f) Adjust the final volume of the extract to exactly 1.0 mL 

g) Sample is ready for GC analysis 

 
 
 
 
For complete details on Method 508.1 , rev 2.0 “Determination of Chlorinated Pesticides, Herbicides, and Organohalides by Liquid-Solid 
Extraction and Electron Capture Gas Chromatograph”, the analyst is referred to: J. W. Eichelberger rev 1.0, 1994 and J. Munch, rev 2.0, 
1995, Environmental Monitoring Systems Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, 
Cincinnati, OH 45268 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-215011-246 
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Determination of Ethylene Thiourea (ETU) in Water Using 
Gas Chromatography with a Nitrogen-Phoshorus Detector 
 
UCT Product Numbers: 
CLEAN-ELUTE™ (25,000 mg diatomatious earth, 200 mL cartridge) 
 
EPA Method 509 
 
October 2009 

 
  

Method 509 is a gas chromatographic method for the determination of ethylene thiourea 
(ETU) (CAS 96-45-7) a metabolic byproduct of the ethylene bisdithiocarbonate (EBDC) 
fungicides in water. Toxicological studies indicate that ETU may produce goitrogenic, 
tumorigenic, and teratogenic effects in laboratory animals, raising the concern that residues 
may be found in agricultural commodities. The method uses a packed column of 
diatomaceous earth to capture the analyte before elution with methylene chloride. 
Confirmation is made using a nitrogen-phosphorous detector or a mass spectrometer. 
 

Method Summary 
 A 50 mL water sample is adjusted to ionic strength and pH by the addition of ammonium 
chloride (NH4Cl) and potassium fluoride (KF). The sample is poured into a UCT CLEAN-
ELUTE™ column and the ETU is eluted from the column using 400 mL of methylene chloride. 
An excess of a free radical scavenger is added to the eluate. The methylene chloride eluant 
is concentrated to 5 mL after exchange into ethyl acetate. GC analysis with a nitrogen-
phosphorous detector or mass spectrometer is used for quantitation.  
 
Safety 

x ETU is a suspected carcinogen. Prepare all standards in a fume hood 
 
Sample Collection and Preservation 

x Grab samples must be collected in 60 mL glass containers fitted with Teflon-lined  
crew caps 

x Do not pre-rinse with sample before collection  
x After collection shake the sample bottle for 1 minute 
x ETU may degrade in water even during refrigeration. Mercuric chloride has been used 

as a preservative but due to its toxicity and harm to the environment is not 
recommended 

x Store sample on ice or in refrigerator at 4°C and protected from light. Extract as soon 
as possible after collection 

 
Interferences 
Method interferences arise from contaminated glassware, solvents, reagents and other 
laboratory apparatus in which the sample may come in contact. All reagents and glassware 
must be shown to be free from interferences under analysis conditions. 
 

x Glassware must be scrupulously clean 
x Clean glassware by rinsing with the last solvent used followed by hot water and 

detergent. Rinse with reagent water, dry and heat in an oven at 400°C for one hour. 
Do not heat volumetric flasks 
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x Always use high purity reagents and solvents 
x Interfering contamination may occur when a low concentration sample is analyzed 

after a high concentration sample. Complete rinsing of the syringe using ethyl acetate 
may be required  

 
 Procedure 
 
1. Sample Preparation  

a) Pipette 50 mL of the water sample into a clean bottle 

b) Add 1.5 grams ammonium chloride (NH4Cl) 

c) Add 25 grams potassium fluoride (KF) 

d) Seal bottle and shake until salts are completely dissolved 

2. Sample Extraction 

a) Add 5 mL of 1000 g/mL of dithiothreitol (DTT, Cleland’s Reagent) in ethyl acetate 

as a free radical scavenger to a 500 mL Kuderna-Danish K-D concentrator tube 

b) Support a CLEAN-ELUTE™ 200 mL cartridge using a clamp over a (K-D) tube 

c) Add the entire contents of the bottle from step 1) d) above 

d) Do not use vacuum but allow the cartridge to stand for 15 minutes 

3. Sample Collection 

a) Add 400 mL of methylene chloride in 50 mL aliquots to the CLEAN-ELUTE™   

column 

b)  Collect the eluant in the K-D apparatus 

4. Extract Concentration 
 

The following steps must be conducted in a fume hood 
 

a) Add two boiling chips to the K-D apparatus and attach a macro Snyder column 

b) Attach a condenser to the Snyder column to collect solvent 

c) Place the K-D apparatus in a 65-70°C water bath so that the K-D tube is partially 

submerged in the water 

d) Once liquid volume had been reduced to 5 mL remove from the water bath 

e) Continue to reduce the liquid volume to < 1 mL in an analytical evaporator at 35-

40°C under a stream of nitrogen 

f) Dilute sample to 5 mL with ethyl acetate rinsing the walls of the K-D apparatus 

g) Add 50 μL of internal standard and agitate 

h) Transfer to a GC vial 

i) Sample is ready for analysis 
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5. GC Analysis Conditions 
 
Primary Conditions: 
 
Column: 10 m long x 0.25 mm I.D. DB-Wax bonded fused 
Carrier Gas: He @ 30 cm/sec linear velocity 
Makeup Gas: He @ 30 mL/min flow 
Detector Gases: Air @ 100 mL/min flow; H2 @ 3 mL/min flow 
Injector Temperature: 220°C 
Detector Temperature: 230°C 
Oven Temperature: 220°C isothermal 
Sample: 2 μL splitless; nine second split delay 
Detector: Nitrogen-phosphorus 
 
Confirmation Conditions: 
 
Column: 5 m long x 0.25 mm I.D. DB-1701 bonded fused 
Carrier Gas: He @ 30 cm/sec linear velocity 
Makeup Gas: He @ 30 mL/min flow 
Detector Gases: Air @ 100 m:/min flow; H2 @ 3 mL/min flow 
Injector Temperature: 150°C 
Detector Temperature: 270°C 
Oven Temperature: 150°C isothermal 
Sample: 2 μL splitless; nine second split delay 
Detector: Nitrogen-phosphorus 
  

Analyte Primary Column RT (min) Confirmation Column RT 

ETU 3.5 4.5 

THP internal standard 5.1 5.0 

PTU surrogate standard 2.7 2.2 

 
 
 
 
*The analyst should refer to EPA Method 509 “Determination of Ehtylene Thiourea (ETU) in Water Using Gas Chromatography with a 
Nitrogen-Phoshorus Detector”, Revision 1.0 Issued 1992,  By DJ  Munch  and RL Graves, US EPA, National Exposure Research 
Laboratory, Office of Research and Development, US Environmental Protection Agency, Cincinnati, Ohio 45268 
and TM Engel and ST Champagne, Battelle, Columbus Division  

 
 
 
 
 
 
 
 
 
 

DCN-901010-173 
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Determination of Chlorinated Acids in Water Using Liquid-
Solid Extraction and Gas Chromatography with an Electron  
Capture Detector 
UCT Product Numbers: 
ECDVB156 (500 mg, DVB, 6 mL cartridge) 
ECUNIDVB500 (500 mg, DVB, 83 mL cartridge) 
 
EPA Method 515.2 Revision 1.1 
 
January 2011 

 
Procedure 

 

1. Hydrolysis and Separation of Interferences 

   Hydrolysis is required to convert esters to the parent acid prior to extraction 

a) Allow water samples from cold storage to come to room temperature 

b) Add 80 mg of sodium thiosulfate (or 50 mg sodium sulfite) if residual chlorine is   

present. Shake 

c) Perform the same steps for all LRB’s, LFB’s LFM’s and QCS samples 

d) Measure 250 mL of each water sample with a graduate cylinder and pour into a 

500 mL separatory funnel 

e) Add 250 μL of the surrogate PDS  to each sample 

f) Dissolve 50 g sodium sulfate in each sample 

g) Add 4 mL of 6 N NaOH to each sample, seal, and shake 

h) If the sample pH is less than 12, adjust by adding more 6N NaOH 

i) Allow sample to sit at RT for one hour, occasionally shaking the contents 

j) Use 15 mL methylene chloride to rinse the sample bottle and the graduated 

cylinder 

k) Add the methylene chloride to the separatory funnel 

l) Extract the sample by vigorously shaking the funnel for 2 minutes 

m) Allow the organic layer to separate for 10 minutes 

n) Discard the methylene chloride phase 

o) Repeat the extraction procedure by addition of a second 15 mL volume of 

methylene chloride to the separatory funnel 

p) Discard the methylene chloride 

q) Perform a third extraction in the same manner as above discarding the methylene 

chloride 
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r) Drain the aqueous contents of the separatory funnel into a 500 mL beaker 

s) Adjust the pH to 1.0 ± 0.1 with constant stirring by the dropwise addition of 

concentrated sulfuric acid  

 

2. Sample Extraction 

a) Place ECDVB156 or ECUNIDVB500 cartridge(s) on the manifold 

b) With vacuum off add 20 mL of 10% by volume of methanol in methyl-t-butyl ether  

(MTBE) to the top of each cartridge  

c) Allow the solvent to remain for two minutes 

d) Turn on full vacuum and draw the solvent through  

e) Dry in room air for five minutes under full vacuum 

f) Adjust the vacuum to ≤ 5 in. Hg and add the following in series:  

i. 20 mL methanol  

ii. 20 mL reagent water  

iii. sample 

 
Note: Do not allow the cartridge to dry after steps f) a) or b) otherwise repeat 

 
g) After the sample has drawn through, apply full vacuum for 20 minutes to dry the 

cartridge(s) 

h) Place culture tubes in the manifold to collect eluates 

i) Add 2 mL aliquot of 10% methanol in MTBE and allow to sit for 1 minute before 

applying vacuum 

j) Add a second 2 mL aliquot of 10% methanol in MTBE and allow to sit for 1 minute 

before applying vacuum 

k) Rinse the beaker(s) with 4 mL of pure MTBE and add to the cartridge(s) 

l) Remove the culture tubes from the manifold and cover  

 

3. Extract Preparation 

a) Prepare a acidified sodium sulfate drying tube(s)  

b) Rinse with 2 mL of MTBE 

c) Remove the entire extract with a 5 mL pipette 

d) Drain the lower aqueous layer back into the culture tube  

e) Add the organic layer to the drying tube  
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f) Maintain liquid in the drying tube between this step and the following steps 

g) Collect the dried extract in a 15 mL graduated centrifuge tube or a 10 mL  

Kuderna-Danish tube 

h) Rinse the culture tube with an additional 1 mL of MTBE and repeat at step 3) c)  

i) Repeat step 3) e) and then add a 1 mL aliquot of MTBE to the drying tube before it 

empties. The final volume should be 6-9 mL 

j) The extract can now be esterified as in Step 4 

 

4. Extract Esterification with Diazomethane  

a) Assemble a diazomethane generator in a hood as shown in diagram below  

b) Add 5 mL of ethyl ether to Tube 1 

c) Add 4 mL of Diazald*   solution and 3 mL of 37% KOH solution to the reaction 

Tube Each charge of the generator should be sufficient to esterify four samples 

*Add 10 g Diazald (Sigma-Aldrich D28000 or other supplier) in 100 mL of a 50:50 
by volume mixture of ethyl ether and Carbitol (2-(2-ethoxyethoxy) ethanol). 
Solution is stable for one month or longer when refrigerated in a Teflon-lined screw 
cap amber bottle 
 

d) Immediately place the exit tube into the collection tube containing the sample  

extract 

e) Turn on N2 at 10 mL/min to bubble diazomethane through the extract. The 

appearance of a persistent yellow color indicates that esterification is complete. 

The first sample should require 30 seconds to one minute and each subsequent 

sample somewhat longer. The final sample may require two to three minutes 

f) Cover each collection tube and store at room temperature in a hood for 30 minutes 

No significant fading of the yellow color should occur during this time 

 

g) Fortify each sample with 100 μL of the internal PDS solution and reduce the 

volume to 5.0 mL with an analytical concentrator or equivalent concentration 

technique using a gentle stream of dry N2 

h) Cover tubes and store in a refrigerator if further analysis will not be  performed 

immediately 

 
Note: The excess diazomethane is volatilized from the extract during the concentration procedure 
  

i) Samples are ready to analyze by GC-ECD 
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Extract Esterification with Trimethylsilyldiazomethane (TMSD) 

Alternative Procedure 

Note: GC background is significantly increased when TMSD is used as the derivatizing 
reagent instead of diazomethane. While no method analyte is affected by this increased 
background, the recommended surrogate, 2, 4-dichloro-phenylacetic acid, is masked by an 
interfering peak. Any compound found suitable when TMSD is used is acceptable as a 
surrogate. 
 

a) Conduct the hydrolysis, clean-up, and extraction of the method analytes as 

described up to steps 2) g) above 

b) Elute the herbicides from the cartridge by passing 2 x 2 mL aliquots of MTBE 

through the cartridge into the collection tube 

c) Rinse the sample container with 4 mL of MTBE and pass it through the cartridge 

into the tube 

d) Pre-wet an ECSS156 anhydrous sodium sulfate drying tube with 1 mL MTBE 

e) Transfer the MTBE extract from the collection tube discarding any water layer 

f) Before the extract passes completely through the drying tube, rinse with an 

additional 2 mL of MTBE 

g) Concentrate the dried extract to approximately 4 mL 

h) Add 1 mL of methanol to the extract to yield a 20% (v/v) methanol in MTBE 

solution 

i) Adjust the volume to 5 mL with MTBE. (TMSD produces the most efficient 

methylation of the herbicides in a 20% methanol, 80% MTBE solution) 

j) Add 50 μL of the 2M TMSD solution to each 5 mL sample extract 

k) Place the tube containing the extract into a heating block at 50°C 

l) Heat the extract for one hour then allow the extract to cool to room temperature 

m) Add 100 μL of 2M acetic acid in methanol to react with any excess TMSD 

n) Fortify the extract with 100 μL of ISS to yield a concentration of 0.020 μg/mL 

o) Sample(s) are ready for GC/ECD analysis 
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Stock Standard Solutions (SSS) 1.00-2.00 μg/μL 
  
Stock standard solutions may be purchased as certified solutions or prepared in the lab 
 
Prepare from pure standard materials using the following procedure:  

x Accurately weighing approximately 0.0100-0.0200 g of pure material 
x Dissolve the material in methanol and dilute to volume in a 10 mL volumetric flask 
x If compound purity is certified at 96% or greater, the weight may be used without 

correction to calculate the concentration of the stock standard  
x Transfer the stock standard solutions into 15 mL fluorocarbon-sealed screw cap amber 

vials. Store at 4°C or less  
x Stock standard solutions should be replaced after two months or sooner  

  
Primary Dilution Standards  

x Prepare two sets of standards according to the sets labeled A and B in Table 1 
x For each set, add approximately 25 mL of methanol to a 50 mL volumetric flask  
x Add aliquots of each stock standard in the range of approximately 20-400 μL  
x Dilute to volume with methanol 
x Individual analyte concentrations will then be in the range of 0.4-8 μg/mL (for a 1.0 

mg/mL stock). The minimum concentration would be appropriate for an analyte with 
strong ECD response, i.e., pentachlorophenol. The maximum concentration is for an 
analyte with weak response, i.e., 2, 4-DB  

Internal Standard Solution (ISS) 
x Prepare an ISS solution by accurately weighing approximately 0.050 g of pure 4,4'-

dibromooctafluorobiphenyl (DBOB). Dissolve the DBOB in methanol and dilute to 
volume in a 10 mL volumetric flask. Store at room temperature in a fluorocarbon 
sealed screw cap bottle 

x Prepare a primary dilution standard (PDS) approximately 1.00 μg/mL by the addition 
of 20 μL of the stock standard to 100 mL of methanol. Addition of 100 μL of the PDS 
solution to the final 5 mL of sample extract results in a final internal standard 
concentration of 0.020 μg/mL 

 
Note: DBOB has been shown to be an effective internal standard for the method analytes  
 
Surrogate Analyte Solution 

x Prepare a surrogate analyte stock standard solution by accurately weighing 
approximately 0.050 g of pure 2, 4-dichlorophenylacetic acid (DCAA). Dissolve in 
methanol and bring to volume in a 10 mL volumetric flask. Store in a fluorocarbon-
sealed screw cap bottle at room temperature 

x Prepare a primary dilution standard of approximately 2.0 μg/mL by addition of 40 μL at 
the stock standard to 100 mL of methanol 

x Add 250 μL of the surrogate analyte solution to 250 mL sample prior to extraction to 
provide a surrogate concentration of 2 μg/L   
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Diazomethane Generator 

 

 

 
 
 
 
 
 
 
 
Summarized from, Method 515.2, “Determination Of Chlorinated Acids In Water Using Liquid-Solid Extraction And Gas Chromatography 
With An Electron Capture Detector”, Revision 1.1, 1995, National Exposure Laboratory, Office of Research and Development, U.S. 
Environmental Protection Agency, Cincinnati, OH   
 
 

 
DCN-218030-201 
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Determination of Nitrosamines in Drinking Water by Solid 
Phase Extraction and Capillary Column Gas Chromatography 
with Large Volume Injection and Chemical Ionization Tandem 
Mass Spectrometry (MS/MS)* 
 
UCT Part Numbers: 
EU52112M6 (2000 mg activated coconut carbon, 6 mL) 
ECSS156 (6 mL Drying Cartridge with 5 grams anhydrous sodium sulfate)  
              
EPA Method 521 
 
November 2012

 
Activated carbon is used for the determination of various nitrosamines in finished drinking 
water and untreated source waters using GC/MS/MS. 

 
Nitroaromatics, Nitramines and Nitrate Ester Analytes 

Analyte Abbreviation % Recovery  
n=3 

N-Nitrosodimethylamine   NDMA 95 
N-Nitrosomethyldiethylamine NMEA 98 
N-Nitrosodiethylamine NDEA 95 
N-Nitrosodi-n-propylamine NDPA 90 
N-Nitrosodi-n-butylamine NDBA 94 
N-Nitrosopyrollidine NPYR 76 
N-Nitrosopiperidine NPIP 81 

 
 *For complete details on Method 521, September 2004, the analyst is referred to: J.W.Munch & 
M.V.Bassett, “Determination of Nitrosamines in Drinking Water by Solid Phase Extraction and 
Capillary Column Gas Chromatography with Large Volume Injection and Chemical Ionization 
Tandem Mass Spectrometry (MS/MS), National Exposure Research Laboratory, Office of 
Research and Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268 

 
Procedure 
 
1. Cartridge Conditioning  

a) Add 3 mL of methylene chloride to the cartridge, then slowly draw all solvent 

through the cartridge 

b) Add 3 mL of methanol to the cartridge, turn on vacuum and draw through 

c) Add 3 mL of methanol again and draw through so that the methanol just covers 

the top of the cartridge frit 

   Do not let the cartridge go dry after this step otherwise repeat starting at step 1 b) 

d) Add 3 mL of reagent water and draw through 

e) Repeat water rinse, step d) 5 additional times 
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Proper conditioning of the cartridge is essential for good precision and accuracy 

2. Sample Extraction 

a) Adjust the vacuum setting so that the flow rate is 10 mL/minute 

b) After sample extraction, draw air through the cartridge for 10 minutes at full 

vacuum 

c) After drying, proceed immediately to cartridge elution  

 

3. Cartridge Elution 

a) Insert a clean collection tube in the manifold 

b) Fill the cartridge with methylene chloride 

c) Partially draw the methylene chloride through at low vacuum and then turn 

vacuum off 

d) Allow cartridge to soak for 1 minute 

e) Draw the remaining methylene chloride through in dropwise fashion 

f) Continue to add methylene chloride to the cartridge as it is being drawn through 

until a total of 12-13 mL have been added 

g) Concentrate the methylene chloride to about 0.9 mL in a water bath near room 

temperature. Do not concentrate less than 0.5 mL as loss of analyte may occur 

Note: Small amounts of residual water from the sample container and SPE cartridge may 
form an immiscible layer with the extract. To eliminate the water a drying column packed with 
5 grams of anhydrous sodium sulfate or use ECSS15M6 for drying. Wet the cartridge with a 
small volume of methylene chloride before adding extract. Rinse the drying column with 3 mL 
of methylene chloride. 

 
4. Sample Analysis 

a) Calibrate the MS in EI mode using FC-43 

b) Inject into a GC/MS/MS  

c) Identify the product ion spectrum to a reference spectrum in a user created data 

base  
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Mass Spectral Data 

Analyte Retention 
Time (min) 

Precursor Ion  
(m/z) 

Product/Quantitation
Ion (m/z) 

NDMA 8.43 75 43(56) 
NMEA 11.76 89 61(61) 
NDEA 14.80 103 75(75) 
NPYR 22.34 101 55(55) 
NDPA 22.40 131 89(89) 
NPIP 24.25 115 69(69) 
NDBA 30.09 159 57(103) 
NDMA-d6 surrogate 8.34 81 46(59) 
NMEA-d10 IS 14.63 113 81(81) 
NDPA-d6 IS 22.07 145 97(97) 

 
Injector Program 

Temp  (°C) Rate (°C/min) Time (min) 
37 0 0.72 

250 100 2.13 
250 0 40 

 
Injector Split Vent Program 

Time (min) Split Status 
0 Open 

0.70 Closed 
2.00 Open 

 
 

GC Oven Temperature Program 
Temperature (°C) Rate (°C/min) Hold Time (min) 

40 0 3.0 
170 4.0 0 
250 20.0 3.0 
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Limits and Lowest Concentration Minimum Reporting Levels 

Analyte DL (ng/L) LCMRL (ng/L) 
NDMA 0.28 1.6 
NMEA 0.28 1.5 
NDEA 0.26 2.1 
NPYR 0.35 1.4 
NDPA 0.32 1.2 
NPIP 0.66 1.4 
NDBA 0.36 1.4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-216111-112 

 
  



26 
 

Determination Of 1,4-Dioxane In Drinking Water By Solid 
Phase Extraction (SPE) AND Gas Chromatography/Mass 
Spectrometry (GC/MS) With Selected Ion Monitoring (SIM)* 

 
 

UCT Part Numbers:  
EU52112M6 (2 grams coconut carbon in a 6 mL cartridge)  
 
EPA Method 522 
 
November 2012 

 
 
 
1,4-dioxane (CASRN 123-91-1) referred to as dioxane, is a highly water soluble non-
biodegradable ether. This is a gas chromatography/mass spectrometry (GC/MS) 
method for the determination of this analyte in drinking water. Scan mode may be used 
if appropriate sensitivity is attained. Option 1 is designated for sample volumes of 500 
mL. This product can be used with most automated systems. 
 
 
 

Sample Collection & Preservation 
 

x Prepare bottles before sample collection with sodium sulfite (CASRN 7757-83-7) 
x Open the tap and allow the system to flush until the water temperature has 

stabilized (approximately three to five min) 
x Fill sample bottles. Do not flush out the dechlorination reagent 
x Cover the bottle and agitate by hand until the sodium sulfite has dissolved 
x Add sodium bisulfate (CASRN 7681-38-1). Mix until dissolved 

 
 
 

Sample Shipment and Storage 
 

x Samples must be chilled during shipment and must not exceed 10° C during the 
first 48 hours after collection 

x Sample temperature must be confirmed to be at or below 10° C when they are 
received at the laboratory 

x Verification of sample dechlorination – Upon the receipt of samples at the 
laboratory, verify that field samples were dechlorinated at the time of collection. The 
absence of total chlorine can be verified with a N, N-DIETHYL-P- 
HENYLENEDIAMINE (DPD) CHLORINE TEST KIT – (Hach model CN-66; cat. # 
2231-01 or equivalent) 

x Holding time may be up to 28 days 
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Interferences: 
 

x All glassware must be meticulously cleaned with detergent and tap water, rinse 
with tap water, followed by reagent water 

 

x Non-volumetric glassware should be heated in a muffle furnace at 400°C for 2 
hours 

x Volumetric glassware should be solvent rinsed with DCM or purge and trap grade 
methanol after washing, and dried in a low temperature oven (<120°C) or air dried 

x Interferences may be caused by contaminants in solvents, reagents (including 
reagent water), sample bottles and caps, and other sample processing hardware. 
All items must be routinely demonstrated to be free from interferences (less than 
1/3 the MRL for the method analyte) under the conditions of the analysis. 
Subtracting blank values from sample results is not permitted 

x Purge and trap grade methanol must be used for all steps where methanol is 
required. Other grades of methanol may contain low molecular weight compounds 
which may prohibit accurate identification and quantitation of the analyte, SUR and 
IS 

x Matrix interferences may be caused by contaminants that are co-extracted from 
the sample. The matrix interferences will vary considerably from source to source 

x Analyte carry-over may occur when a relatively “clean” sample is analyzed 
immediately after a sample containing relatively high concentrations of 
compounds 

x Syringes and splitless injection port liners must be cleaned carefully and 
replaced as needed. After analysis of a sample containing high concentrations 
of compounds, a LRB should be analyzed to ensure that accurate values are 
obtained for the next sample 

x During automated GC/MS analyses, extracts with positive results that were 
analyzed immediately following a sample with high concentrations of the 
analyte, should be reanalyzed after analyzing an acceptable LRB. If the 
analyte is not detected in extracts analyzed immediately after a high 
concentration extract, no reanalysis is necessary 

x Many silicone compounds may be leached from punctured autosampler vial 
septa, particularly when particles of the septa sit in the vial. This can occur after 
repeated injections from the same autosampler vial. If this method is performed in 
full scan mode, silicone compounds appear as regular chromatographic peaks 
with similar fragmentation patterns. They can unnecessarily complicate the total 
ion chromatogram 

x High laboratory background levels of 1,4-dioxane have been reported to be 
associated with air contamination. Contact UCT technical support for possible 
solutions to air contamination issues. 
 

Safety: 
x The toxicity or carcinogenicity of each reagent used in this method has not been 

precisely defined 
x 1,4-Dioxane is classified as a class B2 or probable human carcinogen 

 

x Sodium bisulfate is used as a sample preservative to inhibit microbial growth and 
decay of 1,4-dioxane 
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Option 1—500 mL samples 
 
1. Prepare Cartridge (vacuum manifold use) 

a) Place a EU52112M6 cartridge on a single or multi-station vacuum 

manifold  

b) Add 3 mL of dichloromethane (methylene chloride) to the cartridge and 

draw through 

c) Add 3 mL of methanol and draw through completely 

d) Add 3 mL of DI water and draw through. Do not let cartridge go 

dry  

e) Repeat step d) 5 times without letting the cartridge go dry 
 
2. Extract Sample 
 

a) Add surrogate 1,4-dioxane-d8 to the 500 mL sample water 

b) Add sample water to the cartridge. Adjust vacuum for a 10 mL/minute flow rate 

c) After 500 mL of sample has drawn through, dry cartridge by drawing air at full 

vacuum. Cartridge will feel room temperature when dry  
 
3. Cartridge Elution 
 
 

a) Place a clean collection vial in the vacuum manifold 

b) Fill each cartridge with dichloromethane (DCM). Soak sorbent for 1 minute then 

slowly draw through dropwise 

c) Continue to add DCM to the cartridge until the total volume is 9 mL 

d) Remove collection tube and adjust volume to 10 mL with DCM 

e) Add IS. Adding 5 µl of 1000 µg/mL of IS solution to 10 mL DCM extract will yield 

500 ng/mL 

f) Mix by vortexing 

g) Dry extract by adding 2 grams anhydrous sodium sulfate (Na2SO4) 

h) Mix well 

i) Transfer aliquot to autosampler vials for analysis 
 

NOTE: This extract cannot be reliably concentrated by nitrogen evaporation 
because of the volatility of dioxane 
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Instrument & Conditions 
 
 

Column: Varian CP-Select 624 CB (6% cyanopropyl phenyl, 94& PDMS, 30 m 0.25mm x   
1.4 µm column (or equivalent) 
 

Injector: 200°C (Splitless mode) 
 

Injector Volume: 1 µL 
 

Helium: Carrier gas 99.999% or better 
 

Flow: 1 mL/minute 
 

Oven: 30° C for 1 minute 90°C at 8° C/minute    
200° C at 20° C/minute for 4 minutes 

 
 

MS: Any type of mass spectrometer may be used (i.e., quadrupole, ion trap, time of 
flight, etc.), although the SIM option may not provide enhanced sensitivity, or be an 
available option on all instruments 
 
 

SIM MODE 
 
 

Segment 1: m/z 46**, 78, 80 
 

Segment 2: m/z 58, 62, 64, 88**, 96** 
 
 

Dwell time 100 µs 
 

Emission current 100 µA 
 
 

** quantitation ions 
 

 
Retention Times and Quantitation Ions (QIs) 

 
Compound  Retention Time (min) SIM Ions (m/z) 
1,4-dioxane 8.85 58, 88 
1,4-dioxane–d8  8.77 62, 64, 96  
THF-d8 (IS) 6.68 46, 78, 80  
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Reconstructed total ion current chromatogram and mass chromatograms for THF-d8 (IS), 
1,4-dioxane-d8 (SUR), and 1,4-dioxane at 0.5 mg/mL each (the standard is equivalent to 
an extract of a 10 mg/L aqueous sample). * Peak at 6.845 min is chloroform, a chemical 
present in DCM 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Summarized from Jean W. Munch and Paul E. Grimmett, “Method 522 Determination Of 1,4-Dioxane In Drinking Water By Solid 
Phase Extraction (SPE) And Gas Chromatography/Mass Spectrometry (GC/MS) With Selected Ion Monitoring (SIM)”, Office of 
Research and Development, National Exposure Laboratory, Cincinnati, OH Version 1.0, September 2008 

 
 
 
 
 
 
 

DCN-216111-135 
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Method 523: Determination of Triazine Pesticides and their 
Degradates in Drinking Water by Gas 
Chromatography/Mass Spectrometry (GC/MS) Version 1.0 
 
UCT Part Numbers:   
EC5232506 (250 mg GCB, 6 mL cartridge) 
 

EPA Method 523 

August 2012 
 

  
Method Summary 
 
This is a gas chromatography/mass spectrometry (GC/MS) method for the determination of 
triazine pesticides and their degradation products in finished drinking waters. Samples are 
pH adjusted, dechlorinated with ammonium acetate and protected from microbial 
degradation with 2-chloroacetamide during collection. Analytes are extracted from a 250 mL 
sample using 250 mg carbon cartridges.  
 
  

 The following compounds can be determined using this method: 
 

Analyte CASRN 

Atrazine  1912-24-9 

Atrazine-desethyl  6190-65-4 

Atrazine-desethyl-desisopropyl  3397-62-4 

Atrazine-desisopropyl  1007-28-9 

Cyanazine  21725-46-2 

Propazine  139-40-2 

Simazine  122-34-9 

Terbuthylazine-desethyl  30125-63-4 

Terbuthylazine  5915-41-3 

Prometon  1610-18-0 

Prometryn  7287-19-6 

Ametryn  834-12-8 
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Procedure  

 
1. Sample Preparation 

a) Allow samples to reach room temperature prior to extraction 

b) Add an aliquot of the Surrogate Primary Dilution Standards (PDS) to each sample 

c) Fortify Laboratory Fortified Blanks, Laboratory Fortified Sample Matrices, or 

LFSM Duplicates, with an appropriate volume of analyte PDS and the atrazine-

desethyl-desisopropyl stock standard 

d) Cap and invert each sample several times to mix 

e) Proceed with sample extraction using SPE carbon cartridges 

 
2. Cartridge Cleaning & Conditioning 

a) Set up extraction cartridges on the SPE vacuum manifold 

b) Using low vacuum (approximately 1 to 2 inches Hg), rinse each cartridge with two 

6 mL aliquots of DCM drawing completely through 

c) Rinse each cartridge with a 6 mL aliquot of MeOH 

d) Draw MeOH to the top of the cartridge frit 

 
Note: Do not let the cartridge dry after addition of MeOH 

 
e) Add a 6 mL aliquot of reagent water (RW) to the cartridge 

f) Draw RW to the top of the cartridge frit 

 
3. Sample Extraction  

a) Add an additional 4 mL of RW to each cartridge 

b) Attach sample transfer lines to the cartridges. The additional volume prevents the 

SPE cartridge bed from going dry while the dead volume in the transfer lines is 

being filled  

c) Extract 250 mL of sample at a cartridge flow rate of 10 mL/minute 

d) Dry the cartridges under high vacuum for 10 seconds 

e) Release vacuum, then add a 0.25 mL aliquot of MeOH to each cartridge 

f) Draw the MeOH to waste, then dry cartridge under full vacuum for 10 minutes 
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4. Sample Elution 

a) Place 15 mL conical tubes into the manifold for collection 

b) Add 2 mL of EtOAc to the cartridge and elute dropwise 

c) Add 2 x 6 mL aliquots of 9:1 DCM/MeOH to cartridge 

d) Allow the cartridge beds to briefly soak in solvent, then draw the solvent through 

the cartridges 

e) Dry the eluate by passing it through approximately 3 grams of anhydrous Na2SO4 

collecting it in a 40 mL centrifuge tube. Pre-rinse the Na2SO4 with a 1 mL aliquot 

of 3:1 DCM/EtOAc 

f) Rinse with 1 mL aliquot of 3:1 DCM/EtOAc collecting it in the centrifuge tube 

g) The dried extracts may be stored overnight in the 40 mL tubes at -10 ºC 

h) Warm the 40 mL tubes to 35 °C in a water bath under a stream of N2 and 

evaporate solvent to less than 1 mL but no less than 0.5 mL  

i) Transfer the concentrated eluate to 1 mL volumetric tubes 

j) Rinse the conical tube with a small volume of EtOAc, and transfer the rinse to the 

volumetric 

k) Add IS solution and adjust to volume 

l) Transfer the extracts to autosampler vials for analysis or store in a freezer ≤ -10 

ºC 

 
Complete details at Office of Water (MLK 140) EPA Document No. 815-R-11-002 February 2011 http://www.epa.gov/safewater/  

 

 

 

 

 

 

 

 

 

DCN-905280-112 
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EPA Method 525.2 Revision 2.0 
Determination of Organic Compounds in Drinking Water by 
Liquid-Solid Extraction and Capillary Column Gas 
Chromatography/Mass Spectrometry 
 
UCTUCT Part Numbers:   
ECUNI525 (1500 mg uncapped C18, 83 mL cartridge) 
 
METHOD 525.2 
 
May 2009 

 
Method 525.2 Analytes 

 
The analyte list for this method is comprised of over 120 compounds representative of 
several classes of pesticides, polynuclear aromatic hydrocarbons, PCBs, phthalates and 
adipates and other drinking water pollutants. Recovery ranges from 70-130%. Refer to the 
published method for compound specific MDL’s. 
 
The validation data presented herein were determined on independent lots of UCT ENVIRO-
CLEAN® Universal Cartridges. MDLs were not determined on all analytes as part of this 
validation. In addition to the listed method analytes, recovery data for an extended list of 
analytes is also included. 

 
Table of Compounds 

Tested using the UCT ENVIRO-CLEAN® Universal Cartridge 525 
 
                             Analyte                        Average 3 Replicates                             Std Dev 

 % Recovery   
Acenaphthene  100  0.0 
2,4-dinitrotoluene  83  NA 
2,6-dinitrotoluene  78  NA 
4,4”-DDE  91  4.2 
4,4”-DDT  94  3.5 
4,4’-DDD  94  4.5 
Acenaphthylene  96.0  0.012 
Acenaphthene 99.1 0.013 
Acetochlor 115 0.01 
Alachlor  99  0.007 
Aldrin  77  4.4 
Ametryn  95  4.6 
Anthracene  80  0.0 
Atraton  84  17.3 
Atrazine  111  0.011 
Benzo(a) anthracene  75.4  0.049 
Benzo(a)pyrene  105  9.9 
Benzo(b)fluoranthene  184.9  0.022 
Benzo(k)fluoranthene  95.7  0.029 
Benzo[g,h,i]perylene  83.1  0.05 
BHC, alpha  108  6.9 
BHC, beta  97  3.1 
BHC,delta  109  7.9 
BHC,gamma  102  11.9 
bis- (2-ethylhexyl) adipate  95.1  0.033 
bis 2 ethylhexyl phthalate  104  0.029 
Bromacil  126  0.012 
Butachlor  113  0.005 
Butylate  103  4.6 
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Butylbenzylphthalate  97.1 0.02 
Caffeine 90.0 0 
Captan 86.9 0.273 
Carboxin  103  12.9 
Chlordane, alpha  97  4.6 
Chlordane, gamma  94  2.5 
Chlordane, trans nonachlor  115  11.0 
Chlorneb  113  11.0 
Chlorobenzilate  118  10.0 
Chlorpropham  130  0 
Chlorpyrifos (Dursban)  107  5.0 
Chlorothalonil  117  12.1 
Chrysene  100  0.012 
Cyanazine (Bladex)  126 0.008 
Cycloate  111  15.0 

  Dacthal (DCPA) methyl ester                         118                                     13.1 
Diazinon  135  0.031 
Dibenzo[a,h]anthracene  77.4  0.051 
Dichlorvos (DDVP)  127  9.5 
Dieldrin  96  6.8 
Diethylphthalate  99.1  0.071 
Dimethoate 106 0.008 
Dimethylphthlate  78.6  0.022 
Di-n-butylphthalate  113  0.12 
Diphenamid  119  0.008 
Disulfoton  92.1 0.01 
Disulfoton Sulfone  108  12.5 
Endosulfan I  116  11.1 
Endosulfan sulfate  114  6.8 
Endrin  88  0.0 
Endrin Aldehyde  97  3.6 
Endrin Ketone  90  3.8 
EPTC  102  0.005 
Ethion 112 0.005 
Ethoprophos  109  5.8 
Etridiazole (terrazole)  97  1.2 
Fenarimol  70  0.0 
Fluoranthene  100  0.018 
Fluorene  99.7  0.012 
Heptachlor  79  8.2 
Heptachlor Epoxide Iso A  116  16.3 
Hexachlorobenzene  94  17.4 
Hexachlorocyclopentadiene  82  8.4 
Hexazinone (Velpar)  105  8.1 
Indeno[1,2,3-cd]pyrene  77.4  0.16 
Isophorone  91  NA 
Lindane  127  4.8 
methoxychlor  123  7.6 
Methyl Paraxon (Parathion)  115  5.0 
Metolachlor  111  0.004 
Metribuzin  109  0.005 
Mevinphos (phosdrin)  117  
 12.1 
MGK 264  121  5.8 
Molinate 114  0.013 
Naphthalene  90.3  0.013 
Napropamide (Devrinol)  115  2.3 
Nonachlor, trans  116  11.1 
Norflurazon  133  6.1 
PCNB (carbaryl) 91.4 0.021 
Pebulate  101  1.7 
Pentachlorophenol 80 0.017 
Permethrin, cis  124  2.1 
Permethrin, trans  123  3.1 
Perylene-d12  119  0.0 
Phenanthrene  96.9  0.014 
Phenanthrene-d10  99  6.6 
Prometon  78.6  0.008 
Prometryn  110  0.012 
Pronamide (propyzamide)  101 1.2 
Propachlor  113  15.0 
Propazine  105  4.6 
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Pyrene  94.6  0.022 
Simazine  91.4  0.005 
Simetryn  93  4.6 
Stirofos (tetrachlorvinphos)  126  6.9 
Thiobencarb 112 0.008 
Tebuthiuron  85  33.5 
Terbacil  120  3.5 
Terbutryn  103  2.3 
Triademefon  98  6.9 
Tricyclazole  107  5.0 
Trifluralin  82  9.7 
Trifluran  83  9.2 
Trithion (carbofenothion) 101 0.004 
Terbufos  95  7.0 
Vernolate  107  1.2 
 
PCB Congeners  Average  Std Dev 
2-chlorobiphenyl  93  2.3 
2.3-Dichlorobiphenyl  113  15.0 
2,4,5-trichlorobiphenyl  97  3.1 
2,2,4,4-tetrachlorobiphenyl  98  5.3 
2,2,3,4,6-pentachlorobiphenyl  104  2.0 
2,2,4,4,5,6-hexachlorobiphenyl  103  3.1 
2,2,3,3,4,4,6-heptachlorobiphenyl  85  1.2 
Octachlorobiphenyl (BZ#200)  79  1.2 
 
 
 

 
 
 
Procedure 
 
1. Wash the extraction apparatus and cartridge  

a) Add 10 mL of a 1: 1 mixture of ethyl acetate: methylene chloride (EtOAc: MeCI2) 

to the reservoir.  

b) Draw a small amount through the cartridge with vacuum 

c) Turn off the vacuum and allow the cartridge to soak for about one minute 
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d) Draw the remaining solvent through the cartridge to waste   

e) Allow the cartridge to dry for 3 minutes under full vacuum 

2. Condition Cartridge  

a) Add 10 mL of methanol 

b) Draw a small amount through the cartridge 

c) Let soak for about one minute 

d) Draw most of the remaining methanol through the cartridge, leaving 3 to 5 mm of 

methanol on the surface of the cartridge frit 

e) Immediately add 20 mL of reagent water to the cartridge and draw most of the 

water through leaving 3 to 5 mm on the top of the cartridge frit 

Note:  Do not let the cartridge dry out after the addition of water 

f) Add 5 ml of methanol to the water sample and mix well 

g) Add the water sample to the cartridge and under vacuum, filter at a rate of  

approximately 50 mL per minute  

h) Drain as much water from sample bottle as possible 

i) Dry the cartridge under vacuum for 10 minutes 

 

Note: Exceeding a 10-minute dry time could result in low recoveries. For faster drying, remove the 
cartridge and tapping the excess moisture from the bottom of the cartridge before continuing vacuum 
drying 
 
3. Elution 

a) Insert a suitable sample tube for eluate collection 

b) Add 10 mL of EtOAc to the sample bottle 

c) Rinse the sample bottle thoroughly  

d) Transfer the solvent to the cartridge with a disposable pipette, rinsing sides of 

filtration reservoir  

e) Draw half of solvent through cartridge then release the vacuum. Allow the 

remaining solvent to soak the cartridge for about one minute 

f) Draw remainder through under vacuum 

g) Repeat the solvent rinse of the sample bottle and apparatus using 10 mL of 1:1 

EtOAc:MeCl2 

h) Using a disposable pipette, rinse down the sides of the cartridge and bottle holder 

with another 10 mL aliquot of 1: 1 EtOAc:MeCl2  
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i) Add the rinse to the cartridge, then draw through 

4. Dry the combined eluant  

a) Use granular anhydrous sodium sulfate 

b) Rinse the collection tube and sodium sulfate with two x 3 mL portions of MeCI2 

and place combined solvent in a concentrator tube 

c) Draw through using vacuum 

d) Concentrate the extract to 1 mL under gentle stream of nitrogen (may be warmed 

gently) being careful not to spatter the contents 

 
Note: Do not concentrate to <0.5 mL or loss of analytes could occur. Rapid extract 
concentration could result in loss of low molecular weight analytes 
 
5. Analyze by GC/MS 
 
 
 
 
 
 
 
 
 
 
Revision 2.0, 1995. Method authors: Eichelberger, J. W., Behymer,T .D. Budde, W L., Munch, J., National Exposure Research Laboratory, 
Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268 
 
This summary highlights major steps in the 525.2 method. Complete details about the preparation and composition of reagent solutions can 
be found in method and should be referenced by anyone needing complete details. It is available as a part of Supplement 11 from National 
Technical Information Service (NTIS), Springfield, VA 22161; publication PB 92 207703. (800) 553-6847 or at 
www.epa.gov/safewater/methods/methods.html 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-217280-240 
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Semivolatile Organic Compounds In Drinking Water By 
Solid-Phase Extraction And Capillary Column (GC/MS)  
EPA Method 525.3 Version 1.0 
 
UCT Part Number:  
ECUNI525 (1500 mg unendcapped C18, 83 mL) 
 
October 2012 

  
Method Summary 
 
A 1-liter water sample is fortified with surrogate analytes then extracted using a solid phase 
extraction (SPE) cartridge (ECUNI525). Analytes are eluted from the solid phase with a small 
amount of organic solvents. The extract is dried using anhydrous sodium sulfate and 
concentrated to approximately 0.7 mL using N2. IS are added and the volume adjusted to 1 
mL with ethyl acetate. A splitless injection is made into a GC equipped with a capillary 
column, interfaced to an MS with either scan, SIM or SIS detection used for analysis. The 
GC/MS may be calibrated using standards prepared in solvent or using matrix-
matched standards. 
 
Internal standards are added after the extract concentration step. If the analyte 
pentachlorophenol is being measured, use IS 13C-pentachlorophenol at 1000 µg/mL. 
 
Sample Preservation 
 
Preservation reagents, listed in the table below, are added to each sample bottle as dry 
solids prior to shipment to the field (or prior to sample collection).  
 
Compound  Amount Purpose  
L-ascorbic acid 0.10 g/L Dechlorination 
Ethylenediaminetetraacetic acid, trisodium 
salt (EDTA) 0.35 g/L Inhibit metal-catalyzed hydrolysis 

of targets 
Potassium dihydrogen citrate 9.4 g/L pH 3.8 buffer, microbial inhibitor 
 

 
Procedure 

1. Cartridge Clean-up 

a) Assemble an extraction system 

b) Rinse bottle holders and cartridges with 5 mL 1:1 EtOAc:DCM (ethyl 

acetate:dichloromethane) 

c) Draw half the volume through the cartridge and then soak for 1 min 

d) Draw remaining solvent through the cartridge 
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e) Maintain full vacuum for 2 min to dry cartridge 

2. Cartridge Conditioning 

a) Add 10 ml of methanol to each cartridge 

b) Soak for 1 minute 

c) Draw through leaving a thin layer of methanol on the cartridge frit 

 

Note: Do not let the cartridge go dry from this point until elution, otherwise recondition 

 

d) Add 10 mL of reagent water to each cartridge  

e) Draw through leaving a thin layer of water on the cartridge frit 

 

3. Sample Extraction  

a) All field and QC samples, including LRBs and LFBs, must contain preservatives 

b)  Ensure that sample pH is ≤ 4 (use a pH meter for reagent water) 

c) Place sample bottle(s) in holder 

d) Adjust vacuum to fast drip flow rate. A flow of 10 mL/min is optimum 

e) After entire sample has extracted, rinse bottle with 10 mL reagent water  

f) Add rinse to cartridge 

g) Rinse cartridge using 10 mL reagent water to remove sample preservatives 

h) Dry cartridge for 10 min under full vacuum or nitrogen positive pressure 

  

4. Cartridge Elution 

a) Insert 40 mL glass vial in manifold 

b) Rinse bottle, holder, and cartridge with 5 mL EtOAc 

c) Pour rinsate into cartridge 

d) Draw ½ volume through cartridge, soak 1 min then draw through completely 

e) Repeat using 5 mL DCM 

f) Repeat using 5 mL EtOAc  

g) Repeat using 5 mL DCM rinse 

  

5. Extract Drying 

a) Pre-rinse a drying tube containing 10 g of anhydrous sodium sulfate with DCM 
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b) Quantitatively transfer the eluant through the sodium sulfate tube and collect 

c) Rinse the collection tube 5 mL of DCM 

d) Pass the DCM through the sodium sulfate and collect 

6. Extract Concentration 
a) Concentrate extract to about 0.7 mL (not < 0.5 mL) under a gentle stream of N2 in 

a water bath at 40 °C 

b)  Transfer to a 1 mL volumetric flask, add IS and bring to volume using EtOAc 

  

7. Analyze by GC/MS 
 

Internal Standards CASRN Solvent PDS conc. 
acenaphthene-d10 (IS 1)  15067-26-2 acetone 500 μg/mL  
phenanthrene-d10 (IS 2)  1517-22-2 acetone 500 μg/mL 
chrysene-d12 (IS 3)  1719-03-5 acetone 500 μg/mL  
13C-pentachlorophenol (IS 4)  85380-74-1 methanol 1000 μg/mL  

 
 

Surrogates CASRN Solvent PDS conc. 
1,3-dimethyl-2-nitrobenzene (SUR 
1) 

81-20-9 acetone 500 μg/mL 

triphenyl phosphate (SUR 2) 115-86-6 acetone 500 μg/mL 
benzo[a]pyrene-d12 (SUR 3) 63466-71-7 acetone 500 μg/mL 

 
  

Instrument Conditions for GC Analysis 
Agilent 5975C MSD with 6890N GC Restek RXI-5sil-MS 30m x 0.25 mm x 0.25 

μm column 
4-mm i.d. splitless gooseneck 
injection port liner  UCT#GCLGN4MM 

Injection Port 250 °C 
Injection Vol 1 µL with 1 min split delay 
 
 
GC Oven Temp 

Initial: 55 °C, hold 1 min 
Ramp 10 °C/min to 200 °C 
Ramp 7 °C/min to final T 320 °C 
Hold 0.36 min 
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Precision and Accuracy Data Obtained for Method 525.3 Analytes Fortified in Reagent 
Water at Three Concentrations and Extracted Using UCT 525 Universal Cartridges;  

N=4; Full Scan GC/MS Analysesa 

 
Analytes Fortified Conc. 

0.25 μg/Lb 
Fortified Conc. 

2.0 μg/Lc 
Fortified Conc. 

5.0 μg/Ld 

Mean % 
Recovery 

RSD Mean % 
Recovery 

RSD Mean % 
Recovery

RSD 

acenaphthylene  101 2.0 93.6 0.51 99.8 0.88 
acetochlor  99.0 3.9 93.6 2.1 104 2.1 
alachlor  100 7.3 89.8 0.72 92.8 1.0 
aldrin  77.0 5.0 78.4 2.9 85.0 3.4 
ametryn  105 4.8 93.1 1.3 95.8 1.1 
anthracene  106 3.8 92.3 1.0 104 0.71 
atraton  112 2.9 90.3 4.1 96.8 2.2 
atrazine  111 3.5 96.1 3.2 97.3 1.5 
benzo[a]anthracene  112 5.1 99.1 3.8 112 3.6 
benzo[a]pyrene  109 5.5 103 1.7 111 1.2 
benzo[b]fluoranthene  119 5.0 102 1.2 114 2.4 
benzo[g,h,i]perylene  112 2.9 102 4.3 113 2.8 
benzo[k]fluoranthene  105 1.9 103 2.4 113 3.1 
BHT NDe  ND  ND  
bromacil  102 9.3 98.9 0.86 103 2.1 
butachlor  107 3.6 86.3 1.1 99.4 1.4 
butylate  85.0 7.1 83.0 2.2 84.0 3.0 
butylbenzylphthalate  122 1.9 95.9 3.7 114 3.6 
chlordane, cis  98.0 5.3 102 2.5 101 1.3 
chlordane, trans  103 1.9 103 2.3 96.6 0.71 
chlorfenvinphos  113 1.8 110 2.5 111 3.9 
chlorobenzilate  82.0 9.3 99.8 5.1 94.1 1.3 
chloroneb  93.0 2.2 92.0 2.9 100 1.4 
chlorothalonil  116 2.8 106 3.8 105 1.5 
chlorpropham  109 3.5 93.1 2.5 98.6 1.1 
chlorpyrifos  102 5.1 93.4 3.3 97.2 2.5 
chrysene  117 1.7 97.1 1.7 114 2.1 
cyanazine  99.0 3.9 88.1 4.9 106 2.4 
cycloate  102 3.9 87.4 1.0 88.8 1.2 
dacthal (DCPA)  105 3.6 102 3.5 101 1.7 
DDD, 4,4′-  107 3.6 85.8 0.75 105 1.4 
DDE, 4,4′-  99.0 3.9 82.3 1.3 101 1.0 
DDT, 4,4′-  116 2.8 87.6 2.8 112 0.83 
DEET  103 1.9 98.3 3.2 104 2.0 
di(2-ethylhexyl)adipate  112 4.1 96.6 3.1 111 1.8 
di(2-ethylhexyl)phthalate  137 3.7 97.6 1.3 110 2.4 
dibenzo[a,h]anthracene  110 3.6 95.4 2.5 109 1.5 
dibutyl phthalate  115 3.3 101 1.5 114 2.6 
dichlorvos  104 3.1 91.6 1.7 88.8 2.7 
dieldrin  103 1.9 87.4 0.55 98.1 0.39 
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diethylphthalate  111 1.8 111 2.3 114 1.4 
dimethipin  24.0 14 29.5 6.5 24.9 2.5 
dimethylphthalate  110 3.6 113 0.25 113 0.78 
DIMP  112 5.8 90.0 1.9 93.7 3.0 
dinitrotoluene, 2,4-  126 1.8 105 2.6 113 2.5 
dinitrotoluene, 2,6-  121 1.7 106 0.71 111 0.67 
diphenamid  106 2.2 95.1 0.90 97.8 0.69 
disulfoton  79.0 2.5 91.5 8.9 85.3 1.5 
endosulfan I  95.0 5.3 88.4 1.3 101 1.0 
endosulfan II  103 1.9 89.6 3.5 103 1.0 
endosulfan sulfate  112 7.1 96.5 2.4 106 0.75 
endrin  89.0 5.7 82.9 3.4 91.3 4.0 
EPTC  89.0 2.2 88.0 0.80 85.8 0.60 
ethion  106 2.2 100 2.7 108 3.1 
ethoprop  110 2.1 91.3 1.6 96.2 1.4 
ethyl parathion  117 4.3 97.6 2.3 105 3.5 
etridiazole  118 3.4 90.6 2.2 101 1.5 
fenarimol  110 4.7 87.1 2.0 91.7 3.4 
fluorene  106 3.8 97.5 2.1 101 1.1 
fluridone  92.0 5.0 103 4.9 98.6 2.9 
HCCPD  92.0 3.5 65.6 1.7 68.0 5.8 
HCH, α  101 3.8 92.5 1.3 95.2 0.47 
HCH, β  101 3.8 94.0 4.0 102 1.7 
HCH, δ  97.0 6.2 96.4 1.3 101 0.49 
HCH, γ (lindane)  90.0 4.4 95.6 2.1 97.9 1.8 
heptachlor  96.0 3.4 83.1 2.0 86.2 1.2 
heptachlor epoxide  104 3.1 86.9 2.0 95.9 1.6 
hexachlorobenzene  94.0 5.5 78.4 3.8 93.0 1.9 
hexazinone  107 1.9 84.6 1.7 94.6 2.6 
indeno[1,2,3-c,d]pyrene  113 4.5 95.0 2.1 112 2.4 
isophorone  108 3.0 108 3.2 102 1.1 
methoxychlor  122 1.9 89.9 1.5 109 0.72 
methyl parathion  129 3.0 103 2.1 112 2.5 
metolachlor  109 1.8 93.1 1.1 97.8 0.42 
metribuzin  116 2.8 97.3 0.30 106 2.5 
mevinphos  115 3.3 96.1 3.1 97.0 1.5 
MGK 264(a)  94.0 2.5 75.5 1.9 88.3 4.1 
MGK 264(b)  94.0 2.5 82.8 0.35 92.3 0.80 
molinate  88.0 3.7 89.4 1.2 88.9 2.1 
napropamide  105 3.6 89.9 2.4 99.2 1.5 
nitrofen  129 3.0 106 2.7 113 3.9 
nonachlor, trans  119 3.2 103 2.3 96.2 1.0 
norflurazon  106 2.2 91.9 1.6 102 1.6 
oxyfluorfen  129 1.6 93.9 2.9 111 3.5 
pebulate  85.0 8.0 84.5 1.7 84.7 2.4 
pentachlorophenol  104 4.1 100 1.3 96.0 3.6 
permethrin, cis  110 3.6 107 1.3 107 2.2 
permethrin, trans  115 3.3 96.1 3.1 97.0 1.5 



44 
 

phenanthrene  94.0 2.5 75.5 1.9 88.3 4.1 
phorate  94.0 2.5 82.8 0.35 92.3 0.80 
phosphamidon  88.0 3.7 89.4 1.2 88.9 2.1 
profenofos  105 3.6 89.9 2.4 99.2 1.5 
prometon  129 3.0 106 2.7 113 3.9 
prometryn  119 3.2 103 2.3 96.2 1.0 
pronamide  106 2.2 91.9 1.6 102 1.6 
propachlor  129 1.6 93.9 2.9 111 3.5 
propazine  85.0 8.0 84.5 1.7 84.7 2.4 
pyrene  104 4.1 100 1.3 96.0 3.6 
simazine  110 3.6 107 1.3 107 2.2 
simetryn  115 3.3 96.1 3.1 97.0 1.5 
tebuconazole  94.0 2.5 75.5 1.9 88.3 4.1 
tebuthiuron  94.0 2.5 82.8 0.35 92.3 0.80 
terbacil  88.0 3.7 89.4 1.2 88.9 2.1 
terbutryn  105 3.6 89.9 2.4 99.2 1.5 
tetrachlorvinphos  129 3.0 106 2.7 113 3.9 
triadimefon  119 3.2 103 2.3 96.2 1.0 
tribufos+merphos  106 2.2 91.9 1.6 102 1.6 
trifluralin  129 1.6 93.9 2.9 111 3.5 
vernolate  85.0 8.0 84.5 1.7 84.7 2.4 
vinclozolin  104 4.1 100 1.3 96.0 3.6 

PCB Congeners 
by UPAC# 

      

2-chlorobiphenyl (1)  75.0 2.7 81.0 2.6 85.0 1.1 
4-chlorobiphenyl (3)  85.0 2.4 84.4 2.8 88.9 1.5 
2,4′-dichlorobiphenyl (8)  85.0 2.4 82.5 2.2 87.1 0.51 
2,2′,5-trichlorobiphenyl 
(18)  

104 3.1 89.3 2.9 95.3 4.0 

2,4,4′-trichlorobiphenyl 
(28)  

81.0 2.5 88.6 3.3 92.4 0.48 

2,2′,3,5′-
tetrachlorobiphenyl (44)  

85.0 9.7 91.1 3.1 93.4 1.6 

2,2′,5,5′-
tetrachlorobiphenyl (52)  

84.0 3.9 90.3 4.4 96.4 1.1 

2,3′,4′,5-
tetrachloroobiphenyl (70)  

84.0 3.9 92.4 3.4 97.0 0.94 

2,3,3′,4′,6-
pentachlorobiphenyl (110)  

81.0 2.5 94.3 3.2 97.1 0.90 

2,3′,4,4′,5-
pentachlorobiphenyl (118)  

90.0 2.6 94.5 3.7 98.8 1.1 

2,2′,3,4,4′,5′-
hexachlorobiphenyl (138)  

86.0 4.7 99.0 3.2 105 1.3 

2,2′,3,4′,5′,6-
hexachlorobiphenyl (149)  

87.0 5.8 96.5 4.3 101 1.2 

2,2′,4,4′,5,5′- 
hexachlorobiphenyl (153)  

79.0 2.5 96.9 2.8 101 1.1 

2,2′,3,4,4′,5,5′-
heptachlorobiphenyl (180)  

101 2.0 93.1 2.9 91.6 2.2 
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Surrogate Analytes       
1,3-dimethyl-2-
nitrobenzene  

92.9 4.0 98.9 3.1 88.8 4.0 

benzo[a]pyrene-d12  112 2.1 101 2.6 101 4.9 
triphenyl phosphate  107 2.5 97.9 4.1 104 3.2 
 
a. Data obtained on the instrumentation described in Sect. 13.1.1.4 
b. Exceptions to the stated concentration are as follows: Surrogate concentrations are 5.0 μg/L, 
pentachlorophenol is 1.0 μg/L, c-permethrin is 0.13 μg/L, t-permethrin is 0.38 μg/L, MGK 264 (a) is 0.085 μg/L 
and MGK 264 (b) is 0.17 μg/L.  
c. Exceptions to the stated concentration are as follows: Surrogate concentrations are 5.0 μg/L, 
pentachlorophenol is 8.0 μg/L, c-permethrin is 1.0 μg/L, t-permethrin is 3.0 μg/L, MGK 264 (a) is 0.67 μg/L and 
MGK 264 (b) is 1.3 μg/L.  
d. Exceptions to the stated concentration are as follows: Surrogate concentrations are 5.0 μg/L, 
pentachlorophenol is 20.0 μg/L, c-permethrin is 2.5 μg/L, and t-permethrin is 7.5 μg/L, MGK 264 (a) is 1.7 μg/L 
and MGK 264 (b) is 3.3 μg/L.  
e. ND = Not determined. Analyte could not be determined because of the low fortified concentration relative to 
the LRB. 
 

Precision and Accuracy Data Obtained for Method Analytes Fortified into Finished 
Drinking Waters from Ground and Surface Water Sources, and Extracted Using UCT 

525 Universal Cartridges; N=4; Full Scan GC/MS Analysesa 
 
Analytes Fortified 

Conc. (μg/L) 
Ground Waterb Surface Waterc 

Mean % 
Recoveryd

 

RSD Mean % 
Recoveryd

 

RSD 

acenaphthylene  2.0 99.3 5.7 95.1 1.8 
acetochlor  2.0 97.4 5.5 106 4.9 
alachlor  2.0 93.5 3.5 95.0 3.3 
aldrin  2.0 94.9 4.0 81.1 0.59 
ametryn  2.0 98.9 5.7 93.4 6.2 
anthracene  2.0 102 4.7 101 1.6 
atraton  2.0 92.6 5.9 87.3 5.3 
atrazine  2.0 100 4.6 95.6 1.5 
benzo[a]anthracene  2.0 104 1.5 102 2.4 
benzo[a]pyrene  2.0 106 3.2 100 2.7 
benzo[b]fluoranthene  2.0 104 3.3 100 3.9 
benzo[g,h,i]perylene  2.0 101 3.9 101 5.3 
benzo[k]fluoranthene  2.0 103 3.0 101 2.6 
BHT  2.0 95.5 1.2 114 1.9 
bromacil  2.0 98.9 5.5 104 4.6 
butachlor  2.0 96.4 2.9 95.6 3.3 
butylate  2.0 87.6 3.2 83.6 1.8 
butylbenzylphthalate  2.0 107 4.1 107 2.9 
chlordane, cis-  2.0 96.1 6.2 98.0 5.9 
chlordane, trans  2.0 94.5 5.9 98.3 7.3 
chlorfenvinphos  2.0 93.1 3.9 111 3.4 
chlorobenzilate  2.0 101 5.6 97.1 4.3 
chloroneb  2.0 104 2.0 108 4.0 
chlorothalonil  2.0 108 1.5 110 2.2 
chlorpropham  2.0 95.9 5.6 98.1 2.4 
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chlorpyrifos  2.0 97.8 5.3 103 4.1 
chrysene  2.0 106 2.2 100 3.2 
cyanazine  2.0 97.4 5.2 91.0 11 
cycloate  2.0 92.3 5.6 95.1 1.6 
dacthal (DCPA)  2.0 92.1 7.3 107 4.3 
DDD, 4,4′-  2.0 93.1 3.7 91.0 2.0 
DDE, 4,4′-  2.0 90.0 3.6 85.6 2.7 
DDT, 4,4′-  2.0 91.4 3.7 90.4 3.5 
DEET  2.0 101 1.8 109 1.1 
di(2-ethylhexyl)adipate  2.0 102 5.8 106 3.4 
di(2-ethylhexyl)phthalate  2.0 107 2.7 104 2.2 
dibenzo[a,h]anthracene  2.0 106 6.2 102 2.2 
dibutyl phthalate  2.0 110 3.7 107 1.5 
dichlorvos  2.0 90.4 7.3 88.8 2.3 
dieldrin  2.0 96.0 5.4 96.3 2.6 
diethylphthalate  2.0 110 2.5 107 1.1 
dimethipin  2.0 29.4 8.7 38.1 4.2 
dimethylphthalate  2.0 111 2.4 111 1.0 
DIMP  2.0 89.6 5.9 99.6 5.9 
dinitrotoluene, 2,4-  2.0 95.6 7.0 105 4.1 
dinitrotoluene, 2,6-  2.0 95.6 6.2 101 5.0 
diphenamid  2.0 98.5 5.6 101 2.3 
disulfoton  2.0 79.6 5.9 103 6.3 
endosulfan I  2.0 96.9 7.0 93.0 4.5 
endosulfan II  2.0 98.5 5.7 94.3 4.1 
endosulfan sulfate  2.0 102 2.8 100 2.1 
endrin  2.0 97.9 2.6 88.1 3.4 
EPTC  2.0 89.0 7.2 85.8 3.0 
ethion  2.0 95.8 6.9 98.9 4.3 
ethoprop  2.0 94.9 5.7 103 3.9 
ethyl parathion  2.0 97.6 5.9 103 3.0 
etridiazole  2.0 104 2.4 104 3.1 
fenarimol  2.0 93.5 4.4 86.6 3.3 
fluorene  2.0 101 5.1 104 1.8 
fluridone  2.0 111 3.9 97.4 6.0 
HCCPD  2.0 64.6 6.7 69.1 2.8 
HCH, α  2.0 93.5 5.7 91.8 2.4 
HCH, β  2.0 97.9 4.2 97.8 1.8 
HCH, δ  2.0 102 6.4 94.3 3.7 
HCH, γ (lindane)  2.0 100 6.8 90.0 2.1 
heptachlor  2.0 91.0 3.0 86.1 1.5 
heptachlor epoxide  2.0 98.3 6.2 91.6 1.6 
hexachlorobenzene  2.0 90.4 4.0 89.0 2.7 
hexazinone  2.0 93.4 3.1 97.0 8.1 
indeno[1,2,3-c,d]pyrene  2.0 107 6.6 103 4.6 
isophorone  2.0 104 3.9 101 2.6 
methoxychlor  2.0 94.0 5.6 94.0 2.6 
methyl parathion  2.0 100 3.7 110 2.5 
metolachlor  2.0 97.5 5.6 97.8 2.1 
metribuzin  2.0 102 2.6 120 0.77 
mevinphos  2.0 89.9 5.3 96.3 4.5 
MGK 264(a)  1.3 92.9 2.3 86.4 4.1 
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MGK 264(b)  0.67 95.9 4.1 92.6 3.9 
molinate  2.0 94.9 5.0 89.1 2.3 
napropamide  2.0 95.9 4.6 104 3.1 
nitrofen  2.0 111 6.2 96.4 5.3 
nonachlor, trans  2.0 105 4.0 98.4 5.3 
norflurazon  2.0 98.1 3.8 101 6.4 
oxyfluorfen  2.0 91.8 7.7 94.9 5.0 
pebulate  2.0 89.3 4.4 84.3 1.0 
pentachlorophenol  8.0 98.3 2.6 97.3 2.9 
permethrin, cis  1.0 92.6 6.0 108 4.3 
permethrin, trans  3.0 91.4 7.1 100 2.3 
phenanthrene  2.0 106 3.7 104 2.5 
phorate  2.0 95.5 2.0 98.9 4.8 
phosphamidon  2.0 100 3.3 114 2.8 
profenofos  2.0 98.4 4.4 108 1.7 
prometon  2.0 96.9 2.1 88.4 5.7 
prometryn  2.0 98.8 4.9 94.6 4.9 
pronamide  2.0 95.1 5.5 96.6 3.4 
propachlor  2.0 106 1.4 110 3.4 
propazine  2.0 101 2.8 96.4 2.5 
pyrene  2.0 106 1.2 107 2.2 
simazine  2.0 101 3.7 96.1 3.0 
simetryn  2.0 98.6 4.2 87.9 3.8 
tebuconazole  2.0 94.4 5.4 96.0 5.2 
tebuthiuron  2.0 88.5 7.1 101 1.8 
terbacil  2.0 101 5.6 95.8 10 
terbutryn  2.0 97.3 5.1 87.4 5.1 
tetrachlorvinphos  2.0 97.5 6.6 104 5.4 
triadimefon  2.0 99.3 2.1 101 3.0 
tribufos+merphos  4.0 96.6 7.3 107 2.0 
trifluralin  2.0 90.8 2.2 90.0 4.5 
vernolate  2.0 88.0 6.0 88.3 1.8 
vinclozolin  2.0 98.6 7.0 111 1.7 

PCB Congeners  
by IUPAC# 

     

2-chlorobiphenyl (1)  2.0 90.8 1.7 96.3 5.6 
4-chlorobiphenyl (3)  2.0 96.1 0.65 99.9 5.4 
2,4′-dichlorobiphenyl (8)  2.0 97.9 0.87 86.6 6.3 
2,2′,5-trichlorobiphenyl 
(18)  

2.0 101 3.8 90.9 7.5 

2,4,4′-trichlorobiphenyl 
(28)  

2.0 101 2.2 86.1 4.9 

2,2′,3,5′-
tetrachlorobiphenyl (44)  

2.0 93.0 3.0 88.1 6.9 

2,2′,5,5′-
tetrachlorobiphenyl (52)  

2.0 97.1 3.1 87.8 6.6 

2,3′,4′,5-
tetrachloroobiphenyl (70)  

2.0 107 1.5 88.1 5.2 

2,3,3′,4′,6-
pentachlorobiphenyl (110)  

2.0 107 1.3 92.0 6.3 

2,3′,4,4′,5-
pentachlorobiphenyl (118)  

2.0 108 1.2 91.3 6.4 

2,2′,3,4,4′,5′- 2.0 110 2.0 93.8 5.3 
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hexachlorobiphenyl (138)  
2,2′,3,4′,5′,6-
hexachlorobiphenyl (149)  

2.0 106 1.4 91.5 6.0 

2,2′,4,4′,5,5′- 
hexachlorobiphenyl (153)  

2.0 108 0.89 91.3 6.3 

2,2′,3,4,4′,5,5′-
heptachlorobiphenyl (180)  

2.0 99.6 1.0 87.6 7.2 

Surrogate Analytes      
1,3-dimethyl-2-
nitrobenzene  

5.0 91.7 7.5 89.0 6.5 

benzo[a]pyrene-d12  5.0 103 2.7 104 3.0 
triphenyl phosphate  5.0 104 0.58 112 3.5 
 
 

a. Data obtained on the instrumentation described in Sect. 13.1.1.4. 
b. Tap water from a ground water source with high mineral content.  Tap water hardness was 300mg/L as calcium 

carbonate 
c. Tap water from a surface water source.  TOC of 2.4 mg/L 
d. Recoveries have been corrected to reflect the native amount in the unfortified matrix water. 
 

 
Toxaphene from Fortified Reagent Water Precision and Accuracy:  Extracts Analyzed 

by SIM 
 

 
 
 
Method 525.3, “Determination Of Semivolatile Organic Chemicals In Drinking Water By Solid Phase Extraction And Capillary Column Gas 
Chromatography/ Mass Spectrometry (GC/MS),” Ver 1.0, February 2012, Jean W. Munch and Paul E. Grimmett (U.S. EPA, Office of 
Research and Development, National Exposure Research Laboratory), David J. Munch and Steven C. Wendelken (U.S. EPA, Office of 
Water, Office of Ground Water and Drinking Water, Technical Support Center) Mark M. Domino (Industrial and Environmental Services, 
LLC) Alan D. Zaffiro and Michael L. Zimmerman (Shaw Environmental and Infrastructure, Inc.), National Exposure Research Laboratory 
Office Of Research And Development, U. S. Environmental Protection Agency, Cincinnati, Ohio 45268 
  
 
Complete details  at www.epa.gov/safewater/methods/methods.html 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DCN-216111- 248 

   

Fortified Concentration 
10 µg/L  N=4 

Mean % Recovery RSD 

 111 1.8 
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Determination of Phenols in Drinking Water by Solid-Phase 
Extraction (SPE) and Capillary Column Gas Chromatography 
(GC/MS) 
 
UCT Product Numbers: 
ECDVB156 (500 mg DVB, 6 mL cartridge) or 
ECUNIDVB500 (500 mg DVB, 83 mL cartridge)  
ECSS15M6 (5 g Na2SO4, 6 mL cartridge) 
  
Method 528 Revision 1.0 
 
February 2009 

 

Procedure 

1. Condition Cartridge(s) 

a) Add 6N HCl solution dropwise to water sample to adjust pH to less than 2 

b) Rinse the cartridge(s) with 3 mL of methylene chloride then draw to waste 

c) Repeat  methylene chloride rinse 2 more times 

d) Rinse the cartridge(s) with 3 mL of methanol then draw to waste  

e) Repeat methanol rinse 2 more times 

f) After the third rinse, leave enough methanol in the cartridge(s) to cover the frit 

Do not let the cartridge(s) dry out at this point otherwise start over at step d) 

g) Rinse the cartridge(s) 3 times with 3 mL of 0.05N HCl and draw to top of frit 

h) With vacuum off, add 3 mL of 0.05N HCl to the cartridge(s) 

 
2. Sample Addition 

a) Begin adding the water sample to the cartridge(s) 

b) Adjust the vacuum so the flow rate is about 20 mL/minute (extraction will require 

about 50 minutes) 

c) After extraction allow cartridge(s) to dry under vacuum for 10-15 minutes before 

proceeding to the next step  

 
 

A dry cartridge is important for good recoveries 
 
 

3. Extract Elution 

a) Rinse the inside of the sample bottle a 10 mL portion of methylene chloride  
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b) Add this to the cartridge(s) then draw this through to the collection tube in a 

dropwise fashion 

c) Add another 3 mL of methylene chloride to the cartridge(s) then slowly draw 

through to  collection tube 
4. Eluate Drying 

a) Dry the eluate by passing through a pre-rinsed anhydrous sodium sulfate column 
ECSS15M6 and collect eluate in a clean tube 

b) Rinse the sodium sulfate column with a 2 x 3 mL aliquots of methylene chloride 

and collect in the tube 

c) Concentrate the extract to about 0.9 mL in a warm water bath (40° C) under a 

gentle stream of N2 

d) Adjust final volume to 1.0 mL with methylene chloride 

5. Analysis 
a) Analyze extract by GC/MS   

 
 
 
For complete details on Method 528 the analyst is referred to:   Method 528 Revision 1.0, Determination of Phenols in Drinking Water by 
Solid-Phase Extraction (SPE) and Capillary Column Gas Chromatography (GC/MS), J. W. Munch, April 2000, National Exposure Research 
Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268 

 
 
 

DCN-902250-113 
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Determination of Explosives and Related Compounds in 
Drinking Water by Solid-Phase Extraction and Capillary 
Column Gas Chromatography/Mass Spectrometry (GC/MS) 
 
UCT Product Numbers:  
ECDVB156 (500 mg DVB, 6 mL cartridge) or 
ECUNIDVB500 (500 mg DVB, 83 mL cartridge) 
ECSS15M6 (5 g Na2SO4, 6 mL cartridge) 
 
EPA Method 529  
 
March  2012 

                                
Procedure 

1. Cartridge Conditioning  

a) Mark the level of liquid on the sample bottle for accurate volume determination 

b) Verify that the sample pH is between 5 and 7 and free of chlorine 

c) Add an aliquot of the surrogate fortification solution for a final concentration of 1-5 

µg/L and mix (See Notes)  

d) Place cartridge(s) on vacuum manifold 

e) Rinse the cartridge with 3 x 5 mL aliquots of ethyl acetate 

f) Let the cartridge drain completely between each solvent addition 

g) Rinse the cartridge with 3 x 5 mL aliquots of methanol 
              Do not let the cartridge go dry after this step otherwise repeat starting at step h) 

h) Rinse the cartridge with 2 x 10 mL aliquots of reagent water. Leave a visible layer 

of water covering the cartridge frit 

Proper conditioning of the cartridge is essential for good precision and accuracy 

2. Sample Extraction 

a) Add the water sample to the cartridge  

b) Adjust the vacuum setting so that the flow rate is 10-15 mL/minute and draw 

through all sample 

c) After extraction draw air through the cartridge for 10 minutes at full vacuum   

 

3. Cartridge Elution 

a) Insert a clean collection tube in the manifold 

b) Rinse the inside of the sample bottle with 5 mL ethyl acetate and add to cartridge 
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c) Add another 5 mL aliquot of ethyl acetate to the cartridge and draw through 

dropwise to the collection tube  

d) Pass the ethyl acetate eluate through a ECSS15M6 drying tube or use a bed of 

anhydrous sodium sulfate  

e) Wash the drying tube using 4 mL of ethyl acetate 

f) Concentrate the eluate under a gentle stream of N2 in a warm water bath to 0.9 

mL 

g) Add internal standards and bring final volume to 1.0 mL for analysis 

h) Sample is ready for analysis 

 

4. Sample Analysis by GC/MS 

a) Inject 1-2 µL 

Notes 
Surrogate standards (nitrobenzene-d5; 1, 3, 5-trimethyl-2-nitro-benzene; and 1, 2, 4-
trimethyl-5-nitro-benzene) are added to all calibration standards, samples, LFBs, LFMs, FDs, 
and LRBs  
 
Internal Standard Stock - Prepare a stock standard of the internal standard, 3, 4-
dinitrotoluene (CAS# 610-39-9), at approximately 2.0 mg/mL in ethyl acetate. Store at 0° C 
or less. 
 
Surrogate Standard Stock Solutions - Prepare or purchase individual stock standards of the 
following surrogate analytes: 1, 3, 5-trimethyl-2-nitrobenzene commonly known as 2-nitromesitylene 
[CAS603-71-4], 1, 2, 4-trimethyl-5-nitrobenzene commonly known as 2-nitropseudocumene [CAS# 
610-91-3], and nitrobenzene-d5 [CAS# 4165-60-0]. Standards of 2-nitromesitylene and 2-
nitropseudocumene should be prepared in methanol at concentrations of 1-2 mg/mL. Nitrobenzene-
d5 should be prepared in methylene chloride at a concentration of 1-2 mg/mL. Store at 0° C or less. 
During method development, these solutions were stable for at least 1 year. 
 
   
 
 
 
 
 
 
 
 
*For complete details on Method 529, September 2002, the analyst is referred to: J.W.Munch, “Determination Of Explosives And Related 
Compounds In Drinking Water By Solid-Phase Extraction And Capillary Column Gas Chromatography/Mass Spectrometry (GC/MS)”, 
National Exposure Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, OH 
45268 

 
DCN-903020-123 
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 Determination of Phenylurea Compounds In Drinking Water 
By Solid-Phase Extraction And High Performance Liquid 
Chromatography With UV Detection  

UCT Part Numbers:  
EUC18156 (6 mL cartridge with 500 mg C18) 
 
EPA Method 532 Revision 1.0  
 
September  2010 

  
This is an HPLC method for the determination of phenylurea pesticides in drinking water. It is 
applicable to phenylurea compounds that are efficiently extracted from the water using a C18 
Solid-Phase cartridge. Accuracy, precision, and method detection limit (MDL) data have 
been generated for the following compounds* in reagent water and finished ground and 
surface waters. 
 

Phenylurea Compounds 
Analyte CAS # 

Diflubenzuron 35367-38-5 

Diuron 330-54-1 

Fluometuron 2164-17-2 

Linuron 330-55-2 

Propanil 709-98-8 

Siduron 1982-49-6 

Tebuthiuron 34014-18-1 

Thidiazuron 51707-55-2 
 

Method Summary 
 

A 500 mL water sample is extracted using an SPE C18 cartridge. The phenylurea pesticides 

and surrogate compounds are captured by the solid-phase then analytes and surrogates are 

eluted with methanol. The extract is concentrated to a final volume of 1.0 mL. Analytes are 

chromatographically separated using an HPLC and detected using UV/Vis. Identification of 

target and surrogate analytes and quantitation is accomplished by retention times and 

analyte responses using external standard procedures. Sample extracts with positive results 

are solvent exchanged and confirmed using a second, dissimilar HPLC column that is also 

calibrated using external standard procedures. 
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Safety 

x Each chemical compound should be treated as a potential health hazard, and  
exposure to these chemicals should be minimized using proper handling technique 
 

Sample Collection, Preservation, and Storage 
x Grab samples must be collected using 500 mL amber or clear glass bottles fitted with 

PTFE lined screw caps 
 
x Prior to field shipment, sample bottles must contain, 0.25 g of cupric sulfate and 2.5 g 

of Trizma crystals to each bottle for each 500 mL of sample collected  
 
x Alternately, the Tris buffer may be prepared by adding 2.35 g of Tris HCl and 0.15 g 

Tris to the sample bottle in addition to the 0.25 g of cupric sulfate  
 
x When sampling from a cold water tap, remove the aerator so that no air bubbles will 

be trapped in the sample. Allow the system to flush until the water temperature has 
stabilized (usually about 3-5 minutes). Collect samples from the flowing system. 

 
x When sampling from an open body of water, fill a 1 quart wide-mouth bottle or 1L 

beaker with sample. Carefully fill sample bottles from the container 
 

x Sampling equipment, including automatic samplers, must be free of plastic tubing, 
gaskets, and other parts that may leach interfering analytes into the water sample  
 

x Fill sample bottles, taking care not to over fill bottles so as not to flush out the sample 
preservation reagents. Samples do not need to be collected headspace free 
 

x After collecting the sample, replace cover then agitate by hand for 1 minute. Keep 
samples sealed from collection time until extraction 

 
Preservation Reagents 
 

x Cupric Sulfate, CuSO4 5H2O ( ACS Grade or equivalent) – Added as a biocide to 
guard against potential degradation of method analytes by microorganisms  
 

x Trizma Preset Crystals, pH 7.0 (Sigma # T 3503 or equivalent) – Reagent grade. A 
premixed blend of Tris [Tris(hydroxymethyl)aminomethane] and Tris HCL 
[Tris(hydroxymethyl)aminomethane hydrochloride] 
 

x Alternatively, a mix of the two components with a weight ratio of 15.5/1; Tris HCL/Tris 
may be used. These blends produce a pH of 7.0 at 25°C in reagent water. Tris 
functions as a buffer, binding free chlorine in chlorinated finished waters and prevents 
the formation of a copper precipitate 
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Sample Shipment and Storage   

x All samples should be iced during shipment and must not exceed 10° C during the 
first 48 hours after collection. Samples should be confirmed to be at or below 10°C 
when they are received at the laboratory  

 
x Samples stored in the lab must be held at or below 6° C until extraction, but should 

not be frozen 
 
Sample and Extract Holding Times  

x Method analytes are stable for 14 days in water samples that are collected, 
dechlorinated, preserved, shipped and stored as described in above 

 
x Samples must be extracted within 14 days 
 
x Sample extracts may be stored in methanol at 0°C or less for up to 21 days after 

extraction. Samples that are exchanged into reagent water/acetonitrile (60/40) for 
confirmational analysis may be stored 7 days at 0° C or less. The combined extract 
holding time should not exceed  
21 days 

 

Interferences 

x All glassware must be meticulously cleaned. Wash glassware with detergent and tap 
water, rinse with tap water. Follow by a reagent water rinse 
 

x Non-volumetric glassware can be heated in a muffle furnace at 400° C for 2 hours 
 

x Method interferences may also be caused by contaminants in solvents, reagents 
(including reagent water), sample bottles and caps, and other sample processing 
hardware. This may lead to discrete artifacts or elevated baselines in the 
chromatograms 
 

x All solvents and equipment must be routinely demonstrated to be free from 
interferences under the conditions of the analysis. Subtracting blank values from 
sample results is not permitted in this method 
 

x Matrix interferences may be caused by contaminants that are co-extracted from the 
sample  
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Surrogate Analytes (SUR),  

Monuron (CAS #150-68-5) & Carbazole (CAS# 86-74-8) 

SUR STOCK SOLUTION (5 to 7 mg/mL)  
x Accurately weigh 25 to 35 mg of the neat SUR to the nearest 0.1 mg into a tared, 5 

mL volumetric flask. Dilute to the mark with the appropriate solvent, methanol for 
monuron and acetonitrile for cabazole    

 

x Prepare each compound individually. They will be combined in the SUR primary 
dilution standard   

 
SUR Primary Dilution Standard (500 µg/mL) 

x Prepare the SUR Primary Dilution Standard (PDS) by dilution of the SUR stock 
standards. Add enough of each of the SUR stock standards to a volumetric flask 
partially filled with methanol to make a 500 µg/mL solution when filled to the mark 
with methanol 

 

Analyte Stock Standard Solution  
x Prepare analyte stock standard solutions for all compounds in methanol except 

thidiazuron and Diflubenzuron which are prepared in acetone 
 

x Acetone elutes early in the chromatogram and will not interfere with compound 
quantitation  
 

x Accurately weigh 10 to 12 mg of neat material to the nearest 0.1 mg in volumetric 
flasks. Thidiazuron is difficult to dissolve but 10 mg of pure material should dissolve in 
a 10 mL of acetone. Sonication may be used to help dissolve these compounds. 

 
Analyte Primary Dilution Standard (PDS, 200 µg/mL and 10 µg/mL)  

x Prepare the Analyte PDS by dilution of the stock standards. Add enough of each 
stock standard to a volumetric flask partially filled with methanol to make a 200 µg/mL 
solution when filled to the mark with methanol 
 

x Once prepared, a dilution of the 200 µg/mL solution may be used to prepare a 10 
µg/mL solution used for low concentration spiking. The PDS’s can be used for 
preparation of calibration and fortification solutions   
 

x Use at least 5 calibration concentrations to prepare the initial calibration curve     
 

x The lowest concentration of calibration standard must be at or below the MRL 
 

x In this method, 500 mL of an aqueous sample is concentrated to a 1 mL final extract 
volume  
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The calibration standards for the development of this method are prepared as below 

 

Preparation of Calibration Curve Standards 

 
CAL 
Level 

 
PDS Conc 

µg/mL 

 
Volume PDS 

Standard 
µL 

 
Final Vol 

CAL Standard 
mL 

 
Final Conc 

CAL 
Standard 

µg/mL 

 
Equivalent 

Conc in 
500 mL 
sample 

µg/L 
1 10 25 1 0.25 0.50 
2 10 50 1 0.50 1.00 
3 200 5.0 1 1.00 2.00 
4 200 25 1 5.00 10.0 
5 200 50 1 10.0 20.0 
6 200 75 1 15.0 30.0 

 
Procedure 
  
1. Cartridge Conditioning 

a) Rinse the cartridge(s) using 5 mL of methanol 

b) Slowly draw through leaving a layer covering the frit 

c) Repeat using a second 5 mL aliquot and slowly draw through. Leave enough 

methanol to cover the frit 

Note: Do not let the cartridge dry out after addition of methanol otherwise repeat 

d) Add 5 mL of reagent water to the cartridge and draw through to the level of the frit 

e) Repeat with a second 5 mL aliquot of reagent water 

2. Sample Extraction 

a) Add the water sample to the cartridge. Adjust vacuum setting for a flow rate of 

about 20 mL/minute 

b) Rinse the sample container with reagent water and add to the cartridge 

c) Once the sample has been extracted, turn vacuum setting to high and draw air 

through for 15 minutes to dry cartridge 

3. Sample Elution 

a) Insert a clean collection tube in the vacuum manifold 

b) Add about 3-5 mL of methanol to each cartridge 

c) Draw through to the top of the frit then turn off vacuum 

d) Allow to soak for 30 seconds 
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e) Add a second 2-3 mL of methanol and draw through cartridge as a drip 

f) Repeat methanol addition with a third 1-2 mL portion 

 

4. Extract Concentration 

a) Concentrate the extract to about 0.5 mL in a warm water bath 4° C under a gentle 

stream of N2 

b) Transfer to a 1 mL volumetric flask rinsing the collection tube with methanol 

c) Bring to volume with methanol 

d) Sample is ready for analysis 

 

 

5. Solvent Exchange for Confirmation Analysis  

a) Samples to be confirmed must be exchanged into reagent water/acetonitrile 

(60/40)  

b) Transfer the remaining 980  µL of the extract to a 1 mL volumetric (or other 

appropriate collection tube) 

c) Mark the sample volume then take the extract to dryness in a warm water bath (at 

~ 40° C) under a gentle steam of N2 

d) Reconstitute the residue with a mixture of reagent water/acetonitrile (60/40) to the 

mark made before the extract was taken to dryness. Redissolve the film as 

thoroughly as possible. Use of a vortex mixer is recommended. Transfer to an 

appropriate autosampler vial 

e) The best recoveries are obtained when extracts are immediately reconstituted 
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6. HPLC Analysis—Primary Analysis 
 

Primary HPLC Column: Symmetry 4.6 x 150 mm with 3.5 µm C18 phase or equivalent 
 

 
 

Chromatographic Retention Time Data for the Primary Column 

Peak Number Analyte Retention Time (min) 

1 Tebuthiuron 2.03 
2 Thidiazuron 2.48 
3 Monuron (SUR) 2.80 
4 Fluometuron 4.45 
5 Diuron 5.17 
6 Propanil 8.53 
7 Siduron A 8.91 
8 Siduron B 9.76 
9 Linuron 11.0 
10 Carbazole (SUR) 12.8 
11 Diflubenzuron 13.9 

 
   
7. HPLC Analysis--Confirmation Analysis 
 
Confirmation Column: Supelcosil 4.6 × 150 mm packed with 5 um cyanopropyl stationary 
phase or equivalent 
 

HPLC Conditions 

Solvent A 25 mM phosphate buffer 
Solvent B Acetonitrile 
40% B 0-9.5 minutes 
Linear gradient 40-50% B 9.5-10.0 minutes 
Linear gradient 50-60% B 10.0-14.0 minutes 
Linear gradient 60-40% B 14.0-15.0 minutes 
Flow Rate 1.5 mL/minute 
Wavelength 245 nm 

Equilibration time prior to next injection = 15 minutes 
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Chromatographic Retention Time Data for the Confirmation Column 

Peak Number Analyte Retention Time (min) 

1 Tebuthiuron 2.56 
2 Thidiazuron 3.98 
3 Monuron (SUR) 4.93  
4 Fluometuron  5.94 
5 Diuron  7.67 
6 Propanil  9.53 
7 Siduron A  10.1 
8 Siduron B  10.8 
9 Linuron  12.2 
10 Carbazole (SUR)  14.3 
11 Diflubenzuron  15.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*The analyst should refer to EPA Method 532 “Determination of Phenylurea Compounds in Drinking Water by Solid-Phase Extraction and 
High Performance Liquid Chromatography with UV Detection”, Revision 1.0 Issued June 2000, by M. V. Bassett, S.C. Wendelken, T.A. 
Dattilio, and B.V. Pepich (IT Corporation) D.J. Munch (US EPA, Office of Ground Water and Drinking Water) EPA, National Exposure 
Research Laboratory, Office of Research and Development, US Environmental Protection Agency, Cincinnati, Ohio 45268 
  
 
 
 
 
 
 

DCN-218030-190 
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 Measurement of Chloroacetanilide and Other Acetamide 
Herbicide Degradates in Drinking Water by Solid-Phase 
Extraction and Liquid Chromatography/ Tandem Mass 
Spectrometry (LC/MS/MS) 
 
UCT Part Number:  
EC535156 (500 mg graphitized carbon black (GCB) 90 m2/g, 6 mL) 
 
EPA METHOD 535 
 
February  2009 

 
 Method Summary 
 
A 250 mL water sample is drawn through and captured on a EC535156 cartridge 

containing 0.5 grams of nonporous graphitized carbon. Acetanilide and acetamide 

compounds are eluted from the cartridge using a small quantity of methanol containing 

10 mM ammonium acetate. The methanol extract is concentrated to dryness by blow 

down with N2 in a water bath at 65OC then reconstituted with 1 mL of water containing 5 

mM ammonium acetate. A 100 μL portion of the aqueous reconstitution is injected into an 

HPLC fitted with a C18 reverse phase analytical column. Detection occurs by tandem 

mass spectrometry and is compared to internal standards. A surrogate analyte of known 

concentration is measured with the same internal standard calibration procedure.  

 

Interferences 
 
Humic and/ or fulvic acid material, if present in the water source, is co-extracted with this 
method. High concentrations of these compounds can cause enhancement or 
suppression of the in the electrospray ionization source or low recoveries on the carbon 
SPE. Total organic carbon (TOC) is a good indicator of these interferences if present in 
the water sample. 

 
1. Condition Cartridge 

a) Rinse the cartridge with 20 mL of 10 mM ammonium acetate/methanol solution 

b)  Rinse cartridge with 30 mL of reagent water. Do not let water drop below level of 

cartridge packing 
c) Add about 3 mL of reagent water to the top of the cartridge 

Note: Do not let the cartridge go dry during any step otherwise start over 
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2. Sample Addition 

a) Add sample water to the cartridge and adjust vacuum so the flow is about 10-15 

mL/minute 

b) Rinse cartridge with 5 mL of reagent water 

c) Draw  air or N2 through the cartridge at high vacuum (10-15 in/Hg) for 3 minutes 

3. Extract Elution 

All glassware must be meticulously washed to avoid contamination 

a) Insert a clean collection tube into the extraction manifold 

b) Use 15 mL of 10 mM ammonium acetate/methanol and adjust vacuum to draw 

through at 5 mL/minute. Solvent will exit the cartridge in a dropwise fashion at this 

vacuum setting 

4. Eluate Drying 

a) Concentrate the extract to dryness under a gentle stream of N2 in a heated water 

bath at 60°-70° C to remove all of the ammonium acetate/methanol 

b) Reconstitute the dried eluate by adding 1 mL of 5 mM ammonium 

acetate/methanol solution 

5. Extract Analysis 

a) Establish operating conditions for the liquid chromatograph and mass 

spectrometer according to Tables 1-4 in Section 17. See Table A below for RT 

and precursor ions 

b) If the analyte peak area exceed the range of the initial calibration curve, the 

extract may be diluted with 5 mM ammonium acetate/reagent water and adjusting 

internal standards to compensate for this dilution 
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Table A 
Triple Quadrupole MS/MS Method Conditions 

 
Analyte Retention 

Time Precursor Ion Product Energy Collision Energy 

Propachlor OA 7.33 206 134 8 

Flufenacet OA 8.67 224 152 10 

Propachlor ESA 10.01 256 80 25 

Flufenacet ESA 10.81 274 80 25 

Dimethenamid OA 13.25 270 198 10 

Dimethenamid ESA 14.87&15.11 320 80 25 

Alachlor OA 15.86 264 160 10 

Acetochlor OA 16.34 264 146 10 

Alachlor ESA 18.46 314 80 25 

Metolachlor OA 18.60 278 206 8 

Acetochlor ESA 19.12 314 80 30 

Metolachlor ESA 20.95 328 80 25 

Dimethachlor ESA (sur) 12.18 300 80 25 

Butachlor ESA (IS) 36.95 356 80 25 

 

   
 

 
 
*For complete details on Method 535 Version 1.1 the analyst is referred to:   J. A. Shoemaker and M. V. Bassett, April 2005, 
National Exposure Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, 
OH 45268 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-903020-114 
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Determination of Selected Perfluorinated Alkyl Acids in 
Drinking Water by Solid-Phase Extraction and Liquid 
Chromatography/Tandem Mass Spectrometry (LC/MS/MS)  
 
UCT Product:  
ECDVB156P (500 mg DVB, PE frits, 6 mL cartridge) 
 
EPA Method 537 Version 1.1 
 
January 2011 

                                                  
 

Method 537 Analytes 

Analyte Acronym CASRN 

N-ethyl perfluorooctanesulfonamidoacetic acid NEtFOSAA -- 
N-methyl perfluorooctanesulfonamidoacetic acid NMeFOSAA -- 
Perfluorobutanesulfonic acid PFBS 375-73-5 
Perfluorodecanoic acid PFDA 335-76-2 
Perfluorododecanoic acid PFDoA 307-55-1 
Perfluoroheptanoic acid PFHpA 375-85-9 
Perfluorohexanesulfonic acid PFHxS 355-46-4 
Perfluorohexanoic acid PFHxA 307-24-4 
Perfluorononanoic acid PFNA 375-95-1 
Perfluorooctanesulfonic acid PFOS 1763-23-1 
Perfluorooctanoic acid PFOA 335-67-1 
Perfluorotetradecanoic acid PFTA 376-06-7 
Perfluorotridecanoic acid PFTrDA 72629-94-8 
Perfluoroundecanoic acid PFUnA 2058-94-8 

 

Interferences 

x Do not cover glassware with aluminum foil because PFAAs can be potentially 
transferred from the aluminum foil   

 
x PFAA standards, extracts and samples should not come in contact with any 

glass containers or pipettes as these analytes can potentially adsorb to glass 
 

x PFAA analyte, IS and SUR standards commercially purchased in glass ampoules are 
acceptable however all subsequent dilutions must be prepared and stored in 
polypropylene containers  
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x The method analytes in this method can also be found in many common laboratory 
supplies and equipment, such as PTFE (polytetrafluoroethylene) products, LC solvent 
lines, methanol, aluminum foil and SPE sample transfer lines.  These items must be 
routinely demonstrated to be free from interferences (less than 1/3 the MRL for each 
method analyte) under the conditions of the analysis by analyzing laboratory reagent 
blanks  
 

x Humic and/or fulvic material can be co-extracted during SPE and high levels can 
cause enhancement and/or suppression in the electrospray ionization source or low 
recoveries. 
 Total organic carbon (TOC) is a good indicator of humic content of the sample   

  

Preservation Reagent 

Compound Amount Purpose 
Trizma®* 5.0 g/L Buffer & free Cl removal 

* Synonym: TRIS HCl (Tris(hydroxymethyl)aminomethane hydrochloride)  CASRN 1185-53-1 
  
 
Internal Standards and Surrogates 

 
Internal Standards Table 

Internal Standards Acronym 
Perfluoro-[1,2-13C2]octanoic acid 13C-PFOA 
Sodium perfluoro-1-[1,2,3,4-13C4]octanesulfonate 13C-PFOS 
N-deuteriomethylperfluoro-1-octanesulfonamidoacetic acid d3-NMeFOSAA 

 
Internal Standard (IS) Primary Dilution Table 

 
 

IS 

 
Conc. of 
IS Stock 
(μg/mL) 

 
Vol. Of 

IS Stock 
(μL) 

 
Final Vol. 
of IS PDS 

(μL) 

 
Final Conc. 
of IS PDS 
(ng/μL) 

13C-PFOA 1000 5.0 5000 1.0 
13C-PFOS 50 300.0 5000 3.0 
d3-NMeFOSAA 50 400.0 5000 4.0 

 
 

Surrogates (SUR) Table 
Surrogates Acronym 

Perfluoro-n-[1,2-13C2]hexanoic acid 13C-PFHxA 
Perfluoro-n-[1,2-13C2]decanoic acid 13C-PFDA 
N-deuterioethylperfluoro-1-octanesulfonamidoacetic acid d5-NEtFOSAA 

 
 



66 
 

Surrogate Primary Dilution Table 
 
 

SUR 

 
Conc. Of 

SUR Stock 
(μg/mL) 

 
Vol. of 

SUR Stock 
(μL) 

 
Final Vol. of 

SUR PDS 
(μL) 

 
Final Conc. 
Of SUR PDS 

(ng/μL) 
13C-PFHxA 50 100.0 5000 1.0 
13C-PFDA 50 100.0 5000 1.0 
d5-NEtFOSAA 50 400.0 5000 4.0 

 
 

Analyte Solvent Dilution Table 
Analyte Analyte Stock Solvent 

PFHxA 96:4% (vol/vol) methanol:water 
PFHpA 96:4% (vol/vol) methanol:water 
PFOA 96:4% (vol/vol) methanol:water 
PFNA 96:4% (vol/vol) methanol:water 
PFDA 96:4% (vol/vol) methanol:water 
PFUnA 96:4% (vol/vol) methanol:water 
PFDoA 96:4% (vol/vol) methanol:water 
PFTrDA 100% ethyl acetate 
PFTA 100% ethyl acetate 
PFBS 100% methanol 
PFHxS 100% methanol 
PFOS 100% methanol 
NEtFOSAA 100% methanol 
NMeFOSAA 100% methanol 

 

Internal Standard Primary Dilution (IS PDS) Standard 
Prepare (or purchase) IS PDS at a suggested concentration of 1-4 ng/μL in 96:4% (vol/vol) 
methanol:water. Use 10 μL of this 1-4 ng/μL solution to fortify the final 1 mL extracts. This will 
 yield a concentration of 10-40 pg/μL of each IS in the 1 mL extracts. 
 
Procedure 
 
1. Cartridge Preparation 

a) Insert a ECDVB156P cartridge in a vacuum manifold or automated extraction system 

b) Add 15 mL of methanol to the cartridge and slowly draw through under vacuum 

Note: Do not let the cartridge dry out after addition of methanol otherwise start over 

c) Add 18 mL of reagent water  

d) Draw through under vacuum but do not let water level drop below cartridge frit 
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2. Sample Extraction 

a) Adjust vacuum setting to achieve a flow rate of about 10-15 mL/min 

b) Draw water through sample cartridge 

c) After sample extraction, rinse sample bottles and reservoir with 2 x 7.5 mL 

aliquots of reagent water and add to cartridge 

d) Dry cartridge by drawing air through it for 5 minutes at high vacuum 

3. Sample Elution  

a) Insert a polypropylene (PP) collection tube in the vacuum manifold 

b) Rinse sample bottle and reservoir with 4 mL of methanol and add to cartridge 

c) Draw through cartridge in dropwise manner 

d) Rinse sample bottle  and reservoir with another 4 mL of methanol and add to the 

cartridge 

e) Draw through cartridge in dropwise manner 

4. Extract Concentration 

a) Concentrate the extract to dryness using a gentle stream of N2 in a heated water 

bath 60-65° C 

b) Add the appropriate amount of 96:4% (vol/vol) methanol:water solution and the IS 

PDS to the collection vial 

c) Bring the volume to 1 mL and vortex 

d) Transfer a small aliquot with a plastic pipette to a polypropylene autosampler vial 

 
NOTE:  Do not transfer the entire 1 mL aliquot to the autosampler vial because the polypropylene 
autosampler caps do not reseal after injection. Do not store the extracts in the autosampler vials as 
evaporation losses can occur. Extracts can be stored in 15 mL centrifuge tubes 
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5. HPLC Analysis Conditions 
 

LC Method Conditions 

Time (min) % 20 mM % Methanol 

Initial 60.0 40.0 

1.0 60.0 40.0 

25.0 10.0 90.0 

32.0 10.0 90.0 

32.1 60.0 40.0 

37.0 60.0 40.0 

Flow rate of 0.3 mL/min 10 μL injection 

Waters Atlantis® dC18 2.1 x 150 mm packed with 5.0 μm C18 

stationary phase or equivalent 

 

 

ESI-MS Conditions 

Polarity Negative Ions 

Capillary Needle Voltage -3  kV 

Cone Gas Flow 98 L/hr 

Nitrogen Desolvation Gas 1100 L/hr 

Desolvation Gas Temperature 350° C 
 

 

MS/MS Method Conditions 

Segment Analyte Precursor 
Ion (m/z) 

Product Ion 

(m/z) 

Cone 
Voltage 

Collision 
Energy (v) 

1 PFBS 299 80 40 25 

2 PFHxA 313 269 15 10 

3 PFHpA 363 319 12 10 
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Summarized 15 from: Shoemaker, J.A., Grimmett P.E., Boutin, B.K.,  Method 537, Determination Of Selected Perfluorinated Alkyl Acids In 
Drinking Water By Solid-Phase Extraction And Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS), Version 1.1, September 
2009, National Exposure Research Laboratory, Office Of Research And Development, U. S. Environmental Protection Agency, Cincinnati, 
Ohio 45268 
 
  
Listing of instrument manufacturers does not constitute endorsement by UCT 
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3 PFHxS 399 80 40 40 

4 PFOA 413 369 15 10 

4 PFNA 463 419 12 10 

4 PFOS 499 80 40 40 

5 PFDA 513 469 15 10 

5 NMeFOSAA 570 419 25 20 

5 NEtFOSAA 584 419 25 20 

5 PFUnA 563 519 15 10 

5 PFDoA 613 569 15 10 

6 PFTA 663 619 15 10 

6 PFTA 713 669 15 10 

2 13C-PFHxA 315 270 15 10 

5 13C-PFDA 515 470 12 12 

5 d5-NEtFOSAA 589 419 25 20 

4 13C-PFOA 415 370 15 10 

4 13C-PFOS 503 80 40 40 

5 d3-NMeFOSAA 573 419 25 20 
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Determination of Endothall in Drinking Water by                      
Ion-Exchange Extraction, Acid Methanol Methylation and             
Gas Chromatography/Mass Spectrometry 
 
UCT Product:    
EC548006 (Bio-Rex® 5, 6 mL)  
 
EPA Method 548.1  Revision 1.0       
 
 September  2009 

 
Procedure 

1. Condition Cartridge 

a) Remove the seal caps on each end of the EC548006 cartridge(s) and place on 

vacuum manifold  

b) Draw each of the following reagents through the cartridge at a rate of 10 

mL/minute, slow drip 

c) Add 10 mL of methanol and draw through to top of frit 

d) Add 10 mL of reagent water and draw through to top of frit 

e) Add 10 mL of 10% H2SO4 in methanol and draw through to top of frit 

f) Add 10 mL of reagent water and draw through to top of frit 

g) Add 20 mL 0f 1 N NaOH and draw through to top of frit 

h) Add 20 mL of reagent water and draw through to top of frit 

 

Note: Do not allow the cartridge to become dry between steps otherwise  

repeat steps starting with c) 

 

 It is critical that the extraction steps be followed exactly in order for the cartridge to 

effectively function in sample clean up and extraction 

 

2. Sample Addition 

a) Fill the reservoir with 60 mL of sample and adjust vacuum for a sample flow rate 

of 3 mL/minute 

b) Add the remaining sample to keep the reservoir filled 
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c) After the sample has been drawn through the cartridge add 10 mL of methanol 

and draw through 

d) Dry cartridge for 5 minutes under 10-20 in Hg vacuum 

e) Place a culture tube inside the manifold to collect the eluant 

3. Extract Elution 

a) Elute the cartridge with 8 mL of 10% H2SO4 in methanol 

b) Follow with 6 mL of methylene chloride (CH2Cl2). 

c) Elute over a 1 minute period 

4. Sample Derivatization and Partition 

a) Place a cap on the culture tube and hold for 1 hour at 50º C 

b) Pour the contents of the culture tube into a 125 mL separatory funnel rinsing the 

tube with 2 x 0.5 mL aliquots of methylene chloride 

c) Add the rinse to the separatory funnel 

d) Add 20 mL of 10% Na2SO4 in reagent water to the separatory funnel. Vigorously 

shake the separatory funnel several times venting the funnel each time 

e) Allow the phases to separate then drain the organic layer into a 15 mL graduated 

centrifuge tube 

f) Repeat the above extraction with 2 additional 2 mL aliquots of methylene chloride. 

Add this to the methylene chloride in the centrifuge tube 

g) Sample is ready for GC/MS analysis 

 

5. Analysis 

a) Analyze the extract  by injecting 2 μL of the concentrated extract into a GC/MS 

b) Identify endothall by comparison of its mass spectrum to a reference sample 

 
Retention Times and Method Detection Limits 

Retention Time (min) Method Detection Limits 

Compound Column A Column 
B

Column C GC/MS 2 µg/L 
spike

FID 

Endothall 16.02 19.85 18.32 1.79   0.7 

D10-Acenapththene 14.69      
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 Column A: DB-5 fused silica capillary for GC/MS, 30 m x 0.25 mm, 0.25 micron film 
MS inlet temperature = 200°C 

 Injector temperature = 200°C 
Temperature Program: Hold five minutes at 80°C, increase to 260°C at 
10°/min, hold 10 minutes 

Column B: FID primary column, RTX Volatiles, 30 m x 0.53 mm I.D., 2 micron film 
Detector temperature = 280°C 
Injector Temperature = 200°C 
Carrier gas velocity = 50 cm/sec 
Temperature program: Same as Column A. 

 
Column C: FID confirmation column, DB-5, 30 m x 0.32 mm ID, 0.25 micron film. 

Carrier Gas velocity = 27 cm/sec 
Same injector, detector, and temperature program as Column A 
 

 
 
Endothall Recovery Using EC548006 Cartridges 

 
Interferences 

x Major potential interferences in this ion-exchange procedure are other naturally 
occurring ions such as calcium, magnesium and sulfate. Calcium and magnesium 
(>100 mg/L) can complex with the endothall anion and make it unavailable for capture 
as an anion  

x Sulfate anions (>250 mg/L) can act as a counter ion displacing anionic endothall on 
the ion exchange column. Elevated levels of these ions may contribute to reduced 
recovery of the primary analyte   

 
One or both of the following remedies may be used reduce these interferences: 
x Sample dilution to reduce the concentration of these ions (10:1) 
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x Ethylenediamine tetraacetic acid (EDTA) addition to complex the cations (186 mg/100 
mL sample) 

 
For samples containing moderately high levels of these ions, add 186 mg of EDTA per 100 
mL sample (0.005 M). For samples containing higher levels of sulfate, sample dilution may 
be required in addition to the EDTA. 
 

Using western surface water as an example (2000 mg/L sulfate) it was successfully analyzed 
after dilution by a factor of 10 and the addition of 75 mg EDTA per 100 mL of the diluted 
sample (0.002 M). Samples containing intermediate levels of sulfate can be analyzed with 
smaller dilution factors. Guidelines on dilution factors and EDTA addition are shown below. 
 
  

Sulfate mg/L Dilution Factor Added EDTA mg/100 mL 
<250 1:1 186 

250-500 1:2 125 
500-1250 1:5 75 

>1250 1:10 75 
  
 

Note: Dilution should not be employed if adequate recovery is attained by the addition of EDTA alone 
 

*For complete details on Method 548.1 “Determination of Endothall in Drinking Water by Ion-Exchange Extraction, Acid Methanol Methylation 
and Gas Chromatography/Mass Spectrometry”, the analyst is referred to:   J. W. Hodgeson, August 1992, Environmental Monitoring Systems 
Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-218030-115 
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Determination of Diquat and Paraquat in Drinking Water by 
Liquid-Solid Extraction and High Performance Liquid 
Chromatography with Ultraviolet Detection* 
 
UCT Product Number: 
EEC08156 (500 mg C8, 6 mL cartridge) or 
ECUNI549 (500 mg C8, 83 mL Universal cartridge) 
 
EPA Method 549.2 Revision 1.0 
 
July  2011 

 

  Analyte CASRN 

Diquat 
1,1’-ethylene-2,2’-bipyridium dibromide salt 85-00-7 

Paraquat  
1,1’-dimethyl-4,4’-bipyridium dichloride salt 1910-42-5 

   

 
Initial Preparation 

x Since diquat and paraquat are ionic analytes there is the potential for adsorption on 

glass surfaces  

x Use only plastic labware. Labware must be thoroughly washed and dried before use 

x Adjust a 250 mL of sample to pH 7 - 9 with 10 % aqueous sodium hydroxide or 10% 

aqueous hydrochloric acid solution depending upon initial pH  

x Assemble a C8 extraction cartridge in an appropriate manifold apparatus 

x If the sample contains particulates, filter through 0.45 μm Nylon membrane filter 

x Ammonium hydroxide is volatile. Make fresh solutions daily from relatively new 

ammonium hydroxide stock 

 

Sample Clean-up  

x Clean-up procedures may not be necessary for a relatively clean sample matrix 

x If the sample contains particulates the entire sample should be passed through a  

0.45 mm Nylon of PTFE membrane filter into a  plastic container before  

starting extraction 
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Stock Standard Solutions 
 

Diquat dibromide and Paraquat dichloride Stock Solutions (1000 mg/L) 

1. Dry diquat (diquat dibromide monohydrate) and paraquat (paraquat dichloride 

tetrahydrate) salts in an oven at 110°C for three hours. Cool in a desiccator 

2. Repeat process to a constant weight. 

3. Weigh 0.1968 g of dried diquat salt and 0.1770 g of dried paraquat salt 

4. Transfer to a silanized glass or polypropylene 100 mL volumetric flask. Add 

approximately 50 mL of deionized water then dilute to the mark with deionized water 

Calibration 

In order to closely match calibration standards to samples, process standards by the 

following method:  

x Condition a cartridge according to section 1 below.   

x Pass 250 mL of reagent water through the cartridge and discard the water.  

x Dry the cartridge by passing 5 mL of methanol through it. Discard the 

methanol.  

x Pass 4.0 mL of the eluting solution through the cartridge and catch in a 5 mL 

silanized volumetric flask.  

x Fortify the eluted solution with 100 μL of the ion-pair concentrate and with 500 

μL of the stock standard and dilute to the mark with eluting solution. This 

provides a 10:1 dilution of the stock.   

x Use serial dilution of the calibration standard by the same method to achieve 

lower concentration standards. 

Procedure 
 

The cartridge must be conditioned properly before extraction 
 
1. Condition Cartridge  

a) Place C8 cartridge(s) on a vacuum manifold system 

b) Draw the following solutions through the cartridge in the stated order. The flow 

rate through the cartridge should be approximately 10 mL/min 

Note: Do not to let the cartridge go dry once starting the addition of solutions 

c) Add 5 mL of reagent water to the cartridge and draw through to waste 

d) Add 5 ml of methanol to the cartridge and soak for about one minute 
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e) Apply vacuum to draw most of the methanol through the cartridge. Leave a thin 

layer on top of the frit 

f) Add 5 ml reagent water to the cartridge 

g) Apply vacuum and draw most of the water through the cartridge. Leave a thin 

layer of water on the frit 

h) Apply 5 mL of conditioning Solution A to the cartridge 

Solution A: Dissolve 0.500 grams cetyl trimethyl ammonium bromide and 5 mL of 
ammonium hydroxide in 500 mL of reagent water. Dilute to 1000 mL 
 

i) Draw a small amount through the cartridge leaving a thin layer on the frit 

j) Soak for one minute 

k) Use 5 mL of reagent grade water to rinse the Solution A from the cartridge. Allow 

a thin layer of water to remain on the cartridge frit 

l) Rinse the cartridge with 10 mL of methanol 

m) Rinse the cartridge with 5 mL of reagent grade water 

n) Condition the cartridge with 20 mL of Solution B 

o) Solution B: Dissolve 10 g 1-hexanesulfonic acid sodium salt and 10 mL of 

ammonium hydroxide in 250 mL of DI water then dilute to 500 mL   

p) Retain Solution B in the cartridge to keep it activated. Do Not Rinse 

 

2. Sample Extraction 

a) Determine the pH of the sample. Adjust  to 7.0 – 9.0 with 10% NaOH or 10% v/v 

HCl before extracting 

b) Using a volumetric flask add 250 mL of the water sample to the reservoir and start 

the vacuum at a rate of 3 to 6 mL per minute 

c) Draw the sample through the cartridge draining as much water from the sample 

bottle as possible 

d) Rinse the cartridge with 5 ml of HPLC grade methanol 

e) Draw vacuum through the cartridge for 1 minute to dry 

f) Remove the filtration assembly and insert a silanized 5 mL volumetric (plastic 

vessel is preferred) flask for collection of the eluate 
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3. Cartridge Elution 

a) Add 4.5 ml of Cartridge Eluting Solution  to the cartridge 

b) Allow to soak for one minute 

Cartridge Elution Solution: Dissolve 13.5 mL of orthophosphoric acid and 10.3 mL of 

diethylamine in 500 mL of DI water, then dilute to 1 liter 

c) Elute at 1-2 mL (drop by drop) per minute drawing all solution through the 

cartridge 

d) Using cartridge Ion-pair solution, add 100 μL to the flask 

Ion-pair Concentrate: Dissolve 3.75 grams of 1-hexanesulfonic acid in 15 mL of the 

Cartridge Elution Solution and dilute to 25 mL in a volumetric flask with additional 

Cartridge Elution Solution 

e) Bring the eluate to a known volume of 5 mL using Cartridge Elution Solution 

f) The extract is now ready for HPLC analysis as shown below 

4. HPLC Analysis  

 Mobile Phase – Prepare mobile phase by adding reagents 1-4 to 500 mL DI water: 

a) 13.5 mL of orthophosphoric acid  

b) 10.3 mL of diethylamine  

c) 3.0 g of 1-hexanesulfonic acid, sodium salt  

d) Mix and bring to a final volume of 1 L with DI water 

HPLC Conditions 
 
Column: Phenomenex Spherisorb, 3F, 4.6 mm x 100 mm or equivalent 
Column Temperature: 35° C 
Flow Rate: 2.0 mL/min., Ion-Pair Mobile Phase  
Injection Volume: 200 µL 
Photodiode Array Detector Settings: 
Wavelength Range: 210 - 370 nm 
Sample Rate: 1 scan/sec. 
Wavelength Step: 1 nm 
Integration Time: 1 sec. 
Run Time: 5.0 min. 
Quantitation Wavelengths: Diquat 308 nm, Paraquat 257 nm 
 
*EPA Method 549.2 Revision 1.0, Determination of Diquat and Paraquat in Drinking Water by Liquid-Solid Extraction and High 
Performance Liquid Chromatography with Ultraviolet Detection, J.W. Munch (USEPA) and W.J. Bashe (DynCorp/TAI) - Method 549.2, 
Revision 1.0 (1997),National Exposure Research Laboratory, Office Of Research And Development, U.S. Environmental Protection 
Agency, Cincinnati, Ohio 45268 
 

DCN-118170-116 
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Determination of Polycyclic Aromatic Hydrocarbons in      
Drinking Water by Liquid-Solid Extraction and HPLC with 
Coupled Ultraviolet and Fluorescence Detection* 
 
UCT Product Number:  
ECUNIPAH (2000 mg unendcapped C18, 83 mL cartridge) 
ECSS15M6 (5000 mg Na2SO4, 6 mL cartridge) 
 
EPA Method 550.1 
 
September  2010 

 
 

Procedure 

1. Cartridge Preparation 

a) Wash with four (4) x 10 mL aliquots of methylene chloride (MeCl2) 

b) Wash with four (4) x 10 mL aliquots of methanol (MeOH) 

c) Wash with two (2) x 10 mL aliquots of reagent water 

Do not let the cartridge dry out after step 1) c. otherwise repeat starting at 1) b. 
 

2. Sample Extraction 

a) Adjust the vacuum setting for a flow rate of 10-15 mL per minute 

b) Add the 1 liter sample to the cartridge  

c) Rinse sample bottle with reagent water, add to cartridge and draw through 

d) Dry cartridge by drawing full vacuum for 10 minutes  

 

3. Sample Elution and Drying 

a) Elute the cartridge dropwise by using two (2) x 5 mL aliquots of MeCl2 and collect 

b) Rinse sample container with 5 mL of MeCl2, add to cartridge and draw through 

c) Prepare a sodium sulfate drying column ECSS15M6 by rinsing with 10 mL of 

MeCl2 and discard 

d) Add the eluate to the drying column, draw through and collect 

e) Rinse the drying column with a 2 mL aliquot of MeCl2 and collect 
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4. Sample Evaporation 

a) Evaporate the extract using a gentle stream of N2 with a water bath or heating 

block temperature of 40qC. Evaporate to 1.0 mL 

b) Add 3.0 mL of acetonitrile (ACN)  

c) Concentrate to a final volume of 0.5 mL 

 

5. Sample Analysis 

a) Inject 5 - 100 µL into an HPLC 
 

 

 
*See “Determination of Polycyclic Aromatic Hydrocarbons in Drinking Water by Liquid-Solid Extraction and HPLC with Coupled Ultraviolet 
and Fluorescence Detection”, W. J. Bashe & T.V. Baker (Technology Applications, Inc, Environmental Monitoring Systems Laboratory, US 
Environmental Protection Agency, Cincinnati, OH 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DCN-017009-191 
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Determination of Haloacetic Acids and Dalapon in Drinking Water  
by SPE and GC/ECD* 
 
UCT Product Numbers:  
EUQAX156 (quaternary amine with Cl- counter ion, 6 mL cartridge)**         
CLTTP050 (CLEAN-THRU® Tips) 
AD0000AS (cartridge adapter) 
RFV0075P (75 mL reservoir)  
ECSS25K (sodium sulfate anhydrous, ACS, 60 mesh) 
 
Method 552.1  Revision 1.0 
 
April 2011 

 
Summary 
Method 552.1 is a gas chromatographic method for determination of haloacetic acid 
compounds, including Dalapon in drinking water, ground water, raw water and other waters 
at any intermediate stage of treatment. This method is used over the concentration ranges 
typically found in drinking water ranging from less than 1 to over 50 μg/L. The observed 
MDL’s may vary according to the particular matrix analyzed and the specific instrumentation 
employed. 
In this procedure, a 100 mL sample of water is adjusted to pH 5 and then extracted using an 
anion exchange cartridge. Method 552.1 suggests the use of polymeric-based anion 
exchange resins. This application uses silica-based anion exchange, therefore the 
conditioning steps have been modified to accommodate this silica-based sorbent. 
Exceptional recoveries are reported as shown in the data below. 
 

Haloacetic Acids  
The following RCRA compounds are determined by method 552.1 in water 

Analyte Abbreviation CASRN 

Monochloroacetic acid MCAA 79-11-8 
Dichloroacetic acid DCAA 79-03-9 
Trichloroacetic acid TCAA 66-03-9 
Monobromoacetic acid MBAA 79-08-3 
Bromochloroacetic acid BCAA 5589-96-8 
Dibromoacetic acid DBAA 631-64-1 
Dalapon 75-99-0 
 

Safety 

x The toxicity or carcinogenicity of each reagent used in this method has not been 
defined 
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Sample Collection, Preservation, and Storage 
x Collect samples in all glass amber bottles with PTFE lined screw caps 
x Prior to sample collection add ammonium chloride (NH4Cl) to the bottles to produce a 

concentration of 100 mg/L 
x Alternatively, add 1.0 mL of a 10 mg/mL aqueous solution of NH4Cl during collection 

then shake well   
x Refrigerate at 4°C or keep on ice and away from light until extraction 
x Analyze within 48 hours after collection 

 

Interferences 

Care and attention to potential interferences will result in better analysis 

x Method interferences may be caused by contamination of solvents, reagents, 
glassware or other lab apparatus 

x Glassware must be scrupulously clean 
x Heat all glassware except volumetric flasks in a muffle oven at 400°C. Thermally 

stable compounds such as PCB’s may not be eliminated by this treatment. Thorough 
rinsing with reagent grade acetone may be substituted for the heating step 

x Glassware must be rinsed with 1:9 HCl prior to use 
x Reduced analyte recoveries may be observed in high ionic strength matrices 

particularly waters containing sulfate concentrations above 200 mg/L  
x Improved recoveries may be obtained by sample dilution but at the expense of higher 

MDL’s 
x Tribromoacetic acid has not been included because of problems associated with 

stability and chromatography 
x Organic acids and phenols, especially chlorinated compounds, are the most direct 

potential interferences with this method 
x For each set of samples analyzed, the reagent blank concentration values exceeding 

0.1 μg/L can be subtracted from the sample concentration 
x Interfering contamination may occur when a sample with a low concentration of 

analytes is analyzed following a sample of relatively high concentration. Routine 
between-sample rinsing of the sample syringe and associated equipment with methyl- 
t-butyl ether (MTBE) can minimize sample cross-contamination  

    
Standard Stock Solution 
Prepare a stock solution of each analyte of interest at a concentration of 1-5 mg/mL in 
MTBE. Method analytes may be obtained as neat materials or ampulized solutions (>99% 
purity) from commercial suppliers 
 
Prepare Primary Dilution Standard (PPDS) 
 
Prepare PPDS solutions by combining and diluting stock standard solutions with methanol. 
Prepare stock standard solutions in the 1-2 mg/mL range for all analytes including the 
surrogate. Aliquots of each stock standard solution (approximately 50-250 μL) are added to 
100 mL methanol to yield a primary dilution standard containing the following approximate 
concentrations of analytes 
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Analyte Concentration, μg/mL 

Monochloroacetic Acid (MCAA) 3 

Monobromoacetic acid (MBAA) 2 

Dalapon 2 

Dichloroacetic acid (DCAA) 3 

2-bromopropionic acid b 1 

Trichloroacetic acid (TCAA) 1 

Bromochloroacetic acid 2 

Dibromoacetic acid 1 
 
  
The primary dilution standards are used to prepare calibration standards of at least three 
concentration levels (optimally five) of each analyte with the lowest standard being at or near 
the MDL of each analyte. The concentrations of the other standards should define a range 
containing the expected sample concentrations or the working range of the detector 
  
Calibration Standards  

x Perform by extracting calibration standards in fortified reagent water using the SPE 
cartridge 

x Prepare a five-point calibration curve 100- mL reagent water samples at pH 5 with 20,  
50, 100, 250, and 500 μL of the primary dilution standard 

x Analyze each calibration standard in triplicate including a reagent water blank 
x Include the surrogate 2-bromopropionic acid with the calibration standards in the table    

 

Internal Standard Fortifying Solution   

x Prepare a solution of 1,2,3-trichloropropane at 1 mg/mL by adding 36 μL of the 

neat material to 50 mL of MTBE. From this stock standard solution, prepare a 

primary dilution standard at 10 mg/L by the addition of 1-100 mL MTBE 
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                   Analyte Recovery at Various Spike Concentrations (N=7) 

 
Procedure 

1. Cartridge Conditioning 

a) Assemble a glass block manifold system 

b) Place EUQAX156 cartridge(s) in the bulkhead fittings of the vacuum manifold. If 

nylon fittings are used, Clean-Thru® tips are recommended to prevent damage to 

the fittings by sulfuric acid 

c) Attach adapters and reservoirs to the cartridges 

d) Add a 10 mL aliquot of methanol (MeOH) to the cartridge 

e) Draw slowly through at 2 mL/min flow 

f) Add 10 mL of reagent water then slowly draw through  
 
Note: After the conditioning steps do not let the cartridge go dry before addition of sample 
    

2. Sample Extraction 

a) Check the sample pH (preferably with a pH meter) to assure pH 5 ± 0.5 

b) Add 250 μL of the surrogate primary dilution standard to water sample 

c)  Add the 100 mL sample to the cartridge while drawing through under vacuum  

at 2 mL/minute 
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d) After the sample has passed through the cartridge, draw 10 mL of MeOH  

through the cartridge to dry the sorbent 

3. Cartridge Elution 

a) Dissemble the vacuum manifold and insert a screw cap culture tube 

b) Add 2 mL of 10% H2SO4/MeOH to the cartridge 

c) Elute at a rate of 1.5 mL/minute (slow drip) 

d) Repeat with a second aliquot of 2 mL of 10% H2SO4/MeOH  

4. Derivatization and Solvent Partition 

a) To each of the elutant samples from 3) d) add 2.5 mL of MTBE 

b) Agitate in a vortex mixer for 5 seconds 

c) Place the culture tubes containing the MTBE in a heating block at 50° C for 1 hour 

d) Remove from heating block and add to each tube 10 mL of a 10% solution of 

sodium sulfate (NaSO4) 

e) Agitate for 10 seconds on a vortex mixer 

f) Allow the phases to separate for 5 minutes 

g) Transfer the upper MTBE layer to a 15 mL graduated conical centrifuge tube 

h) Add another 1 mL portion of MTBE 

i) Agitate using a vortex mixer, allow to settle then transfer with a Pasteur pipette  

to the other MTBE collected in step g) 

j) Add 200 μL IS to each extract then additional MTBE to bring the final volume  

to 5 mL 

k) Transfer a portion of the extract to capped GC vials 

l) Sample is ready for analysis by GC-ECD 

5. Sample Analysis—Gas Chromatography 

a) Inject 2 µL using the recommended conditions listed below 

GC/ECD Conditions 

GC: Agilent 6890N coupled with ECD, equipped with 7683 auto sampler and Chemstation 
software for data acquisition and analysis. Other instruments may be used 
GC capillary column: Restek Rtx®-1701, 30m x 0.25mm x 0.25um 

Injector: 2 μL splitless injection at 200 ºC, with a split delay of 0.5 min.  

Liner: 4 mm splitless gooseneck, 4mm ID x 6.5mm OD x 78.5mm (UCT GCLGN4MM) 
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Oven temperature program:  

x Initial oven temperature of 55 ºC  
x hold for 5 minutes  
x ramp at 7 ºC/min to 115 ºC  
x ramp at 40 ºC/min to a final temperature of 280 ºC  
x hold for 2.3 minutes 
x Total run time 20 minutes 

 
Carrier gas: He flow of 1.5 mL/min 

ECD temperature: 280 ºC 

Make up: N2 at 30 mL/min 

Date rate: 20 Hz, save data from 6 to 14 minutes 

Chromatogram Showing Elution of Haloacetic Acids 
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Analyte Elution Order RSD            
@ 0.5-1.5 µg/L 

 % 

MDL µg/L 
@ 0.5-1.5 µg/L 

RSD             
@ 2.5-7.5 µg/L 

% 

RSD            
@ 5.0-15.0 µg/L 

% 

MCAA 4.6 0.22 1.9   2.2 

MBAA 3.2  0.10  1.6  2.0 

Dalapon  1.3 0.04  1.0  1.0 

DCAA  1.5 0.06  1.1  1.5 

2-bromopropionic acid 
(surrogate) 

 2.6 0.04  0.6  1.7 

TCAA  1.9 0.03  2.2  1.0 

1,2,3-trichloropropane  (IS)     

BCAA  10 0.25  2.4  3.4 

DBAA  10 0.12  2.1  7.6 

 
 *For complete details on Method 552.1, August 1992, the analyst is referred to: Hodgeson, Jimmie W, Becker,  David, (Technology 
Applications, Inc., “Determination of Haloacetic acids And Dalapon In Drinking Water by Ion-Exchange Liquid-Solid Extraction and Gas 
Chromatography with an Electron Capture Detector”, Environmental Monitoring Systems Laboratory,, Office of Research and 
Development, U.S. Environmental Protection Agency, Cincinnati, OH 45268 
  
**Other cartridge and sorbent masses are available from UCT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCN-114040-212 
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Determination of Benzidines and Nitrogen-Containing 
Pesticides in Water Liquid-Solid Extraction And Reverse 
Phase High Performance Liquid Chromatography/Particle 
Beam/Mass Spectrometry* 
 
UCT Product Number:  
ECDVB156 (500 mg, DVB, 6 mL cartridge) 
ECUNIDVB500 (500 mg, DVB, 83 mL cartridge)      
    
EPA Method 553 Revision 1.1   
 
September  2010           

 

 
 Procedure 

1. Cartridge Preparation 

a) Rinse the cartridge(s) with a 10 mL aliquot of methanol 

b) Slowly draw methanol to the top of the frit 

c) Add a second 10 mL aliquot of methanol and draw through to top of frit 

d) Add 10 mL of reagent water to the cartridge and draw through to top of frit 
 Note: Do not let the cartridge go dry after addition of methanol otherwise repeat at 1) c. 

2. Sample Extraction 

a) Adjust sample pH to 7 using either 1N NaOH or HCl 

b) Add water sample to the cartridge and draw through at 20 mL/minute 

c) Rinse the sample container with  10 mL of reagent water and add to the cartridge 

d) Dry sorbent by drawing full vacuum for 10 minutes 

e) Place a clean collection vial in the vacuum manifold 

3. Cartridge Elution 

a) Add 15 mL of methanol to the sample container, swirl then add to the cartridge 

b) Elute the cartridge with 2 x 7.5 mL aliquots of methanol dropwise 

4. Extract Concentration 

a) Concentrate the extract under a gentle stream of N2 

b) Bring to a known volume after concentration step 

c) Sample is now ready for analysis 
*The analyst should refer to EPA Method 553 “Determination Of Benzidines and Nitrogen-Containing Pesticides in Water By Liquid-Liquid Extraction or Liquid-Solid Extraction and Reverse 
Phase High Performance Liquid Chromatography/Particle Beam/Mass Spectrometry”, Revision 1.1 Issued August 1992, by Thomas D. Behymer, Thomas A. Bellar, James S. Ho,   William L. 
Budde,  US EPA, Office of Ground Water and Drinking Water, EPA, National Exposure Research Laboratory, Office of Research and Development, US Environmental Protection Agency, 
Cincinnati, Ohio 45268 

 

DCN-218030-194       


