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SPE Extraction of Salicylic and Acetylsalicylic Acids from Synthetic Urine

Column: Alltima™ HP C18 HiLoad, 5µm, 250 x 4.6mm
 (Part No. 87698)
Mobile Phase: 5mM Sodium Acetate, pH5.2:Methanol (80:20)
Flow Rate: 1.0mL/min
Detector: UV at 254nm

 1. Salicylic Acid
 2. Acetylsalicylic Acid

10642

 1. Oxazepam
 2. Clonazepam
 3. Temazepam
 4. Diazepam

Benzodiazepines from Human Plasma
10606 
10608

Analgesics

Sedatives

Procedure using GracePure™ C18-Aq, 500mg:
Sample Treatment – Spike 500µL plasma with 10µL of a 0.1mg/mL standard solution.  
Combine with 100µL of 0.1M sodium carbonate buffer.  Vortex and centrifuge for  
10 minutes.

Conditioning – Rinse device 2mL water.

Sample Application – Apply entire sample.

Wash – Wash with 2mL water and then 50µL methanol.

Elution – Elute with 600µL methanol.

Column: Alltima™ HP C18, 5µm, 250 x 4.6mm (Part No. 87680)
Mobile Phase: A: Water  B: Acetonitrile
Gradient: Time: 0 30
 %B: 30 80
Flow Rate: 1mL/min
Detector: UV at 254nm

Procedure using GracePure™ C18-Max, 100mg:
Sample Treatment – Spike 2mL synthetic urine with 100ppm salicylic acid and 100ppm 
acetylsalicylic acid.

Conditioning – Rinse device with 3mL methanol followed by 3mL DI water.

Sample Application – Apply 2mL spike urine.

Wash – Wash with 2mL 50mM phosphate buffer monobasic, pH 2.

Elution – Elute with 2mL methanol:water (50:50).
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 1. Acetazolamide
 2. Hydrochlorothiazide
 3. Hydroflumethiazide
 4. Clopamide
 5. Trichloromethiazide
 6. Indapamide
 7. Bendroflumethiazide
 8. Spironolactone

Diuretics from Urine
10289 
10290

Diuretics

Column: Alltima™ C18, 3µm 53 x 7mm Rocket™ (Part No. 50605)
Mobile Phase: Methanol:0.2% Phosphoric Acid (95:5)
Flow Rate: 4.0mL/min
Detector: VIS at 585nm

 1. Pseudohypericin
 2. Hypericin

9107

Hypericins from St. John’s Wort

Column: Alltima™ C18, 3µm 53 x 7mm Rocket™ (Part No. 50605)
Mobile Phase: Acetonitrile:20mM K2HPO4, pH7.3 (65:35)
Flow Rate: 3mL/min
Detector: UV 340nm
Inj. Vol.: 5µL

 1. Apigenin-7-Glucoside

9133

Antioxidants from Chamomile

Procedure Using GracePure™ C18-Max, 1000mg:
Sample Treatment ±�3XOYHUL]H����PJ�6W��-RKQ¶V�:RUW�SRZGHU�LQWR�¿YH���P/�DOLTXRWV� 
RI�PHWKDQRO�ZDWHU����������&RPELQH�DQG�¿OWHU�H[WUDFWV�WR�SURGXFH���P/�¿OWUDWH���'LOXWH�

to 30mL with water.

Conditioning – Rinse device with 5mL methanol followed by 5mL deionized water.

Sample Application ±�$SSO\��P/�¿OWUDWH�WR�WKH�WRS�RI�WKH�63(�GHYLFH�DQG�GUDZ�WKURXJK�
the C18 packed bed.

Wash* – Wash device with 3mL of deionized water.

Elution – Elute with 2mL methanol.
*Repeat load and wash steps consecutively until filtrate is consumed.

Procedure Using GracePure™ C18-Max, 1000mg:
Sample Treatment – Pulverize 1g commercial chamomile tea grounds into  
6mL dioxane:methanol (50:50).  Filter extract and dilute to 20mL with water.

Conditioning – Rinse device with 5mL methanol followed by 5mL water.

Sample Application* ±�$SSO\��P/�¿OWUDWH�

Wash* – Wash with 1mL water.

Elution ±�(OXWH�¿UVW�ZLWK��P/�PHWKDQRO�ZDWHU�����������(OXWH�VHFRQG��IUDFWLRQ� 
and use for this analysis, with 2mL methanol.
*Before elution step, repeat load and wash steps until filtrate is consumed.

St. John’s Wort

Procedure using GracePure™ C18-Max, 1000mg:
Sample Treatment – Spike synthetic urine with 8 diuretics to a concentration of 
1.25µg/mL each.

Conditioning – Rinse device 5mL methanol, followed by 5mL water.

Sample Application – Apply 15mL spiked urine sample at 1mL/min.

Wash – Wash with 5mL water.

Elution – Elute with 2mL methanol.  Evaporate solvent and reconstitute in 250µL 
HPLC mobile phase.

Chamomile

Column: Alltima™ C18, 3µm, 100 x 4.6mm (Part No. 81382)
Mobile Phase: A: 25mM Ammonium Acetate, 0.1%Trifluoroacetic Acid   
 B: Acetonitrile, 0.1%Trifluoroacetic Acid
Gradient: Time: 0 10
 %B: 20 90
Flow Rate: 1.0mL/min
Detector: ELSD
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Column: Alltima™ C18, 3µm, 53 x 7mm Rocket™ (Part No. 50605)
Mobile Phase: Acetonitrile:Isopropyl Alcohol:0.2% Acetic Acid (17:23:60)
Flow Rate: 3.5mL/min
Detector: UV 220nm
Inj. Vol.: 5µL

 1. Methysticin
 2. Yangonin
 3. Kavain
 4. Dihydrokavain
 5. Dihydromethysticin

9125

Sedatives from Kava Kava

Column: Alltima™ C18, 3µm 53 x 7mm Rocket™  (Part No. 50605)
Mobile Phase: Methanol:0.2% Acetic Acid (65:35)
Flow Rate: 4.5mL/min
Detector: UV 270nm
Inj. Vol.: 5µL

 1. Z-ligustilide

9132

Vasodilators from Dong Quai

Column: Alltima™ C18, 3µm 53 x 7mm Rocket™ (Part No. 50605)
Mobile Phase: Acetonitrile:10mM K2HPO4, pH2.6 (20:80) 
Flow Rate: 3.5mL/min
Detector: UV at 330nm

 1. Echinicoside
 2. Chlorogenic Acid
 3. Caffeic Acid

9110

Phenolic Acids from Echinacea

Procedure Using GracePure™ C18-Max, 1000mg:
Sample Treatment ±�3XOYHUL]H����PJ�HFKLQDFHD�SRZGHU�LQWR�¿YH���P/�DOLTXRWV�RI�
PHWKDQRO��&RPELQH�DQG�¿OWHU�H[WUDFWV�WR�SURGXFH���P/�¿OWUDWH��'LOXWH�WR���P/�ZLWK�

water.

Conditioning – Rinse device with 5mL methanol followed by 5mL deionized water.

Sample Application ±�$SSO\��P/�¿OWUDWH�WR�WKH�WRS�RI�WKH�63(�GHYLFH�DQG�GUDZ�WKURXJK�
the C18 packed bed.

Wash* – Wash device with 2mL of deionized water.

Elution – Elute with 5mL of methanol:water (50:50).
*Repeat load and wash steps consecutively until filtrate is consumed.

Procedure using GracePure™ C18-Max, 1000mg:
Sample Treatment – Pulverize 300mg commercial kava kava root powder into four, 2mL 
DOLTXRWV�RI�PHWKDQRO�ZDWHU�����������&RPELQH�DQG�¿OWHU�H[WUDFWV�WR�SURGXFH��P/�¿OWUDWH���

Dilute to 10mL with water.

Conditioning – Rinse device with 5mL methanol followed by 5mL water.

Sample Application* ±�$SSO\��P/�¿OWUDWH�

Wash* – Wash with 2mL water.

Elution – Elute with 3mL methanol.
*Before elution step, repeat load and wash steps until filtrate is consumed.

Echinacea

Kava Kava

Dong Quai

Procedure using GracePure™ C18-Max, 1000mg:
Sample Treatment – Pulverize 300mg commercial kava kava root powder into four, 2mL 
DOLTXRWV�RI�PHWKDQRO�ZDWHU�����������&RPELQH�DQG�¿OWHU�H[WUDFWV�WR�SURGXFH��P/�¿OWUDWH���

Dilute to 10mL with water.

Conditioning – Rinse device with 5mL methanol followed by 5mL water.

Sample Application* ±�$SSO\��P/�¿OWUDWH�

Wash* – Wash with 2mL water.

Elution – Elute with 3mL methanol.
*Before elution step, repeat load and wash steps until filtrate is consumed.
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Column: Heliflex® AT™ AquaWax-DA, 30m x 0.25mm x 0.25µm  
 Capillary GC Column (Part No. 14537)
Temp: 200°C (5 min hold) to 230°C (4 min hold) at 5°C/min
Carrier Gas: Helium at 0.75mL/min (25cm/sec)
Detector: FID at 250°C

 1. Sorbic Acid
 2. Benzoic Acid

2576

Preservatives from Fruit Punch
Additives

Procedure using GracePure™ Anion-X, 500mg:
Sample Treatment – Use 8mL fruit punch and adjust pH to 10 using potassium 
hydroxide.

Conditioning – Rinse device 10mL water.

Sample Application – Apply 8mL pH adjusted fruit punch sample.

Wash – Wash with 20mL water.

Elution – Elute with 1mL 1.0N hydrochloric Acid followed by 1mL methanol.

 1. Carbendazim
 2. Thiabendazole
 3. Triadimenol
 4. Triadimefon
 5. Flusilazole
 6. Diniconazole

Fungicides from Red Wine
10637
10638

Carbohydrates

Procedure using GracePure™ C18-Max, 500mg:
Sample Treatment – Add 0.167mg/mL each of carbendazim, thiabendazolem, 
WULDGLPHQRO��WULDGLPHIRQ��ÀXVLOD]ROH��GLQLFRQD]ROH�LQWR� 
1mL water.  Combine with 1mL Beaujolais red wine.

Conditioning – Rinse device with 3mL methanol followed by 3mL water.

Sample Application – Apply 2mL red wine mixture.

Wash – No wash.

Elution – Elute with 3mL methanol.

Column: Alltima™ HP C18 Amide, 5µm, 250 x 4.6mm  
 (Part No. 87734)
Mobile Phase: A: Water  B: Acetonitrile
Gradient: Time: 0 15 50 65
 %B: 15 45 45 15
Flow Rate: 1mL/min
Detector: UV at 254nm
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1. ribonuclease
2. myoglobin

Solid Phase Extraction Example

A 3 mL SPE cartridge was conditioned with 1 mL of ACN followed by 1 mL of 5% 
ACN/0.1% TFA. Ribonuclease and myglobin (100 mg each) were then loaded in 30% 
ACN/0.1% TFA . The cartridge was washed with 1 mL of 5% ACN/0.1% TFA to remove 
weakly bound compounds, then 1 mL of 30% ACN/0.1% TFA followed by 1 mL of 60% 
ACN/0.1% TFA. HPLC analysis of the 5% ACN wash (A) revealed only a small amount 
of ribonuclease. Most of the ribonuclease eluted in the 30% ACN wash (B). The 
myoglobin eluted almost entirely in the 60% ACN wash (C).

Column: VYDAC 214TP5405 (C4, 5 µm, 4.6 mm i.d. x 50 mm)
Gradient: 15 to 70% ACN over 10 min, with 0.1% TFA
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 1. Chloride
 2. Ribonuclease A
 3. Cytochrome C

10688

Prevail™ SPE Protein Desalting, Cytochrome C and Ribonuclease A Mix in 10mM Sodium Chloride

Protein Extraction of Ribonuclease and Myoglobin

 1. Ribonuclease
 2. Myoglobin

Proteins & Peptides/Reversed Phase

Procedure using Vydac® SPE:
A 3mL SPE cartridge was conditioned with 1mL of Acetonitrile followed by 1mL of 
���$FHWRQLWULOH������7ULÀXRURDFHWLF�$FLG��5LERQXFOHDVH�DQG�P\JORELQ�����PJ�HDFK��

ZHUH�WKHQ�ORDGHG�LQ�����$FHWRQLWULOH������7ULÀXRURDFHWLF�$FLG���7KH�FDUWULGJH�ZDV�

ZDVKHG�ZLWK��P/�RI����$FHWRQLWULOH������7ULÀXRURDFHWLF�$FLG�WR�UHPRYH�ZHDNO\�ERXQG�

FRPSRXQGV��WKHQ��P/�RI�����$FHWRQLWULOH������7ULÀXRURDFHWLF�$FLG�IROORZHG�E\��P/�RI�

����$FHWRQLWULOH������7ULÀXRURDFHWLF�$FLG��+3/&�DQDO\VLV�RI�WKH����$FHWRQLWULOH�ZDVK�

(A) revealed only a small amount of ribonuclease. Most of the ribonuclease eluted in the 
30% Acetonitrile wash (B). The myoglobin eluted almost entirely in the 60% Acetonitrile 
wash (C).

Procedure using Prevail™ C18, 500mg:
Sample Treatment – Cytochrome-C 1mg/mL, Ribonuclease-a 1mg/mL,  Blank = water, 
Salt = 10mM NaCl.

Conditioning – 1 tube volume of methanol (do not dry). 2 tube volumes of 0.025% 
ammonium hydroxide. Dry tube via vacuum.

Sample Application –  Pipette 1mL of sample (either proteins in water blank or proteins 
in salt solution) onto top of sorbent bed in SPE tube. Run vacuum @ approximately 
-10 kPa, loading sample in a tight band at top of sorbent column, continue to apply 
vacuum (@ -10 kPa) until tube is dry. Larger (2mL +) volumes can be de-salted and 
FRQFHQWUDWHG���/LTXLG�FROOHFWHG�ZLOO�FRQWDLQ�WKH�1D&O

Elution – Pipette 500µL 0.4% TFA and 500µL Acetonitrile containing 0.4% TFA onto top 
of sorbent bed in spe tube. Run vacuum @ approximately -10 kPa, eluting sample from 
sorbent column, continue to apply vacuum until tube is dry.

Column: ProSphere™ 300 C4-300, 5µm, 150 x 4.6mm 
 (Part No. 33989)
Mobile Phase: A: 0.2% Trifluoroacetic Acid  B: Acetonitrile
Gradient: Time: 0 15 
 %B: 25 70
Flow Rate: 1mL/min
Detector: ELSD

Column: Vydac® C4, 5µm, 50 x 4.6mm (Part No. 214TP5405)
Mobile Phase: A: 0.1% Trifluoroacetic Acid  B: Acetonitrile
Gradient: Time: 0 10 
 %B: 15 70
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Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 160°C (0 min hold) at 10°C/min, then to 275°C at 5°C/min
Carrier Gas: Helium at 0.8mL/min (26cm/sec)
Detector: ECD at 310°C

Chlorinated Pesticides in Vegetables
2780
2789

Chlorinated Pesticides in Soil
2779
2788

 1. Aroclor 1254

PCBs in Transformer Oil

Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 160°C (0 min hold) at 10°C/min, then to 275°C at 5°C/min
Carrier Gas: Helium at 0.8mL/min (26cm/sec)
Detector: ECD at 310°C

Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 150°C (2 min hold) to 300°C (8 min hold) at 5°C/min
Carrier Gas: Helium at 0.75mL/min (25cm/sec)
Detector: ECD at 310°C

2784

Pesticides

Procedure using GracePure™ Florisil®, 1000mg:
Sample Treatment – Dissolve 0.25grams of transformer oil spiked with Aroclor 1254 (at 
a concentration of 50mg/kg) in 20mL n-hexane.

Conditioning – 2 x 5mL n-hexane, making sure the cartridge does not dry.

Sample Application – Attach 25mL reservoir (Part No. 210425) with a syringe adapter 
(Part No. 210705) and run sample through conditioned Florisil® tube, aspirating all the 
solution from the tube. Evaporate the volume down to 4mL and analyzed by GC/ECD.

Wash – No wash.

Elution – No elution, collect sample load.

Procedure using GracePure™ C18-Max, 500mg:
Sample Treatment – Homogenize 5 grams green bell pepper with 25mL methanol, spike 
ZLWK�����J�HDFK�RI����FKORULQDWHG�SHVWLFLGHV��)LOWHU�ZLWK���P/�¿OWHU�FROXPQ��3DUW�1R��

210775). Dilute to 200mL with DI water and shake.

Conditioning – 2 x 5mL methanol, then 5mL DI water.

Sample Application –  Attach 75mL reservoir (Part No. 210575) with a syringe adapter 
(Part No. 210705) and apply entire sample. 

Wash – No wash, apply vacuum for 5 min.

Elution – Elute chlorinated pesticides with 2 x 1mL n-hexane/CH2Cl2 (70:30), 
evaporated this to dryness and reconstituted with 1mL n-hexane.

Procedure using GracePure™ C18-Max, 500mg:
Sample Treatment – Weighed out 5 grams dry soil, spike with 1µg each of 16 
chlorinated pesticides, add added 25mL methanol and homogenize. Filter with 75mL 
¿OWHU�FROXPQ��3DUW�1R��210775). Dilute to 200mL with DI water and shake.

Conditioning – 2 x 5mL methanol, then 5mL DI water.

Sample Application – Attach 75mL reservoir (Part No. 210575) with a syringe adapter 
(Part No. 210705) and apply entire sample.

Wash – No wash.

Elution – Elute chlorinated pesticides with 2 x 1mL n-hexane/CH2Cl2 (70:30), evaporate 
to dryness and reconstitute with 1mL iso-octane.

 1.  -BHC
 2.  -BHC
 3.  -BHC
 4.  -BHC

 5.  Heptachlor
 6.  Aldrin
 7.  Heptachlor Epoxide
 8.  Endosulfan I
 9. p,p’-DDE

 10. Dieldrin
 11. Endrin
 12.  Endosulfan II
 13.  p,p’-DDD
 14.  Endrin Aldehyde
 15.  p,p’-DDT
 16.  Endosulfan Sulfate

 1. -BHC
 2. -BHC
 3. -BHC
 4. -BHC
 5. Heptachlor

 6. Aldrin
 7. Heptachlor Epoxide
 8. Endosulfan I
 9. p,p’-DDE
 10. Dieldrin

 11. Endrin
 12. Endosulfan II
 13. p,p’-DDD
 14. Endrin Aldehyde
 15. p,p’-DDT
 16. Endosulfan Sulfate
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 1. Aroclor 1242

PCBs in Salmon
2781
2787

Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 150°C (2 min hold) to 300°C (2 min hold) at 5°C/min
Carrier Gas: Helium at 0.75mL/min (25cm/sec)
Detector: ECD at 310°C

Pesticides

Procedure using GracePure™ C18-Fast, 1000mg: 
Sample Treatment – Weigh out 2.5 grams salmon, spike with 2.5µg Aroclor 1242, add 
��P/�DFHWRQLWULOH��KRPRJHQL]H�IRU����VHFRQGV��)LOWHU�ZLWK���P/�¿OWHU�WXEH��3DUW�1R��

210775). Rinse salmon again with 5mL acetonitrile. Bring up to 100mL with deionized 
water.

Conditioning – Rinse with 6mL hexanes, 6mL acetone, 2 x 6mL methanol, 2 x 6mL 
water.

Sample Application – Attach 75mL reservoir, apply entire sample.

Wash – 2 x 5mL water. Dry columns for 10 minutes at full vacuum.

Elution – Elute PCBs with 2 x 3mL 3% toluene/97% n-hexane. Evaporate  
solvent and reconstitute in 1mL n-hexane.

Chlorinated Pesticides from Water

Column: AT™ Pesticide 20m x 0.53mm x 0.60µm Capillary GC  
 Column (Part No. 16846)
Temp: 210°C
Carrier Gas: Helium, 35cm/sec
Detector: ECD

Procedure using GracePure™ C18-Fast, 1000mg:
Conditioning – Rinse device with 5mL of methanol followed by 5mL deionized water.

Sample Application – Pass 100mL–500mL (containing 1% methanol) of water sample 
through the device at 20mL/minute.

Wash – Wash device with 10mL of deionized water then 10mL of methanol:deionized 
water (20:80). Remove excess by passing air through the device for two minutes.

Elution – Elute with 2mL of hexane:ethyl acetate (70:30). Pass extract through 2g–3g 
sodium sulfate to remove residual water.

1668

Recovery (as % Standard)
 1. -BHC (104%)
 2. Lindane (109%)
 3. -BHC (106%)
 4. Heptachlor (92%)
 5. -BHC (110%)
 6. Aldrin (98%)
 7. Heptachlor Epoxide (107%)
 8. -Endosulfan (105%)
 9. p,p'-DDE (79%)
 10. Dieldrin (102%)
 11. Endrin (104%)
 12. p,p'-DDD (92%)
 13. -Endosulfan (103%)
 14. p,p'-DDT
 15. Endrin Aldehyde (102%)
 16. Endosulfan Sulfate (103%)
 17. Methoxychlor (99%)
 18. Endrin Ketone (104%)

Carbamate Pesticides from Water

Procedure using GracePure™ C18-Fast, 500mg:
Sample Treatment ±�6SLNH����P/�WDS�ZDWHU�ZLWK�����/�FDUEDPDWH�VROXWLRQ�IRU�¿QDO�
concentration of 25ppb.

Conditioning – Rinse with 3mL acetonitrile:water (80:20) followed by 3mL water.  Dry 
with vacuum.

Sample Application – Apply 500µL sample.

Wash – 2 x 3mL water.

Elution – Elute with 4 x 1mL acetonitrile:water (80:20)

10599
10600

 1. Aldicarb sulfoxide
 2. Methomyl
 3. 3-Hydroxycarbofuran
 4. Propoxur
 5. Carbaryl
 6. Methiocarb

Column: Platinum™ EPS C18, 5µm, 250 x 4.6mm (Part No. 32246)
Mobile Phase: A: DI water  B: Acetonitrile
Gradient: Time: 0 5 20 25 30
 %B: 25 25 50 50 25
Flow Rate: 1mL/min
Detector: UV at 210nm
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PAHs in Water
2771
2772

PAHs in Toasted Oat Cereal
2775
2791

 1.  Naphthalene
 2.  Acenaphthylene
 3.  Acenaphthene
 4.  Fluorene
 5.  Phenanthrene
 6.  Anthracene
 7.  Fluoranthene
 8.  Pyrene

 9.  Benzo(a)anthracene
 10.  Chrysene
 11.  Benzo(b)fluoranthene
 12.  Benzo(k)fluoranthene
 13.  Benzo(a)pyrene
 14.  Indeno(1,2,3-cd)pyrene
 15.  Dibenzo(a,h)anthracene
 16.  Benzo(ghi)perylene

Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 80°C (1 min hold) to 160°C (0 min hold) at 25°C/min,  
 then to 300°C (0 min hold) at 3°C/min, then to 325°C  
 (3 min hold) at 25°C/min
Carrier Gas: Helium at 1mL/min (28cm/sec)
Detector: FID at 340°C

 1.  Naphthalene
 2.  Acenaphthylene
 3.  Acenaphthene
 4.  Fluorene
 5.  Phenanthrene
 6.  Anthracene
 7.  Fluoranthene
 8.  Pyrene

 9.  Benzo(a)anthracene
 10.  Chrysene
 11.  Benzo(b)fluoranthene
 12.  Benzo(k)fluoranthene
 13.  Benzo(a)pyrene
 14.  Indeno(1,2,3-cd)pyrene
 15.  Dibenzo(a,h)anthracene
 16.  Benzo(ghi)perylene

Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 80°C (1 min hold) to 160°C (0 min hold) at 25°C/min,  
 then to 300°C (0 min hold) at 3°C/min, then to 325°C  
 (3 min hold) at 25°C/min
Carrier Gas: Helium at 1mL/min (28cm/sec)
Detector: FID at 340°C

PAHs

Procedure using GracePure™ C18-Max: 
Sample Treatment – 500mL of water and add 75mL of 2-propanol,  
spiked with 20uL of PAH mixture at 2000ug/mL of each PAH, which corresponds to 
40ug/500mL water, or 80ppb of each PAH.

Conditioning – 2 x 5mL of methanol, then 5mL of 85% water/ 
15% 2-propanol.

Sample Application – Attach 75mL reservoir (Part No. 210575) with a  
syringe adapter (Part No. 210705) and apply entire sample. Dry  
columns for 30 minutes at full vacuum.

Wash – No wash.

Elution – Elute PAHs with 3 x 1mL CH2Cl2 and adjusted the volume  
to 1mL by evaporating under a gentle nitrogen stream.

Procedure using GracePure™ C18-Max:
Sample Treatment – 500mL of water and add 75mL of 2-propanol, spiked with 20uL of 
PAH mixture at 2000ug/mL of each PAH, which corresponds to 40ug/500mL water, or 
80ppb of each PAH.

Conditioning – 2 x 5mL of methanol, then 5mL of 85% water/15% 2-propanol.

Sample Application – Attach 75mL reservoir (Part No. 210575) with a syringe adapter 
(Part No. 210705) and apply entire sample. Dry columns for 30 minutes at full vacuum.

Wash – 2 x 500µL of 85% water/15% isopropyl alcohol. Vacuum 10 min.

Elution – Elute PAHs with 3 x 1mL CH2Cl2 and adjusted the volume to 1mL by 
evaporating under a gentle nitrogen stream.
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HQ
YL
UR
Q
P
HQ
WD
O

PAHs in Cooking Oil
2776
2792

 1.  Naphthalene
 2.  Acenaphthylene
 3.  Acenaphthene
 4.  Fluorene
 5.  Phenanthrene
 6.  Anthracene
 7.  Fluoranthene
 8.  Pyrene

 9.  Benzo(a)anthracene
 10.  Chrysene
 11.  Benzo(b)fluoranthene
 12.  Benzo(k)fluoranthene
 13.  Benzo(a)pyrene
 14.  Indeno(1,2,3-cd)pyrene
 15.  Dibenzo(a,h)anthracene
 16.  Benzo(ghi)perylene

Column:  AT™ 5ms, 0.25µm, 30m x 0.25mm (Part No. 15807)
Temp: 80°C (1 min hold) to 160°C (0 min hold) at 25°C/min,  
 then to 300°C (0 min hold) at 3°C/min, then to 325°C  
 (3 min hold) at 25°C/min
Carrier Gas: Helium at 1mL/min (28cm/sec)
Detector: FID at 340°C

PAHs

Nitroaromatics

10597
10598

Nitroaromatics and Naphthols from Soil

Column: Adsorbosphere™ UHS C18, 5µm, 150m x 4.6mm  
 (Part No. 288118)
Mobile Phase: Methanol:Water (50:50)
Flow Rate: 1.0mL/min
Detector: UV at 254nm

Procedure using GracePure™ C18-Max, 500mg:
Sample Treatment – Spike 100g soil with 7.5µg/g of each analyte.  Combine soil with 
����P/�GHLRQL]HG�ZDWHU��VKDNH�IRU����PLQXWHV��DQG�¿OWHU�

Conditioning – Rinse device with 5mL methanol followed by 5mL water.

Sample Application ±�$VSLUDWH�����P/�ZDWHU�VDPSOH�WKURXJK�63(�DW�ÀRZ�UDWH���
5mL/min.

Wash – No wash.  Air dry for 15 seconds.

Elution ±�(OXWH�ZLWK�WKUHH��P/�DOLTXRWV�RI�PHWKDQRO�ZDWHU�����������$LU�GU\� 
for 15 seconds between each elution.

 1. 2,4-Dinitrotoluene
 2. 1-Naphthol
 3. 2-Naphthol
 4. 2-Nitrotoluene
 5. 4-Nitrotoluene
 6. 3-Nitrotoluene

Procedure using DVB Extract-Clean™, 500mg/4mL:
Sample Treatment – Weigh out 1 grams canola oil, spike with 20µg of each PAH, add 
10mL n-hexane. 

Conditioning – 10mL toluene, applied vacuum until toluene removed, then 5mL n-hexane.  

Sample Application – Aspirate the entire canola oil/hexane/PAH solution through the tube. 

Wash – 5mL n-hexane. 

Elution – Elute PAHs with 4 X 2.5mL toluene and adjusted the sample volume to 0.5mL 
(500µL) by evaporating under dry nitrogen stream and gentle heat. 
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YROXPH�RI����DPPRQLXP�K\GUR[LGH�LQ�',�ZDWHU�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$SSO\���P/�VDPSOH� �P/�',�ZDWHU��IROORZHG�E\��P/�,3$�',�ZDWHU�����������
9DFXXP���PLQXWHV���1H[W�ZDVK��P/�KH[DQH��
YDFXXP���PLQXWHV���)LQDO�ZDVK�ZLWK��P/�,3$�

��[��P/�,3$�FRQWDLQLQJ����DPPRQLXP�K\GUR[LGH�

$QWLFRQYXOVDQWV� 6HUXP 3KHQREDUELWDO��3ULPLGRQH��&DUEDPD]HSLQH��
����'LSKHQ\OK\GDQWRLQ��033+����0HWK\OSKHQ\O���
SKHQ\OK\GDQWRLQ�

&���/RZ�����PJ� $GG�����/�RI����0�.+�32��EXIIHU��S+�����WR�����/�RI�VHUXP�
LQ�D�WHVW�WXEH��$GG�����J�P/�033+����PHWK\OSKHQ\O���SKHQ\O�
K\GDQWRLQ�DV�LQWHUQDO�VWDQGDUG��9RUWH[���PLQXWH��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�SUHSDUHG�VDPSOH� �P/�RI�',�ZDWHU��YDFXXP���PLQXWHV� ����/�RI�PHWKDQRO�

%HQ]RGLD]HSLQHV 6HUXP 1RUFKORUGLD]HSR[LGH��'HPR[HSDP��&KORUGLD]�
HSR[LGH��1LWUD]HSDP��1RUGLD]HSDP��0HWDEROLWH�RI�
GLD]HSDP���'LD]HSDP

&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ��
���J�P/�EHQ]RGLD]LSLQH��9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�VHUXP�VDPSOH� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�RI�PHWKDQRO�

%+$ 6R\�2LO %+$����WHUW�%XW\O���K\GUR[\DQLVROH� $PLQR�����PJ $GG���PJ�%+$�LQWR��P/�VR\�RLO�DQG�GLOXWH�WR���P/�ZLWK�
Q�3HQWDQH�

�P/�SHQWDQH� $GG��P/�VDPSOH� ���P/�Q�SHQWDQH� �P/�HWKDQRO�

&DIIHLQH &RIIHH� &DIIHLQH &���$T�����PJ 1RQH��ZLOO�ZRUN�HTXDOO\�ZHOO�IRU�DQ\�EHYHUDJH�FRQWDLQLQJ�
FDIIHLQH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� �P/�',�ZDWHU��YDFXXP����PLQXWHV� �P/�RI�FKORURIRUP�

&DUERK\GUDWHV 0RODVVHV )UXFWRVH��*OXFRVH��6XFURVH &���/RZ�����PJ 'LOXWH���J�PRODVVHV�WR����P/�ZLWK�',�ZDWHU� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� 1R�ZDVK��DSSO\�YDFXXP�IRU���PLQXWHV� &ROOHFW�HOXDWH��)LOWHU�WKURXJK�D������P�V\ULQJH�¿OWHU�

&DUERK\GUDWHV :LQH (WKDQRO��*OXFRVH��6XFURVH &���0D[�����PJ� 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�RI�ZLQH�ZLWK�WKH�
YDFXXP�WXUQHG�RII�

1R�ZDVK��DOORZ�ZLQH�WR�UHPDLQ�LQ�FRQWDFW�ZLWK�
FDUWULGJH�IRU���PLQXWHV�

7XUQ�RQ�YDFXXP�DQG�FROOHFW�HOXDQW��7KH�RUJDQLF�DFLGV�DQG�
DQWKRF\DQLQV�ZLOO�UHWDLQ�ZKLOH�WKH�FDUERK\GUDWHV�SDVV�WKURXJK��

&KORULQDWHG�3HVWLFLGHV :DWHU α�%+&��/LQGDQH��β�%+&��+HSWDFKORU��$OGULQ��
+HSWDFKORU�(SR[LGH��S�S
�''(��'LHOGULQ��R�S
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(QGULQ��R�S
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&���)DVW�����PJ 'XH�WR�WKH�ODUJH�VDPSOH�YROXPH��DWWDFK�ODUJH�YROXPH�UHVHUYRLU�
WR�63(�GHYLFH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG����P/�RI�ZDWHU�
VDPSOH�

1R�ZDVK��DSSO\�YDFXXP�IRU���PLQXWHV� �P/�RI�HWK\O�DFHWDWH�

&KORURWHWUDF\FOLQH 2LQWPHQW &KORURWHWUDF\FOLQH 'LRO�����PJ� $GG��P/�RI�KH[DQH�WR���PJ�RI�RLQWPHQW��9RUWH[���PLQXWH� �P/�RI�KH[DQH� $GG�����/�SUHSDUHG�
VDPSOH�

�P/�RI�KH[DQH��FRQWLQXH�YDFXXP�IRU���PLQXWHV� �P/�RI�D�PHWKDQRO����1�+&,�VROXWLRQ���������

&KORUSKHQR[\�$FLG�
+HUELFLGHV�

:DWHU ����'��������7��6LOYH[ &���)DVW�����PJ $FLGLI\����P/�ZDWHU�VDPSOH�WR�S+����� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�DFLGL¿HG�VDPSOH� :DVK�ZLWK��P/�RI�',�ZDWHU� �P/�RI�FKORURIRUP�

'HVDOWLQJ 3URWHLQ��
6ROXWLRQ

&\WRFKURP�&��5LERQXFOHDVH�$ &���$T�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\�
�������DPPRQLXP�K\GUR[LGH�

$SSO\��P/�SURWHLQ�VDOW�
VROXWLRQ�

1R�ZDVK� ����/������7)$�IROORZHG�E\�����/�DFHWRQLWULOH�FRQWDLQLQJ�
�����7)$��$SSO\�YDFXXP�XQWLO�GU\�

/DFWLF�$FLG :DWHU /DFWLF�$FLG $QLRQ�;�����PJ 1RQH� �P/��0�1D&O�IROORZHG�E\�
��P/�',�ZDWHU�
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/LGRFDLQH��0HWDEROLWHV 6HUXP *;��*O\FLQH[\OLGLGH���0(*;��0RQRHWK\OJO\�
FLQH[\OLGLGH���/LGRFDLQH��0HSLYDFDLQH��LQWHUQDO�
VWDQGDUG���

&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ���
���J�P/�0HSLYDFDLQH�+&,�LQ����0�1D+�32���9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�VDPSOH� �P/�',�ZDWHU�PHWKDQRO����������YDFXXP��
��PLQXWHV�

����/�PHWKDQRO�

1LWURDURPDWLFV�DQG�
1DSKWKROV

:DWHU ����'17����17����17����17�����1DSKWKRO����1DSKWKRO &���)DVW�����PJ 6SLNH�����P/�WDS�ZDWHU�ZLWK������J�P/�RI�DQDO\WHV� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�����P/�VDPSOH�DW�ÀRZ�
UDWH�RI��P/�PLQ�

1R�ZDVK� (OXWH�ZLWK���[��P/�PHWKDQRO�ZDWHU����������$LU�GU\�DIWHU�HDFK�
HOXWLRQ�

2II�)ODYRUV :LQH ��(WK\O�3KHQRO����(WK\O�*XDODFRO &���/RZ�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$SSO\���P/�ZLQH�VDPSOH� �P/�ZDWHU� �P/�LVRSURS\O�DOFRKRO�

3DUDEHQ�3UHVHUYDWLYHV &RVPHWLFV 0HWK\O�3DUDEHQ��3URS\O�3DUDEHQ &���/RZ�����PJ :HLJK�RQH�JUDP�RI�FRVPHWLF��KDQG�FUHDP��WRRWKSDVWH��OLTXLG�
VRDS��LQWR�D�WHVW�WXEH��$GG���P/�PHWKDQRO�DQG�YRUWH[�RQH�
PLQXWH��&HQWULIXJH�UHVXOWLQJ�PL[WXUH�WR�UHPRYH�LQVROXEOH�
PDWHULDOV��5HPRYH�D�����/�DOLTXRW�WR�D��P/�YROXPHWULF�ÀDVN�
DQG�GLOXWH�WR�YROXPH�ZLWK�PHWKDQRO��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�PHWKDQRO�

3HUFKORUDWH %LRORJLFDO�
0DWUL[

3HUFKORUDWH $QLRQ�;�����PJ 1RQH� �P/����0�1D&O�IROORZHG�E\�
�P/�',�ZDWHU�

$SSO\��P/�VDPSOH� 1R�ZDVK� ��[�����P/�RI����0�1D&O�
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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5LYHU�:DWHU 1DSKWKDOHQH��$FHQDSKWK\OHQH��$FHQDSKWKHQH��
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%HQ]R>D@S\UHQH��'LEHQ]>D�K@DQWKUDFHQH���
,QGHQR>������FG@S\UHQH��%HQ]R>JKL@SHU\OHQH

&���/RZ�����PJ 1RQH� �P/���SURSDQRO�',�ZDWHU�
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�DGMXVWHG�WR�S+���

$GG�����/�SUHSDUHG�
VDPSOH�

�P/�RI�GLVWLOOHG�ZDWHU��FRQWLQXH�YDFXXP�IRU��
��PLQXWHV�WR�UHPRYH�UHVLGXDO�ZDVK�VROXWLRQ�

3DVV�WZR�DOLTXRWV�RI�����/�PHWKDQRO�
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ���
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9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�SUHSDUHG�VHUXP�
VDPSOH�

�P/�',�ZDWHU��YDFXXP���PLQXWHV� ����/�DFHWRQH�

6WHURLGV +\GURFRUWLVRQH�
&UHDP

+\GURFRUWLVRQH 6LOLFD�����PJ� :HLJK�RQH�JUDP�RI�FUHDP�LQWR�D���P/�YLDO��$GG���P/�KH[DQH�
HWK\O�DFHWDWH����������9RUWH[���PLQXWHV��'HFDQW�VXSHUQDWDQW�LQWR�
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�P/��KH[DQH�DFHWRQH��������� $GG��P/�SUHSDUHG�VDPSOH� �P/�RI�KH[DQH�DFHWRQH���������YDFXXP���PLQXWHV� 3DVV�WZR�DOLTXRWV�RI�����/�PHWKDQRO�
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���PLQXWHV��&RRO�WR�URRP�WHPSHUDWXUH��$GMXVW�S+�WR�����
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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RI����0�SKRVSKRULF�DFLG�FRQWDLQLQJ�����DFHWRQLWULOH��
9DFXXP���PLQXWHV�

�P/�RI�DFHWRQH�WKURXJK�WKH�FDUWULGJH��&ROOHFW�HOXDWH�DQG�DGG�
���P/�RI�PHWK\OHQH�FKORULGH��FHQWULIXJH���PLQXWHV���5HPRYH�XS�
SHU�SKDVH�DQG�DGG����P/�RI�KH[DQH��&HQWULIXJH�IRU���PLQXWHV��
5HPRYH�XSSHU�SKDVH�RQFH�DJDLQ�DQG�GU\�WKH�WUHDWHG�VDPSOH��
5HGLVVROYH�LQ�����/�RI�FKORURIRUP�IRU�VXEVHTXHQW�*&�DQDO\VLV�

7+&��0HWDEROLWHV 8ULQH Δ��7HWUDK\GURFDQQDELQRO�0HWK\O�(VWHU����&DUER[\�
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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�P/�RI�PHWKDQRO�

7KHRSK\OOLQH 6HUXP β�+\GUR[\HWK\O�7KHRSK\OOLQH��LQWHUQDO�VWDQGDUG���
7KHRSK\OOLQH

&���/RZ�����PJ� $GG��P/�RI����0�.+�32���S+����EXIIHU�WR��P/�VHUXP��9RUWH[�
IRU�RQH�PLQXWH��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�EXIIHUHG�VHUXP� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�RI�PHWKDQRO�

7RSLFDO�$QHVWKHWLFV 6HUXP %HQ]RFDLQH��3URFDLQH��0HSLYDFDLQH &���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ���
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�VDPSOH� �P/�',�ZDWHU�PHWKDQRO����������YDFXXP��
��PLQXWHV�

3DVV�����/�RI�PHWKDQRO�DQG�GU\��5HGLVVROYH�LQ�����/�RI��
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HPLC and UHPLC Methods for Melamine

Milk, infant formula and other dairy products were recently found contaminated with melamine, following an earlier melamine 
contamination outbreak in pet food in 2007. 

Toxicology studies show ingestion of melamine in large quantities may lead to reproductive damage or bladder cancer due to the 
formation of bladder/kidney stones.  At lower levels, melamine and cyanuric acid are absorbed into the bloodstream. Together, 
WKH\�FRQFHQWUDWH�DQG�IRUP�PHODPLQH�F\DQXUDWH�LQ�WKH�XULQH�¿OOHG�UHQDO�PLFURWXEXOHV��&\VWDOOL]DWLRQ�EORFNV�DQG�GDPDJHV�WKH�
renal cells that line the tubes, causing the kidneys to malfunction.

After 2007 and more recent melamine contamination outbreaks, there is an urgent need for analytical methods that can identify 
DQG�TXDQWLI\�PHODPLQH�LQ�IRRG��&XUUHQW�PHODPLQH�GHWHFWLRQ�PHWKRGV�LQYROYH�/&�06�DQG�*&�06��*&�06�PHWKRGV�UHTXLUH�
GHULYDWL]DWLRQ��DQG�/&�06�PHWKRGV�JHQHUDOO\�XVH�JUDGLHQW�FRQGLWLRQV�WKDW�UHTXLUH�FROXPQ�FOHDQ�XS�DQG�UH�HTXLOLEUDWLRQ����

*UDFH�KDV�GHYHORSHG�06�FRPSDWLEOH�/&�PHWKRGV�IRU�0HODPLQH�XVLQJ�DQ�+,/,&�PHGLD�SODWIRUP�WKDW�FDQ�EH�DSSOLHG�WR�ERWK�
WUDGLWLRQDO�+3/&�DV�ZHOO�DV�8+3/&�V\VWHPV��0HODPLQH�ZDV�DQDO\]HG�ZLWK�D�VWDQGDUG�+3/&�V\VWHP�XVLQJ�D���P�SDUWLFOH�+,/,&�
SKDVH�SDFNHG�LQWR�D�����[����PP�FROXPQ��7KH�����P�YHUVLRQ�RI�WKLV�SKDVH�ZDV�WKHQ�SDFNHG�LQWR�D�KLJK�WKURXJKSXW�IRUPDW�
FRQGXFLYH�WR�8+3/&�DQG�IDVW�/&�V\VWHPV��%RWK�PHWKRGV�GHOLYHU�H[FHOOHQW�OLQHDULW\�DQG�XVH�LVRFUDWLF�HOXWLRQ�IRU�IDVW�DQDO\VLV�
without the need for re-equilibration. 
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HPLC Method for Melamine

HPLC Column: Alltima™�+3�+,/,&����P������[����PP��3DUW�1R��86466)
Mobile Phase: $FHWRQLWULOH���P0�$PPRQLXP�$FHWDWH�LQ�:DWHU�������
Flow Rate: �P/�PLQ
Detection:�89#���QP
Column Temperature:����&
Injection:����J�P/�[����/
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UHPLC Method for Melamine

UHPLC Column: 9LVLRQ+7™�+,/,&������P����[���PP��3DUW�1R��5141919)
Mobile Phase: $FHWRQLWULOH���P0�$PPRQLD�$FHWDWH�LQ�:DWHU�������
Flow Rate: ���P/�PLQ
Detection:�89#���QP
Column Temperature:����&
Injection:����J�P/�[�����/

&RPSDUHG�WR�WKH�FRQYHQWLRQDO�+3/&�PHWKRG��WKH�8+3/&�PHWKRG�LV���WLPHV�IDVWHU���:LWK�WKH�XVH�RI����ȝP�SDUWLFOHV��RSWLPDO�OLQHDU�YHORFLWLHV�H[WHQG�RYHU�D�
ZLGHU�UDQJH���7KHUHIRUH��LW�LV�SRVVLEOH�WR�PDLQWDLQ�HI¿FLHQF\�DQG�UHVROXWLRQ�ZKLOH�UXQQLQJ�VDPSOHV�DW�IDVWHU�ÀRZ�UDWHV�
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UHPLC Column: 9LVLRQ+7™�+,/,&������P����[���PP��3DUW�1R��5141919)
Mobile Phase: $FHWRQLWULOH�:DWHU���P0�$PPRQLXP�)RUPDWH���������
Flow Rate: ���P/�PLQ
Detection:�89#���QP
Column Temperature:����&
Injection:����J�P/�[�����/
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R2 = 0.998

��LQMHFWLRQV�LQ�SDUDOOHO�VKRZV�JRRG�UHSURGXFLELOLW\
Conc.

Inj. 

(µL)

Weight

(ng)

Peak

Area

���J�P/ ��� � 7.3

���J�P/ ��� �� 32

���J�P/ � �� ��

���J�P/ � ��� ���

���J�P/ �� ��� ���

���J�P/ 20 ���� ����

y = 1.2924x - 1.8252

R2 = 1.000

7KLV�+3/&�DQDO\WLFDO�PHWKRG�IRU�PHODPLQH�IXO¿OOV�WKH�)'$�UHTXLUHPHQWV�XVLQJ�D�+,/,&�FROXPQ�
DQG�DQ�LRQL]DEOH�PRELOH�SKDVH�FRPSDWLEOH�ZLWK�PDVV�VSHF���/RZ�89�GHWHFWLRQV�RIIHUV�H[FHOOHQW�
OLQHDULW\�EHWZHHQ���QJ�DQG�����J�

7KLV�PHWKRG�H[KLELWV�H[FHOOHQW�OLQHDU�UHVSRQVH�EHWZHHQ��QJ�DQG�����QJ�IRU�
accurate quantitation.



HPLC Method Transfer to UHPLC

7KH�UHFHQW�DGRSWLRQ�RI�)DVW�/&�V\VWHPV�ZLWKLQ�WKH�ODERUDWRU\�HQYLURQPHQW�PHDQV�WKHUH�LV�D�SHULRG�RI�WLPH�ZKHQ�PRVW�ODEV�KDYH�D�YDULHW\�RI�/&�V\VWHPV�W\SHV�
±�7UDGLWLRQDO��8+3/&��DQG�RU�DOWHUQDWH�)DVW�/&�V\VWHPV���2SWLPL]LQJ�DQG�WUDQVIHUULQJ�PHWKRGV�EHWZHHQ�V\VWHPV�KDV�QRW�EHHQ�D�VLPSOH�DQG�LQWXLWLYH�WDVN���
+RZHYHU��ZKHQ�WKH�LGHQWLFDO�ERQGHG�SKDVH�LV�DYDLODEOH�LQ�VXE���������DQG����P�SDUWLFOH�VL]HV��LW�FDQ�EH�DSSOLHG�WR�DSSURSULDWH�IRUPDWV�WR�VXLW�WKH�V\VWHP�W\SH���$�
VLPSOH�FDOFXODWLRQ�WR�GHWHUPLQH�HTXLYDOHQW�OLQHDU�YHORFLW\�LV�DOO�WKDW¶V�QHFHVVDU\�WR�VHDPOHVVO\�WUDQVIHU�PHWKRGV�EHWZHHQ�V\VWHPV��RU�WR�RSWLPL]H�D�PHWKRG�RQ�RQH�
V\VWHP�DQG�DSSO\�WR�DQ�HQWLUHO\�GLIIHUHQW�W\SH�RI�V\VWHP���&RPSDUHG�WR�D�FRQYHQWLRQDO�+3/&�PHWKRG��WKH�8+3/&�PHWKRG�LV���WLPHV�IDVWHU�
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ELSD Methods for Melamine
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Melamine from Ham

SPE Column Type:�*UDFH3XUH™�63(�&DWLRQ�;�����PJ��P/��3DUW�1R��5138770)
Sample Pretreatment: weight ham 2g
PL[�ZLWK���P/����7&$�DQG��P/�$FHWRQLWULOH
6RQLFDWH�IRU���PLQV
&HQWULIXJH�IRU���PLQV
)LOWHU�WKH�VXSHUQDWDQW�ZLWK������P�V\ULQJH�¿OWHU��WKHQ�VSLNH�ZLWK� 
melamine standard solution

SPE recovery*=92%

Mobile Phase:���P0�$PPRQLXP�$FHWDWH�$FHWRQLWULOH�������
HPLC Column: Alltima™�+3�+,/,&����P������[����PP
Detector: 89�#����QP
Flow Rate:��P/�PLQ
Column Temperature:����&
Injection: ���/

SPE Steps:

Column Conditioning: 2 column volumes methanol, then 2 column volumes water
Sample Application:�VORZO\�DSSO\���P/�HJJ�H[WUDFW�WKURXJK�WKH�FROXPQ
Column Washing: 3 column volumes water, then 2 column volumes methanol
Eluent:��P/�0HWKDQRO����0�$PPRQLXP�+\GUR[LGH���9��9�

Melamine standard

Spiked ham before SPE

Spiked ham after SPE

([WUDFWLQJ�PHODPLQH�IURP�YDULRXV�IRRG�PDWULFHV�XVLQJ�VROLG�SKDVH�H[WUDFWLRQ�LV�RIWHQ�UHTXLUHG�WR�REWDLQ�DFFXUDWH�TXDQWLWDWLRQ���*UDFH3XUH™�&DWLRQ�;��D�VWURQJ�FDWLRQ�
exchange resin delivers a cleaner, more concentrated sample.

HPLC Column: Alltima™�+3�+,/,&����P������[����PP��3DUW�1R��86466)
Detector: Alltech®������(/6'��3DUW�1R��5135834)
Mobile Phase: $FHWRQLWULOH���P0�$PPRQLXP�$FHWDWH�LQ�:DWHU�������
Flow Rate: �P/�PLQ
Detection:�89#���QP
Column Temperature:����&
ELSD 3300 Settings: GULIW�WXEH����&��JDV����/�PLQ��JDLQ�[��
Injection:����J�P/�[����/

SPE Methods for Melamine



Conclusions

)DVW��LVRFUDWLF�8+3&�DQG�+3/&�PHWKRGV�ZHUH�GHYHORSHG�IRU�WKH�GHWHUPLQDWLRQ�RI�PHODPLQH��/LQHDULW\�UDQJH�IRU�PHODPLQH�LV�����������QJ��� 
6LQFH�WKH�*UDFH®�9LVLRQ+7™�+,/,&�8+3/&�FROXPQ�DQG�WKH�$OOWLPD™�+3�+,/,&�FROXPQ�DUH�EDVHG�RQ�WKH�VDPH�PHGLD��PHWKRGV�GHYHORSHG�RQ� 
WKH�+3/&�FROXPQ�FDQ�EH�HDVLO\�WUDQVIHUUHG�WR�8+3/&�DQG�YLFH�YHUVD��&RPSDUHG�WR�WKH�+3/&�PHWKRG��8+3/&�LV���WLPHV�IDVWHU��0RELOH�SKDVHV�
XVHG�LQ�WKHVH�PHWKRGV�DUH�06�DQG�(/6'�FRPSDWLEOH�
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7KH�LQIRUPDWLRQ�SUHVHQWHG�KHUHLQ�LV�GHULYHG�IURP�RXU�WHVWLQJ�DQG�H[SHULHQFH��,W�LV�RIIHUHG�IRU�\RXU�FRQVLGHUDWLRQ�DQG�YHUL¿FDWLRQ��6LQFH�RSHUDWLQJ�FRQGLWLRQV�YDU\�VLJQL¿FDQWO\��DQG�DUH�QRW�XQGHU�RXU�FRQWURO�� 
ZH�GLVFODLP�DOO�ZDUUDQWLHV�RQ�WKH�UHVXOWV�WKDW�PD\�EH�REWDLQHG�IURP�WKH�XVH�RI�RXU�SURGXFWV��:��5��*UDFH�	�&R��&RQQ��DQG�LWV�VXEVLGLDULHV�FDQ�QRW�EH�KHOG�UHVSRQVLEOH�IRU�DQ\�GDPDJH�RU�LQMXU\�RFFXUULQJ�DV� 
D�UHVXOW�RI�LPSURSHU�LQVWDOODWLRQ�RU�XVH�RI�LWV�SURGXFWV��*UDFH�UHVHUYHV�WKH�ULJKW�WR�FKDQJH�SULFHV�DQG�RU�VSHFL¿FDWLRQV�ZLWKRXW�SULRU�QRWL¿FDWLRQ�

$//7(&+®�LV�D�WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�$OOWHFK�$VVRFLDWHV��,QF���$//7,0$™�DQG�9,6,21+7™�DUH�WUDGHPDUNV�RI�$OOWHFK�$VVRFLDWHV��,QF���*5$&(®�DQG�*5$&(�'$9,621®�DUH�WUDGHPDUNV��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV�� 
RI�:��5��*UDFH�	�&R��&RQQ��*5$&(385(��DQG�*5$&(�'$9,621�',6&29(5<�6&,(1&(6��DUH�WUDGHPDUNV�RI�:��5��*UDFH�	�&R��&RQQ��7KLV�WUDGHPDUN�OLVW�KDV�EHHQ�FRPSLOHG�XVLQJ�DYDLODEOH�SXEOLVKHG�LQIRUPDWLRQ�DV�RI�WKH�SXEOLFDWLRQ�GDWH�RI�WKLV�EURFKXUH�DQG�PD\�QRW�DFFXUDWHO\� 
UHÀHFW�FXUUHQW�WUDGHPDUN�RZQHUVKLS��*UDFH�'DYLVRQ�'LVFRYHU\�6FLHQFHV�LV�D�SURGXFW�JURXS�RI�:��5��*UDFH�	�&R��&RQQ��$OOWHFK�$VVRFLDWHV��,QF��LV�D�ZKROO\�RZQHG�VXEVLGLDU\�RI�:��5��*UDFH�	�&R��&RQQ����&RS\ULJKW������$OOWHFK�$VVRFLDWHV��,QF��$OO�ULJKWV�UHVHUYHG��7KH�LQIRUPDWLRQ� 
SUHVHQWHG�KHUHLQ�LV�GHULYHG�IURP�RXU�WHVWLQJ�DQG�H[SHULHQFH��,W�LV�RIIHUHG�IRU�\RXU�FRQVLGHUDWLRQ�DQG�YHUL¿FDWLRQ��6LQFH�RSHUDWLQJ�FRQGLWLRQV�YDU\�VLJQL¿FDQWO\��DQG�DUH�QRW�XQGHU�RXU�FRQWURO��ZH�GLVFODLP�DOO�ZDUUDQWLHV�RQ�WKH�UHVXOWV�WKDW�PD\�EH�REWDLQHG�IURP�WKH�XVH�RI�RXU�SURGXFWV�� 
*UDFH�UHVHUYHV�WKH�ULJKW�WR�FKDQJH�SULFHV�DQG�RU�VSHFL¿FDWLRQV�ZLWKRXW�SULRU�QRWL¿FDWLRQ���3ULQWHG�LQ�WKH�86$�
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Melamine from Biscuit

SPE Column Type:�*UDFH3XUH™�63(�&DWLRQ�;�����PJ��P/���3DUW�1R��5138770)
Sample Pretreatment: weight biscuit 2g
PL[�ZLWK���P/����7&$�DQG��P/�$FHWRQLWULOH
6RQLFDWH�IRU���PLQV
&HQWULIXJH�IRU���PLQV
)LOWHU�WKH�VXSHUQDWDQW�ZLWK������P�V\ULQJH�¿OWHU��WKHQ�VSLNH�ZLWK� 
melamine standard solution

Mobile Phase:���P0�$PPRQLXP�$FHWDWH�$FHWRQLWULOH�������
Column: Alltima™�+3�+,/,&����P������[����PP
Detector:�89�#����QP
Flow Rate:��P/�PLQ
Column Temperature:����&
Injection: ���/

SPE recovery*=80%

SPE Column Type:�*UDFH3XUH™�63(�&DWLRQ�;�����PJ��P/��3DUW�1R��5138770)
Sample Pretreatment: weight pork 2g
PL[�ZLWK���P/����7&$�DQG��P/�$FHWRQLWULOH
6RQLFDWH�IRU���PLQV
&HQWULIXJH�IRU���PLQV
)LOWHU�WKH�VXSHUQDWDQW�ZLWK������P�V\ULQJH�¿OWHU��WKHQ�VSLNH�ZLWK� 
melamine standard solution

SPE recovery*=103%

HPLC Mobile Phase:���P0�$PPRQLXP�$FHWDWH�$FHWRQLWULOH�������
Column: Alltima™�+3�+,/,&����P������[����PP
Detector:�89�#����QP
Flow Rate:��P/�PLQ
Column Temperature:����&
Injection: ���/

SPE Steps:

Column Conditioning: 2 column volumes methanol, then 2 column volumes water
Sample Application:�VORZO\�DSSO\���P/�HJJ�H[WUDFW�WKURXJK�WKH�FROXPQ
Column Washing: 3 column volumes water, then 2 column volumes methanol
Eluent:��P/�0HWKDQRO����0�$PPRQLXP�+\GUR[LGH���9��9�

Melamine standard

Spiked pork before SPE

Spiked pork after SPE

SPE Steps:

Column Conditioning: 2 column volumes methanol, then 2 column volumes water
Sample Application:�VORZO\�DSSO\���P/�HJJ�H[WUDFW�WKURXJK�WKH�FROXPQ
Column Washing: 3 column volumes water, then 2 column volumes methanol
Eluent:��P/�0HWKDQRO����0�$PPRQLXP�+\GUR[LGH���9��9�

Melamine standard

Spiked biscuit before SPE

Spiked biscuit after SPE

Melamine from Pork

SPE Methods for Melamine continued
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Abstract
The presence of suspected carcinogens such as polynuclear aromatic 
hydrocarbons (PAHs) and pesticides in foods is a concern for both producers 
and consumers. Analytical techniques such as gas chromatography (GC) 
can be used for the analysis of PAHs and pesticides, but they can be diffi cult 
because the concentration of these compounds found in food approach the limit 
of detection and because of interferences from other organic compounds found 
in food. This poster will demonstrate the use of Solid Phase Extraction (SPE) 
to concentrate PAHs and pesticides from food, thereby facilitating accurate 
qualitative and quantitative analysis by GC. 

Discussion
Solid Phase Extraction (SPE) is a well-established method for the isolation and 
concentration of compounds of interest in analytical chemistry, primarily GC and 
HPLC. By utilizing the proper SPE method, all of the target analytes from a large 
sample are retained on the SPE device, which allows accurate quantitative and 
qualitative analysis of compounds that may be present at levels that otherwise 
would be too low for accurate analysis. Part of the SPE method development 
includes the judicious choice of elution solvents to reduce or eliminate interfering 
peaks in the resulting chromatogram. One of the few alternatives to SPE is liquid-
liquid extraction, but SPE has several advantages, including the use of far less 
solvent, faster extraction methods, and the selective elution of analytes reduces 
interfering peaks. 

Polynuclear aromatic hydrocarbons (PAHs) and pesticides are two classes 
of undesirable substances found in foods at concentrations that approach or 
exceed the lower limit of detection of chromatographic methods. PAHs can result 
from exposure to high temperatures in cooking or roasting, or from processing 
procedures such as smoking. PAHs can also originate from contamination from 
particles from industrial areas and emissions from diesel exhaust. 

Restrictions in the use and production of chlorinated pesticides in the United 
States since the mid-1970s has reduced the risk of direct exposure to these 
compounds. General use of DDT was no longer permitted after January 1, 1973 
(see http://www.epa.gov/history/topics/ddt/01.htm). However in much of the 
world, the general population is still exposed to chlorinated pesticides in food 
because of the persistence of the compounds in the environment. 

The following procedures will demonstrate the effi ciency and ease of SPE for the 
isolation and concentration of PAHs and chlorinated pesticides spiked into foods. 



Experimental 
PAHs in Roasted Grains- SPE Conditions
Tube: GracePure™ C18-Max SPE tube, 500mg/6mL, part #5138767

Sample: 5 grams crushed roasted grains

SPE Procedure: Weigh out and crush 5 grams of roasted grains, spike with 10µL of PAH mixture, which is 2000µg/mL
of each of 16 PAHs. Add 30mL of 2-propanol and homogenize. Filter through a 75mL fi lter column (part #210775). 
Add 200mL of distilled water and shake. Condition GracePure™ C18-Max SPE tube, 500mg/6mL, part #5138767 
with 2 x 3mL of methanol, then 3mL of 85% water/15% 2-propanol. Apply sample through the SPE tube using a 
75mL reservoir (part #210575), connecting it to the top of the SPE tube with a syringe adapter (part #210705). 
After the sample was pulled completely through the SPE tube wash with 2 x 500µL of 85% water/15% 2-propanol. 
Continue vacuum through the tube for about 15 minutes to dry the SPE packing. Elute the PAHs with 2 x 1mL CH2Cl2
and adjusted the volume to 1.0mL by evaporating under a gentle nitrogen stream. Inject 1.0µL onto an AT™-5ms, 
30 meter x 0.25mm I.D., 0.25µm fi lm thickness, part #15807, as follows: oven= 80°C (1minute hold) to 160°C at 
25°C/minute, to 300°C at 3°C/minute, to 325°C (3 minute hold) at 25°C/min, injector=270°C, FID=340°C, split 50:1, 
14.0psig, helium, linear velocity=28cm/second (at 80°C). 
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Compound Recovery
 1. Naphthalene 92%
 2. Acenaphthylene 97%
 3. Acenaphthene 98%
 4. Fluorene 95%
 5. Phenanthrene 93%
 6. Anthracene 89%
 7. Fluoranthene 87%
 8. Pyrene 74%
 9. Benzo[a]anthracene 64%
10. Chrysene 59%
11. Benzo[b]À uoranthene 59%

 12. Benzo[k]À uoranthene 61%
 13. Benzo[a]pyrene 61%
 14. Indeno[1,2,3-cd]pyrene 53%
 15. Dibenzo[a,h]anthracene 48%
 16. Benzo[ghi]perylene 42%

2799
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Chlorinated Pesticides in Vegetables - SPE Conditions
Tube: GracePure™ C18-Max SPE tube, 500mg/6mL (part #5138767)

Sample: 5 grams green bell pepper

SPE Procedure-Weigh out 5 grams of green bell pepper, spike with 0.5µg each of 16 chlorinated pesticides. Add 
25mL methanol and homogenize. Filter through a 75mL fi lter column (part #210775). Add 200mL of distilled water and 
shake. Condition GracePure™ C18-Max SPE tube, 500mg/6mL, part #5138767 with 2 x 3mL methanol, then 3mL DI 
water. Aspirate the fi ltered green pepper with pesticides through the tube, then wash with 5mL DI water, then pull dry 
for 15 minutes. Elute the pesticides with 3 x 1mL n-hexane/CH2Cl2 (70:30), evaporate this to dryness and reconstitute 
with 1mL n-hexane. Inject 1.0µL onto an AT™-5ms, 30 meter x 0.25mm I.D., 0.25µm fi lm thickness, part #15807, as 
follows: oven= 80°C (1minute hold) to 100°C at 15°C/minute, then to 160°C (0 min hold) at 10°C/minute, then to 275°C 
at 5°C/minute, injector= 250°C, ECD=310°C, split 65:1, 14.0psig, helium, linear velocity=26cm/second (at 80°C). 
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Compound Recovery
 1. α-BHC 67%
 2. β-BHC 87%
 3. γ-BHC 78%
 4. δ-BHC 87%
 5. Heptachlor 59%
 6. Aldrin 54%
 7. Heptachlor Epoxide 79%
 8. Endosulfan I 79%
 9. p,p’-DDE 59%
 10. Dieldrin 79%
 11. Endrin 86%
 12. Endosulfan II 90%
 13. p,p’-DDD 74%
 14. Endrin Aldehyde 85%
 15. p,p’-DDT 98%
 16. Endosulfan Sulfate 76%

Conclusion
Recoveries of PAHs spiked into roasted grains are in the range of 98% acenaphthene to 42% benzo[ghi]perylene 
with SPE and subsequent analysis by capillary GC with À ame ionization detection. Similarly, recoveries of 
chlorinated pesticides spiked into vegetables are in the range of 98% p,p’-DDT to 54% aldrin after SPE with analysis 
by capillary GC with electron capture detection. 
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