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Alkylphenols Chlorophenols Nitrophenols
Phenol2-Methylphenol3-Methylphenol4-Methylphenol4-Ethylphenol2,3-Dimethylphenol2,4-Dimethylphenol2,5-Dimethylphenol2,6-Dimethylphenol3,4-Dimethylphenol3,5-Dimethylphenol
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2-Nitrophenol3-Nitrophenol4-Nitrophenol2,4-Dinitrophenol2,5-Dinitrophenol2-Sec-butyl-4,6-dinitrophenol2-Methyl-4,6-dinitrophenol2-Cyclohexyl, 4,6-dinitrophenol

Internal Standards: Naphthalene-d8; 1,4-Dichlorobenzene-d4; Acenaphthene-d10; Phenanthrene-d10; Chrysene-d12; Perylene-d12 
Acid Surrogates: Phenol-d6; 2-Fluorophenol; 2,4,6-Tribromophenol

The Compounds



Alkylphenols Chlorophenols Nitrophenols
Phenol2-Methylphenol3-Methylphenol4-Methylphenol4-Ethylphenol2,3-Dimethylphenol2,4-Dimethylphenol2,5-Dimethylphenol2,6-Dimethylphenol3,4-Dimethylphenol3,5-Dimethylphenol

2-Chlorophenol 2,3,4-Trichlorophenol3-Chlorophenol                            2,3,5-Trichlorophenol4-Chlorophenol                            2,3,6-Trichlorophenol2-Chloro-5-methylphenol         2,4,5-Trichlorophenol4-Chloro-2-methylphenol           2,4,6-Trichlorophenol4-Chloro-3-methylphenol           3,4,5-Trichlorophenol2,3-Dichlorophenol              2,3,4,5-Tetrachlorophenol2,4-Dichlorophenol 2,3,4,6-Tetrachlorophenol2,5-Dichlorophenol              2,3,5,6-Tetrachlorophenol2,6-Dichlorophenol Pentachlorophenol3,4-Dichlorophenol3,5-Dichlorophenol

2-Nitrophenol3-Nitrophenol4-Nitrophenol2,4-Dinitrophenol2,5-Dinitrophenol2-Sec-butyl-4,6-dinitrophenol2-Methyl-4,6-dinitrophenol2-Cyclohexyl, 4,6-dinitrophenol

Internal Standards: Naphthalene-d8; 1,4-Dichlorobenzene-d4; Acenaphthene-d10; Phenanthrene-d10; Chrysene-d12; Perylene-d12 
Acid Surrogates: Phenol-d6; 2-Fluorophenol; 2,4,6-Tribromophenol

The Compounds

Resource Conservation and Recovery Act (RCRA)
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The Compounds
Phenyl Acetates



The Compounds
Phenyl Acetates

Derivatization ViaBase Catalyzed Nucleophilic Acyl Substitution
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The Compounds
Phenyl Acetates

Phenyl Acetic Acid Ester (Acetate)



Disk SPE Derivatization
EZGC optimized 22 minute run time EZGC optimized 19 minute run time
Minimum 25 minutes Minimum 25 minutes
500-1000 mL sample size 50 mL sample size
Identifies alkylphenols, chlorophenols, and nitrophenols Identifies alkylphenyl acetates and chlorophenyl acetates

Method Comparisons
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Method Comparisons
Disk SPE
1. Adjust pH to ~22. Disk prep with methanol and water3. 1.0 L of aqueous sample passes through disk.4. Dichloromethane and ethyl acetate used to elute phenols from disk once water has passed5. Solvent dried and evaporated down to 1.0 mL



Method Comparisons
Disk SPE
• 1.0L of aqueous sample
• 5 solvents
• 2 collection tubes
• ~5.0g anhydrous sodium sulfate
• Large glass manifold with vacuum pump
• Condenser (not featured)



Method Comparisons
Disk SPE

common leak areas!common leak areas!



Method Comparisons
Disk SPE



Method Comparisons
Derivatization

1. Adjust pH to ~122. Acetic anhydride added to 50mL aqueous sample and stirred3. Hexane layer added4. Hexane layer extracted using separatory funnel5. Hexanes layer dried



Method Comparisons
• 50mL of aqueous sample
• 5.0mL hexanes
• 1.0mL acetic anhydride
• ~1.0 g anhydrous sodium sulfate
• 1 collection tube
• 125 mL flask and separatory funnel
• Stir plate

Derivatization



Derivatization
Method Comparisons
• 50mL of aqueous sample
• 5.0mL hexanes
• 1.0mL acetic anhydride
• ~1.0 g anhydrous sodium sulfate
• 1 collection tube
• 125 mL flask and separatory funnel
• Stir plate

VS.



Method Comparisons

Emulsion in 
hexane layer
Emulsion in 
hexane layer

Derivatization
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Derivatization



Method Comparisons

VS.

Derivatization
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Method Comparisons
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Method Comparisons
2,6-Dichlorophenyl Acetate Pentachlorophenyl Acetate
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Method Comparisons
Derivatization, Efficiency and Reproducibility
• Six representative phenyl acetate standardsPentachlorophenyl acetate 4-Nitrophenyl acetate3-Methylphenyl acetate Phenyl acetate3,5-Dimethylphenyl acetate 2-sec-butyl-4,6-dinitrophenyl acetate
• 3 Identical derivatizations of pre-derivatized standards (STD)
• 3 Identical derivatizations of non-derivatized standards (EXP)



Method Comparisons
Name %Efficiency

Phenyl acetate 47%
3-Methylphenyl acetate 49%

3,5-Dimethylphenyl acetate 53%
4-Nitrophenyl acetate 48%

Pentachlorophenyl acetate 68%2-Sec-butyl-4,6-dinitrophenyl acetate 65%

Derivatization, Efficiency



Method Comparisons
Derivatization, Reproducibility

Name (STD) STDEV (STD) AVG RF (STD) %RSD (EXP) STDEV (EXP) AVG RF (EXP) %RSDPhenol acetate 0.028 0.85 3.3 0.022 0.81 2.73-Methylphenol acetate 0.039 1.2 3.3 0.034 1.2 2.83,5-Dimethylphenol acetate 0.019 1.2 1.7 0.042 1.2 3.44-Nitrophenol acetate 0.0022 0.030 7.5 0.0059 0.029 21Pentachlorophenol acetate 0.027 0.29 9.0 0.025 0.41 6.22-sec-butyl-4,6-dinitrophenyl acetate 2.0E-5 0.0037 5.3 1.0E-4 0.0049 14



Method Comparisons
Derivatization, Method Detection Limit (MDL)

Average Concentration MDL Range Average MDL StandardDev. % RSD
1.1 µg/L 0.22-0.51 µg/L 0.40 µg/L 0.11 µg/L 10%

• 8 Samples derivatized
• 1.0 µg/L RCRA and non-RCRA phenols
Intent to also perform at 0.16 µg/L RCRA and non-RCRA phenols



Sample Comparisons
Elk River, Surface Water, 5.0ppb spike
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Derivitization
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*
Ion 128.00 (3 Chlorophenols)Ion 142.00 (3 Chloromethylphenols)Ion 162.00 (6 Dichlorophenols)Ion 196.00 (6 Trichlorophenols)Ion 232.00 (3 Tetrachlorophenols)Ion 266.00 (1 Pentachlorophenol)

1.0 L surface water spiked at 5 ppb extracted by 525.2 disk-SPE method
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*

*
50 mL surface water spiked at 5 ppb extracted by NF EN 12673 

Ion 128.00 (3 Chlorophenols)Ion 142.00 (3 Chloromethylphenols)Ion 162.00 (6 Dichlorophenols)Ion 196.00 (6 Trichlorophenols)Ion 232.00 (3 Tetrachlorophenols)Ion 266.00 (1 Pentachlorophenol)



Sample Comparisons
Elk River, Surface Water, 5.0 µg/L Phenol Spike 

Disk SPE Conc. (µg/L) Derivatization Conc. (µg/L)
Phenol 0.74 Phenyl acetate 5.82-Methylphenol 3.7 2-Methylphenyl acetate 5.42-Chlorophenol 3.4 2-Chlorophenyl acetate 5.52-Chloro-5-methylphenol 2.9 2-Chloro-5-methylphenyl acetate 5.42,6-Dimethylphenol 4.5 2,6-Dimethylphenyl acetate 5.82,4-Dichlorophenol 1.4 2,4-Dichlorophenyl acetate 4.92,3,5-Trichlorophenol 2.2 2,3,5-Trichlorophenyl acetate 4.72,3,5,6-Tetrachlorophenol 2.5 2,3,5,6-Tetrachlorophenyl acetate 5.1Pentachlorophenol 2.3 Pentachlorophenyl acetate 2.7



Sample Comparisons
Elk River, Surface Water, 5.0 µg/L Phenol Spike 

Disk SPE Conc. (µg/L) Derivatization Conc. (µg/L)
Phenol 0.74 Phenyl acetate 5.82-Methylphenol 3.7 2-Methylphenyl acetate 5.42-Chlorophenol 3.4 2-Chlorophenyl acetate 5.52-Chloro-5-methylphenol 2.9 2-Chloro-5-methylphenyl acetate 5.42,6-Dimethylphenol 4.5 2,6-Dimethylphenyl acetate 5.82,4-Dichlorophenol 1.4 2,4-Dichlorophenyl acetate 4.92,3,5-Trichlorophenol 2.2 2,3,5-Trichlorophenyl acetate 4.72,3,5,6-Tetrachlorophenol 2.5 2,3,5,6-Tetrachlorophenyl acetate 5.1Pentachlorophenol 2.3 Pentachlorophenyl acetate 2.7

Average 2.4 µg/L Average 4.3 µg/L



Sample Comparisons
PSU Effluent Wastewater, Derivatization, Reproducibility

Average Concentration Average St Dev. Average% RSD
4.4 µg/L 0.36 µg/L 10%

• 5.0ppb spike of RCRA and non-RCRA phenols
• 3 identical derivatizations



Summary
Benefits

Disk SPE
• Nitrophenol detection
• Not dependent on reaction efficiency

Derivatization
• Lower sample volume
• Fewer solvents and materials
• Higher peak resolution and symmetry
• Lower detection limit


