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TABLE 2

EXAMPLE LOWER LIMITS OF QUANTITATION FOR SEMIVOLATILE ORGANICS

Lower Limits of Quantitationa

Compound
Ground water

(µg/L)
Low Soil/Sedimentb

(µg/kg)
Acenaphthene 10 660
Acenaphthylene 10 660
Acetophenone 10 ND
2-Acetylaminofluorene 20 ND
1-Acetyl-2-thiourea 1000 ND
2-Aminoanthraquinone 20 ND
Aminoazobenzene 10 ND
4-Aminobiphenyl 20 ND
Anilazine 100 ND
o-Anisidine 10 ND
Anthracene 10 660
Aramite 20 ND
Azinphos-methyl 100 ND
Barban 200 ND
Benz(a)anthracene 10 660
Benzo(b)fluoranthene 10 660
Benzo(k)fluoranthene 10 660
Benzoic acid 50 3300
Benzo(g,h,i)perylene 10 660
Benzo(a)pyrene 10 660
p-Benzoquinone 10 ND
Benzyl alcohol 20 1300
Bis(2-chloroethoxy)methane 10 660
Bis(2-chloroethyl) ether 10 660
Bis(2-chloroisopropyl) ether 10 660
4-Bromophenyl phenyl ether 10 660
Bromoxynil 10 ND
Butyl benzyl phthalate 10 660
Captafol 20 ND
Captan 50 ND
Carbaryl 10 ND
Carbofuran 10 ND
Carbophenothion 10 ND
Chlorfenvinphos 20 ND
4-Chloroaniline 20 1300
Chlorobenzilate 10 ND
5-Chloro-2-methylaniline 10 ND
4-Chloro-3-methylphenol 20 1300



TABLE 2
(continued)

Lower Limits of Quantitationa

Compound
Ground water

(µg/L)
Low Soil/Sedimentb

(µg/kg)
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3-(Chloromethyl)pyridine hydrochloride 100 ND
2-Chloronaphthalene 10 660
2-Chlorophenol 10 660
4-Chlorophenyl phenyl ether 10 660
Chrysene 10 660
Coumaphos 40 ND
p-Cresidine 10 ND
Crotoxyphos 20 ND
2-Cyclohexyl-4,6-dinitrophenol 100 ND
Demeton-O 10 ND
Demeton-S 10 ND
Diallate (cis or trans) 10 ND
Diallate (trans or cis) 10 ND
2,4-Diaminotoluene 20 ND
Dibenz(a,j)acridine 10 ND
Dibenz(a,h)anthracene 10 660
Dibenzofuran 10 660
Dibenzo(a,e)pyrene 10 ND
Di-n-butyl phthalate 10 ND
Dichlone NA ND
1,2-Dichlorobenzene 10 660
1,3-Dichlorobenzene 10 660
1,4-Dichlorobenzene 10 660
3,3'-Dichlorobenzidine 20 1300
2,4-Dichlorophenol 10 660
2,6-Dichlorophenol 10 ND
Dichlorovos 10 ND
Dicrotophos 10 ND
Diethyl phthalate 10 660
Diethylstilbestrol 20 ND
Diethyl sulfate 100 ND
Dimethoate 20 ND
3,3'-Dimethoxybenzidine 100 ND
Dimethylaminoazobenzene 10 ND
7,12-Dimethylbenz(a)anthracene 10 ND
3,3'-Dimethylbenzidine 10 ND
2,4-Dimethylphenol 10 660
Dimethyl phthalate 10 660
1,2-Dinitrobenzene 40 ND



TABLE 2
(continued)

Lower Limits of Quantitationa

Compound
Ground water

(µg/L)
Low Soil/Sedimentb

(µg/kg)
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1,3-Dinitrobenzene 20 ND
1,4-Dinitrobenzene 40 ND
4,6-Dinitro-2-methylphenol 50 3300
2,4-Dinitrophenol 50 3300
2,4-Dinitrotoluene 10 660
2,6-Dinitrotoluene 10 660
Dinocap 100 ND
Dinoseb 20 ND
5,5-Diphenylhydantoin 20 ND
Di-n-octyl phthalate 10 660
Disulfoton 10 ND
EPN 10 ND
Ethion 10 ND
Ethyl carbamate 50 ND
Bis(2-ethylhexyl) phthalate 10 660
Ethyl methanesulfonate 20 ND
Famphur 20 ND
Fensulfothion 40 ND
Fenthion 10 ND
Fluchloralin 20 ND
Fluoranthene 10 660
Fluorene 10 660
Hexachlorobenzene 10 660
Hexachlorobutadiene 10 660
Hexachlorocyclopentadiene 10 660
Hexachloroethane 10 660
Hexachlorophene 50 ND
Hexachloropropene 10 ND
Hexamethylphosphoramide 20 ND
Indeno(1,2,3-cd)pyrene 10 660
Isodrin 20 ND
Isophorone 10 660
Isosafrole 10 ND
Kepone 20 ND
Leptophos 10 ND
Malathion 50 ND
Mestranol 20 ND
Methapyrilene 100 ND
Methoxychlor 10 ND
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(continued)
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Compound
Ground water

(µg/L)
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(µg/kg)
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3-Methylcholanthrene 10 ND
Methyl methanesulfonate 10 ND
2-Methylnaphthalene 10 660
Methyl parathion 10 ND
2-Methylphenol 10 660
3-Methylphenol 10 ND
4-Methylphenol 10 660
Mevinphos 10 ND
Mexacarbate 20 ND
Mirex 10 ND
Monocrotophos 40 ND
Naled 20 ND
Naphthalene 10 660
1,4-Naphthoquinone 10 ND
1-Naphthylamine 10 ND
2-Naphthylamine 10 ND
Nicotine 20 ND
5-Nitroacenaphthene 10 ND
2-Nitroaniline 50 3300
3-Nitroaniline 50 3300
4-Nitroaniline 20 ND
5-Nitro-o-anisidine 10 ND
Nitrobenzene 10 660
4-Nitrobiphenyl 10 ND
Nitrofen 20 ND
2-Nitrophenol 10 660
4-Nitrophenol 50 3300
5-Nitro-o-toluidine 10 ND
4-Nitroquinoline-1-oxide 40 ND
N-Nitrosodi-n-butylamine 10 ND
N-Nitrosodiethylamine 20 ND
N-Nitrosodiphenylamine 10 660
N-Nitroso-di-n-propylamine 10 660
N-Nitrosopiperidine 20 ND
N-Nitrosopyrrolidine 40 ND
Octamethyl pyrophosphoramide 200 ND
4,4'-Oxydianiline 20 ND
Parathion 10 ND
Pentachlorobenzene 10 ND
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Pentachloronitrobenzene 20 ND
Pentachlorophenol 50 3300
Phenacetin 20 ND
Phenanthrene 10 660
Phenobarbital 10 ND
Phenol 10 660
1,4-Phenylenediamine 10 ND
Phorate 10 ND
Phosalone 100 ND
Phosmet 40 ND
Phosphamidon 100 ND
Phthalic anhydride 100 ND
2-Picoline ND ND
Piperonyl sulfoxide 100 ND
Pronamide 10 ND
Propylthiouracil 100 ND
Pyrene 10 660
Resorcinol 100 ND
Safrole 10 ND
Strychnine 40 ND
Sulfallate 10 ND
Terbufos 20 ND
1,2,4,5-Tetrachlorobenzene 10 ND
2,3,4,6-Tetrachlorophenol 10 ND
Tetrachlorvinphos 20 ND
Tetraethyl pyrophosphate 40 ND
Thionazine 20 ND
Thiophenol (Benzenethiol) 20 ND
o-Toluidine 10 ND
1,2,4-Trichlorobenzene 10 660
2,4,5-Trichlorophenol 10 660
2,4,6-Trichlorophenol 10 660
Trifluralin 10 ND
2,4,5-Trimethylaniline 10 ND
Trimethyl phosphate 10 ND
1,3,5-Trinitrobenzene 10 ND
Tris(2,3-dibromopropyl) phosphate 200 ND
Tri-p-tolyl phosphate(h) 10 ND
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a Sample lower limits of quantitation are highly matrix-dependent and those listed here are
provided for guidance and may not always be achievable.  

b Lower limits of quantitation listed for soil/sediment are based on wet weight.  When data are
reported on a dry weight basis, the lower limits will be higher based on the % dry weight of
each sample.  These lower limits are based on a 30-g sample and gel permeation
chromatography cleanup.

ND = Not Determined

NA = Not Applicable

Other Matrices Factorc

High-concentration soil and sludges by ultrasonic extractor 7.5
Non-water miscible waste 75

cLower limit of quantitation = (Lower limit of quantitation for low soil/sediment given above in
Table 2) x (Factor)
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TABLE 6

EXAMPLE SINGLE LABORATORY PERFORMANCE DATAa

Compound
Test conc.

(µg/L)
 x& of 5

replicates
(µg/L)

% Recovery
of Avg.

Acenaphthene 50 46.7 93.4
Acenaphthylene 50 46.1 92.2
Aniline 50 8.3 16.7
Anthracene  50 48.4 96.8
Benzoic acid 50 43.7 87.4
Benz(a)anthracene 50 49.6 99.2
Benzo(b)fluoranthene 50 49.8 99.6
Benzo(k)fluoranthene 50 50.6 101
Benzo(a)pyrene 50 47.7 95.5
Benzo(g,h,i)perylene 50 52.6 105
Benzyl alcohol 50 44.4 88.8
Bis(2-chloroethyl) ether 50 44.2 88.4
Bis(2-chloroethoxy)methane 50 46.6 93.1
Bis(2-chloroisopropyl) ether 50 43.4 86.8
Bis(2-ethylhexyl) phthalate 50 50.2 100
4-Bromophenyl phenyl ether 50 48.6 97.2
Butyl benzyl phthalate 50 49.6 99.3
Carbazole 50 52.1 104
2-Chloroaniline 50 38.9 77.7
4-Chloro-3-methylphenol 50 47.3 94.6
2-Chloronaphthalene 50 45.3 90.8
2-Chlorophenol 50 43.1 86.2
4-Chlorophenyl phenyl ether 50 47.3 94.6
Chrysene 50 50.3 101
Dibenzofuran 50 47.4 94.7
Dibenz(a,h)anthracene 50 51.6 103
Di-n-butyl phthalate 50 50.5 101
1,2-Dichlorobenzene 50 35.8 71.6
1,3-Dichlorobenzene 50 33.3 66.7
1,4-Dichlorobenzene 50 34.4 68.7
3,3'-Dichlorobenzidine 50 32.0 64.0
2,4-Dichlorophenol 50 47.4 94.8
Diethyl phthalate 50 50.0 99.9
Dimethyl phthalate 50 48.5 97.0
2,4-Dimethylphenol 50 31.2 62.3
4,6-Dinitro-2-methylphenol 50 57.6 115
2,4-Dinitrophenol 50 58.7 117
2,4-Dinitrotoluene 50 51.3 103



TABLE 6
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Test conc.

(µg/L)
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replicates
(µg/L)

% Recovery
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2,6-Dinitrotoluene 50 50.2 100
Di-n-octyl phthalate 50 51.1 102
Fluoranthene 50 51.0 102
Fluorene 50 48.5 97.0
Hexachlorobenzene 50 49.0 97.9
Hexachlorobutadiene 50 34.7 69.5
Hexachlorocyclopentadiene 50 1.9 3.8
Hexachloroethane 50 29.9 58.8
Indeno(1,2,3-cd)pyrene 50 51.7 103  
Isophorone 50 47.1 94.3
2-Methylnaphthalene 50 44.7 89.4
2-Methylphenol 50 41.7 83.4
4-Methylphenol 50 42.6 85.2
Naphthalene 50 43.4 86.8
2-Nitroaniline 50 48.4 96.7
3-Nitroaniline 50 46.8 93.6
4-Nitroaniline 50 56.1 112
Nitrobenzene 50 47.1 94.1
2-Nitrophenol 50 47.3 94.6
4-Nitrophenol 50 55.4 111
N-Nitrosodiphenylamine 50 46.7 93.4
N-Nitroso-di-propylamine 50 44.6 89.3
Pentachlorophenol 50 56.9 114
Phenanthrene 50 49.7 99.4
Phenol 50 40.9 81.8
Pyrene 50 49.2 98.4
1,2,4-Trichlorobenzene 50 39.1 78.2
2,4,5-Trichlorophenol 50 47.7 95.4
2,4,6-Trichlorophenol 50 49.2 98.4

&x = Average recovery for five initial demonstration of capability measurements, in µg/L

a Extraction using acidic pH only with a modified continuous liquid-liquid extractor with hydrophobic membrane
according to Method 3520.  These values are for guidance only.  Appropriate derivation of acceptance criteria for
similar extraction conditions may result in much different recovery ranges.  See Method 8000 for information on
developing and updating acceptance criteria for method performance.
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TABLE 7

EXTRACTION EFFICIENCY AND AQUEOUS STABILITY RESULTS

Percent Recovery, Day 0 Percent Recovery, Day 7

Compound Mean RSD Mean RSD

3-Amino-9-ethylcarbazole 80 8 73 3

4-Chloro-1,2-phenylenediamine 91 1 108 4

4-Chloro-1,3-phenylenediamine 84 3 70 3

1,2-Dibromo-3-chloropropane 97 2 98 5

Dinoseb 99 3 97 6

Parathion 100 2 103 4

4,4'-Methylenebis(N,N-
dimethylaniline)

108 4 90 4

5-Nitro-o-toluidine 99 10 93 4

2-Picoline 80 4 83 4

Tetraethyl dithiopyrophosphate 92 7 70 1

Data taken from Reference 6.
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TABLE 8

MEAN PERCENT RECOVERIES AND PERCENT RSD VALUES FOR SEMIVOLATILE
 ORGANIC FROM SPIKED CLAY SOIL AND TOPSOIL BY AUTOMATED SOXHLET

 EXTRACTION (METHOD 3541) WITH HEXANE-ACETONE (1:1)a

Clay Soil Topsoil

Compound
Mean
Recovery

RSD Mean
Recovery

RSD

1,3-Dichlorobenzene 0 -- 0 --
1,2-Dichlorobenzene 0 -- 0 --
Nitrobenzene 0 -- 0 --
Benzal chloride 0 -- 0 --
Benzotrichloride 0 -- 0 --
4-Chloro-2-nitrotoluene 0 -- 0 --
Hexachlorocyclopentadiene 4.1 15 7.8 23
2,4-Dichloronitrobenzene 35.2 7.6 21.2 15
3,4-Dichloronitrobenzene 34.9 15 20.4 11
Pentachlorobenzene 13.7 7.3 14.8 13
2,3,4,5-Tetrachloronitrobenzene 55.9 6.7 50.4 6.0
Benefin 62.6 4.8 62.7 2.9
alpha-BHC 58.2 7.3 54.8 4.8
Hexachlorobenzene 26.9 13 25.1 5.7
delta-BHC 95.8 4.6 99.2 1.3
Heptachlor 46.9 9.2 49.1 6.3
Aldrin 97.7 12 102 7.4
Isopropalin 102 4.3 105 2.3
Heptachlor epoxide 90.4 4.4 93.6 2.4
trans-Chlordane 90.1 4.5 95.0 2.3
Endosulfan I 96.3 4.4 101 2.2
Dieldrin 129 4.7 104 1.9
2,5-Dichlorophenyl-4-nitrophenyl ether 110 4.1 112 2.1
Endrin 102 4.5 106 3.7
Endosulfan II 104 4.1 105 0.4
p,p'-DDT 134 2.1 111 2.0
2,3,6-Trichlorophenyl-4'-nitrophenyl ether 110 4.8 110 2.8
2,3,4-Trichlorophenyl-4'-nitrophenyl ether 112 4.4 112 3.3
Mirex 104 5.3 108 2.2

a The operating conditions for the Soxtec apparatus were as follows: immersion time 45 min; extraction time 45 min;
the sample size was 10 g; the spiking concentration was 500 ng/g, except for the surrogate compounds at 1000
ng/g, 2,5-Dichlorophenyl-4-nitrophenyl ether, 2,3,6-Trichlorophenyl-4-nitrophenyl ether, and 2,3,4-Trichlorophenyl-
4-nitrophenyl ether at 1500 ng/g, Nitrobenzene at 2000 ng/g, and 1,3-Dichlorobenzene and 1,2-Dichlorobenzene at
5000 ng/g.
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TABLE 9

SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR THE EXTRACTION
OF SEMIVOLATILE ORGANICS FROM SPIKED CLAY BY

AUTOMATED SOXHLET (METHOD 3541)a

Compound Mean Recovery RSD
Phenol 47.8 5.6
Bis(2-chloroethyl)ether 25.4 13
2-Chlorophenol 42.7 4.3
Benzyl alcohol 55.9 7.2
2-Methylphenol 17.6 6.6
Bis(2-chloroisopropyl)ether 15.0 15
4-Methylphenol 23.4 6.7
N-Nitroso-di-n-propylamine 41.4 6.2
Nitrobenzene 28.2 7.7
Isophorone 56.1 4.2
2-Nitrophenol 36.0 6.5
2,4-Dimethylphenol 50.1 5.7
Benzoic acid 40.6 7.7
Bis(2-chloroethoxy)methane 44.1 3.0
2,4-Dichlorophenol 55.6 4.6
1,2,4-Trichlorobenzene 18.1 31
Naphthalene 26.2 15
4-Chloroaniline 55.7 12
4-Chloro-3-methylphenol 65.1 5.1
2-Methylnaphthalene 47.0 8.6
Hexachlorocyclopentadiene 19.3 19
2,4,6-Trichlorophenol 70.2 6.3
2,4,5-Trichlorophenol 26.8 2.9
2-Chloronaphthalene 61.2 6.0
2-Nitroaniline 73.8 6.0
Dimethyl phthalate 74.6 5.2
Acenaphthylene 71.6 5.7
3-Nitroaniline 77.6 5.3
Acenaphthene 79.2 4.0
2,4-Dinitrophenol 91.9 8.9
4-Nitrophenol 62.9 16
Dibenzofuran 82.1 5.9
2,4-Dinitrotoluene 84.2 5.4
2,6-Dinitrotoluene 68.3 5.8



Compound Mean Recovery RSD
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Diethyl phthalate 74.9 5.4
4-Chlorophenyl-phenyl ether 67.2 3.2
Fluorene 82.1 3.4
4-Nitroaniline 79.0 7.9
4,6-Dinitro-2-methylphenol 63.4 6.8
N-Nitrosodiphenylamine 77.0 3.4
4-Bromophenyl-phenyl ether 62.4 3.0
Hexachlorobenzene 72.6 3.7
Pentachlorophenol 62.7 6.1
Phenanthrene 83.9 5.4
Anthracene 96.3 3.9
Di-n-butyl phthalate 78.3 40
Fluoranthene 87.7 6.9
Pyrene 102 0.8
Butyl benzyl phthalate 66.3 5.2
3,3'-Dichlorobenzidine 25.2 11
Benzo(a)anthracene 73.4 3.8
Bis(2-ethylhexyl) phthalate 77.2 4.8
Chrysene 76.2 4.4
Di-n-octyl phthalate 83.1 4.8
Benzo(b)fluoranthene 82.7 5.0
Benzo(k)fluoranthene 71.7 4.1
Benzo(a)pyrene 71.7 4.1
Indeno(1,2,3-cd)pyrene 72.2 4.3
Dibenz(a,h)anthracene 66.7 6.3
Benzo(g,h,i)perylene 63.9 8.0
1,2-Dichlorobenzene 0 --
1,3-Dichlorobenzene 0 --
1,4-Dichlorobenzene 0 --
Hexachloroethane 0 --
Hexachlorobutadiene 0 --

a Number of determinations was three.  The operating conditions for the Soxtec apparatus were as follows:
immersion time 45 min; extraction time 45 min; the sample size was 10 g clay soil; the spike concentration was 6
mg/kg per compound.  The sample was allowed to equilibrate 1 hour after spiking.

Data taken from Reference 7.
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TABLE 10

PRECISION AND BIAS VALUES FOR METHOD 35421

Compound Mean Recovery Standard Deviation % RSD

2-Fluorophenol 74.6 28.6 38.3

Phenol-d5 77.8 27.7 35.6

Nitrobenzene-d5 65.6 32.5 49.6

2-Fluorobiphenyl 75.9 30.3 39.9

2,4,6-Tribromophenol 67.0 34.0 50.7

Terphenyl-d14 78.6 32.4 41.3

1 The surrogate values shown in Table 10 represent mean recoveries for surrogates in all
Method 0010 matrices in a field dynamic spiking study.
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TABLE 11

PRESSURIZED FLUID EXTRACTION (METHOD 3545) RECOVERY VALUES
AS PERCENT OF SOXTEC™

Clay Loam Sand Mean
Compound Low Mid High Low Mid High Low Mid High Rec.

Phenol 93.3 78.7 135.9 73.9 82.8 124.6 108.8 130.6 89.7 102.0
Bis(2-chloroethyl) ether 102.1 85.1 109.1 96.0 88.0 103.6 122.3 119.9 90.8 101.9
2-Chlorophenol 100.8 82.6 115.0 93.8 88.9 111.1 115.0 115.3 91.9 101.6
1,3-Dichlorobenzene 127.7 129.7 110.0 *364.2 129.9 119.0 *241.3 *163.7 107.1 120.6
1,4-Dichlorobenzene 127.9 127.0 110.5 *365.9 127.8 116.4 *309.6 *164.1 105.8 119.2
1,2-Dichlorobenzene 116.8 115.8 101.3 *159.2 113.4 105.5 *189.3 134.0 100.4 112.5
2-Methylphenol 98.9 82.1 119.7 87.6 89.4 111.0 133.2 128.0 92.1 104.7
Bis(2-chloroisopropyl)ether 109.4 71.5 108.0 81.8 81.0 88.6 118.1 148.3 94.8 100.2
o-Toluidine 100.0 89.7 117.2 100.0 *152.5 120.3 100.0 *199.5 102.7 110.3
N-Nitroso-di-n-propylamine 103.0 79.1 107.7 83.9 88.1 96.2 109.9 123.3 91.4 98.1
Hexachloroethane 97.1 125.1 111.0 *245.4 117.1 128.1 *566.7 147.9 103.7 118.6
Nitrobenzene 104.8 82.4 106.6 86.8 84.6 101.7 119.7 122.1 93.3 100.2
Isophorone 100.0 86.4 98.2 87.1 87.5 109.7 135.5 118.4 92.7 101.7
2,4-Dimethylphenol 100.0 104.5 140.0 100.0 114.4 123.1 100.0 *180.6 96.3 109.8
2-Nitrophenol 80.7 80.5 107.9 91.4 86.7 103.2 122.1 107.1 87.0 96.3
Bis(chloroethoxy)methane 94.4 80.6 94.7 86.5 84.4 99.6 130.6 110.7 93.2 97.2
2,4-Dichlorophenol 88.9 87.8 111.4 85.9 87.6 103.5 123.3 107.0 92.1 98.6
1,2,4-Trichlorobenzene 98.0 97.8 98.8 123.0 93.7 94.5 137.0 99.4 95.3 104.2
Naphthalene 101.7 97.2 123.6 113.2 102.9 129.5 *174.5 114.0 89.8 106.1
4-Chloroaniline 100.0 *150.2 *162.4 100.0 125.5 *263.6 100.0 *250.8 114.9 108.1
Hexachlorobutadiene 101.1 98.7 102.2 124.1 90.3 98.0 134.9 96.1 96.8 104.7
4-Chloro-3-methylphenol 90.4 80.2 114.7 79.0 85.2 109.8 131.6 116.2 90.1 99.7
2-Methylnaphthalene 93.2 89.9 94.6 104.1 92.2 105.9 146.2 99.1 93.3 102.1
Hexachlorocyclopentadiene 100.0 100.0 0.0 100.0 100.0 6.8 100.0 100.0 *238.3 75.8
2,4,6-Trichlorophenol 94.6 90.0 112.0 84.2 91.2 103.6 101.6 95.9 89.8 95.9
2,4,5-Trichlorophenol 84.4 91.9 109.6 96.1 80.7 103.6 108.9 83.9 87.9 94.1
2-Chloronaphthalene 100.0 91.3 93.6 97.6 93.4 98.3 106.8 93.0 92.0 96.2
2-Nitroaniline 90.0 83.4 97.4 71.3 88.4 89.9 112.1 113.3 87.7 92.6
2,6-Dinitrotoluene 83.1 90.6 91.6 86.4 90.6 90.3 104.3 84.7 90.9 90.3
Acenaphthylene 104.9 95.9 100.5 99.0 97.9 108.8 118.5 97.8 92.0 101.7
3-Nitroaniline *224.0 115.6 97.6 100.0 111.8 107.8 0.0 111.7 99.0 92.9
Acenaphthene 102.1 92.6 97.6 97.2 96.9 104.4 114.2 92.0 89.0 98.4
4-Nitrophenol 0.0 93.2 121.5 18.1 87.1 116.6 69.1 90.5 84.5 75.6
2,4-Dinitrotoluene 73.9 91.9 100.2 84.7 93.8 98.9 100.9 84.3 87.3 90.7
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Dibenzofuran 89.5 91.7 109.3 98.5 92.2 111.4 113.8 92.7 90.4 98.8
4-Chlorophenyl phenyl ether 83.0 94.5 98.7 95.7 94.3 94.2 111.4 87.7 90.3 94.4
Fluorene 85.2 94.9 89.2 102.0 95.5 93.8 121.3 85.7 90.9 95.4
4-Nitroaniline 77.8 114.8 94.5 129.6 103.6 95.4 *154.1 89.3 87.5 99.1
N-Nitrosodiphenylamine 82.6 96.7 93.8 92.9 93.4 116.4 97.5 110.9 86.7 96.8
4-Bromophenyl phenyl ether 85.6 92.9 92.8 91.1 107.6 89.4 118.0 97.5 87.1 95.8
Hexachlorobenzene 95.4 91.7 92.3 95.4 93.6 83.7 106.8 94.3 90.0 93.7
Pentachlorophenol 68.2 85.9 107.7 53.2 89.8 88.1 96.6 59.8 81.3 81.2
Phenanthrene 92.1 93.7 93.3 100.0 97.8 113.3 124.4 101.0 89.9 100.6
Anthracene 101.6 95.0 93.5 92.5 101.8 118.4 123.0 94.5 90.6 101.2
Carbazole 94.4 99.3 96.6 105.5 96.7 111.4 115.7 83.2 88.9 99.1
Fluoranthene 109.9 101.4 94.3 111.6 96.6 109.6 123.2 85.4 92.7 102.7
Pyrene 106.5 105.8 107.6 116.7 90.7 127.5 103.4 95.5 93.2 105.2
3,3'-Dichlorobenzidine 100.0 *492.3 131.4 100.0 *217.6 *167.6 100.0 *748.8 100.0 116.5
Benzo(a)anthracene 98.1 107.0 98.4 119.3 98.6 104.0 105.0 93.4 89.3 101.5
Chrysene 100.0 108.5 100.2 116.8 93.0 117.0 106.7 93.6 90.2 102.9
Benzo(b)fluoranthene 106.6 109.9 75.6 121.7 100.7 93.9 106.9 81.9 93.6 99.0
Benzo(k)fluoranthene 102.4 105.2 88.4 125.5 99.4 95.1 144.7 89.2 78.1 103.1
Benzo(a)pyrene 107.9 105.5 80.8 122.3 97.7 104.6 101.7 86.2 92.0 99.9
Indeno(1,2,3-cd)pyrene 95.1 105.7 93.8 126.0 105.2 90.4 133.6 82.6 91.9 102.7
Dibenz(a,h)anthracene 85.0 102.6 82.0 118.8 100.7 91.9 142.3 71.0 93.1 98.6
Benzo(g,h,i)perylene 98.0 0.0 81.2 0.0 33.6 78.6 128.7 83.0 94.2 66.4
Mean 95.1 94.3 101.0 95.5 96.5 104.1 113.0 100.9 92.5

* Values greater than 150% were not used to determine the averages, but the 0% values were used.



8270D - 59 Revision 4
February 2007

TABLE 12

SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SEDIMENT EC-1, USING METHOD 3561 

(SFE - SOLID TRAP)

Compound
Certified Value

(mg/kg)
SFE Valuea

(mg/kg)
Percent of

Certified Value
SFE
RSD

Naphthalene (27.9)b 41.3 ± 3.6 (148) 8.7

Acenaphthylene (0.8) 0.9 ± 0.1 (112) 11.1

Acenaphthene (0.2) 0.2 ± 0.01 (100) 0.05

Fluorene (15.3) 15.6 ± 1.8 (102) 11.5

Phenanthrene 15.8 ± 1.2 16.1 ± 1.8 102 11.2

Anthracene (1.3) 1.1 ± 0.2 (88) 18.2

Fluoranthene 23.2 ± 2.0 24.1 ± 2.1 104 8.7

Pyrene 16.7 ± 2.0 17.2 ± 1.9 103 11.0

Benz(a)anthracene 8.7 ± 0.8 8.8 ± 1.0 101 11.4

Chrysene (9.2) 7.9 ± 0.9 (86) 11.4

Benzo(b)fluoranthene 7.9 ± 0.9 8.5 ± 1.1 108 12.9

Benzo(k)fluoranthene 4.4 ± 0.5 4.1 ± 0.5 91 12.2

Benzo(a)pyrene 5.3 ± 0.7 5.1 ± 0.6 96 11.8

Indeno(1,2,3-cd)pyrene 5.7 ± 0.6 5.2 ± 0.6 91 11.5

Benzo(g,h,i)perylene 4.9 ± 0.7 4.3 ± 0.5 88 11.6

Dibenz(a,h)anthracene (1.3) 1.1 ± 0.2 (85) 18.2

a Relative standard deviations for the SFE values are based on six replicate extractions.

b Values in parentheses were obtained from, or compared to, Soxhlet extraction results which
were not certified.

Data are taken from Reference 10.
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TABLE 13

SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SEDIMENT HS-3, USING METHOD 3561

 (SFE - SOLID TRAP)

Compound
Certified Value

(mg/kg)
SFE Valuea

(mg/kg)
Percent of
Certified Value

SFE
RSD

Naphthalene 9.0 ± 0.7 7.4 ± 0.6 82 8.1

Acenaphthylene 0.3 ± 0.1 0.4 ± 0.1 133 25.0

Acenaphthene 4.5 ± 1.5 3.3 ± 0.3 73 9.0

Fluorene 13.6 ± 3.1 10.4 ± 1.3 77 12.5

Phenanthrene 85.0 ± 20.0 86.2 ± 9.5 101 11.0

Anthracene 13.4 ± 0.5 12.1 ± 1.5 90 12.4

Fluoranthene 60.0 ± 9.0 54.0 ± 6.1 90 11.3

Pyrene 39.0 ± 9.0 32.7 ± 3.7 84 11.3

Benz(a)anthracene 14.6 ± 2.0 12.1 ± 1.3 83 10.7

Chrysene 14.1 ± 2.0 12.0 ± 1.3 85 10.8

Benzo(b)fluoranthene 7.7 ± 1.2 8.4 ± 0.9 109 10.7

Benzo(k)fluoranthene 2.8 ± 2.0 3.2 ± 0.5 114 15.6

Benzo(a)pyrene 7.4 ± 3.6 6.6 ± 0.8 89 12.1

Indeno(1,2,3-cd)pyrene 5.0 ± 2.0 4.5 ± 0.6 90 13.3

Benzo(g,h,i)perylene 5.4 ± 1.3 4.4 ± 0.6 82 13.6

Dibenz(a,h)anthracene 1.3 ± 0.5 1.1 ± 0.3 85 27.3

a Relative standard deviations for the SFE values are based on three replicate extractions.

Data are taken from Reference 10.
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TABLE 14

SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SOIL SRS103-100, USING METHOD 3561

(SFE - LIQUID TRAP)

Compound
Certified Value

(mg/kg)
SFE Valuea

(mg/kg)
Percent of

Certified Value
SFE
RSD

Naphthalene 32.4 ± 8.2 29.55 91 10.5

2-Methylnaphthalene 62.1 ± 11.5 76.13 122 2.0

Acenaphthene 632 ± 105 577.28 91 2.9

Dibenzofuran 307 ± 49 302.25 98 4.1

Fluorene 492 ± 78 427.15 87 3.0

Phenanthrene 1618 ± 340 1278.03 79 3.4

Anthracene 422 ± 49 400.80 95 2.6

Fluoranthene 1280 ± 220 1019.13 80 4.5

Pyrene 1033 ± 285 911.82 88 3.1

Benz(a)anthracene 252 ± 8 225.50 89 4.8

Chrysene 297 ± 26 283.00 95 3.8

Benzo(a)pyrene 97.2 ± 17.1 58.28 60 6.5

Benzo(b)fluoranthene +
Benzo(k)fluoranthene

153 ± 22 130.88 86 10.7

a Relative standard deviations for the SFE values are based on four replicate extractions.

Data are taken from Reference 11.
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TABLE 15

SINGLE LABORATORY RECOVERY DATA FOR SOLID-PHASE EXTRACTION (METHOD 
3535) OF BASE/NEUTRAL/ACID EXTRACTABLES FROM SPIKED TCLP BUFFERS

LOW SPIKE LEVEL

Analyte
Spike
Level
(µg/L)

Buffer 1 (pH = 2.886) Buffer 2 (pH = 4.937)

Recovery (%) RSD Recovery (%) RSD

1,4-Dichlorobenzene 3,750 63 10 63 9

Hexachloroethane 1,500 55 6 77 4

Nitrobenzene 1,000 82 10 100 5

Hexachlorobutadiene 250 65 3 56 4

2,4-Dinitrotoluene 65 89 4 101 5

Hexachlorobenzene 65 98 5 95 6

o-Cresol 100,000 83 10 85 5

m-Cresol* 100,000 86 8 85 3

p-Cresol* 100,000 * * * *

2,4,6-Trichlorophenol 1,000 84 12 95 12

2,4,5-Trichlorophenol 200,000 83 11 88 3

Pentachlorophenol 50,000 82 9 78 9

Results from seven replicate spiked buffer samples.

* In this study, m-cresol and p-cresol co-eluted and were quantitated as a mixture of both
isomers. 

Data from Reference 12. 
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TABLE 16

SINGLE LABORATORY RECOVERY DATA FOR SOLID-PHASE EXTRACTION (METHOD
3535) OF BASE/NEUTRAL/ACID EXTRACTABLES FROM SPIKED TCLP BUFFERS

HIGH SPIKE LEVEL

Analyte
Spike
Level
(µg/L)

Buffer 1 (pH = 2.886) Buffer 2 (pH = 4.937)

Recovery (%) RSD Recovery (%) RSD

1,4-Dichlorobenzene 15,000 63 10 63 9

Hexachloroethane 6,000 54 7 46 7

Nitrobenzene 4,000 81 4 81 13

Hexachlorobutadiene 1,000 81 5 70 11

2,4-Dinitrotoluene 260 99 8 98 3

Hexachlorobenzene 260 89 8 91 9

o-Cresol* 400,000 92 15 90 4

m-Cresol* 400,000 95 8 82 6

p-Cresol* 400,000 82 14 84 7

2,4,6-Trichlorophenol 4,000 93 12 104 12

2,4,5-Trichlorophenol 800,000 93 14 97 23

Pentachlorophenol 200,000 84 9 73 8

Results from seven replicate spiked buffer samples.

* In this study, recoveries of these compounds were determined from triplicate spikes of the
individual compounds into separate buffer solutions.

Data from Reference 12.
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TABLE 17

RECOVERY DATA FROM THREE LABORATORIES FOR SOLID-PHASE EXTRACTION (METHOD 3535)
OF BASE/NEUTRAL/ACID EXTRACTABLES FROM SPIKED TCLP LEACHATES FROM SOIL SAMPLES

Buffer 1 pH = 2.886 Lab 1 Lab 2 Lab 3

Analyte
Spike 
Level

(µg/L)*
%R RSD n %R RSD n %R RSD n

o-Cresol 200,000 86 8 7 35.3 0.7 3 7.6 6 3

m-Cresol** -- 77 8 7 -- -- -- -- -- --

p-Cresol** -- -- -- -- -- -- -- 7.7 11 3

2,4,6-Trichlorophenol 2,000 106 6 7 96.3 3.9 3 44.8 5 3

2,4,5-Trichlorophenol 400,000 93 3 7 80.5 4.5 3 63.3 11 3

Pentachlorophenol 100,000 79 2 7 33.8 12.2 3 29.2 13 3

1,4-Dichlorobenzene 7,500 51 5 7 81.3 5.3 3 19.2 7 3

Hexachloroethane 3,000 50 5 7 66.2 2.1 3 12.6 11 3

Nitrobenzene 2,000 80 8 7 76.3 5.3 3 63.9 12 3

Hexachlorobutadiene 500 53 8 7 63.3 4.8 3 9.6 9 3

2,4-Dinitrotoluene 130 89 8 7 35.7 2.6 3 58.2 17 3

Hexachlorobenzene 130 84 21 7 92.3 1.6 3 71.7 9 3

(continued)
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TABLE 17
(continued)

Buffer 2 pH = 4.937 Lab 1 Lab 2 Lab 3

Analyte
Spike 
Level

(µg/L)*
%R RSD n %R RSD n %R RSD n

o-Cresol 200,00 97 13 7 37.8 4.5 3 6.1 24 3

m-Cresol** -- 83 4 7 -- -- -- 6.0 25 3

p-Cresol** -- -- -- -- -- -- -- -- -- --

2,4,6-Trichlorophenol 2,000 104 4 7 91.7 8.0 3 37.7 25 3

2,4,5-Trichlorophenol 400,000 94 4 7 85.2 0.4 3 64.4 10 3

Pentachlorophenol 100,000 109 11 7 41.9 28.2 3 36.6 32 3

1,4-Dichlorobenzene 7,500 50 5 7 79.7 1.0 3 26.5 68 3

Hexachloroethane 3,000 51 3 7 64.9 2.0 3 20.3 90 3

Nitrobenzene 2,000 80 4 7 79.0 2.3 3 59.4 6 3

Hexachlorobutadiene 500 57 5 7 60 3.3 3 16.6 107 3

2,4-Dinitrotoluene 130 86 6 7 38.5 5.2 3 62.2 6 3

Hexachlorobenzene 130 86 7 7 91.3 0.9 3 75.5 5 3

* 250-mL aliquots of leachate were spiked.  Lab 1 spiked at one-half these levels.

** m-Cresol and p-Cresol coelute.  Lab 1 and Lab 3 reported o-Cresol and the sum of — and p-Cresol.  Lab 2 reported the sum of all three
isomers of Cresol.

Data from Reference 12.
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TABLE 18

SINGLE-LABORATORY PAH ANALYSIS DATA FROM A REAL SOIL CONTAMINATED WITH
CREOSOTE, USING METHOD 3546

(MICROWAVE EXTRACTION)

Compound Concentration (µg/kg) RSD (%) REAC values (µg/kg)

Naphthalene 2,170 12.4 710,000

2-Methylnaphthalene 28,710 3.1 N/R

1-Methylnaphthalene 33,180 2.4 N/R

Biphenyl 13,440 6.0 N/R

2,6-Dimethylnaphthalene 52,990 3.8 N/R

Acenaphthylene 16,320 3.1 21,000

Acenaphthene 801,210 6.0 1,700,000

Fluorene 789,980 3.4 990,000

Phenanthrene 1,627,480 0.7 3,300,000

Anthracene 346,010 4.0 360,000

Benzo(a)anthracene 300,380 2.7 310,000

Fluoranthene 1,331,690 1.6 1,600,000

Pyrene 1,037,710 3.0 1,100,000

Chrysene 293,200 3.4 320,000

Benzo(b)fluoranthene 152,000 3.8 140,000

Benzo(k)fluoranthene 127,740 3.6 130,000

Benzo(e)pyrene 87,610 3.9 N/R

Benzo(a)pyrene 128,330 3.9 110,000

Perylene 35,260 4.3 N/R

Indeno(123-cd)pyrene 63,900 5.0 25,000

Dibenz(a,h)anthracene 17,290 6.9 N/R

Benzo(ghi)perylene 42,720 6.9 20,000

 *n = 4  

Soil samples obtained from US EPA Emergency Response Center archive bank through their contract
laboratory REAC (Edison, NJ).  The standard Soxhlet extraction procedures were performed by REAC
three years earlier; this long storage period is believed to account for the low naphthalene recovery data
in the present study

REAC data labeled N/R = not reported
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TABLE 19

SINGLE-LABORATORY PAH RECOVERY DATA FROM HS-5 MARINE SEDIMENT
MATERIALS, USING METHOD 3546 (MICROWAVE EXTRACTION)

Compound Certified
Value

(µg/kg)

Confidence
Interval
(µg/kg)

Recovery
(%)

Naphthalene 250 180 - 320 76

Acenaphthylene 150 * 107

Acenaphthene 230 130 - 330 61

Fluorene 400 300 - 500 63

Phenanthrene 5,200 4,200 - 6,200 72

Anthracene 380 230 - 530 84

Fluoranthene 8,400 5,800 - 10,000 81

Pyrene 5,800 4,000 - 7,600 69

Benzo(a)anthracene 2,900 1,700 - 4,100 53

Chrysene 2,800 1,900 - 3,700 76

Benzo(b)fluoranthene 2,000 1,000 - 3,000 84

Benzo(k)fluoranthene 1,000 600 - 1,400 137

Benzo(a)pyrene 1,700 900 - 2,500 52

Indeno(123-cd) pyrene 1,300 600 - 2,000 63

Dibenz(a,h)anthracene 200 100 - 300 125

Benzo(ghi)perylene 1,300 1000 - 1600 64

n = 3

* values not certified

The uncertainties represent 90% confidence intervals
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TABLE 20

SINGLE-LABORATORY PAH RECOVERY DATA FROM HS-4 MARINE SEDIMENT
MATERIALS, USING METHOD 3546 (MICROWAVE EXTRACTION)

Compound

Certified
Value

(µg/kg)

Confidence
Interval
(µg/kg)

Recovery
(%)

Naphthalene 150 * 54

Acenaphthylene 150 * 82

Acenaphthene 150 * 63

Fluorene 150 * 81

Phenanthrene 680 600 - 760 81

Anthracene 140 70 - 210 108

Fluoranthene 1250 1,150 - 1,350 84

Pyrene 940 820 - 1,060 85

Benzo(a)anthracene 530 470 - 580 78

Chrysene 650 570 - 730 84

Benzo(b)fluoranthene 700 550 - 850 84

Benzo(k)fluoranthene 360 310 - 410 156

Benzo(a)pyrene 650 570 - 730 73

Indeno(123-cd) pyrene 510 360 - 660 88

Dibenz(a,h)anthracene 120 70 - 170 117

Benzo(ghi)perylene 580 360 - 800 91

n = 3

* values not certified

The uncertainties represent 90% confidence intervals



8270D - 69 Revision 4
February 2007

TABLE 21

SINGLE-LABORATORY PAH RECOVERY DATA FROM HS-3 MARINE SEDIMENT
MATERIALS, USING METHOD 3546 (MICROWAVE EXTRACTION)

Compound

Certified
Value

(µg/kg)

Confidence
Interval
(µg/kg)

Recovery
(%)

Naphthalene 9,000 8300 - 9,700 61

Acenaphthylene 300 200 - 400 199

Acenaphthene 4,500 3,000 - 6,000 80

Fluorene 13,300 10,200 -16,400 58

Phenanthrene 85,000 65000 -105,000 87

Anthracene 13,400 12,900 -13,900 48

Fluoranthene 60,000 51,000-69,000 91

Pyrene 39,000 30,000-48,000 86

Benzo(a)anthracene 14,600 12,600-16,600 78

Chrysene 14,100 12,100-16,100 91

Benzo(b)fluoranthene 7,700 6,500-8,900 101

Benzo(k)fluoranthene 2,800 800-4,800 275

Benzo(a)pyrene 7,400 3,000-7,000 74

Indeno(123-cd)pyrene 5,400 4,100-6,700 100

Dibenz(a,h)anthracene 1,300 800-1,800 118

Benzo(ghi)perylene 5,000 3,000-7,000 99

n = 3

* values not certified

The uncertainties represent 90% confidence intervals
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TABLE 22

SINGLE-LABORATORY PAH RECOVERY DATA FROM SRM 1941 MARINE SEDIMENT,
USING METHOD 3546 (MICROWAVE EXTRACTION)

Compound
Certified Value

(µg/kg)
Recovery

(%)

Naphthalene 1010 97.4

Fluorene 100 100.0

Phenanthrene 490 102.0

Fluoranthene 980 116.7

Pyrene 810 97.3

Benz(a)anthracene 430 89.8

Chrysene 380 130.3

Benzo(b)fluoranthene 740 95.8

Benzo(k)fluoranthene 360 130.2

Benz(e)pyrene 550 81.0

Benzo(a)pyrene 630 76.0

Perylene 450 72.4

Indeno(123-cd)pyrene 500 126.0

Dibenz(a,h)anthracene 110 78.7

Benz(ghi)perylene 530 85.2

n = 3

All RSDs < 10%


