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Multi-residue screening of semivolatile organic compounds from
water samples by gas chromatography/mass spectrometry

Jee Eun Hong, Heesoo Pyo and Song-Ja Park*

Bioanalysis and Biotransformation Research Center,
Korea Institute of Science and Technology, Seoul 136-791, Korea

A method is described for the screening of semivolatile organic compounds in water samples by GC/MS.
The 160 compounds of semivolatiles including pesticides, polycyclic aromatic hydrocarbons, phenols, phtha-
lates, and nitrobenzenes could be separated by GC/MS within 33min. It was possible to distinguish of over-

lapped counpounds using the extracted ion chromatogram of each compounds drew out by macro program. The

sample preparation involved extraction of the basic compounds at pH 1 L followed by a second extraction of
the acidic one at pH 3. After extraction, it was possible to concentrate by evaporation after agdliraf 60
triethylamine. The method detection limits ranged from 0.001 to 1.0 ng/mL.
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2.1. Alef

B oA AlgE HFEEZ S Supelco, Chem
Service =+ Dr. Ehrenstorfer AbollA 91 &FsoH,
methylene chloride, n-hexane, diethylether, methyl
t-butyl ether = methanol 59 F&8v)= BakerAl<]
RsAE Alde AHSlY SRTE MilliQ %
Milli-RO systemS 533 32} SH/HTE AN &
TFEMES, MM, dSVES, AEEA T2
Junscirte] SA19FE FeIslel AMg etk

REEHLS 7FzF 1000 pg/mLe] methanol 3581
WE F, oS E9s] 10 pgmle] EFESES
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Table 1. List of the target compounds.
Organochlorine Organonitrogen
PAHs (23) Phenols (24) pefticides 34 peiticides (%2)
Acenaphthene Bisphenol A Alachlor Ametryn
Acenaphthylene 2-t-Butylphenol Aldrin Atrazine
Anthracene 3-t-Butylphenol a-BHC Butachlor
Benzo(a)anthracene 4-n-Butylphenol b-BHC Carboxin
Benzo(a)pyrene 4-sec-Butylphenol r-BHC Chlorotoluron
Benzo(b)fluoranthene 4-Chloro-3-methylphenol d-BHC Clofentezine
Benzo(e)pyrene 2-Chlorophenol Bromacil Cyanazine
Benzo(g,h,i)perylene 2,4-Dichlorophenol Chlordane, cis- Dinoseb
Benzo(k)fluoranthene 2,4-Dimethylphenol Chlordane, trans- Diphenamid
6-Bromo-2-naphthol 2,4-Dinitrophenol Chlordecon(Kepone) Diuron
Chrysene 2-Methyl-4,6-dinitrophenol | Chlorothalonil Fluometuron
Dibenz(a,h)anthracene 2-Methylphenol DCPA Hexaconazole
Fluoranthene 3-Methylphenol 44'-DDD Hexazinone
Fluorene 4-Methylphenol 44'-DDE Toxynil
Indeno(1,2,3-cd)pyrene 2-Nitrophenol 4,4-DDT Isoproturon
Naphthalene 4-Nitrophenol Dicofol(Kelthane) Pendimethalin
9-Nitroanthracene 4-Octylphenol Dieldrin Procymidone
3-Nitrofluoranthene 4-t-Octylphenol Endosulfan a Prometon
2-Nitrofluorene Pentachlorophenol Endosulfan b Pronamide
1-Nitropyrene n-Pentylphenol Endosulfan sulfate Propanil
Perylene Phenol Endrin Propazine
Phenanthrene Phenylphenol Heptachlor Simazine
Pyrene 4-Propylphenol Heptachlor epoxide Carbamates
2,4,6-Trichlorophenol Methoxychlor Metolachlor pesticides (12)
Phthalates (11) o -
. . Metribuzin Aldicarb
. . Nitrosoamines(9) . .
Bis-(2-ethylhexyl)adipate Mirex Aldicarb sulfone
Bis-(2-ethylhexyl)phthalate | N-Nitrosodibutylamine Nitrofen Aldicarh sulfoxide

Butylbenzylphthalate
Dibutylphthalate
Dicyclohexylphthalate
Diethylphthalate
Dihexylphthalate
Dimethylphthalate
Di-n-octylphthalate
Di-n-pentylphthalate
Di-n-propylphthalate

N-Nitrosodiethylamine

Nonachlor, cis-

Ethers(3)

Bis-(2-chloroisopropyl)ether
4-Bromophenyl phenylether
4-Chlorophenyl phenylether

N-Nitrosodimethylamine Nonachlor, trans-
N-Nitrosodi-n-propylamine | Pentachloronitrobenzene
N-Nitrosodiphenylamine Propachlor
N-Nitrosomethylethylamine | Terbacil
N-Nitrosomorpholine Vinclozolin
N—Nitrosopiperidine Organophosphorus
N-Nitrosopyrrolidine Pesticides(12)
Nitrobenzenes(4) Dichlorovos

Ethoprophos
1,3-Dinitrobenzene Terbufos
2,4-Dinitrotoluene Fonofos
2,6-Dinitrotoluene Diazinon
2,4,6-Trinitrotoluene Methyl parathion

Fenitrothion

Fenthion

Chlorpyrifos

Parathion

Fenamiphos

EPN

Bagon

Butylate
Carbofuran
Cartap
Chloropropham
Methomyl
Molinate
Oxamyl
Propham

Pesticides-others (7)

Triforine

Trifluralin
Bentazon
Permethrin, trans-
Permethrin, cis-
Pyridate
Esfenvalerate
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Fig. 1. GC/MS total ion chromatogram and extracted ion
chromatogram for some compounds.
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Table 2. GC/MSD operating parameters of target compounds.

* GC/MS: Agilent 6890 Gas Chromatograph/5973N Mass Selective Detector
* Column: Ultra-2(Cross-linked 5% phenylmethylsilicon,
25m x 0.2mm LD, x 0.33 pm film thickness)

* Carrier gas: He

at 0.8 mL/min

* Splitless (Purge on at 0.75min.)
* Injection port temp.: 280°C
* Transfer line temp.: 280°C
* Oven temp. program:
initial temp. initial time

O
50

(min)
3.0

* Run Time: 33 min

rate final temp. final time
(°C/min) °C) (min)
10.0 310 4.0

* SIM mode(solvent delay: 4.0 min)
Group  Start time(min)

1 4.0

2 7.2

3 8.9

4 9.6

5 10.1

6 11.2

7 12.0

8 12.6

9 13.0
10 13.8
11 15.2
12 15.7
13 16.3
14 16.8
15 173
16 17.6
17 18.2
18 18.6
19 18.9
20 19.1
21 19.3
22 20.0
23 205
24 20.8
25 212
26 214
27 21.9
28 225
29 22.8
30 23.1
31 23.8
32 245
33 254
34 25.9
35 27.1
36 30.5

(42,
(66,
1,
1,
42,
(58,
(70,
(57,
(60,
07,
(75,

Selected lons, m/z
44, 68, 74, 88, 100, 102)
69, 72, 88, 94, 98, 105, 128, 130)
45, 69, 77, 88, 100, 105, 107, 108, 121)
45, 56, 70, 77, 86, 88, 100, 105, 107, 108, 130)
68, 80, 107, 109, 114, 122, 139, 162)
63, 64, 68, 110, 122, 128, 137, 139, 146, 152, 162, 164)
84, 107, 109, 128, 135, 136, 146, 161, 185)
60, 70, 84, 88, 107, 135, 142, 149)
70, 107, 121, 135, 142, 149, 150, 164, 174, 219)
107, 146, 150, 156, 161, 163, 168, 174, 191, 196, 198, 219)
76, 89, 93, 107, 135, 152, 154, 161, 163, 164, 165, 168)

(109, 139, 152, 154, 164, 184)

(55,
(83,
(72,
(72,
(89,

72, 89, 109, 126, 139, 140, 145, 165, 185)

107, 110, 120, 135, 139, 149, 166, 169, 177, 198, 204, 206)
77, 105, 107, 110, 120, 135, 152, 158, 168, 169, 198)

97, 127, 154, 158, 167, 169, 199, 232, 48, 264, 306)

141, 170, 181, 201, 210, 219, 248, 250, 306)

(107, 149, 164, 170, 186, 187, 0200, 201, 210, 214, 215, 219, 225, 229, 266)

®7,
®7,
(89,
41,
(72,
(72,
(72,
(72,
(67,
(96,
(83,
(79,

107, 149, 181, 191, 200, 206, 214, 219, 229, 231, 237, 266, 268)

89, 109, 137, 149, 173, 175, 178, 181, 219, 231, 237, 246, 249)

137, 160, 160, 178, 179, 181, 211, 219, 222, 224, 263, 264, 266)

57, 125, 160, 161, 198, 212, 227, 263, 266, 272)

125, 146, 160, 188, 212, 227, 237, 263, 272)

109, 117, 125, 149, 162, 205, 207, 212, 238, 263, 371)

97, 125, 139, 162, 197, 205, 225, 238, 263, 278, 291, 293)

109, 119, 139, 167, 197, 198, 225, 240, 250, 252, 291, 299, 301, 353)
72, 96, 101, 162, 202, 252, 353, 355, 373)

101, 149, 154, 160, 165, 176, 195, 202, 211, 223, 237, 303, 373, 375, 409)
149, 154, 193, 213, 214, 223, 228, 246, 303, 373, 408, 409)

143, 195, 213, 235, 245, 246, 263, 283, 285, 318)

(149, 165, 195, 235, 237, 251, 263, 272, 273, 408, 409)

(83,
(67,

91, 129, 147, 149, 171, 235, 237, 272, 326, 387)
114, 115, 139, 149, 157, 169, 227, 228, 251, 317, 326)

(139, 149, 167, 183, 201, 247, 272, 274)

®7,

125, 126, 149, 163, 167, 183, 205, 206, 247, 252, 276, 278)

(125, 138, 139, 206, 276, 278)
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Fig. 2. Example of screening profiles for target compounds by GC/MS.
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Fig. 3. GCG/MSD total ion chromatograms for standard mixture of semivolatiles.

Table 3. Peak Identity.

31.00

Peak

No. Compounds

Peak
No.

Compounds

Peak
No.

Compounds

N-Nitrosodimethylamine
N-Nitrosomethylethylamine
Aldicarb
N-Nitrosodiethylamine
Oxamyl I

Methomyl I

Phenol

2-Chlorophenol

Aldicarb sulfoxide I

O 00 3 O U1 W=

10
11
12
13
14
15
16
17
18

2-Methylphenol
Bis-(2-chloroisopropyl)ether
Methomyl II
N-Nitrosopyrrolidine
3-Methylphenol
4-Methylphenol
N-Nitrosomorpholine
N-Nitrosodi-n-propylamine
N-Nitrosopiperidine

19
20
21
22
23
24
25
26
27

Aldicarb sulfone
2-Nitrophenol
2,4-Dimethylphenol
2,4-Dichlorophenol
Aldicarb sulfoxide 1II
Bagon 1
Clofentezine
Naphthalene
Isoproturon I
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Table 3. continued.

1;32%( Compounds 1;?2%( Compounds 1;??5 Compounds
28  Dichlorovos 77  Atrazine 126  Butachlor
29  4-Propylphenol 78  Propazine 127  Endosulfan 3
30 N-Nitrosodibutylamine 79  4-Octylphenol 128  Di-n-pentylphthalate
31  2-t-Butylphenol 80 B-HCH 129  cis-Chlordane
32  Cartap 81  Pentachlorophenol 130 trans-Nonachlor
33 Triforine 82  Di-n-propylphthalate 131 9-Nitroanthracene
34 4-Chloro-3-methylphenol 83 y-HCH 132 Fenamiphos
35  3-t-Butylphenol 84  Terbufos 133 Hexaconazole
36  Carbofuran I 85 Pentachloronitrobenzene 134  Bisphenol A
37  4-sec-Butylphenol 86  Pronamide 135 44'-DDE
38  4-n-Butylphenol 87  Fonofos 136  Dieldrin
39  2,4,6-Trichlorophenol 88  Phenanthrene 137  Carboxin
40  Fluometuron I 89  Diazinon 138  Nitrofen
41  Butylate 90  Anthracene 139  Endrin I
42 Diuron I 91  Dinoseb 140  Endosulfan sulfate
43 Pentylphenol, n- 92 6-HCH 141 4,4'-DDD
44  Dinitrobenzene, 1,3- 93  Terbacil 142 cis-Nonachlor
45  Dimethylphthalate 94  Chlorothalonil 143 Chlordecon(Kepone)
46  Propham 95 6-Bromo-2-naphthol 144  Dihexylphthalate
47  Acenaphthylene 96  Propanil 145  Butylbenzylphthalate
48  2,6-Dinitrotoluene 97  Metribuzin 146  Endosulfan a-
49  Acenaphthene 98  Vinclozolin 147 DDT, 4,4'-
50  2,4-Dinitrophenol 99  Methyl parathion 148  Bis-(2-ethylhexyl)adipate
51  4-Nitrophenol 100 Alachlor 149  Hexazinone
52  2,4-Dinitrotoluene 101 Ametryn 150  Endrin I
53  Chloropropham I 102 Isoproturon II 151  Benzo(a)anthracene
54  Molinate 103 Heptachlor 152 EPN
55 Oxamyl II 104  Fenitrothion 153  Methoxychlor
56  Diethylphthalate 105  Dibutylphthalate 154  Chrysene
57  Fluorene 106 Ioxynil 155  Dicofol(Kelthane) II
58  4-Chlorophenyl phenylether 107 Bromacil 156  Dicyclohexylphthalate
59  4-t-Octylphenol 108  Chlorotoluron II 157  Bis-(2-ethylhexyl)phthalate
60  Bagon II 109  Aldrin 158  3-Nitrofluoranthene
61  Propachlor 110  Metolachlor 159  Mirex
62  2-Methyl-4,6-dinitrophenol 111  Fenthion 160  1-Nitropyrene
63  N-Nitrosodiphenylamine 112 Chlorpyrifos 161  trans-Permethrin
64  Ethoprophos 113 Cyanazine 162  cis-Permethrin
65  Fluometuron II 114  Parathion 163 Di-n-octylphthalate
66  Chlorotoluron I 115  Dicofol(Kelthane) I 164  Benzo(b)fluoranthene
67  Chloropropham II 116 DCPA 165  Benzo(k)fluoranthene
68  Trifluralin 117 Bentazon 166  Benzo(e)pyrene
69  4-Bromophenyl phenylether 118  Diphenamid 167  Benzo(a)pyrene
70 2,4,6-Trinitrotoluene 119  Pendimethalin 168  Perylene
71 o-HCH, 120  Heptachlor epoxide 169  Pyridate
72 Phenylphenol 121 Fluoranthene 170  Esfenvalerate
73 Prometon 122 Procymidone 171  Indeno(1,2,3-cd)pyrene
74  Simazine 123 trans-Chlordane 172 Dibenz(ah)anthracene
75 Carbofuran II 124 2-Nitrofluorene 173 Benzo(gh,i)perylene
76  Diuron II 125  Pyrene
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Table 4. Extraction recoveries and detection limits of semivolatile compounds with LLE.

. Extraction recovery(%) RSD (%)
Group Extraction solvents
Min Max Mean
Pesticides MC 73.6 125.7 91.9 1.3 - 15.1
MTBE 40.0 117.5 86.2 0.0 - 13.7
Hexane 20.1 120.4 76.9 0.0 - 16.3
Ether 30.5 131.7 81.2 0.0 - 14.9
PAHs MC 69.3 119.9 95.5 0.7 - 124
MTBE 51.7 119.8 86.9 3.0 - 16.1
Hexane 66.0 115.1 92.3 0.2 - 134
Ether 55.3 116.9 97.7 29 -171
Phenols MC 62.6 109.9 79.7 2.8 - 13.7
MTBE 57.6 115.5 91.8 0.5 - 14.0
Hexane 0.0 93.5 50.1 0.0 - 15.0
Ether 59.3 115.3 91.6 1.3 - 10.8
Phthalates MC 73.8 116.6 86.8 1.6 - 12.7
MTBE 68.1 120.8 85.0 25 -129
Hexane 53.8 94.4 80.0 14 - 9.6
Ether 57.8 124.2 86.7 3.5 -10.8
Ethers/ Nitrosoamines/ yre 436 1085 67.4 3.7 - 142
Nitrobenzenes
MTBE 7.5 99.8 59.3 2.6 - 14.7
Hexane 0.0 94.5 60.8 0.0 - 14.7
Ether 0.0 101.3 55.8 0.0 - 13.6

* concentration : Ing/mL (n=5)
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Table 5. Correlation coefficients for calibration curves and detection limits of semivolatile compounds with LLE.

Group Concentration range (ng/mL)  Correlation coefficient MDL"(ng/mL)
Pesticides 0.001 - 10.0 0.990 - 1.000 0.001 - 1.0
PAHs 0.001 - 10.0 0.990 - 0.999 0.001 - 0.4
Phenols 0.001 - 10.0 0.992 - 1.000 0.001 - 0.2
Phthalates 0.001 - 10.0 0.992 - 1.000 0.001 - 1.0
Ethers/ Nitrosoamines/ 0.002 - 10.0 0.991 - 0.999 0.002 - 0.25
Nitrobenzenes

* MDL : Method detection limit
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Table 6. Analytical results of detected compounds in
waste water.

Concentration (ng/mL)

Detected Compounds Industrial Livestock
wastewater  wastewater
Diethylphthalate 1.42 1.92
Fluoranthene 0.23 0.03
Bis-(2-ethylhexyl)adipate 22.6 43.3
Di-n-octylphthalate 68.7 17.9
4-Octylphenol 32.8 0.59
Di-n-butylphthalate 9.01 12.1
Pyrene 0.40 0.13
Bis-(2-ethylhexyl)phthalate 262.0 444.4
Bisphenol A 293 3.88

29 oshgsustes, a8
F7F :::El
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