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Simultaneous determination of 13 organic pollutants in water
samples by high performance liquid chromatography-
tandem mass spectrometry

LUO Birong * , QIAN Shu, XIE Zhenwei, YAO Huan, XIONG Jie, ZHAO Hong
(Sichuan Environmental Monitoring Center, Chengdu 610091, China )

Abstract: On the basis of environmental quality standards for surface water, a sensitive and
simple method was developed for the simultaneous determination of 13 organic pollutants,
including dimethoate, dichlorvos, trichlorfon, parathion, methyl parathion, malathion, deme-
ton, acrylamide, aniline, benzidine, carbaryl, Microcystin-LR and atrazine in water samples by
high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) combined
with direct injection. The water samples were filtered through 0. 22 pm of microfiltration mem-
brane. With methanol-0. 01% formic acid as mobile phase, the separation was performed on a
Kromasil 100-5 C18 column (150 mmx2. 1 mm, 5 pm) in gradient elution. The flow rate was
0.5 mL/min. The column temperature was 40 C. The samples were detected by multiple reac-
tion monitoring ( MRM ) mode with positive electro spray ionization. The organic pollutants
were quantified by external standard method. The calibration curves of the organic pollutants
show good linearity in suitable ranges with correlation coefficients (7) over 0. 999 5. The detec-
tion limits of organic pollutants in samples ranged from 0.02 pg/L to 0.1 png/L. The relative
standard deviations of organic pollutants were 0.5%—-5.0% (n=6). The average recoveries of
the 13 organic pollutants spiked in water samples ranged from 81. 2% to 112%. The method has
been proven to be sensitive, rapid and with little interference. It is suitable for the determina-
tion of the 13 organic pollutants simultaneously in the surface and underground waters.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/
MS) ; organic pollutants; water samples; direct injection
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Table 1 MS/MS conditions of organic pollutants
Compound Parent ion Product ion Collision Declustering Entrance Collision

(m/z) (m/z) energy/eV potential/V potential/V potential/V
Acrylamide 72.0 55.0" 16 44 15 0
44.0 27 50 0
Aniline 94.0 77.0" 27 51 9 0
51.1 41 62 0
Benzidine 185.1 168.1" 27 83 5 0
141.1 35 81 0
Dimethoate 230.1 199.1° 13 54 6 15
88.2 19 54 5
Trichlorfon 257.0 109.1° 25 80 15 8
221.1 16 80 17
Carbaryl 202.1 145.1° 13 56 10 0
127.1 40 59 0
Atrazine 216.1 174.1" 26 84 10 0
96.0 34 79 0
Dichlorvos 221.0 109.1" 25 71 14 8
127.1 24 71 10
Demeton 259.0 89.0" 12 44 9 4
61.1 52 41 4
Methyl parathion 264.0 125.0° 25 73 15 9
232.0 23 68 11
Parathion 292.0 236.0" 22 61 3 17
264.0 16 62 14
Malathion 331.1 127.2* 18 63 7 10
285.2 12 63 16
Microcystin-LR 995.6 135.3" 105 148 4 0
213.3 87 148 0

* Quantitative ion.
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Table 2 Linear ranges, regression equations and correlation
coefficients (r) of the 13 organic pollutants

Compound Linear range/ Regression ,
(ng/L) equation
Acrylamide 0.10-20.0 y=27100x+644 0.9999
Aniline 0.20-50.0 ¥ =932002x+ 1660 0.9996
Benzidine 0.10-20.0 Yy =375002-492 0.9999
Dimethoate 0.10-10.0 Yy =166000x+8690 0.9999
Trichlorfon 0.10-200 y=19700x+6190 0.9999
Carbaryl 0.10-10.0 ¥ =2230002+3708 0.9999
Atrazine 0.10-10.0 y=217000x+814 0.9999
Dichlorvos 0.10-10.0 Yy =640334x+64676 0.9995
Demeton 0.10-10.0 ¥ =2130002+5890 0.9999
Methyl parathion  0.50-200 y=T738x+211 0.9999
Parathion 0.10-200 Y =62602-193 0.9997
Malathion 0.10-20.0 Yy =3040002+20400 0.9999
Microcystin-LR 0.20-200 y=1606x-288 0.9999

Y. peak area; x: mass concentration, wg/L.
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Table 3 Standard limits, limits of detection (LODs) and
precisions (RSDs) of the 13 organic pollutants

Intra-day precision

Standard  Limit of (RSDs, n=6)/%

Compound limit/  detection/

(wg/L)* (/L) 0.50 2.00 10.0

pg/L pg/L pg/L

Acrylamide 0.50 0.03 1.9 0.5 1.4
Aniline 100 0.04 1.7 1.3 1.9
Benzidine 0.20 0.03 3.1 2.2 3.9
Dimethoate 80.0 0.04 1.4 2.1 0.7
Trichlorfon 50.0 0.04 1.2 2.0 1.5
Carbaryl 50.0 0.03 1.0 1.8 1.3
Atrazine 3.00 0.02 0.7 2.1 2.2
Dichlorvos 50.0 0.02 0.6 2.4 3.3
Demeton 30.0 0.03 1.5 2.2 1.7
Methyl parathion 2.00 0.05 1.4 5.0 4.3
Parathion 3.00 0.05 1.4 3.9 4.6
Malathion 50.0 0.03 1.6 2.8 2.4
Microcystin-LR 1.00 0.10 3.6 2.8 2.0

* From GB 3838-2002.
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Table 4 Recoveries of the 13 organic pollutants
spiked in blank environmental samples

Surface water Underground water

Compound Added/ Recovery/ Added/ Recovery/
(ng/L) % (pg/L) %
Acrylamide 0.2 98.3 0.2 93.3
2.0 84.8 2.0 97.7
20.0 85.5 20.0 107
Aniline 0.2 105 0.2 108
2.0 101 2.0 81.3
20.0 96.5 20.0 90.7
Benzidine 0.2 100 0.2 105
2.0 83.8 2.0 92.3
20.0 81.2 20.0 82.3
Dimethoate 0.2 98.3 0.2 81.7
2.0 98.3 2.0 101
10.0 98.1 10.0 95.5
Trichlorfon 0.2 96.7 0.2 110
10.0 86.5 10.0 98.7
100.0 97.7 100.0 99.2
Carbaryl 0.2 93.3 0.2 91.7
2.0 89.7 2.0 95.2
10.0 89.3 10.0 94.2
Atrazine 0.2 105 0.2 112
2.0 105 2.0 107
10.0 98.5 10.0 101
Dichlorvos 0.2 86.7 0.2 95
2.0 91.3 2.0 88.5
10.0 104 10.0 103
Demeton 0.2 105 0.2 91.7
2.0 94.7 2.0 97.5
10.0 97.3 10.0 99.1
Methyl parathion 2.0 100 2.0 102
20.0 98.5 20.0 101
100.0 102 100.0 97.5
Parathion 0.2 100 0.2 96.7
10.0 102 10.0 93.2
100.0 92.7 100.0 95.5
Malathion 0.2 108 0.2 105
2.0 96.5 2.0 101
20.0 101 20.0 101
Microcystin-LR 0.2 96.7 0.2 102
10.0 99.3 10.0 103
100.0 95.6 100.0 90.8
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