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We categorized 78 hazardous polar organic compounds containing pharmaceuticals and personal care products
(PPCPs), pesticides, and industrial chemicals potentially discharged into a river. We developed an automated
online liquid chromatography-high resolution mass spectrometric (LC-HRMS) method for the rapid simultaneous
determination of 78 polar organic compounds. The method was validated in terms of calibration curve linearity,
limit of detection (LOD), limit of quantitation (LOQ), accuracy, and precision. The LOD and LOQ were in the
range of 0.03-47.6 ng/L and 0.1-151 ng/L respectively. Good accuracy and precision were also obtained. The con-
centrations of 78 compounds were determined in river water samples, and 60 compounds were detected. Caffeine

was the most frequently observed PPCPs in river water.
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Table 1. List of target compounds in this study
PRM ion
Classes Compounds CAS No. Formula - -
Precursor ion Production

4-Acetaminoantipyrine 83-15-8 CHsN;O,  246.1237 2281131 204.1131
4-Dimethylaminoantipyrine 58-15-1 C;;H;7N;0 232.1444 113.1073 111.0917
4-Formylaminoantipyrine 1672-58-8 C,H;5N;0, 232.1080 214.0979 104.0492
Antipyrine 60-80-0 C,;H;,N,O 189.1022 147.0917 104.0495
Atenolol acid 56392-14-4 C,4,H,NO, 268.1543 191.0703 145.0648
Caffeine 1958-08-02 CgH, (N,O, 195.0877 138.0662 110.0713
Candesartan 139481-59-7  CyH,(NO; 441.1670 263.1291 235.1230
Carbamazepine 298-46-4 C;sH;,N,O 237.1022 194.0964 192.0808
Celiprolol 57470-78-7  C,H3,CIN;O,  380.2544 307.1652 251.1026
Clarithromycin 81103-11-9 C;33HgoNO 5 748.4842 158.1176 83.0491
Climbazole 38083-17-9  CH;,CIN,O, 2931051  197.0728  155.0258
Clopidogrel carboxylic acid 144457-28-3 CsH;,CINO,S  308.0507 198.0316 152.0262
Fexofenadine 83799-24-0 C;,H;36NO, 502.2952 466.2741 171.1168
Lamotrigine 84057-84-1 CoH,ClL,N; 256.0151 156.9608 172.9670
Levetiracetam 102767-28-2 CgH4N,0, 171.1128 154.0863 126.0913
Lidocaine 137-58-6 C,4H,,N,O 235.1805 86.0964 58.0651
Losartan 114798-26-4  C,,H,;CIN,O  423.1695 405.1589 377.1528
Mefenamic acid 61-68-7 C,sH;sNO, 240.1030 196.1134 180.0819
Pharmaceuticals Mepivacaine 96-88-8 C,sH,,N,O 247.1805 98.0643 70.0651
Methylprednisolone 83-43-2 C,,H3,O5 375.2166 357.2060 339.1955
Metoprolol 37350-58-6 C,5H,sNO; 268.1907 116.1075 74.0609
Oseltamivir 204255-11-8  C,4HyN,0, 313.2122 225.1234 166.0863
Oxcarbazepine 28721-07-5 C,sH;,N,0, 253.0972 236.0757 208.0757
Primidone 125-33-7 C,,H,,N,0O, 219.1128 162.0913 119.0855
Propranolol 525-66-6 C,¢H,NO, 260.1645 183.0804 116.1070
Ranitidine 66357-35-5  C3H,,N,05S 315.1485 270.0907 176.0488
Ranitidine N-oxide 73857-20-2  C;3H,pN,O,S 331.1434 270.0907 176.0488
Ritalinic acid 19395-41-6 C3H;NO, 220.1332 1741277 84.0807
Roxithromycin 80214-83-1 C4H76N,045 837.5318 158.1176 116.1070
Sulfapyridine 144-83-2  C,H;N;0,S  250.0645  184.0869  156.0114
Sitagliptin 486460-32-6  C;,H;sF(N;O  408.1254 235.0801 174.0525
Sulfamethazine 57-68-1 C,H;,N,O,S  279.0910 156.0114 204.0430
Sulfamethoxazole 723-46-6 CoH;N;O5S  256.0209 156.0114 108.4440
Sulfathiazole 72-14-0 CyHyN;0,8S, 256.0209 156.0114 108.0444
Trimethoprim 738-70-5 CHN,O; 2911452 261.0982  230.1162
Valsartan 137862-53-4  C,H,9Ns0O4 436.2343 235.0978 207.0917
Vildagliptin 274901-16-5  C,;H,5N;0, 304.2020 154.0975 151.1117
Alachlor 15972-60-8  C,H,,CINO,  270.1255 238.0993 162.1277
Aldicarb-sulfoxide 1646-87-3 C,H;N,05S 207.0798 132.0480 89.0420
Azoxystrobin 131860-33-8  C,H;;N;O05  404.1241  372.0929  344.1030
Boscalid 188425-85-6  CgH;,CLN,O  343.0399 307.0630 139.9898
Butachlor 23184-66-9  C;H,,CINO,  312.1725 238.0993 162.1277
Pesticides Carbendazim 10605-21-7 CyHyN;0, 192.0768 160.0505 132.0556
Carbofuran 1563-66-2 C,HsNO; 222.1125 165.0910 123.0441
Chlorpyrifos 2921-88-2  C¢H,,C;3NO5PS  349.9336 197.9276 114.9612

DEET 134-62-3 C,H;;NO 192.1383 119.0491 109.0648

Diazinon 333-41-5 C,H;N,O4PS  305.1083 169.0794 153.1023
Dimethomorph 110488-70-5  C,;H,,CINO, 388.1310 301.0626 165.0546
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Table 1. Continued.
PRM ion
Classes Compounds CAS No. Formula - -
Precursor ion Production

Diuron 330-54-1 CoH;,C;,N,O 233.0243 159.9715 72.0443
Fluxapyroxad 907204-31-3 C,gH,FsN;O 382.0973 362.0912 342.0851
Hexazinone 51235-042  C;,HyN,0, 253.1659 171.0877 71.0603
Imidacloprid 138261-41-3 CyH,,CIN;0, 256.0960 209.0589 175.0978
Iprobenfos 26087-47-8 C,;H,,04PS 289.1022 205.0083 91.0542
Isopropalin 33820-53-0 C,sH3N;0, 310.1761 268.1290 226.0822
Isoprothiolane 50512-35-1 C,H50,S, 310.1761 268.1291 226.0822
Linuron 330-55-2 CoH,(,C,N,0, 249.0192 182.0241 159.9715
MCPA 94-74-6 CoHyClO; 199.0168 155.0269 141.0113
Mefenacet 73250-68-7 CH4N,O,8 299.0849 148.0758 120.0809
Metalaxyl 57837-19-1 C,sH,NO, 280.1543 220.1332 192.1383
Metazachlor 67129-08-2 C,,H,,CIN;0 278.1055 210.0680 134.0964
Methabenzthiazuron 18691-97-9 C,oH;1N;0S 222.0696 165.0486 150.0249
Pesticides Methiocarb 2032-65-7 C,;H;5sNO,S 226.0896 169.0682 121.0648
Methomyl 16752-77-5 CsH,(N,0,S 163.0536 106.0321 88.0215
Metolachlor 51218-45-2 C,sH,,CINO, 284.1412 252.1150 176.1434
Metribuzin 21087-64-9 CgH,N,0S 215.0961 187.1012 84.0807
Orysastrobin 248593-16-0 C,sH,5NsO5 392.1929 393.1962 394.1995
Oxadiazon 19666-30-9  C,sH;4CLNO,  345.0767 303.0298 219.9563
Pendimethalin 40487-42-1 C3H gN;0, 282.1448 194.0560 71.0855
Phosphamidon 13171-21-6  C,,H,;,CINOsP 300.0762 174.0680 127.0155
Propazine 139-40-2 CyH,(CIN; 230.1167 184.1193 142.0723
Propiconazole 60207-90-1  C;sH,;,C1,N;0, 342.0771 158.9763 69.0698
Pyrimidinol 2814-20-2 C¢H;,N,O 153.1022 84.0443 70.0651
Simazine 122-34-9 C;H,,CIN; 202.0854 132.0323 124.0869
Tebuconazole 107534-96-3 C,6H,,CIN;O 308.1524 125.0153 70.0399
Tricyclazole 41814-78-2 CoH;N,;S 190.0433 163.0325 136.0215
5-Methylbenzotriazole 136-85-6 C;H;N; 134.0713 106.0651 79.0542
Industrials Benzotriazole 95-14-7 CeHsN; 120.0556 92.0489 65.0378
Diglyme 111-96-6 C¢H, 405 135.1016 103.0754 59.0491
Alachlor-d,4 1015856-63-9 C,,H7D5ClO2 283.2062 251.0845 175.1301
Surrogate Benzotriazole-d, 1185072-03-0 C¢HD,N; 124.0556 96.0495 69.0368
standards Carbendazim-d, 291765-95-2 C,H,D,N;0, 196.0767 164.0505 136.0556
(SS) Carbofuran-ds 1007459-98-4  C,,H,,D;NO; 225.1308 168.0898 126.0512
Diuron-dg 1007536-67-5 CoH,D,CL,N,O 239.0243 78.0444 138.9606

Sampling Filtering LC-HRMS

i |

Pumping flow : 100 L/min

Flow adjustment : 20 L/min

Fig. 1. Online analytical system.

150 ump40 pm x2p5 pm

Injection pump flow: 2 m/Lmin
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Table 3. Conditions of HRMS for the analysis of target

compounds

Parameters Conditions
Source HESI Lo

(heated electrospray ionization)

Polarity Positive/negative
Positive spray voltage (kV) 3.50
Negative spray voltage (kV) 3.30
Sheath gas flow rate (AU) 80
Aux gas flow rate (AU) 10
Aux gas temp. (°C) 300
Capillary temp. (°C) 320
S-lens RF level 50
<Full MS>
Resolution 70,000
AGC target 1.00E+06
Scan range (m/z) 100 to 1000
<dd-MS? / dd-SIM>
Resolution 17,500
AGC target 1.00E+05
Isolation window (m/z) 1.5
(N)CE/stepped CE 15, 30, 50

S AQS gFE FEoA 10ng/L ol8ke] ke &3
A 3 T 5 YA FF AFIA F=] 2,
sol A=rt H=E BEEIS WUl 47 Aem
IFEE AIER soH, Aok 9 AUss Feich
A= A7MEE 243 BN 7R e Al
Fo] BAge] Aol tigk Hrks=e] A WiEgE
A YeERY AEEet EE AlRoA ZHz 786~
124%, 73.2~124%°] W95 YERSlHE A s 54
7] % JEF=HxH% RSD, relative standard deviation)
Z ARkksIer, Asz=olr 0.8~19%, ALE=AA 03~
25%2] 7S T 4 UTHTable 4). =3}, 552 surro-

Table 2. Conditions of LC for the analysis of target compounds

Parameters Conditions
Mobile phases A : 5 mM formic acid in water, B: acetonitrile (ACN)
Injection volume 1.0 mL
Pumps Left pump (analytical) Right pump (loading)
Columns Hypersil GOLD (50 x 2.1 mm X 3 pum) Hypersil GOLD aQ (20 x 2.1 mm X 12 um)
Time(min)  A(%) B(%) Flow rate(ml/min) Time(min)  A(%) B(%)  Flow rate(ml/min)
0.0 98 2 0.3 0.0 98 2 1.0
1.1 98 2 0.3 1.1 100 0 1.0
Gradient 14.0 5 95 0.3 1.2 100 0 0.3
17.0 5 95 0.3 17.0 100 0 0.3
17.1 98 2 0.3 17.1 98 2 1.0
20.0 98 2 0.3 20.0 98 2 1.0
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Table 4. Method quality datas for the quantification of compounds

Linearity LODY LOQY Accuracy? (%) Precision” (RSD, %)
Compounds RT - -

Conc. range (ng/L) v2 (ng/L) (ng/L) Low High Low High
Ranitidine 435 10 - 1000 0.9989 6.5 207 869 952 19 25
Ranitidin N-oxide 4.62 2 - 1000 0.9972 0.7 23 116 101 4.8 2.3
Aldicarb-sulfoxide 4.68 5 - 1000 0.9979 1.7 55 99.2 102 54 2.9
Levetiracetam 4.76 10 - 1000 0.9955 1.8 57 994 102 2.8 3.1
Vildagliptin 4.77 2 - 1000 0.9995 0.8 2.5 101 101 2.7 1.5
4-Dimethylaminoantipyrine ~ 4.89 1 - 1000 0.9892 0.2 0.5 104 100 3.4 33
Diglyme 489 100 - 1000 0.9972 5.4 173 111 99.3 45 2.8
Pyrimidinol 5.01 1 - 1000 0.9978 0.3 0.8 104 95.7 7.6 1.1
Carbendazim 5.01 1 - 1000 0.9987 0.2 0.6 112 98.7 22 1.4
Sulfapyridine 5.27 1 - 1000 0.9978 0.3 0.9 110 899 3.0 0.8
Sulfathiazole 5.28 10 - 1000 0.9997 2.9 9.2 100 101 2.9 3.2
Caffeine 5.30 10 - 1000 0.9993 1.5 47 91.7 106 2.5 2.9
Methomyl 5.33 10 - 1000 0.9995 3.0 9.7 90.8  99.5 0.8 2.9
Atenolol acid 5.36 5 - 1000 0.9999 1.6 5.1 89.2 105 1.6 1.0
4-Formylaminoantipyrine 5.42 1 - 1000 0.9984 0.2 0.7 103 90.3 1.6 0.3
4-Acetamidoantipyrine 5.45 1 - 1000 0.9978 0.3 0.8 106 934 3.4 1.1
Benzotriazole 5.54 10 - 1000 0.9949 0.9 2.8 90.8 113 0.8 2.1
Trimethoprim 5.54 1 - 1000 0.9936 0.3 0.9 113 101 8.4 1.2
Lidocaine 5.71 1 - 1000 0.9969 0.3 1.0 124 111 6.9 3.0
Sulfamethazine 5.74 2 - 1000 0.9997 0.5 1.5 926 948 2.9 1.5
Mepivacaine 5.77 1 - 1000 0.9951 0.2 0.7 123 109 33 3.8
Ritalinic acid 5.77 1 - 1000 0.9962 0.3 0.9 107  91.6 1.3 1.4
Antipyrine 6.04 1 - 1000 0.9953 0.1 0.4 108 101 3.0 3.0
Primidone 6.10 10 - 1000 0.9971 1.6 50 89.6 105 2.3 3.8
Lamotrigine 6.10 2 - 1000 0.9963 0.2 0.8 111 101 9.0 1.4
Metoprolol 6.15 1 - 1000 0.9989 0.5 1.7 101 106 5.6 3.7
Imidacloprid 6.39 5 - 1000 0.9993 0.9 2.8 91.8 104 2.2 2.4
5-Methylbenzotriazole 6.51 2 - 1000 0.9987 0.3 0.8 110 954 1.2 1.2
Sulfamethoxazole 6.51 1 - 1000 0.9997 0.5 1.6 114 96.5 10 22
Clopidogrel carboxylic acid 6.57 2 - 1000 0.9978 0.4 1.2 996 86.1 9.8 9.7
Sitagliptin 6.62 1 - 1000 0.9986 0.5 1.5 956 992 3.0 2.5
Celiprolol 6.69 2 - 1000 0.9991 0.5 1.5 112 93.9 5.5 1.1
Tricyclazole 6.89 1 - 1000 0.9959 0.2 0.8 113 946 2.9 1.9
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Linearity LODY LOQV Accuracy? (%) Precision” (RSD, %)
Compounds RT - -

Conc. range (ng/L) v2 (ng/L) (ng/L) Low High Low High
Oseltamivir 7.16 1 - 1000 0.9929 0.3 0.9 115 972 3.0 1.3
Propranolol 7.20 2 - 1000 0.9998 0.3 1.1 99.5 953 5.5 5.0
Oxcarbazepine 7.48 1 - 1000 0.9912 0.2 0.8 101 88.9 3.9 4.1
Hexazinone 7.51 1 - 1000 0.9958 0.2 0.6 109 964 3.8 1.8
Simazine 7.57 2 - 1000 0.9965 0.4 1.2 108 974 2.8 1.6
Phosphamidon 7.63 2 - 1000 0.9974 0.4 1.3 106 949 3.5 1.4
Metribuzin 7.89 1 - 1000 0.9983 0.2 0.6 110 938 1.8 0.7
Carbamazepine 8.10 1 - 1000 0.9679 0.1 0.4 110 92.1 4.9 22
Methylprednisolone 8.22 5 - 1000 0.9942 1.0 33 949 112 2.3 3.5
Carbofuran 8.22 5 - 1000 0.9935 1.2 37 958 111 1.7 45
Methabenzthiazuron 8.34 1 - 1000 0.9993 0.3 0.9 108 96 8.1 1.6
Clarithromycin 8.42 5 - 1000 0.9948 2.8 8.8 109 985 53 2.4
Fexofenadine 8.48 2 - 1000 0.9991 0.1 0.4 107 887 1.9 2.3
Roxithromycin 8.51 10 - 1000 0.9919 3.5 1.0  78.6 104 16 10
Climbazole 8.66 1 - 1000 0.9963 0.03 0.1 107 101 10 2.0
Candesartan 8.70 5 - 1000 0.9999 1.8 57 969 99.8 2.8 22
DEET 8.77 2 - 1000 0.9974 0.4 1.2 113 103 22 0.9
Diuron 8.80 2 - 1000 0.9979 0.3 0.9 105  92.0 3.0 33
MCPA 8.82 5 - 1000 0.9988 2.5 79 955 112 7.9 5.6
Losartan 8.86 1 - 1000 0.9981 0.1 0.2 111 96.8 4.6 2.3
Metalaxyl 8.86 1 - 1000 0.9955 0.1 0.4 102 887 4.6 3.9
Metazachlor 9.18 2 - 1000 0.9972 0.3 1.0 107 90.1 4.6 1.9
Propazine 9.44 1 - 1000 0.9990 0.1 0.5 113 102 1.4 1.7
Dimethomorph 9.79 10 - 1000 0.9942 0.8 25 963 119 2.6 32
Linuron 9.82 5 - 1000 0.9964 1.8 59 937 114 1.3 3.1
Valsartan 9.82 5 - 1000 0.9990 1.0 32 943 941 1.1 3.6
Methiocarb 9.99 2 - 1000 0.9927 0.5 1.7 102 732 1.8 4.5
Mefenacet 10.19 1 - 1000 0.9991 0.2 0.8 103 99.9 42 1.8
Azoxystrobin 10.22 1 - 1000 0.9915 0.3 08 934 862 3.9 2.1
Boscalid 10.31 5 - 1000 0.9942 1.2 37 954 117 24 3.6
Orysastrobin 10.31 1 - 1000 0.9970 0.1 0.4 113 101 3.4 1.9
Fluxapyroxad 10.39 5 - 1000 0.9959 1.1 35 101 123 1.8 8.2
Tebuconazole 10.57 1 - 1000 0.9967 0.2 0.7 118 103 43 0.5
Alachlor 10.60 2 - 1000 0.9941 0.3 1.0 117 988 6.4 1.4
Isoprothiolane 10.62 2 - 1000 0.9999 0.6 1.8 113 105 32 5.1
Metolachlor 10.68 1 - 1000 0.9913 0.5 1.5 924 755 3.9 3.4
Iprobenfos 10.71 2 - 1000 0.9993 0.3 0.8 100 929 5.1 3.1
Propiconazole 10.83 2 - 1000 0.9980 0.2 0.8 114 999 3.4 1.3
Oxadiazon 10.83 5 - 1000 0.9971 1.3 4.1 103 112 1.9 5.4
Mefenamic acid 11.14 2 - 1000 0.9982 0.5 1.5 112 989 5.7 1.6
Diazinon 11.44 1 - 1000 0.9959 0.1 04 118 103 32 1.5
Butachlor 12.58 5 - 1000 0.9886 1.4 46 912 96 3.0 1.7
Chlorpyrifos 12.83 100 - 1000 0.9988 47.6 151 109 124 6.0 8.7
Pendimethalin 1289 10 - 1000 0.9916 4.4 141 104 124 2.0 5.8
Isopropalin 13.67 5 - 1000 0.9981 1.3 42 99.1 103 10 12

)n=7, LOD (limit of detection)=SD * 3.14, LOQ (limit of quantitation)=SD * 10, spiked conc.: 1-100 ng/L.
2)n =135, spiked conc. (low): 10-250 ng/L, spiked conc. (high): 50-500 ng/L.
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Fig. 3. Frequencies of target compounds in river water.
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