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Micropollutants including pharmaceuticals, personal care products, pesticides, etc., and their transformation
products (TP) are widely distributed in environmental media. However, limited information on their occurrence
and concentration is available, at least partially due to lack of precise, reliable analytical tools. Recently, highly
advanced instrument such as high resolution mass spectrometry (HRMS) has been commercially available and
applicable for the detection of micropollutants and TPs. In addition, HRMS relevant screening techniques, sus-
pect and nontarget screening, have been developed and optimized to identify unpredictable and unknown pol-
lutants at trace levels. In this review paper, prior micropollutants and their TPs are suggested via literature
survey, and the procedure of target/suspect/nontarget screening for their identification are introduced in detail
with technical steps. Finally, the applicability of HRMS-based identification methods is discussed with lessons
from previous studies. Considering the accuracy and applicability, suspect/nontarget screening approaches with
HRMS are expected to extend our knowledge on micropollutants and TPs under the cover.

Key words: Micropollutants, Transformation products, LC-HRMS, Suspect screening, Nontarget screening,
Unknown contaminants
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Fig. 1. Publication number in Scopus database searched with keywords, high resolution mass spectrometry (HRMS),
orbitrap + QTOE micropollutant, and suspect + nontarget screening.
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2.1. 2|2KE (pharmaceuticals)

ook A XA (target/binding site)l] A g
sl B4 75S FSIEE AAE 754 EAEH,
3 H=Z AZEAS A SEAES] AESH 75S
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I H|ZH|Ro|E AER Udo) 2 F H[ZHZe|= A
do] AAZIEA(NSAID, Nonsteroidal anti-inflamma-
tory drug)’} Bt} o] AR-E™ ibuprofen, diclofenac,

acetaminophen (Efeld|&9] F2 &) 50| oo £+
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1 5°] vk = sdellX= carbofuran¥} carbaryl
747} 53 ng/Lel 2.8 ng/L7t AZH vy}t ¢lrk3630)

O

2.3.3. Trazoles/triazines

Q7+ ] AAE XIS triazoleFv A
(fungicide)=, WAl ol| 37le] AAE X3Sh= triazine
F= AlZA (herbicide)Z T2 AM&-¥t}. Propiconazole,
tebuconazole 52| FFAEL WEHA FolE do7)
3L, HAES] 2y Foll SAFYS vAE AR B
3 ek 2 A9 terbutylazineS §H<] Dan-
ube oA Ho) 63 ngL7t S8 v7t 1o, ter-
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2.3.4. Neonicotinoids

U AR TS 7P e A Sk

neonicotinoide= imidacloprids A|Zke. 2 1990t So]
A BAXOZ AMEE]7] ARk 23l digh v

BEIF ek v, 2Ry Bl B2 54E
UeRhfe], 7129] 71071 2 7Hle|EA woke] of
AAZAN 2 ARFS gis vtk e, 20009
ZNEEE, o159 SAEIfIE 0] tiFEEAL P &
3], ¥ %] (bee population) 7] NEZE neonico-
tinoidAl o] AEEHHA B 95 B B
ol21gt o|f &, FHATNME 20133 5E  imidaclo-
prid, clothianidin, ¥ thiamethoxam®] AF8-2 FA|sl2L
QTHAAD ALg-FA] #191 2010~2011 279 B =
£7+ 3ol =A% imidaclopride 1~8 ng/Le] %

MAE Lrehhch A

24. 7|t Oj¥2HER

2.4.1. Artificial sweetners

AearEes 7HaEd AREE AEH7HIEA,
acesulfame, neotam, saccharin, sucralose 5©¢| X%
o} o]yt 2452 A9 o] skHRTE Sl
A oR Y, SRl BlwE E3, F
27 o)8Ao] Eol AN E AEEE Fh
Ed9] FRI7oM = saccharind} sucralose?] U=
2 717} 240 ng/Ls} 175 ng/L7t AEE7 = sKY

2.4.2. Corrosion inhibitors

Benzotriazole AHA] 2 ZHE FHAA vt
EHoz g8xy e, F2 45 Ty gl dv|

B4 A (corrosion inhibitors)® ARE-E3L AT FESE A
Sk 271412 70 ARE-E= Al E3HE]e] 7]7]€]
Ha18 % Benzotriazole X150 78l 4]
2] FAAM 9 AAGE] Fom YN HFgs)
of FEAWeIM ] Tt AUEor we HolghY
=9} Elhe’oll4]= benzotriazole®] &=} Htl 304
ngL7t 249 vz 91005 Danube 7olME 380
ng/Le] Hths=rt B vt oS
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Ag)FA SolA RSt e AEE AXA =
3L 3 Bl AR v B, olFEAl 94
H e e g 52 transformation products
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9] 7% TP B4o] ¥ Z7lse A$= ek w3,
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Aol F7tsle 7S BRAth Table 19 HAIE TP
Hat logK, #el 1399=, o|5 Z3E(H logk,,
=2.35)0 |3l ¥ S YR -4, Sl
W W TP =7 Bslgteat vissshAY =4 4
E5E A= TF B 5 Uk dE B9, 23Rl g
skl A] 24 % venlafaxine®] BHEEE 174
ng/LI21}, TPl O-Desmethylvenlafaxine= 468 ng/L

Table 1. Classification of micropollutants and their relevant information for chemical identification

Group Class Substances CAS-No Formula Eri;ascst logK,,,*

Acetaminophen 103-90-2 CH,NO,  151.0628  0.46

(or paracetamol)
Diclofenac 15307-86-5  C,H;;CLLNO, 295.0161 451
Non-steroidal Ibuprofen 15687-27-1 Ci3H150, 206.1301  3.97
anti-inflammatory Indomethacin 53-86-1 CioHigCINO,  357.0768  4.27
drugs (NSAID) Ketoprofen 22071-15-4 Ci6H1404 254.0937 3.2
Mefenamic acid 61-68-7 C5H5NO, 241.1097 5.12
Naproxen 22204-53-1 CH1404 230.0937  3.18
Tramadol 27203-92-5 CigHysNO,  263.1885  3.01
Amoxicillin 26787-78-0  CigH gN3O5S  365.1040  0.97
Ciprofloxacin 85721-33-1 C;HgFN;0;  331.1327  0.28
Clarithromycin 81103-11-9 CsgHgNO3  747.4763  3.16
Clindamycin 18323-44-9  C;gH33CIN,O5S  424.1799  2.16
Erythromycin 114-07-8 Cy3;HgNOy;3 7334607  3.06
Minocyclin 10118-90-8 CysHyN2O,  457.1854  -0.42
Antibiotics Ofloxacin 82419-36-1 CigHyFN;O,  361.1432  -2.00
Sulfadiazine 68-35-9 CioHopN,O,S  250.0519  -0.09
Sulfadimethoxin 122-11-2 CpH N,OS  310.0730  1.63
Sulfamethazine 57-68-1 C,H N,0,S  278.0832  0.89
f;ftrlg:i‘s Sulfamethoxazole 723-46-6  CpH;N,0,S  253.0516  0.89
Sulfathiazole 72-14-0 CoHgN;0,S,  255.0131  0.05
Tetracyclin 60-54-8 CypHyN,Of  444.1533  -1.33
Atenolol 29122-68-7 Ci HypN,05 2661625 023
Cholesterol Bezafibrate 41859-67-0  C,oH,,CINO, 361.1075 4.25
lowering drug/ Gemfibrozil 25812-30-0 Ci5H,,04 250.1563  4.77
Lipid regulator/ Metoprolol 37350-58-6 C5Hy5NO4 267.1829  1.88
Beta blocker Propranolol 525-66-6 CiHyNO,  259.1567  3.48
Sotalol 3930-20-9 CpHpoN,05S 2721189 0.24
Bupropion 34911-55-2 CisHigCINO  239.1077  3.85
Citalopram 59729-33-8 CyHyFN,O  324.1638  3.74
Antidepressants Fluoxetine 54910-89-3 CHigFsNO  309.1335  4.05
Sulpirid 15676-16-1  C;5Hy3N;0,S  341.1409  0.65
Venlafaxine 93413-69-5 C;HyNO,  277.2036  3.28
X-ray contrast Iopamidol 62883-00-5  Cy;HypIN;0g  776.8535  -2.42
media Iopromide 73334-07-3  CigHyI3N;Og  790.8692  -2.05
Caffeine 58-08-2 CgH,oN,O, 194.0798  -0.07
Others Carbamazepine 298-46-4 CysH N0 236.0944 245
Gabapentin 60142-96-3 CoH,;NO, 1711259  -1.1
Ranitidin 66357-35-5  Ci3HpN,0,S  314.1407  0.27
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Table 1. Classification of micropollutants and their relevant information for chemical identification (Continued)

Group Class Substances CAS-No Formula Eriiiascst logK,,,*
Benzophenone 119-61-9 Cy5H,00 182.0726  3.15
Personal Cosmetics Climbaz.ole 38083-17-9  C;sH,CIN,0, 292.0979  3.76
care and soaps Galaxolide 1222-05-5 CigHy0 258.1978 59
products Oxybenzone 131-57-7 C14H1504 228.0781  3.79
Tonalide 21145-77-7 Ci7H,,0 2441822  6.35
Chlorpyrifos 2921-88-2 CoH;;C,NO,PS 348.9263 4.7
Diazinon 333-41-5  C;,H,N,05PS  304.1005  3.81
Organo- Dichlorvos 62-73-7 CH,CLO,P  219.9454 0.6
phosphates Dimethoate 60-51-5 CsH;,NO4PS,  229.0002  0.78
Methidathion 950-37-8  C¢H;;N,0,PS; 301.9624  2.57
Phosmet 211-987-4  C,;H;,NOPS, 316.9940 2.96
Aldicarb 116-06-3 CH,O,N,S  190.0776  1.13
Methomyl 16752-77-5  C;H;(N,0,S  162.0463  2.35
.y Pirimicarb 23103-98-2  C;jH;gN,0, 2381430 2.3
Pesticides  Carbamates Carbofuran 1563-66-2 C12H185No3 221.1057 124
Carbaryl 63-25-2 C,H;;NO,  201.0795 -0.27
Molinat 3337-71-1 CgHoN,O,S  230.0356 1.4
Propiconazol 60207-90-1 C;sH;,CL,N;0, 341.0692  3.72
Tri-azoles/ Tebuconazol 107534-96-3 C;¢H,,CIN;O  307.1446 3.7
azines Terbutryn 886-50-0 CioHgN5S 2411356  3.74
Terbutylazin 5915-41-3 CoH,(CINg 229.1089  3.21
Neonicotinoids Imidacloprid 138261-41-3 C,H,,CIN;O, 255.0523 -0.41
Thiacloprid 111988-49-9  C,(H,CIN,S  252.0236 1.3
Acesulfame 55589-62-3 CHsNO,S 162.9939 -1.33
Artificial Cyclamate 100-88-9 CeHsNOsS  179.0616  -1.61
sweetners Neotam 165450-17-9  C,,H5)N,O5  378.2155  2.88
Saccharin 81-07-2 C;H;NO5S 182.9990  0.45
Sucralose (splenda) 56038-13-2  C;yH;oCl;0g4  396.0146  0.68
Corrosion 4-Methyl-Benzotr%azol 29878-31-7 C,H;N, 133.0635  1.71
inhibitors 5-Methy1—Bepzotr1azol 136-85-6 C,H;N, 133.0635 1.71
Benzotriazol 95-14-7 CeH;5N; 119.0478  1.44
1-Hydroxy-Benzotriazol
(Eenz’griazol ™) 2592052  CgHN.0  135.0433 0.1
1-Methyl-Benzotriazol (Benzotriazol TP) 13351-73-0 C,H;N; 133.0635  1.08
Atenolol/metoprolol acid
e ( Atenolol/rpetoprolol TP? 56392-14-4 C,HyNO,  267.1465 -2.34
Carbfg;if)‘;f;g;;?ﬁg%)x‘de 36507-309  CHp,N,0,  252.0899  0.95
Galaxolidon (Galaxolide TP) 256393-37-0 C1gH240, 2721771 5.26
Transformation Imidacloprid-desnitro
products (TP) (Imidacloprid TP) 115970-17-7  CoH,;CIN, 210.0672 -
N4-Acetyl-Sulfamethazin
(Sulfafnethazin TP) 100-90-3 C HigN,OsS  320.0938 148
N4-Acetyl-Sulfamethoxazol
(Sulfailethoxazol TP) 21312-10-7  C,H;3sN;0,S  295.0621  1.21
O-Desvenlafaxin (Venlafaxin TP) ~ 93413-62-8 C1Hy5NO, 263.1885  2.72
Pyrimidinol (Diazinon TP) 2814-20-2 CgH,N,0 152.0950 12
Ranitidin-S-oxid (Ranitidin TP) 73851-70-4  C;3H,N,0,S  330.1362 -
Terbutylazin-desethyl (Terbutylazin TP) 30125-63-4 C,;H,,CINg 201.0776  2.23
*logK,,, %< Footprint (Exp), ChemIDplus Advanced (Exp), KowWin v. 1.67 (Est), SciFinder (Est)ell 55¥ 23zt

(Exp) == 9 F3EsHS A8
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H, nFo R EAlske olEol i AE =&
A 722 98] HRMS 5 sl sd 3E297d]
457 9t} olgjolld= LC-HRMSE 7]Hke.2,
23 nge HEHL] FAIEAY &8 & U=
S

9718E 2ohsta, 2 gl sl skt

=
3

X
fe i e

w

L IRNSEHEEY =2 €88

Molecular-
weight

chromatography, GC) = A A= vrE 223 (Liquid
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3} WhHo] 287Fsslt). Fig 204e I2niEad 2
o] 23fino] i 1o wE AT ER WY
= 2=2]3}5191t}. Electron ionization (EI) W4-& GC-
MS XA 7P durAQl o]s) W o g EalEol
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] WOV HA S48 He S0 B4 23
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ionization (ESI) S°| it} APCI®} APPI= 23}8H3
WS S8l ol2slele WA oE, o] 23t i ol
QPget EZolojof it} EAo SAxe| wet 2 A&
H7F ok 2Jol7) lont, = b BF EAF 1,000
olate] EARAo] A3t S, ESk= ArhF o
2 g H9e] 2EA &olsitt. 53], ook 3
TR 52 XS vFPEZDES o5 TP |

=
57 st sk, 31540] 4 B4 AU P

3 20009 =l
(resolution)S 71< LC 7]HF &6l 5d g3
HRMS)7} sHAA 582

LC-ESI-MS

Pesticides
Pharmaceuticals

nonpolar

polar
Polarity

Fig. 2. Application of ionization mode coupled with GC or LC for identification of organic pollutants with varying

molecular weight and polarity.
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Full MS scan
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Peak picking

Molecular assignment
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extraction

Structure generation

Structure ranking
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with MS/MS DB or
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Supplementary analysis

(e.g., isotopic pattern, retention time plausibility)

Tentative identification

Qualitative only

Fig. 3. Work flow of target/suspect/nontarget screening for known/unknown compounds (RS: Reference stardard).
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Table 2. Case study for identification of micropollutants and their transformation products (TP) with diverse analytical/

data processing tools

Method  Class Place Substance Technical Tool  Software gggfﬁ; Confirmation Ref.
Benthiavalicarb-isopropyl/
Carbofuran/
Chlorfenvinphos/
Fenamidone/ Fenhexamid/ SPE-LC-ESI- ExactFinder Reference
Fluoxastrobin/ Kresoxim- HRMS/ V 2.0 Level standard 85)
methyl/ Mandipropamid/  MS(Orbitrap) ’
Mepanipyrim/ Metalaxyl,
Penconazole/ Pencycuron/
Trifloxystrobin
Sv%faftiie Simazine/ chloridazon/
dimethenamide P/
metolachlor/ SPE-LC-ESI- Reference
Terbuthylazine/ LTQ-HRMS/ MSXelarator Level 86)
. standard
o mecoprop/ MS(Orhitrap)
Pesticide N,N-Diethyl-m-toluamide
(DEET)
SPE-LC-ESI- Isotopic
Fenamidone LTQ-HRMS/ MSXelarator Level pattern  86)
MS(Orbhitrap) >90%
SPE-LC-ESI- Reference
Clomazone HRMS/ MZmine v2.9 Level 83)
MS(Orbhitrap) standard
Carbendazim/ Diazinon/
Effluent Diuron/ Terbutryn/ S’?](i)FLlS/ISE/I%/}S Chror)rggLynx Level Iiiir(i?rge 87)
Suspect Thiabendazol/
screening SPE-LC-ESI- Isotopic
kresoxim methyl LTQ-HRMS/ MSXelarator Level pattern  86)
MS(Orbhitrap) >90%
. SPE-LC-ESI-
E;:Z‘La;;;‘l/e/tgg‘;gloﬁj LTQ-HRMS/  MSXelarator Level 1 ooins  6)
Surface MS(Orbhitrap)
water . SPE-LC-ESI- Isotopic
Valsartan/ irbesartan/ LTQ-HRMS/ MSXelarator Level pattern  86)
oxprenolol/ MS(Orbitrap) >90%
Pharma- SPE-LC-ESI- Reference
ceuticals 4-Methyl-1-tetralone HRMS/ MZmine v2.9 Level standard 83)
MS(Orbhitrap)
Clarithromycin/ Codeine/ SPE-LC-ESI- ChromaLynx Reference
Effluent Erithromycin/ Ketoprofen QTOF-MS/MS XS Level standard 87)
SPE-LC-ESI- Isotopic
6-aminopenicillanic acid/ LTQ-HRMS/ MSXelarator Level pattern  86)
MS(Orbhitrap) >90%
tris(2-chloroethyl)
Surface phospha‘ge/ SPE-LC-ESI- Isotopic
Personal water dodecanemtgle/ N- LTQ-HRMS/ MSXelarator Level pattern  86)
care Octylpyrrolidone/ MS(Orhitrap) >90%
products diisopropyl adipate
and others Benzophenone-4 SPE-LC-ESI-
. . Reference
Effluent Secobarbital/ HRMS/ MZmine v2.9 Level 83)
Benzothiazole MS(Orbitrap) standard
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Table 2. Case study for identification of micropollutants and their transformation products (TP) with diverse analytical/
data processing tools (Continued I)

Method  Class Place Substance Technical Tool Software ggsg{; Confirmation Ref.
Carboxy gemfibrozil SPE-LC-ESI- Isotopic

(TP ofy imfibrozil) LTQ-HRMS/ MSXelarator Level 4 pattern  86)
g MS(Orbitrap) >90%

Chlorothalonil-4-hydroxy (TP of
Chlorothalonil)/Imidacloprid-
desnitro (TP of Imidacloprid)
2-amido-3,5,6-trichlo-4-
cyanobenzenesulphonic acid
(TP of chlorothalonil) SPE-LC-ESI-

S;zftaecre 2-(2-chlorothiazol-5-ylmethyl)-  HRMS/ Exiftg‘gder Level 1 Eﬁif;ff 85)
5-methyl-[1,3,5] oxadiazinan -4- MS(Orbitrap) -
ylidineamine(TP of
thiamethoxame)/
N-(2,6-dimethylphenyl)-N-
(methoxyacetyl)alanine
(TP of metalaxyl)
. ., SPE-LC-ESI-
Carbamazepine 10,11-§p0x1de LTQ-HRMS/ MSXelarator Level 1 Reference 86)
(TP of carbamazepine) MS(Orbitrap) standard
Triphenylphosphine oxide(TP of
Triphenylphosphine)/2- SPE-LC-ESI- Reference
(Methylsulfinyl)benzothiazol ~ HRMS/MS MZmine v2.9 Level 1 standard 83)
(TP of 2- (Orbitrap)
Trans (methylthio)benzotriazole)
ransform .
Suspect  ation Effluent Guanylurea SPE-LC-ESI- l)zla‘;aA’}l:iyzlts Level 1 Reference 88)
screening products (TP of metformin) QTOF-MS/MS AI.la,lysngl 3 standard
TPs ’
o mono-ethylglycinexylidide - ZC-ESI Isotopic
it yfgLfd fg’) LTQ-HRMS/ MSXelarator Level 4  pattern  86)
ot Ladocame MS(Orbitrap) >90%
[Gammarus pulex] Naphtol-
sulfate(TP of Carbaryl)/ 2,4-
dichlorophenol-sulfate(TP of SPE-LC-ESI- Reference
. LTQ-HRMS/ Met Works Level 1 89)
2,4-dichlorophenol)/ 2,4,5- MS(Orbitrap) standard
trichlorophenol-sulfate(TP of P
2,4,5-trichlorophenol)/
[Gammarus pulex] PRZ M353, SIEVE
PRZ M325, (TP of Prochloraz)/ SPI;EI'IIQ‘I\C/I_S%SI_ software Level 2 On€ specific 81)
EP_M451, EP_M467, MS(Orbitrap) version 2.1 structure
Aquatic EP_637(TP of Epoxiconazole) P and 2.2
organisms [Gammarus pulex]
PRZ M323b, PRZ M323a,
PRZ M392b, PRZ M392a,
PRZ_M429, PRZ M239, SIEVE
PRZ M469, PRZ M310(TP of SPE-LC-ESI- software several
Prochloraz)/ KET _Mb565(TP of HRMS/ ersion 2.1 Level 3  positional 81)
KET)/ CP_M308b, CP_M308c MS(Orhitrap) v and 2 2' isomers

(TP of Cyproconazole)/ EP_

M346(TP of Epoxiconazole)/

PRP_M358a, PRP_M358b (TP
of Propiconazole)
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Table 2. Case study for identification of micropollutants and their transformation products (TP) with diverse analytical/
data processing tools (Continued II)

Method  Class Place Substance Technical Tool  Software (Clgr?f(; Confirmation Ref.
Pesticide Surface  N,N-Diethyl-m-toluamide = SPE-LC-ESI- MassHunter Level 1 Reference 84)
water (DEET)/ QTOF-MS/MS B.03.01 standard
1-Adamantylamine/
phenazone/
Surface propyphenazone/ SPE-LC-ESI- MassHunter Level 1 Reference 84)
water  dimethylaminoantipyrine =~ QTOF-MS/MS B.03.01 standard
Pharma- . "
. (DMAA)/ antipruritic/
ceuticals :
Carbamazepine
SPE-LC-ESI- .
Effluent Amantadine HRMS/ MZIII;H;GlVSZ'g’ Level 1 liizifar;fie 83)
MS(Orbitrap) ’
Surface propyl paraben/ SPE-GC- ChromaLynx .
water Benzophenone (E)TOF-MS/MS XS Level 3 NIST Library 90)
2-(2-Benzothiazolylthio)
Personal ethanol /5-Chloro-2,6- SPE-LC-ESI- .
. . . MZmine v2.9, Reference
care dimethyl-4-pyrimidinamine HRMS/ R 2.15 Level 1 standard 83)
products / 2-(Methylsulfinyl) MS(Orbitrap) ’
Effluent .
and others benzothiazole
Naphthalenedisulfonic acid/ SPE-LC-ESI- . .
4- or 3-Chlorophenyl HRMS/ MZIII{uI;el\gZB, Level 3 Chﬁr;?r);der, 83)
methyl sulfoxide MS(Orbhitrap) ’ g
formylaminoantipyrine
(FAA)/, 4-aminoantipy- rine
(AA)/ acetylaminoantipyrine SPE-LC-ESI- MassHunter Reference
Non- (AAA) QTOEMSMS  B0301 1 Gindara
Targgt Surface (TP of o
screening water  dimethylaminoantipyrine
(DMAA))
LC-DAD-LTQ-
(15 of Bemsotimepneny ~ FTMS  Xelibur  Level 1 RS 82)
P MS(Orbitrap)
2-(2-
Beno o i ol SPE-LCEST. Mzmine v2.9, Reference
Effluent . . HRMS/ Level 1 83)
Transfor- (methylthio)benzotriazole) / MS(Orbitrap) R 2.15 standard
mation 4-Hydroxychlorothalonil(TP P ’
products of chlorothalonil)
(TPs) [Gammarus pulex]
PRZ M282, PRZ M239,
PRZ M632a,
PRZ M632b(TP of SPE-LC-ESL- SIEVE .
Prochloraz)/ PRP_M258, software one specific
HRMS/ . Level 2 81)
PRP_M256(TP of MS(Orbitrap) version 2.1 structure,
Aquatic Propiconazole)/ P and 2.2
organisms TEB_Ma388,
TEB_M404(TP of
Tebuconazole)
[Gammarus pulex] SPE-LC-ESI- S?)?\;I;:e 6 positional
PRZ M298 HRMS/ versi(‘; 91 Level 3 izomers 81)
(TP of Prochloraz) MS(Orbitrap) ’

and 2.2
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