Determination of pesticide transformation
products in drinking water by IC-HRMS/MS
and LC-MS/MS

Contents
L S0P e
B < (=TT Lol TSRS PPTPPRT
TR o a1 ol o] LI O OO RSSO U P PSP UPPPRPPP
4. Reagents and STANArdS . ......cciiuiiiiiiiiie et e e e
Y LT ST R PP
Preparation of solutions for sample preparation ...,
Preparation of calibration SOIUTIONS .......ooiiiii e e,
L Y o =1 = 11U
[C-HRIMIS/IMIS @NEIYSIS ..o e ettt
LC-MS/IMS @NAIYSIS ..ttt
ST o o Tol T [V o TSR P P OPPPPPSIS 11
Y [aal ol SIS (o] = LIPSO P PSPPI 11
Solid phase eXtraction iN TANAEM ...ttt et e e enae e 11
Direct iNJECTION METNOM . .ii ittt e et et e e nbeeeneee e 12
QUANTITICATION Lttt ettt ettt et ekt e et e eh e e e e te e et e et e enee e aeas 12
7. CalCUIGLION OF FBSUITS. .. ittt ettt ettt et ettt et e et e st e aeeneeenees 12
S A YAV Lo TV =111 Y2 PO PR PP 16
LS B Oo ] Tol 5T o 1o P PR PP 17
10. AppendiX A — CaliBration CUIMVES ......oiiiiiceie ettt et e et e e e e e 18
11. Appendix B —Substance chromatograms and Mass SPECIIUMS .......ciuiiiiiiiiee e 21

This document describes a standard analytical procedure of the determination of selected pesticide
transformation products (Table 1) in drinking water samples by ion chromatography coupled to high
resolution mass spectrometry and liquid chromatography coupled to mass spectrometry (IC-HRMS/MS and
LC-MS/MS). The document also describes the validation of the quantitation method.



Table 1. List of targeted transformation products

Validated
No Compound name Structure Detection platform range
ug/L
2-(2,4-Dichlorophenyl)-2-(1H-1,2,4- Y
1 triazol-ylmethyl)-1,3-dioxolane-4- %{j\’r IC(-)HRMS/MS 0.04-0.1
OH
carboxylic acid a C,O )i
) N cl 0O
5 4—Carbamyl—2,§-d|ch|9ro—§cyano o punz Not detected
benzene-1,3-disulfonic acid HoSs S on
0 ¢ O
GLS,an
3 2-chlorobenzenesulfonamide @: ks IC(-)HRMS/MS 0.04-0.1
cl
o |
s N
4 N,N-Dimethyl-N'-phenylsulfamide @N,\S‘\’ - IC(-)HRMS/MS 0.04-0.1
0
H
N 0, NH,
3-(ethylsulfonyl)-2- 7 IC(-)HRMS/MS
| .04-0.1
o] pyridinesulfonamide = “;i/ LC(+)-MS/MS 0.04-0
N::1I 0 not
6 1,2,4-Triazole-1-acetic acid <\N’N \-’JJ\OH LC(+)-MS/MS validated
0
7  thiophene sulphonamide \Sf §-NH: IC(-)HRMS/MS 0.04-0.1
0
i not
8 4-fluoro-3-phenoxybenzoic acid HO*@[‘*@ IC(-)HRMS/MS validated
F
9 4-aminobenzenesulphonamide /[jé‘:o 2 Not detected
N-(2,6-difluorophenyl)-8-fluoro-5- ‘ 3
10  hydroxy(1,2,4)triazolo(1,5- K‘T:, i Not detected
c)pyrimidine-2-sulfonamide e
h | h | \i[]j/[])\
N-(2- -6- -N- oA
11 (2-carboxy-6-methylphenyl) " IC(-HRMS/MS 0.04-0.1
(methoxyacetyl)alanine \é/lw
HaN__N :
. o \ no
- -6- - - -)- N N -
12  4-amino-6-methyl-1,3,5-triazin-2-ol E; LC(+)-MS/MS validated
H
13 1,2-dihydropyridazine-3,6-dione i O IC(-)HRMS/MS not
) ydropy , P validated
2 ot
- -3-ni idi _NT -
14  1-Methyl-3-nitroguanidine 0 hll NH, IC(-)HRMS/MS validated
Cl.__N
N-methyl(6-chloro-3- | IC(+)HRMS/MS
0.04-0.1
15 pyridyl)methylamine 7 r~|4" LC(+)-MS/MS
HN__N__NH,
. ' IC(+)HRMS/MS
N N _
16 Melamine Y LC(+)-MS/MS 0.04-0.1




N-(3-(1-hydroxy-1-methyl-propyl)-5- b /"Q)ﬁ

17 isoxazolyl)-2,6,dimethoxybenzamide o/'N' Not delivered
N NH;
. _ T IC(+)HRMS/MS )
18  2-amino-4,6-dimethylpyrimidine \r\fN LC(+)-MS/MS 0.04-0.1
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Development process of analytical methods aimed for quantification of pesticide transformation products
in drinking water samples is shown in the scheme below (Figure 1)

Drinking water sampled from the tap was used as matrix for development and validation purposes but
methods are intended to be applicable for ground water samples, as well.

At first direct injection (DI) method, referred here in this report as Method 2, was tested on both systems
IC(-)- HRMSMS and LC(+)-HRMSMS. The DI method was not used in the validation study because the
estimated limit of detection (LD) for most of the analytes did not meet the acceptance criteria < 0.01 pg/L.
Time restrains of the project did not allow for further development of the DI method to account for the
matrix effects and optimization of acquisition methods, which would be needed to obtain desired LDs.

Thus as an alternative was used solid phase extraction (SPE) method in tandem here referred to as
Method 1 was used to extract analytes from drinking water. SPE method proved to be more suitable
alternative than DI because estimated LD were meeting acceptance criteria and recoveries achieved for 10
of the analytes were > 80 %

Chemical analysis and validation was performed on replicate measurements of control sample at two
different levels 0.04 pg/L and 0.1 ug/L.

YES Chemical analysis Data Analysis

Sampling Sample IS SENSITIVITY ACCEPTABLE?
preparation
. Validation
Negative mode:
Drinking water Method 2 IC(-)-HRMSMS
Direct injection NO Positive mode:
LC(+)-HRMSMS

Sample preparation

Method 1
Solid phase extraction in tandem

NO YES

ARE ANALYTES RECOVERED?

Figure 1 Scheme of the development process of analytical methods

For sample preparation two types solid phase extraction materials are used in tandem; Oasis® MAX
cartridges, (Anion exchange, Waters, Denmark), 150 mg, 6mL Oasis® MCX cartridges, (Cation exchange,
Waters, Denmark), 150 mg, 6 mL, SPE PTFE tubing and large volume adapters

1. Wash solution A (water/ammonia solution, 95:5, v/v)



2. Wash solution B (water/formic acid, 98:2, v/v)
3. Elution solution A (methanol/ethyl acetate/formic acid mixture, 69:29:2, v/v/v)
4. Elution solution B (methanol/ethyl acetate/ammonium hydroxide mixture, 67.6:27.5:5, v/v/v)

All four SPE solutions are prepared in 100 mL volumetric flasks. Solutions must be prepared fresh due to
instability of formic acid in methanol and water solutions?. At first, is volumetric flask filled with water
(solutions 1-2) or methanol (solutions 3-4). Followed by the addition of acidic and basic reagents (formic acid
and ammonia solution) using volumetric glass pipettes 2 mL for the formic acid solutions and 5 mL for
ammonia solutions).

Matrix-matched calibration solutions for quantification are done with 7-point calibration solutions prepared
in triplicates. Levels are listed in Table 2. The matrix-matched solution is a concentrated extract of a matrix
(non-spiked tap water) that has been prepared following all the extraction and sample preparation steps of
the analytical method.

Spiking calibration (STOCK) is prepared as mixture of single standard (Compound #1, vendor EEP) and 100x
dilution of the original STOCK solutions (obtained from NEOCHEMA, AAR-022-10AN10, 10 pg/mL)
containing compounds (10 and 12) listed in (Table 3) and (NEOCHEMA, AAR-021-W10AN10, 10 ug/mL)
containing remaining of the compounds in the table.

Table 2 Matrix-matched 7-point calibration solutions.

. Stqgk Total " Final
Name afi;?tcilc;n CO,}ZZ}::Z,OH CLC;%I::: volume gcdrilcl;,tig( Concentration
i [ulJ [ng/m]
STOCK 100 1000
Standard 7 Standard 7 100 100 1000 900 100
Standard 6 Standard 7 100 80 100 20 80
Standard 5 Standard 7 100 60 100 40 60
Standard 4 Standard 7 100 50 100 50 50
Standard 3 Standard 4 100 40 100 60 40
Standard 2 Standard 5 100 75 100 25 30
Standard 1 Standard 5 10 50 100 50 20

Table 3. List of standards of the investigated pesticide transformation products

Nr Compound CAS Purity%

2-(2,4-Dichlorophenyl)-2-(1H-1,2,4-triazol-ylmethyl)-
1,3-dioxolane-4-carboxylic acid

119725-91-6 96

4-Carbamyl-2,5-dichloro-6cyano benzene-1,3- . 97.6
. ) . not available
disulfonic acid

1 Snoble, Karel et al. “Stability of Formic Acid in Methanol Solutions and the Implications for Use in LC-MS Gradient Elution Analysis.” Lc Gc North
America 26 (2008): 946-950.



3 2-chlorobenzenesulfonamide 6961-82-6 98.0
4 N,N-Dimethyl-N'-phenylsulfamide 4710-17-2 99.3
5 3-(ethylsulfonyl)-2-pyridinesulfonamide 117671-01-9 97.0
6 1H-1,2,4-triazol-1-ylacetic acid 28711-29-7 94.5
7 thiophene sulphonamide 6339-87-3 99.9
8 4-fluoro-3-phenoxybenzoic acid 77279-89-1 98.2
9 4-aminobenzenesulphonamide 63-74-1 99.9
N-(2,6-difluorophenyl)-8-fluoro-5-

10 hyEﬂroxy(1,2,4)tF;iaono)(1,5—c)pyrimidine—2—suIfonamide 292085-54-2 955
1oyt 104390569 990
12 4-amino-6-methyl-1,3,5-triazin-2-ol 16352-06-0 95.0
13  1,2-dihydropyridazine-3,6-dione 123-33-1 99.0
14 N-methyl-N-nitroguanidine 62409-38-5 94.9
15 N-methyl(6-chloro-3-pyridyl)methylamine 41288-91-9 97.1
16 Melamine 108-78-1 99.0
17 N-(3-(1-hydroxy-1-methyl-propyl)-5-isoxazolyl)- 127842-34-6

2,6,dimethoxybenzamide
18  2-amino-4,6-dimethylpyrimidine 767-15-7 99.9
* substance 17 is currently under production/synthesis.

5. Apparatus

IC-HRMS/MS analysis

Mass spectrometric analysis is performed using a Orbitrap Q Exactive HF tandem mass spectrometer
equipped with a heated electrospray ionization interface (HESI-Il) nitrogen filled higher-energy C-trap
dissociation collision cell (HCD, Thermo Fisher Scientific). The chromatographic separation was done with a
Dionex lonPac™ AS11-4pm, Analytical column (2 x 250 mm) using an ion chromatograph ICS-6000 Dionex
with cooled autosampler (8 °C, Thermo Fisher Scientific).

Analytical Determination

lon chromatographic separation is achieved in negative mode with gradient elution using potassium
hydroxide (KOH) in water. Gradient steps are described in Table 4. Column temperature is set at 35°C. The
Orbitrap mass spectrometer is operating with heated electrospray in negative ionization mode (ESI-) using
the following parameters: spray voltage, 4 kV; sheath gas (N2, >95%), 40; auxiliary gas (N2, >95%), 10; tube
lens voltage, 50 V; heater temperature, 260 °C; and capillary temperature, 425 °C. The Orbitrap tandem
mass spectrometer was operated in negative ionization parallel reaction monitoring mode (PRM). An
isolation window of 1.5 Da from a substance inclusion list (with the substances listed in Table 3) was
fragmented in the collision cell (HCD) at 15 and 50 normalized collision energy. An MS2 full spectrum of ion
fragments were recorded at 60,000 in resolution with an automatic gain control target of 5e4 and maximum



C-trap injection time of 250 ms. From pure analytical standards MS2-fragments were verified and two MS2
fragments were extracted (XIC) at a 5 ppm tolerance (Table 5).

Table 4. lon chromatography conditions.

Dionex lonPac™ AS11-HC-4um, Analytical (2 x 250 mm),
AG11-HC-4pm (2 x 50 mm)

Concentration
No Time Curve
KOH (mM)
1 0.000 6.00
2 5.000 10.00 5
3 11.000 60.00 5
4 13.000 60.00 5
5 13.100 6.00 5
6 20.000 6.00

Dionex EGC 500 KOH eluent
Cartridge, Dionex CR-ATC 600 trap
column and high pressure degas

module

0.45 mL/min

12 uL (limited sample injection) using a 25 ulL sample loop

40°C

35°C

Suppressed conductivity,

Dionex AERS™ 600, 2mm, 4.2 V, external water mode
(delivered by a Dionex AXP-MS

pump at 0.45 mL/min)

In the Table 5 are presented parent, quantification and confirmation ions and their respective retention
time. Please note that retention times presented in table are for analyte recorded in matrix. If analytes are
recorded in pure solvent retention time shift is be observed. lon chromatography is very sensitive to pH
differences in between different matrices as the separation is based on increasing pH gradient. Fragments



that contain superscript in table were confirmed with in silico prediction and with reference spectra (see
chapter 2, Reference). The obtained HRMS/MS fragment information may be applied to traditional MS/MS
systems, e.g. triple-quadrupole platforms in MRM or SRM mode (Herrero et al., 2014).

Table 5. Parent ion, quantification ion, confirmation ion and matrix-matched
retention time used in IC-HRMS/MS method

Compound Parent ion Quantification ion  Confirmation ion RT
number (m/z) (m/z) (m/z) (min)
1 342.0054 253.9895 108.0204 8.6
3 189.9736 77.9654° 126.0115° 8.4
4 199.0547 91.0427° 155.0047° 8.8
5 249.0009 157.0076° 93.0458 9.7
7 161.9689 82.9961° 78.0015% 10.5
8 231.0463 93.0345? 167.0502° 20.3
11 294.0983 204.0666° 89.0244° 10.7
13 111.0200 82.0061 83.0138 6.7
14 117.0418 61.00432 55.0301 2.9

3 confirmed with MetFrag (see references); ® confirmed with reference spectra (see references)
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Figure 2. Displayed are quantification ions of targeted analytes in standard mixture. Analytes from top to
bottomare: 1, 3, 4,5, 7, 11, 13 and 14. Note that compound 5 could be measured in both positive and
negative mode (Figure 4) and compound 8 is missing on the picture because analytical IC column was
changed from AS19-4um to AS11-HC-4um and analyte could no longer be detected with this column.
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Figure 3 Displayed is parent, quantification and confirmation ions of compound #8 eluted on an analytical IC column
AS19-4um. It was not possible to detect this compound on the AS11-HC-4um IC column.

LC-MS/MS analysis

Mass spectrometric analysis is performed using a QTrap 5500 QgLIT (quadrupole-linear ion trap, capable of
MS3 using nitrogen as collision gas) equipped with a Turbolon electrospray source (AB Sciex). The

chromatographic separation was done using a Hypercarb column (2.1 x 100 mm, ThermoFisher Scientific) on

an Agilent 1200 Series UHPLC system with an autosampler operated at ambient temperature (Agilent, Palo

Alto, CA, USA).

Analytical Determination

Optimized method is based on the method from (Scheurer et al., 2016). Mass spectrometric analysis is

performed using a QTrap 5500 equipped with a Turbolon source (AB Sciex). The source settings are: lon
Spray Voltage (IS) +5.5 kV; Source temperature 600 2C; Curtain gas, 20; Gas 1, 60; Gas 2, 70; Collision gas
low. The chromatographic separation parameters are listed in Table 6. Mass spectrometric analysis is

performed in multiple reaction monitoring (MRM). Parent and product ions of analysed and their optimized

voltages are listed in Table 7.

Table 6 Liquid chromatography conditions.

Hypercarb column (2.1 x 100 mm, 3 um, Thermo

Fisher Scientific)
Time Solvent A Solvent B
0 95 5
14 5 95
18 5 95
20 95 5
36 95 5

10



Solvent A: 0.1 % formic acid in water

Solvent B: 0.1 % formic acid in Methanol

0.15 mL/min

10 pL Method 1

100 uL Method 2 (direct injection)

40°C

Table 7. List of parent ions, product ions, declustering potentials, collision energies and matrix-matched
retention times for selected analytes used in LC-MS/MS method.

5 251 106 80 20 233
5 251 78 80 50 233
6 128 73 80 50 22.4
6 128 69 80 20 22.4
12 127 69 100 30 20.0
12 127 86 100 30 20.0
15 157 126 80 20 16.9
15 159* 128 80 20 16.9
16 127 85 100 20 20.9
16 127 68 100 40 20.9
18 124 67 180 40 19.2
18 124 42 180 50 19.2

*compound contains Cl atom therefore second parent ion is 159 m/z for *’Cl-isotope.
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Figure 4. MRM transitions of 7 analytes in the control sample at concentration c= 0.1 ug/mL. Chromatograms
of compounds #16 and #6 contain isobaric interference at retention time 20 min from compound #12. Further
trimming and steepness optimization of gradient is recommended.

6. Procedure

Sample Storage
Samples are stored in freezer (-20 °C) until analysis.

Sample Preparation

Solid phase extraction in tandem (method 1)
Solid phase extraction (SPE) in tandem described by (Deeb and Schmidt, 2016) was selected as suitable
sample preparation technique.

Conditioning Loading Drying Washing Elution
SPE cartridges the sample SPE cartridges SPE cartridges SPE cartridges
A B - A B A B A B
A
B
N ¥
Step 1 Step 2 Step 3 Step 4 Step5

Figure 5 Scheme of 5 steps in tandem SPE. SPE cartridge A is MAX material, while SPE B is MCX material.
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Procedure:

A. Anion exchange cartridge to capture anions (MAX)

B. Cation exchange cartridge to capture cations (MCX)

N v s we

Sample: 1000 mL drinking water or groundwater
Conditioning of the cartridges A (MAX) and B (MCX) is done separately with 3 x 3 mL methanol
Equilibration of the cartridges (separately) with 3 x 5 mL of water
Loading of the spiked sample with 1-2 drops/s on the cartridges (in tandem)
Cartridges are dried with slight vacuum and separated before washing and elution steps.
Washing (Washing is done individually for both cartridges)
— Washing of MAX-cartridge is done with 2 mL water/ammonia solution (95:5, v/v), pH =11.2
— Washing of MCX-cartridge is done with 2 mL water/formic acid (98:2, v/v), pH=2.4
Elution (Elution is done individually for both cartridges)
— Elution of MAX-cartridge was done with 6 mL of methanol/ethyl acetate/formic acid
mixture (69:29:2, v/v/v), pH = 2.6
— Elution of MCX-cartridge was done with 6 mL methanol/ethyl acetate/ammonium hydroxide
mixture (67.6:27.5:5, v/v/v), pH = 10.5
Eluates are combined and reconstituted in 1 mL of milli-Q-water. Reconstitution is done in two
steps: At first, to combined eluates is added 0.5 mL of milli-Q-water and mixture is evaporated under
nitrogen stream at 30 °C to <2 mL . After that is added again 0.5 mL of milli-Q-water and mixture is
evaporated to <1 mL. Finally is mixture adjusted to 1 mL by weighing.

10. Combined extracts were reconstituted in 1 mL of milli-Q-water.

11. Extracts are stored in the freezer (-20 °C) until analysis.

Direct injection method (method 2)

As method 2 was selected direct injection method to cover analytes with low recoveries on SPE. 1 mL of

sample is filtered through syringe filters (KX Sprgjtefilter (syringe filter) RC-regenerated cellulose, 4mm

0,22um) and directly injected.

Ssample

CSample = Caddea X 3

sample plus added sample

Recovery

Cpre—spiked sample

%RE = x 100

CTheoretical amount

13



Limit of Detection (LD)

Calculation of limit of detection (LD) is based on (Executive Order on quality requirements for environmental
measurements) 2

LD = 3 * Sw
sw?=(di? +d? +ds? + ... +dn?)/2n

where dj, dy, ds, ... Dy is the difference between the results of the individual duplicate determinations of a
total of n duplicate determinations of control samples.

Expanded measurement uncertainty Urel and Uaps
Calculation of expanded measurement uncertainty is based on Nordtest report®

Measurement uncertainty U is expanded Measurement Uncertainty, estimated from control sample results, ,
using a coverage factor of 2 to reach approximately 95% confidence level

Ua.bs — Expanded combined uncertainty defined in absolute units (ug/L) and is based on replicate analysis of
control samples spiked at low level (0.04 pg/L)

Urel — Expanded combined uncertainty expressed as percentage (%) and calculated from replicate analysis of
control samples spiked at high level (0.1 ug/L)

Calculation:
Uabs = Uabs(c) *2
Urel = Urel(c) *2

Where 2 is coverage factor and small uass(c) and urel(c) are combined uncertainties (containing variance of
intermediate precision and bias component) in absolute and relative values, respectively.

— ’ 2 2 2
Uabs(C) - ubias(abs) + ST+ uref

Where ulz,ias(abs) is bias calculated as
Upiqsaps) = (100 —Recovery) /100*0.04

s2 is total standard deviation within laboratory determined on the basis of replicate analysis of control
samples (reference executive order)

And ufef is uncertainty on the “true” value of the control sample. It is calculated by the GUM method* and
include the preparation of standards, control samples and the purity of the standards

Urel(C) = ulzjias(rel) + CVTZ+ u%ef

2 Bekendtggrelse om kvalitetskrav til miljgmalinger, BEK nr 1770 af 28/11/2020 (Gaeldende)
3 HANDBOOK FOR CALCULATION OF MEASUREMENT UNCERTAINTY IN ENVIRONMENTAL LABORATORIES, NT TECHN REPORT 537, Approved 2003-05
4 Evaluation of measurement data — Guide to the expression of uncertainty in measurement, JCGM 100:2008, (GUM 1995 with minor corrections)
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Where u,zﬂ-as(abs) is bias in relative values calculated as
ulz,l-as(abs) = (100 — Recovery) /100

And CV+?is relative standard deviation.

8. Problematic compounds
This chapter contains discussion on chemical properties and the reasons why some of the compounds here

referred to as: “problematic compounds” were not detected or extraction recovery of these compounds are
very low.

Compound #2 (4-Carbamyl-2,5-dichloro-6cyano benzene-1,3-disulfonic acid)

Based on theoretical calculation, compound #2 is preferably ionised into a double charged adduct by losing
two hydrogens from sulfonic groups [M-2H] (blue line on the picture below, Figure 6). The reason why we
have previously reported this compound as non-detected is that our hypothesis on formation of parent ion
was incorrect and we were looking for wrong parent ion. Compound was monitored as parent ion [M-20H]
with m/z of 194.9399, instead m/z of 185.9346 which corresponds to [M-2H] adduct should be used. As a
confirmation ion should be used fragment with a mass of 79.9574 m/z (picture below), this fragment is
confirmed with theoretical in silico prediction (metfrag). As data recorded for this compound is incorrect and
could not be used for calculation of validation parameters but above-mentioned parent and guantification
ions should be used in the future instead.

Cl

H,N (o] ot T 1 T 1 s N
11.30 2 0 2 4 6 8 0 2

strongest acidic pKa: -3.89 o=

[RT-0.0030.01

Relative Abundance

5 10 20 25 30

15
Time (min)

Figure 6 (top) Dissociation curve of compound #2, taken from https.//chemicalize.com/app/calculation, (bottom) parent ion and
fragment of compound #2
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Compound #9 (4-aminobenzenesulphonamide)

Based on theoretical calculations compound #9 can exist as both positive and negative species with
strongest acid pkA of 10.99 and most basic pkA of 2.27 (calculated with web tool chemicalize®). The
compound was also detected experimentally in reference spectra and in both forms in both positive and
negative mode under similar conditions (composition of mobile phase etc.) (massbank). Based on this
knowledge we hypothesize that our current methods are suitable for detection, however more testing is
needed.

Compound #10 (N-(2,6-difluorophenyl)-8-fluoro-5-hydroxy(1,2,4)triazolo(1,5-c)pyrimidine-2-sulfonamide)

Compound #10 could be observed in the data and spectra of this compound contain peaks that are
confirmed theoretically but peak is observed in all injections including water blanks. Therefore, this
compound was classified as not detected and identity of observed peaks was not investigated any further.
According to prediction is compound #10 preferably ionised as negatively charged adduct [M-H]" with mass
to charge ratio of 344.0071 m/z. Fragments of this compound are ions with m/z of 153.0218 and 296.9888
are observed in our experimental data (picture below). Parent ion and fragments are confirmed on
theoretical basis by web tool MetFrag (see references)

[RT 0003001

WL 2.17E1

100 - 1228 CNL: 2.17E4 miz= 24,0064

314,0088 M5 F: FTMS - ¢ ESI Ful ms2
h 3440071 @ hexf32.50 [50.00D0-370.0000]

00| STD300_PRM

WL 5.47E3

GHL: 2.17E4 miz= 159.0210-

80+ 153.0226 M5 F: FTMS - © ESI Full ms2

34400718 heaf32.50 [50.00D0-370.0000]

STD300_PRM

NL: 3.70E2

GHL: 2.17E4 riz= 296,9884-

26,9514 M3 F: FTMS - ¢ ESI Full msZ

3420071 E2heA92.50 [511.0000-5370.0000]

STD300_PRM

70
80

50

40

Relative Abundance

30

20

0 [— . bl LJl‘h ,
5 10 20 25 30

15
Time (min}

Figure 7 Plotted are parent ion and two fragments of compound #10

Compounds #13 and #14

Compounds are detected with IC-HRMS/MS and identity of the compounds is confirmed with in silico
prediction (see appendix B). Validation results for these compounds could not be calculated due to low
recovery of this compound with reported SPE protocol. Further investigation and optimization of SPE
method is necessary to achieve good recovery for this compound with SPE.

Alternatively, direct injection was tested but results were not satisfactory as compound could be detected
only at spiking level of 100 pg/L in the presence of matrix. Analytes were not observed with lower spiking
levels. Large limit of detection could be explained by suppression of the signal by matrix i.e, background ions
saturated analytical column and signal of the analyte was suppressed. Recommended is use of guard filters

5 https://chemicalize.com/app/calculation;
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before running samples with ion chromatography. As an example, could be SPE filters that can remove
transition metals and neutralize the sample matrix before injection. This was not tested and more work is
need.

Quiality of the analysis was based on measurement of 8 control samples at high and low levels (0.04 and 0.1
ug/L). Here are presented validation results for 9 analytes shown in Table 8 (note that validation parameters
were obtained for analytes without any superscript in the table). Acceptable accuracy and precision with
expanded measurement uncertainty (Ure) lower than 30 % were confirmed for compounds 1, 3, 4 and 11. All
9 validated analytes had previously shown good extraction recovery and acceptable accuracy in preliminary
studies but were however not confirmed for the compounds 7, 15 and 16 in this validation study. Low
recovery of these compounds at higher validation level (0.1 pg/L) and increased sample volume are the
reason measurement uncertainty being higher than 50 %. Further optimization of sample preparation
protocol is necessary for these compounds in order to achieve acceptable measurement precision and
accuracy. Presented are also estimated detection limits (LD) and extraction recoveries for compounds 6, 8
and 12. Results are not validated for these compounds.

Table 8 Validation parameters recovery estimated at two levels (0.04 and 0.1 ug/L), limit of
detection (LD), Relative expanded measurement uncertainty (Urer) and absolute expanded
measurement uncertainty (Uabs)

Recovery Recovery

No Method Low level  High level L?L l;f’ U"/bz
(%) (%) (ug/l) (%) (ug/l)
1 SPE-IC-HRMS/MS 122 96 0.010 8 0.019
3 SPE-IC-HRMS/MS 112 84 0.004 32 0.014
4 SPE-IC-HRMS/MS 113 89 0.010 21 0.014
s SPE-IC-HRMS/MS 103 78 0.016 45 0.009
SPE- LC-MS/MS 94 65 0.013 70 0.018
6° DI-LC-MS/MS 0.010?
7 SPE-IC-HRMS/MS 136 22 0.017 141 0.078
8  SPE-IC-HRMS/MS 87 +40° 0.02°
11 SPE-IC-HRMS/MS 151 88 0.021 25 0.046
129 DI-LC-MS/MS 0.05?
13°  DI-IC-HRMS/MS 100
14 DI-IC-HRMS/MS 100
15  SPE-LC-MS/MS 107 74 0.009 55 0.013
16  SPE-LC-MS/MS 95 35 0.006 133 0.029
18  SPE-LC-MS/MS 101 82 0.007 39 0.010

2 results obtained with direct injection method with LC-MS/MS, results are not validated; ? result obtained
by using different ion chromatography column (AS19-4pm), not validated; © direct injection with IC-
HRMS/MS was tested but results could not be evaluated due to high concentration of background ions,
further optimization is needed.
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In summary, above presented methods were aimed for 18 compounds that are summarized in Table 1.

Compound #17 was under production/synthesis and therefore could not be included in method
development.

Quialitative results were obtained for only for 14 compounds which were detected with LC-MSMS and/or IC-
HRMSMS platforms remaining compounds #2, #9 and #10 were not detected.

Quantitative results were obtained only for 12 compounds as compounds #13 and #14 could not be
extracted with SPE and direct injection method was not working due to large ion suppression effect.

For compounds #6, #12 was direct injection suitable option but results were not validated due to time
limitations of the project.

Compound #8 was not validated as compound was detected with different IC column and this compound is
not retained with column material used in validation study.

Quantitative results were further validated for 9 compounds (#1, #3, #4, #5, #7, #11, #15, #16 and #18) and
results are presented in Table 8.

Methods require further optimization in order to achieve more effective methods with better extraction
recovery and thereby lower measurement uncertainty. Moreover, the addition of internal standards should
be pursued further.

Solution for compounds that have low recoveries is optimization of solid phase extraction protocol to
recover more analytes and or optimization of analytical methods to achieve lower detection limits with
direct injection method.

It is possible to apply the obtained HRMS/MS-fragment substance information (i.e. IC-cHRMS/MS) for SRM
methods on triple-quadrupole or other MS/MS systems.
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11.Appendix A — calibration curves
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12.Appendix B — Substance chromatograms and mass spectrums
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Compound number:
Compound name:

Chemical formula:
InChIKey:
Structure:

Compound #1

2-(2,4-Dichlorophenyl)-2-(1H-1,2,4-triazol-ylmethyl)-

1,3-dioxolane-4-carboxylic acid

C13H11CI2N304 N
. -

Not available N.

Cl

3
0
o%rOH
¢ 0

STDO1 #4541 RT: 19,74 Av: 1 SB: 188 18,00-25,00 , 6,00-10,00 NL: 1.87E5

T: FTMS - ¢ ESI Full ms2 342.0054@hcd32.50 [50.0000-365.0000]

100 253.9892
90
80
70
. 8 -
Experimental MS2 spectra: S ol
. el
Parent ion: 342.0053 [M-H] E -
Fragments: 253.9893 (Ql) ; 50 342.0052
108.0203(Cl) § 10
30
. 108.0203
20
10 80.9651 110.2207 169.9569 254.9926
-468.0253 335.2444
4 144.9616 218.0126 285.0586 <
0||'\'\|||||'|||\\|||\|||||||\\|||
50 100 150 200 250 300 350
miz
RT :0.00-30.01
NL: 1.42E5
100 — 1947 GNL: 2.89E5 m/z= 342,0037-
342,0071 MS F: FTMS - ¢ ESI Full
T ms2 342.0054@hcd32 .50
a0 [50.0000-365.0000] STDO1
NL: 2.89E5
] GNL: 2.89E5 miz= 253,9879-
80 - 253,9905MS F: FTMS - ¢ ESI Full
a ms2 342.0054@hcd32 50
[60.0000-365.0000] STDO1
70 NL: 6.74E4
1 GNL: 2.89E5 miz= 108,0198-
H H o H 108,0208 MS F: FTMS - ¢ ESI Full
Overlaid parent ion, quantification g 60 s e
(Ql) ion and confirmation ion (Cl) T ] [60.0000-365.0000] STDO1
E 50 19.4
= _
@
£ 40+
m
g’j -
30
20
10
0\I\\||||\|I\II|IIII\II\I|II\\|
0
Time (min)
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Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #3
2-chlorobenzenesulfonamide
C6H6CINO2S
JCCBZCMSYUSCFM-UHFFFAQYSA-N
(}\\SJNI L
ko)
cl

STDO1 #3374 RT: 15,02 AV: 1 SB: 191 14,00-17,00, 6,00-14,00 NL: 8.56E5
T: FTMS - ¢ ES| Full ms2 189.9735@hcd32.50 [50.0000-210.0000]

100 188.9735
80
80
70+
3 -
Experimental spectra § 604 77.9654
c 4
(background substracted) 2 ol
[l
= B
MS2 spectra £ 126.0115
0 40
o
i 190.9914
30
20
i 90.0348 1569887  180.9965
10: 930345 153‘9969\ -156.6964 1990199
ol e || || Al | R
GIO ‘ ab I 160 I 1‘20 ‘ 1£O ‘ 1(|30 ‘ 1:]0 260 I
miz
mzspec:MASSBANK::accession:LU026352
Precursor m/z: 189.9735 Charge: 0
100% - o
80% 4
Reference spectra g o !
(see matching fragments) 3
40%
20% 4 "
0% T N T T T T
0 50 100 150 200 250 300

miz

Kondi¢, T.;Singh, R.;Elapavalore, A.;Schymanski, E.
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Overlaid parent ion, quantification
(Ql) ion and confirmation ion (Cl)

RT :0.00-30.01

100+
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14,97 GNL: 1.01E6 miz= 189,9727-
189,9745 MS F: FTMS - c ESI Full
ms2 189, 6735@hcd32.50
50.0000-210.0000] STDO1
NL: 5.38E5
GNL: 1.01E6 m/z= 77 9650~
77,9658 MS F: FTHS - ¢ ESI Ful ms2
189.9736@hcd32 60
[60.0000-210.0000] STDO1
NL: 3 54E5
GNL: 1.01E6 m/z= 126,0106-
1260121 MS i FTMS - ¢ ESI Full
me2 189 8736@hed32 50
[50.0000-210.0000] STDO1

O e T T T ity
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Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #4
N,N-Dimethyl-N'-phenylsulfamide
C8H12N202S
QCDQDISRALTLNQ-UHFFFAOYSA-N

Experimental spectra
(background substracted)
MS2 spectra

STDO1 #4467 RT: 19,45 AV: 1 SB: 194 18,00-20,00, 8,00-17,00 NL: 6.18E6
T: FTMS - ¢ ES| Full ms2 199.0547@hcd32.50 [50.0000-220.0000]
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QO:
80:
]
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20+
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Reference spectra
(see matching fragments)

mzspec:MASSBANK::accession:EA029660
Precursor m/z: 199.0547 Charge: O
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Intensity

50% -

79.9571

40%

20% 4
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Kondi¢, T.;Singh, R.;Elapavalore, A.;Schymanski, E.
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Overlaid parent ion, quantification
(Ql) ion and confirmation ion (Cl)

RT :0.00-30.01

100 19,45

90

80

70+

1919

60 -

50

40+

30+

Relative Abundance

20

0 4T T T T T T T T T T T
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Time (min)

NL: 1.65E6

GNL: 1.65E6 m/z= 199,0637-
199,0557 MS F: FTMS - ¢ ESI Ful
ms2 199.0547 @hed32 50
[50.0000-220.0000] STDO1

NL: 7 43E5

GML: 1 65E6 miz= 155 0038
155,0054 MS F: FTMS - ¢ ESI Full
ms2 199 0647 @hcd32 50
[60.0000-220.0000] STDO1

NL: 1.24E6

GNL: 1.65E6 m/z= 91,0422-
51,0432 MS F: FTMS - ¢ ESI Full ms2
199,0547@hed32.50
[50.0000-220.0000] STDO1

Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #5
3-(ethylsulfonyl)-2-pyridinesulfonamide
C7H10N204S2
ZVAJILYQUHJURI-UHFFFAQYSA-N

N O\\S\:NHQ
I -
bg:
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STD1000ppb_028_neg #705 RT: 4,38 AV: 1 NL: 3 51E+005
T: FTMS - ¢ ESI Full ms2 249.0009@hcd32.50 [50.0000-270.0000]
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. . 7% s i
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attached screenshot) .
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Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #7

thiophene sulphonamide
C4H5NO2S2
KTFDYVNEGTXQCV-UHFFFAOYSA-N

0
S, %-NH;
Ve

STDO1 #2491 RT: 11,48 AV: 1 NL: 3.92E+008
T: FTMS - ¢ ESI Full ms2 161.9689@hcd32.50 [50.0000-185.0000]

100+ 77,9554 161.9688
90
80|
70
8 -
i T 60

Experimental spectra 3

(background substracted) 3 )
MS2 spectra % j
@ 40
30
20

77.9286 162.9721

104 82.9980 1122095 129.6687  159.0092 }
{56.9955 =

[ 122.9675 166.9574

0 | : , | 923032 ‘ o 140.Ite=7£s1I L

60 80 100 120 140 160 180

mfz
Fragments

MetFrag
(Fragments 82.9960 was

confirmed with in silico prediction,

see attached screenshot)

/- Fragment 2

@\ﬁ Peak m/z:
S—0 Fragment Mass:

Fragment Formula: [C4H,S]"

82.9961

82.99501 Da
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Overlaid parent ion, quantification
(Ql) ion and confirmation ion (Cl)

Comment: compound fragments
very little

RT :0.00-30.01

NL: 3.92E6

100 11,48 GNL: 3.82E6 miz= 161,9881-
161,9697 MS F: FTMS - ¢ ESI Full
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90 50.0000-185.0000] STDO1
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7 GNL: 3 92E6 m/z= 76,0011~
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3 — [50.0000-185.0000] STDO1
5 50
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<€ i
$
= 404
S
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o
30
20+
10
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0 5 10 15 20 25 30
Time (min)

Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #8
4-fluoro-3-phenoxybenzoic acid
C13H9FO3
VIXNXMTVRWIUJZ-UHFFFAQYSA-N

(o]
o]
F

30



STD1000ppb_028_neg #3798 RT: 20,01 AV: 1 SB: 151 18,00-20,00, 500-16,00 NL: 2.51E5

T: FTMS - ¢ ESI Full ms2 231.0463@hcd32.50 [50.0000-255.0000]

100 93.0345
80
a0
70
g
Experimental spectra § 604
] 4
(background substracted) 2 s
MS2 spectra £ 1 231.0463
T 40+
304
20
1 187.0565 232.0614
94.0379
10 91_0221/ 157 0503 230.4150 /
o J5700ea 1200455 1480248 | |00
s 10 10 200 250
m/z
Fragments
,~ Fragment 1
HO. 5,/0
7\ Peak m/z: 93.0345
ﬁ ‘] /@ Fragment Mass:  92.03351 Da
\"\-.'/’ \“\
l\/IetFrag 0 Fragment Formula: [CgH50]"
(Fragments 93.0346 and 167.0503 '
were confirmed with in silico Fragments
prediction, see attached O Fragment 2
HO._ .0
screenshot) =
Peak m/iz: 167.0502

Fragment Mass:  167.04917 Da

Fragment Formula: [C4oHgO-H]™
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RT :0.00-30.01

NL: 1.29E5

100 - 20,08 GhL: 3.40E5 m/fz= 231,0451-231,0475 MS
F: FTMS - ¢ ESI Ful ms2
T 231.0463@hced32.50 [50.0000-255.0000]
90 - STD1000ppb_028 neg
NL: 3.40E5
1 GNL: 3. 40E5 m/z=93,0341-93 0351 MS F:
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(Ql) ion and confirmation ion (Cl) 707 N 22084
- GhL: 3.40E5 m/z= 167.0494-167.0510 MS
© 60— F: FTMS - ¢ ESI Ful ms2
E 231.0463@hoed32.50 [50.0000-255.0000]
Comment: com pound was ﬁ 1 STD1000ppb_028_neg
. 5 50
detected with IC AS19-4um column 2 |
é 40 4 2008
=
[) |
o
30
20+
10
0 e e e e
o] 5 10 15 20 25 30
Time {min}
Compound number: Compound #11

Compound name:
Chemical formula:
InChIKey:
Structure:

N-(2-carboxy-6-methylphenyl)-N-(methoxyacetyl)alanine
C14H17NO6
WFTHOCDLKYPFJX-UHFFFAQOYSA-N

OH

o]
5.
o

)
tﬁ/l‘”
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Experimental spectra
(background substracted)
MS2 spectra

STDO1 #2958 RT: 13,32 AV: 1 SB: 173 12,00-14,00 , 3,00-11,00 NL: 2.31E6
T: FTMS - ¢ ESI Full ms2 294.0983@hcd32.50 [50.0000-320.0000]
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Reference spectra
(see matching fragments)

mzspec:MASSBANK::accession:EQ417051
Precursor m/z: 294.0983 Charge: 0
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Overlaid parent ion,
guantification (Ql) ion
and confirmation ion (Cl)

Comment: Compound is
present in two forms

RT :0.00-30.01

NL: 3.01E6

100 13,00 GNL: 3.01E6 miz= 2040656
204,0676 MS F: FTMS - ¢ ESI Full
1 ms2 294.0963@hcd32.50
90 [50.0000-320.0000] STDO1
ML: 4 BEES
7 GNL: 3.0 E8 miz= 204 096886
80—+ 284.0998 MS F: FTMS - ¢ ESI Full
4 ms2 294 0G83@hcd32 50
[60.0000-320.0000] STDO1
70 NL: 2.57E6
g GNL: 3.01E6 m/z= §9,0240-
o 804 89,0248 MS F: FTMS - ¢ ESI Ful ms2
<] 294.0983@hed32.50
S B [50.0000-320,0000] STDO1
S 50
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Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #13
1,2-dihydropyridazine-3,6-dione
C4H4AN202
BGRDGMRNKXEXQD-UHFFFAOYSA-N
H
HN'N 0

0 P
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STDO1 #822 RT: 4,50 AV: 1 NL: 6.49E+005
T: FTMS - ¢ ESI Full ms2 111.0200@hcd32.50 [50.0000-130.0000]
100 63.0138
90
80
70
g |
Experimental spectra 5 eo
c
(background substracted) 2 o] 82,0060
=
MS2 spectra £
& 404550188
30+
20
104 815135 91,8278 104.3951
1 |57.8505 65'61‘10 T'TSS 772287 86.9710 99-3‘355 105.9206
0 1 \Il I||| III\ 1 : 1 -
SIO 7‘0 BIO 9|0 1(|)0 1 'II 0
m/z
Fragments
/- Fragment 1
o~ N
Peak m/z: 55.0186
SNH i
Fragment Mass: 5501785 Da
X 0 Fragment Formula: [CaH,0]+H™
Fragments
+- Fragment 2
MetFrag H
(Fragments 55.018682.006 and Y N\\NH Peak m/z: 62.006
83.0136 were confirmed with in Fragment Mass:  82.00493 Da
silico prediction, see screnshots on X 0 Fragment Formula: [C4H,05]"
right
g ) Fragments
- Fragment 3
0s. N
Peak miz: 83.0138
SNH
Fragment Mass: 8301276 Da
X (o) Fragment Formula: [C4H505)+H"




Overlaid parent ion, quantification
(Ql) ion and confirmation ion (Cl)

RT :0.00-30.01
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NL: 3.80E5

GNL: 7.08E5 m/z= 82,0057-82,0065 MS
F: FTMS - ¢ ESI Full ms2
111.0200@hcd32.50 [50.0000-130.0000]
S$TDO1

NL: 7.08E5

GML: 7.08E5 m/z= 83,0134-83,0142 MS
F: FTMS - ¢ ESI Full ms2
111.0200@hcd32.50 [50.0000-130.0000]
STDO1

NL: 3.8CE5

GML: 7.08E5 m/z= 82,0056-82,0064 MS
F: FTMS - ¢ ESI Full ms2
111.0200@hcd32.50 [50.0000-130.0000]
STDO1

NL: 2.61E5

GNL: 7.08ES m/z= 55,0183-55,0189 MS
F: FTMS - ¢ ESI Full ms2
111.0200@hcd32.50 [50.0000-130.0000]
STDO1
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Compound number:
Compound name:
Chemical formula:
InChIKey:

Structure:

Compound #14
N-methyl-N-nitroguanidine
C2H6N402

XCXKNNGWSDYMMS-UHFFFAOYSA-N
] NH
_O,NTNJK

| NH;

Experimental spectra
(background substracted)
MS2 spectra

STDO1 #3879 RT: 4,72 AV: 1 SB: 118 4,00-10,00, 2,00-3,00 NL: 4.58E4
T: FTMS - ¢ ESI Full ms2 117.0418@hcd32.50 [50.0000-140.0000]

61.0042

3.5E4
3.0E4 455.0209

2.5E4

Intensity
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5.0E3 1601

63.
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1

50 60 70 80 90 100 110 120
mfz

post_high #1005 RT: 5,22 AV: 1 SB: 260 4,00-11,00, 11,00-19,00 NL: 1.39E4
T: FTMS - ¢ ESI Full ms2 117.0418@hcd32.50 [50.0000-140.0000]

o4 nnan

1
140

MetFrag

Fragments

/2 Fragment 1

Peak miz: 61.0042
Fragment Mass:  61.00324 Da

~ A

Fragment Formula: [HN504]"
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Overlaid parent ion, quantification
ion and confirmation ion

RT :0.00-30.01
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Relative Abundance

NL: 9.66E4

GNL: 9.66E4 miz= 61,0021-

61,0045 MS F: FTMS - ¢ ES| Full ms2
117.0418@hed32 50
[50.0000-140.0000] $TDO1

NL: 5.45E4

GNL: 9.66E4 miz= 55,0296~

55,0302 MS F: FTMS - ¢ ES| Full ms2
117.0418@hcd32 50
[50.0000-140.0000] STDO1

NL: 1.08E4

GNL: 9.66E4 miz= 117,0412-
117,0424 MS F: FTMS - ¢ ESI Full
ms2 117.0418@hcd32 50
[50.9000-140.0000] STDO1
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