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Direct non-target analysis of dissolved organic
matter and disinfection by-products in drinking
water with nano-LC-FT-ICR-MS7

Limei Han, ©2 Martin Lohse, @2 Maolida Nihemaiti,?
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Non-target analysis of drinking water often requires solid-phase extraction (SPE) as a sample pretreatment
to enrich the dissolved organic matter (DOM) and remove salts. However, highly polar and mobile DOM
fractions are extracted with only low yield. This limits the deeper understanding of drinking water treatment
processes, such as disinfection, resulting in an incomplete picture of the formation of disinfection by-products
(DBPs). In this study, we present a nano-LC-FT-ICR-MS method to directly analyze DOM and DBPs in
drinking water, shedding light on the previously inaccessible polar fraction of DOM and DBPs. With only 1 uL
injection volume, 19856 and 21095 DOM compounds were detected across nano-LC elution profiles in
samples with and without SPE pretreatment, respectively. Three times as many highly polar DOM
compounds were detected in the non-extracted (2269 compounds) as compared to the SPE processed
sample (817 compounds). Likewise, 15% more nitrogenous DOM compounds were detected without
extraction (8716 compounds) compared to the SPE processed sample (7556 compounds). After disinfection,
2136 and 2225 non-halogenated nitrogenous DBPs were detected in samples from two drinking water
treatment plants. The successful direct analysis of dissolved organics in drinking water using nano-LC-FT-
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Water impact

ICR-MS enables a more complete picture of DOM and DBPs in drinking water treatment processes.

Non-target analysis of drinking water DOM and DBPs usually requires enrichment and desalination of samples, discriminating the highly polar fractions.

The novel direct analysis method for drinking water with low carbon content — employing nano-LC and ultrahigh resolution mass spectrometry - presented

here enables a more inclusive perspective of DBP formation and their chemical properties.

Introduction

Disinfection has been applied in drinking water treatment
plants (DWTPs) for decades to prevent water-borne health
problems. However, disinfection by-products (DBPs) form
due to the unintended reaction of dissolved organic matter
(DOM)  with  disinfectants (such as chlorine,
monochloramine, ozone, chlorine dioxide, and UV) leading
to increasing concerns about drinking water quality." Even
though the concentration of DOM in drinking water can be 1
mg L or lower,”” its reaction with disinfectants still
produces numerous DBPs.*®'° Until now, over 700 DBPs
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have been identified,"" whereas many still remain
unidentified. Many of the identified and meanwhile
regulated DBPs, such as trihalomethane (THMs), haloacetic
acid (HAAs), and N-nitrosodimethylamine (NDMA) have been
proven to be genotoxic and cytotoxic.'>'® In addition,
unregulated DBPs were also reported to cause severe health
issues, such as harming the reproductive system and central
nervous system, e.g. causing leukemia.'*'® Moreover, DBP
toxicity is additive, and whether the known DBPs are more
toxic than unknown DBPs is unclear.’

Non-target analysis of DBPs with high resolution mass
spectrometry (HRMS), such as Q-TOF,"”'® Orbitrap,”'® and
FT-ICR-MS,*** has greatly improved the identification of
molecular formulas of DBPs. Solid phase extraction (SPE) is
commonly used as a pretreatment step before direct infusion
(DI) into HRMS as it can enrich a broad range of organic
compounds and efficiently remove inorganic
constituents.>”**® In general, reversed-phase (RP) type SPE
sorbents facilitate the recovery of nonpolar and polar
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compounds,?>*”2° whereas the most polar compounds can
also be overlooked due to their incomplete recovery during
the SPE process.”° In addition, the traditional SPE-DI analysis
with HRMS cannot be used to obtain isomeric information of
DOM and DBPs due to the large structural diversity of both
classes of compounds.*"*%3°

Recently, the development of online high performance
liquid chromatography (HPLC) coupled with FT-ICR-MS or
Orbitrap was reported to be beneficial for the separation of
isomeric compounds in complex DOM mixtures, as well as
for the removal of salts and the reduction of matrix
effects.” * However, a large volume (20-100 ul) of sample
and high concentration of dissolved organic carbon (DOC,
~200 ppm) is often required for sensitive detection of DOM
on LC columns in HPLC systems.***' In comparison, lower
concentrations and injection volumes can be used with nano-
liquid chromatography (nano-LC) coupled to FT-ICR-MS for
the measurement of soil extracts®® and soil solutions,*® which
shows the potential of nano-LC also for water samples with
low DOC concentrations. Compared to (UJHPLC, due to the
smaller column size and small particles used with high
pressure, nano-LC achieves better chromatographic
separation and thus also higher sensitivity.

The objective of this work was to study (polar) DOM and
DBP fractions in drinking water samples, which are
overlooked by traditional SPE pretreatment approaches for
non-targeted analysis. To close this analytical gap, a novel
online nano-LC-FT-ICR-MS method was developed and
applied for the direct analysis of drinking water samples.
Both, original and SPE processed samples were analyzed with
nano-LC-FT-ICR-MS and compared with respect to detected
DOM compounds. Further, the disinfected drinking water
samples from two DWTPs (with chlorine gas (Cl,) and chlorine
dioxide (ClO,) disinfection) were used to demonstrate the
applicability of the method for non-targeted DBP detection.

Materials and methods
Chemicals and water samples

To establish and demonstrate the direct analysis of drinking
water samples, disinfected drinking water samples from two
different drinking water treatment plants (DWTPs) were used.
Drinking water samples with and without disinfection with
Cl, (DWTP-A) and ClO, (DWTP-B) were collected on March 22
and February 11, 2021, respectively. All samples were
collected in glass bottles (baked at 400 °C for 4 hours) and
stored at 4 °C in the dark. Collected chlorinated water
samples were not quenched since 1) the quenching agent
itself may react with the DOM and DBPs,”” and 2) the
residual chlorine concentration was lower than 0.2 mg L™" in
both samples. More information about both DWTPs, water
samples, and chemicals are presented in the ESIf Text
S1 and Table S1.

Analytical grade p-glucuronic acid, fraxin, isoferulic acid,
3-O-B-p-glucuronide and 2-(4-(2,2-dicarboxy-ethyl)-2,5-
dimethoxy-benzyl)-malonic acid were used as model
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compounds for the nano-LC column quality control (peak
intensity and retention time monitoring). Detailed information
of the model compounds are shown in Table S2.f

Solid phase extraction

For solid phase extraction (SPE), an automated extraction
system (FreeStyle, LCTech, Obertaufkirchen, Germany) was
used with 50 mg Bond Elut Priority PolLutant (PPL) cartridges
(Agilent Technologies, Santa Clara, CA, USA) and 150 mL
sample at pH 2 (adjusted with HCI: ultrapure, Merck,
Germany). After extraction, the samples were eluted with 1 mL
of methanol (MeOH: Biosolve, Valkenswaard, Netherlands). At
a nominal enrichment factor of 150, the carbon recovery rate
was (50 + 3)%, comparable to previous studies using PPL for
drinking water.**" Prior to analysis by nano-LC, MeOH in the
SPE eluate was completely dried with nitrogen gas, then re-
dissolved with ultrapure water (Milli-Q, Merck, Darmstadt,
Germany) water to adjust to the same DOC concentration as the
corresponding non-extracted water sample (i.e., 2-2.5 mg L™, ¢f
Table S2+).

Nano-LC-FT-ICR-MS

Samples with and without disinfection were directly analyzed
with nano-LC-FT-ICR-MS. The chromatographic separation
was done on a nano-LC system (Ultimate 3000 RSLC nano,
Thermo Fisher Scientific, Waltham, MA), which was
equipped with an NCS-3500RS binary pump and a WPS-3000TPL
RS autosampler. The separation was performed on a C18
column (Acclaim PepMap, 75 pm x 150 mm, 3 um, 100 A,
Thermo Fisher Scientific, USA), equipped with a guard
column (Acclaim PepMap, 2 c¢cm x 75 pm, 3 um, Thermo
Fischer Scientific). A 1 pL sample loop was used for the 1 uL
injection volume.

The nano-LC gradient started with 99% ultrapure water as
eluent A and 1% MeOH (Biosolve, Valkenswaard,
Netherlands) as eluent B at 1 min. The pH of the eluent A
was adjusted to 3 with 0.05% formic acid (FA: Sigma-Aldrich,
USA) and ammonium hydroxide (NH,OH: Sigma-Aldrich,
USA), the same amount of FA and NH,OH was added to
eluent B as well. In the following 10 min, the MeOH ratio
linearly increased to 99%, and stabilized for 20 min at this
ratio for complete flushing of the column with organic
eluent, then decreased to 1% in 20 min, followed with
another 15 min column equilibration. The flow rate was
constant at 500 nL min~". More details regarding the gradient
are provided in Table S3.}

A Fourier-transform ion cyclotron resonance mass
spectrometer (FT-ICR-MS) equipped with a dynamically
harmonized cell (solariX XR, Bruker Daltonics Inc., Billerica,
MA, USA) and a 12 T refrigerated actively shielded
superconducting magnet (Bruker Biospin, Wissembourg,
France) was used. The nano-LC system was directly coupled
to the FT-ICR-MS by a nanoESI source (CaptiveSpray, Bruker
Daltonics) operated in negative ionization mode. A capillary
voltage of 1500 V, a nebulizer gas pressure of 0.2 bar, and a
drying gas at 150 °C with flow rate of 3.0 L min " was used. A

This journal is © The Royal Society of Chemistry 2023
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data size of 2 Megaword (147 start m/z, ~0.84 s transients,
full profile mode) was used for all online analyses. A mass
resolving power (m/Amsgo,) of 270000 was achieved at m/z
400 (Table S51), which is sufficient to resolve all major DOM
species in the mass range of 150 to 1000 Da.***° A commonly
existing DOM peak at m/z 313.0929 (C;,H;50g) was selected to
tune the ion accumulation time (IAT) in order to achieve
comparable absolute intensity of the base peak in corresponding
segments for both, the non-extracted (DW-nLC-A) and the
extracted (DW-SPE-nLC-A) sample. This resulted in an IAT of
340 ms and 110 ms for direct and SPE processed DWTP-A
sample analysis, respectively, while 260 ms was used for the
direct analysis of DWTP-B.

Data analysis

The nano-LC chromatogram from 11 min to 21 min was split
into 20 segments with 0.5 min width based on the elution
profile of a set of model compounds (Fig. S17). Using model
compounds, the chromatographic performance (ie.,
resolution) of our nano-LC method was assessed. Since
individual organic compounds can fully elute within 0.5 min
we estimate the lowest number of isomers of unresolved
DOM elution profiles similar to previous studies.”® Each
segment was treated as an individual spectrum and internally
calibrated (DataAnalysis 5.0, Bruker Daltonics) with masses
commonly found in DOM (m/z 150-1000, 54 < number of
calibrants < 186). Assuming singly charged ions (based on
2c-C, m/z spacing), molecular formulas (MFs) were
assigned to each m/z value in the mass range (150-1000 m/z)
using an in-house software.*'

Formula assignment and filtering rules were applied as
follows: Cy_g0, 13C0—1, Hi-122, Oo-40, No-2, So-1, 34So—1, 35Clo—37
37Cly_3, 0.3 < H/C < 2.5,0 < O/C < 1,0 < N/C < 1.5, 0 < DBE
< 25 (double bond equivalent, DBE = 1 + 1/2 (2C-H + N)), -10 <
DBE-O < 10.*°** Isotopes "*C, *'S, and *’Cl were used for
quality control but removed from the final data set. Cl-
containing molecular formulas (MFs) were validated with **Cl/
¥7Cl isotopologue intensity ratio patterns (for 1 Cl: (**Cl;*’Cl,)/
(*>cl¥’Cly) = 3.2 + 0.15; 2 CL: (**CL*Cly)/(*°Cly¥’ClLy) = 1.6 +
0.15; 3CL: (*°Cl;*’Cl)/(**CL,*’Cly) = 1 + 0.15).%* The Cl-containing
MFs were further verified by matching the theoretical
isotopologue peak intensity distribution to the measured
isotopologue peaks in raw LC-MS spectra. Although the
structure/exact chemical identity is unknown (confidence level
4),"> MFs in segments are referred to as compounds based on
unequivocal formulas and polarity (retention time) information.

All compounds found in blanks (ultrapure water measured
with  nano-LC-FT-ICR-MS) were removed from the
corresponding segments in the samples. DBPs were
identified in this study after subtracting all compounds
found in non-disinfected samples from the disinfected water
samples in the corresponding segments. MF data are
available from https://doi.org/10.48758/ufz.13076.

Segments between 11 to 13 min are defined as early
segments, the middle segments as eluting between 13 to 17.5

This journal is © The Royal Society of Chemistry 2023
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min, and the late segments between 17.5 to 21 min.
According to the separation on a reversed-phase column,
compounds eluting at earlier retention times are typically
associated with a higher polarity as compared to compounds
eluting later.**

Results and discussion

Detection of DOM in drinking water samples with and
without SPE pretreatment

Both extracted (DW-SPE-nLC-A) and non-extracted (DW-nLC-
A) drinking water (DW) samples were injected with a volume
of 1 uL (total amount of carbon: 1.95 ng C) into the nano-LC-
FT-ICR-MS system. The summed peak intensity of the quality

control peak m/z 313.0929 for the 20 segments
between 11 to 21 min retention time (RT) was
comparable at 1.3 x 10’ and 1.6 x 10 in DW-

nLC-A and DW-SPE-nLC-A, respectively. Comparing the
chromatographic separation of the three isomeric model
compounds (molecular formula: C;4H;304,) on the nano-LC
system with a similar solvent gradient on a UHPLC system
previously developed in our group®' shows that the retention
factors on the nano-LC column are smaller (Table S4f),
achieving a better chromatographic separation of isomers
(Fig. S1t).

In total, 21 095 compounds (4874 unique MFs) and 19 856
compounds (4474 unique MFs) were detected across all
segments in DW-nLC-A and DW-SPE-nLC-A, respectively.
Despite similar total number of compounds, 7374 and 6135
compounds were uniquely detected in DW-nLC-A and DW-
SPE-nLC-A, respectively (Fig. S2 and S3f). The number of
detected unique MFs in both samples was comparable to
previous results obtained with SPE processed surface water
samples analyzed by SPE and DI-FT-ICR-MS.>®

The largest differences between the SPE processed sample
and the non-extracted sample regarding the number of
detected compounds were observed in both early (11-13 min)
and late (17.5-21 min) segments. For the early eluting
compounds, which represents the most polar fraction of
DOM in drinking water, over 2.8 times more compounds
were detected in DW-nLC-A (2269 compounds) as compared
to DW-SPE-nLC-A (817 compounds). In addition, the intensity
weighted average (wa) oxygen-to-carbon ratio (O/Cy,) of the
early eluting segments was higher in DW-nLC-A than in DW-
SPE-nLC-A (Fig. 1). In the late eluting segments, a higher
weighted average hydrogen-to-carbon (H/Cy,) ratio (+0.1 =+
0.05; Fig. 1) alongside with a lower weighted average
modified aromaticity index (Alyeawa) and double bond
equivalent minus oxygen (DBE-O,) was observed in DW-
nLC-A as compared to DW-SPE-nLC-A (Fig. S4a and bf). This
indicates that both, more saturated (i.e., less aromatic) and
more polar compounds were detected in the non-extracted
sample. The loss of highly polar fractions*> and unsaturated
compounds® during solid phase extraction is a known
phenomenon and was previously also observed for effluent
organic matter (EfOM).>” Notably, in the late segments,
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Fig. 1 Intensity weighted average hydrogen-to-carbon (H/C) vs.
oxygen-to-carbon (O/C) ratios of all MFs detected in segments of
non-extracted (DW-nLC-A: squares) and SPE processed (DW-SPE-
nLC-A: circles) samples. Color code according to retention time range
of segments. Note that in the earliest segments of DW-SPE-nLC-A only
few MF were detected (cf. Fig. S27). Lines connecting dots are used as
visual aid.

0.50 0.55

corresponding to less polar DOM compounds, 20% more
uniquely detected compounds were found in the non-
extracted (DW-nLC-A) as compared to the SPE processed
sample (DW-SPE-nLC-A), which was different from previous
observations of EfOM using a HPLC system.?” This may be
due to the fact that 1) the bank filtration (water passage through
soils) has already removed most of the non-polar, aromatic
compounds of the DW source water by microbial biofilms and
physical  retention,® or 2) the  nanoLC-nanoESI
combination achieves a higher sensitivity with improved
ionization of non-polar compounds during direct analysis,
counteracting the preferential extraction of such compounds by
SPE.

On the contrary, in the middle segments (13-17.5 min),
9% more DOM compounds were detected in DW-SPE-nLC-A
(10142 compounds) than in DW-nLC-A (9291 compounds),
and 26% more MFs were uniquely detected in DW-SPE-nLC-A
(3295 MFs) as compared to DW-nLC-A (2445 MFs). This
indicates that the SPE process enriched nonpolar
compounds, which is consistent with previous observations
that reversed-phase type SPE (like the PPL sorbents)
preferentially enriches non-polar DOM.>”"*?

Regarding DOM isomer separation (i.e., MFs occurring in
multiple segments), over 81% of the MFs in DW-nLC-A eluted
across multiple segments whereas this number was only 52%
for the SPE processed (DW-SPE-nLC-A) sample. A loss of
isomers during extraction was also observed on the
individual compound (i.e., m/z) level. The extracted ion
chromatogram (EIC) of one ubiquitously existing MF in DOM
(m/z 313.0929: C;4H;505) reveals a loss of intensity at early
retention times (corresponding to the most polar isomers)
and an increase of intensity at the middle retention times
(corresponding to non-polar isomers) as result of the SPE

1732 | Environ. Sci.: Water Res. Technol., 2023, 9, 1729-1737
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process (Fig. S51). In addition, based on the lower number of
uniquely detected compounds in both the early and late
eluting segments in DW-SPE-nLC-A we conclude that not only
the highly polar isomeric compounds may be lost during SPE
process, but also the most non-polar compounds in DW were
inefficiently eluted from the SPE cartridges, consistent with
findings from Raeke et al. (2016).*

Nitrogenous DOM in drinking water samples with and
without SPE pretreatment

The DOM containing nitrogen (N-DOM) is particularly
concerning in drinking water as it comprises possible
precursors of the nitrogenous DBPs (N-DBPs),*” many of
which have been shown to be more toxic than other, non-
nitrogenous DBPs.'>*®*? As compared to the SPE processed
sample, 15% more N-DOM compounds were detected in the
samples without SPE pretreatment (DW-nLC-A: 8716
compounds, DW-SPE-nLC-A: 7556 compounds). In addition,
44% and 39% of all MFs were N-DOM MFs in DW-nLC-A
(2142 MFs) and DW-SPE-nLC-A (1736 MFs), respectively. In
typical SPE-DI analysis of drinking water samples, this
number can be as low as 22%.%*® The higher percentage of
detected N-DOM compounds in the directly analyzed DW
samples in this study can be explained by less bias from the
SPE preprocessing (usually done at pH 2), knowing to
inefficiently retain N-DOM, and less suppression of N-DOM
from acidic CHO-DOM compounds due to the separation of
compounds on the nano-LC column.*

Similar to the entirety of DOM compounds (Fig. S27), the
largest difference for N-DOM compounds between non-
extracted and SPE processed drinking water was found in
both the early and late eluting segments, with over 148%
(996 vs. 401 compounds) and 54% (3375 vs. 2190 compounds)
more compounds detected in DW-nLC-A versus DW-SPE-nLC-
A, respectively (Fig. 2). However, for the N-DOM compounds,
the difference between non-extracted and SPE processed
sample was more pronounced than for the bulk DOM.
Likewise, in the middle eluting segments, 14% more N-DOM
compounds were detected in DW-SPE-nLC-A as compared to
DW-nLC-A. The high percentage of highly polar and very
non-polar compounds detected in non-extracted samples
confirms the overall lower extraction efficiencies of N-DOM
on reversed-phase SPE material, if extraction is performed
under acidic conditions (typically at pH = 2).*” The higher
percentage of non-polar N-DOM found in the non-extracted
DW sample further confirms that the extraction process is
biased towards preferential extraction of non-polar CHO
compounds while losing nitrogen containing, polar and non-
polar compounds, which may be important DBP precursors,
as also observed for EfOM.>"*?

Direct analysis of DBPs in drinking water samples with
different disinfectants

The low concentration of DOC and the naturally existing salts
in drinking water samples are challenging for a robust and

This journal is © The Royal Society of Chemistry 2023
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Fig. 2 Percentage (left y-axis, circles and lines) and number (right y-axis, bars) of N-DOM compounds in each segment of samples DW-nLC-A

(dark blue) and DW-SPE-nLC-A (light blue).

reliable non-target analysis of DBPs.”® To demonstrate the
applicability of a direct analysis of DBPs in drinking water
with nano-LC-FT-ICR-MS, drinking water samples disinfected
with Cl, (DWTP-A) and ClO, (DWTP-B) were analyzed. Both
samples had moderately low DOC (1.95 mg L™ and 2.69 mg
L™") and residual disinfectant concentrations (~0.2 mg Cl,/L;
Table S17).

A similar number of non-halogenated DBPs were detected
in disinfected samples of DWTP-A (4989) and DWTP-B
(4826). Of these, over 43% (2136 compounds) and 46% (2225
compounds) were non-halogenated N-DBPs in DW-nLC-A and
DW-nLC-B, respectively (Fig. 3 and S67).

Overall, more N-DBPs were detected in the late eluting
segments (on average 130 compounds) than in the early
and middle eluting segments (~100 compounds) in DW-
nLC-A and DW-nLC-B. In the early and middle eluting

300

20

# compounds
o

10

o

segments, a relatively high fraction of non-halogenated
N-DBPs (~48%) was detected in DW-nLC-A and DW-nLC-B.
However, in late eluting segments, a lower percentage of
non-halogenated N-DBPs was detected (~37%) in both DW-
nLC-A and DW-nLC-B (Fig. 3 and S67}). This may be due to
1) more highly non-polar N-DBPs being formed during
disinfection, which accordingly elute in the late segments,
2) the suppression of non-halogenated N-DBPs caused by
CHO compounds (i.e., non-heteroatom compounds, likely to
be of acidic character) is less pronounced in the early
eluting segments.

Also, in both samples, lower H/C,,, and higher O/C,
ratios were observed for non-halogenated DBPs as compared
to the DOM in corresponding middle and late eluting
segments (Fig. S71). This is because the non-halogenated
DBPs are produced by oxidation during disinfection, which

formula class

i cHo
[l cHno
B cHnos

CHOS

- others

Fig. 3 Formula class distribution of non-halogenated DBP compounds in sample DW-nLC-A. The bars indicate the total number of non-
halogenated DBPs detected in each segment distinguished by formula classes (CHO, CHNO, CHOS, CHNOS, and others). The inlay summarizes
the percentage of formula classes of all non-halogenated DBPs (all segments combined).
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Fig. 4 EICs of molecular formula C;5H;3Cl;O¢ isotopologue peaks: m/z 323.0238 (blue) and 325.0298 (black). Inside figures: the theoretical
isotopologue peaks (red) and measured peaks (blue and black) in raw spectra at the same retention time. The mass differences of isotopologue
peaks were indicated with black (raw spectra) and red (theoretical isotopologue) arrows.

would form byproducts with higher polarity (higher O/C
ratio) than the corresponding precursors.’®

Cl-DBPs were detected in both DWTPs despite the low
concentration of DOC and the very low concentration of
disinfectants (~0.5 mg L") used. In total, 16 CI-DBPs (Table
S6+) were validated according to isotopologue intensity pattern
(Fig. 4 and S8t) in DW-nLC-A and DW-nLC-B. Of these, four
had distinct EICs (Fig. 4 and S9f), including one of the
previously reported CHO-Cl MF>**”° (C,5H,5Cl, O, Fig. 4). More
than 30 structures for the molecular formula C,5H,5Cl;O¢ are
listed in ChemSpider, and further validation of its chemical
structure could be accomplished in future studies by MS/MS
experiments and utilization of standard compounds.

The relatively low number of detected CI-DBPs in this
study can be attributed to: 1) low disinfectant dose: drinking
water disinfection in both DWTP-A and DWTP-B uses a much
smaller chlorine and ClO, concentrations as compared to
other DWTP and lab studies, which typically use more than 5
mg Cl/L>***" and 2) the concentration of DOC
(determining parameter for CI-DBP formation)® in both

DWTPs was also lower than in previous studies,***°
leading to lower concentrations of DBPs. Despite
the low DOC and disinfectant concentration, the

nano-LC-MS method still revealed CI-DBPs proving its
applicability for sensitive detection of N-DBPs and CIl-DBPs.

Conclusions

The direct analysis of drinking water with nano-LC-FT-ICR-MS
revealed previously overlooked highly polar and highly
saturated DOM and DBPs in drinking water. In contrast to the
current state of research on DBPs, which usually uses 1 L of
drinking water, desalination/enrichment with SPE, and
measurement with DI-HRMS at higher DOC concentrations,
detailed molecular analysis from only 1 pL of sample directly

1734 | Environ. Sci.. Water Res. Technol,, 2023, 9, 1729-1737

injected into nano-LC-FT-ICR MS is possible. The presented
nano-LC-FT-ICR-MS method offers advantages through less
sample preparation with accordingly less potential bias and
contamination and is also more environmentally friendly,
saving solvents for SPE and LC. Although the
number of CI-DBPs detected in this study is low compared to
published studies,”®*" the direct analysis of drinking water at
high sensitivity is a very promising approach as it can bypass
the SPE process and detect more non-halogenated N-DBPs. As
some non-halogenated DBPs are not only inherently toxic
(especially N-DBPs),"* but also serve as intermediates for the
formation of halogenated DBPs,” a sensitive and bias-free
analysis of DBPs in drinking water is necessary to allow for a
better assessment of the disinfection process. Additionally, we
suggest including real drinking water samples in addition to
lab-disinfected samples to foster a realistic perspective of the
amount of DBPs detectable with non-targeted analysis.
Overall, the direct analysis of drinking water may lead to a
broader and better understanding of unknown DBPs and is
recommended for non-targeted analysis of DOM from
drinking water and disinfected samples.
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