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This technical note describes an LC-MS/MS method to quantify
haloacetic acids (HAASs) in drinking water using direct injection,
achieving detection limits of 1 ppb (ug/L) for 7 out of 9 HAAs
analyzed. The sensitivity of the SCIEX 5500+ system allowed for
detection limits siginficantly below regulatory levels without the
need for time-consuming sample preparation (e.g., SPE).
Further, a reversed-phased LC chromatography method avoided
the derivatization techniques required in GC methods, ultimately
saving additional time. Figure 1 highlights the overlaid extracted
ion chromatograms (XICs) of all compounds analyzed at 50 ppb.

Unsafe drinking water is a global public health issue and resulted
in 1.2 million deaths in 2015, and diarrheal deaths alone
contributed 1.9% to the global disease burden.! Chlorine is an
effective and low-cost disinfection agent but may generate
harmful disinfection by-products, including haloacetic acids
(HAAs), which have been described as cytotoxic and
mutagenic.? EU Directive 2020/21842 regulates 5 representative
HAA substances, including: monochloroacetic acid (MCAA),
dichloroacetic acid (DCAA), trichloroacetic acid (TCCA),
monobromoacetic acid (MBAA), dibromoacetic acid (DBAA) and
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Figure 1. An overlaid extracted ion chromatogram (XIC) of the 9
HAAs analyzed at 50 pg/L.

tribromoacetic acid (TBAA). According to this directive, the sum
of these HAA substances must be below 60 pg/L in drinking
water. The total amount of HAAs is typically measured only when
disinfection methods are used for disinfecting water intended for
human consumption.

Gas chromatography (GC) is commonly used for quantifying
HAAs and has been approved by the US EPA. However, GC
methods require long runtimes, time-consuming sample
extraction and derivatization steps, and low sensitivity for
monochloroacetic acid. lon chromatography-mass spectrometry
methods, such as the EPA 557, require a specific instrument
setup that cannot be used for reverse phase chromatography
when the instrument is not used for HAA analysis.

Key features of the SCIEX 5500+ system for
HAA analysis

e  SCIEX 5500+ system sensitivity allows for easy sample
preparation with direct sample injection after filtering

e  Sensitivity meets the regulatory requirements with an LOD
of 1 ppb for most of the 9 HAAs analyzed

e High levels of accuracy, evidenced by a % recovery of the
quality control (QC) samples that ranged from 99% to 124%
over a 2-month period

e  Custom flagging in SCIEX OS for quick identification of
samples exceeding regulatory limits
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Methods

Standard and QC sample preparation: HAA standards were
prepared at concentrations ranging from 0.5 to 50 ppb in
ultrapure water. QC samples were prepared by spiking
standards into ultrapure water at 1, 5 and 50 ppb. QC samples
were freshly prepared each day before analysis.

Sample preparation: A 1 mL sample of potable water was
filtered through a 0.2 pm RC syringe filter, directly into a 2 mL
glass vial prior to analysis. To test the performance of the
method, 3 brands of bottled drinking water were used. These
matrix samples were fortified at 1 and 10 ppb with each HAA and
analyzed in triplicate.

Chromatography: Separation was achieved with an ExionLC
AD system and a Phenomenex Synergi Hydro-RP (3.0 x 100
mm, 2.5 ym) column. The column was maintained at 40°C at a
flow rate of 0.5 mL/min. An injection volume of 20 pL was used.
The gradient conditions used are listed in Table 1.

Mass spectrometry: The QTRAP version of the SCIEX 5500+
system was used for analysis. The system was operated in
negative ion mode and using electrospray ionization (ESI). The
MRM conditions used are outlined in Table 2.

Data processing: All data were processed using SCIEX OS
software.

Table 1. Gradient elution profile for the chromatographic separation
of 9 HAAs.

Time Module Events Parameter
0.10 Pumps Pump B Conc. 0.1
3.00 Pumps Pump B Conc. 95
5.00 Pumps Pump B Conc. 95
5.10 Pumps Pump B Conc. 0.1
8.00 Controller Stop

Mobile phase A: H,O + 0.1% formic acid (v/v)
Mobile phase B: Methanol + 0.1% formic acid (v/v)
The gradient curve was set to 3.

Table 2. MRM transitions for the analysis of 9 HAAs

Component Q1/Q3 DP CE CXP
Monochlqroacetic MCCA.1 93.0/350 -9 -16 -5
acid MCCA.2 95.0/37.0 -9 -16 -5
Dichlorc_>acetic DCAA.1 126.9/82.8 -8 -13 -9
acid DCAA.2 128.9/84.8 -8 -13 -9
Trichlorgacetic TCAA1 160.9/116.9 -11 -14 -9
acid TCAA.2 160.9/35.0 -11 -28 -4
Monobromoacetic MBAA.1 136.9/789 -14 -13 -9
acid MBAA.2 138.9/80.9 -14 -13 -9
Dibrompacetic DBAA.1 214.8/171.0 -10 -10 -9
acid DBAA.2 214.8/78.9 -10 -20 -9
Tribrompacetic TBAA.1 250.8/78.9 -30 -40 -9
acid TBAA.2 252.8/80.9 -30 -40 -9
Bromochlproacetic BCAA.1 170.9/78.9 -14 -17 -9
acid BCAA.2 172.9/80.9 -14 -17 -9
Chlorodibrpmoacetic CDBAA.1 208.8/80.9 -60 -26 -9
acid CDBAA.2 206.8/78.9 -60 -26 -9
Bromodich_loroacetic BDCAA.1 162.8/809 -5 -25 -9
acid BDCAA.2 160.8/789 -5 -25 -9

MRM1 and MRM2 were used quantifier and qualifier, respectively.

Method robustness

QC samples were tested across 5 different days over a 2-
month period. The recoveries were consistently between 99%
and 124% for all QCs analyzed, highlighting the high levels of
robustness and accuracy across several weeks. Figure 2
shows in more detail the recovery values achieved across
each day of analysis.
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Sensitivity and linearity

Figures 3-5 show this method's calibration curves and example
chromatograms of the 9 HAAs analyzed. Excellent linearity and
sensitivity were achieved. Seven HAAs were detected at
concentrations as low as 1 ppb in the spiked sample. The only
HAAs that were not detected at 1 ppb were MCAA and TCAA.

Custom flagging rules

SCIEX OS software has an option to customize the result
columns and flagging rules. Using this option, the user can
create a column to calculate the sum of all HAAs (“Total HAAs”)
and create custom flagging rules to highlight instances in which a
sample contains >60 ppb of total HAAs. An example of this is
shown in Figure 6, where instances in which the total
concentration of HAAs is >60 ug/L are marked in red. Further
details about performing automatic calculations and creating
flagging rules in SCIEX OS software can be found in the
application note.*

Conclusions

e Alinear dynamic range spanning between 0.5-50 ng/mL
was observed for all HAAs, except for MCAA (5-50 ng/mL)
and TCAA (1-50 ng/mL). R values for each calibration curve
were >0.99

e  Sensitivity of the SCIEX 5500+ system allowed for simple
sample preparation requiring only a filtration step and direct
injection

e Reversed-phase LC chromatographyavoided time-
consuming derivatization steps required in GC methods

e Arobust and accurate method yielded recovery values
between 99% and 124% for QC samples injected over a 2-
month period

e  Custom flagging rules in SCIEX OS permitted fast data
review for samples exceeding regulatory levels
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Figure 2. QC sample recoveries from injections performed over several days. Each point represents a QC sample injection.
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Figure 3. Example chromatograms for MCAA, DCAA, TCAA, MBAA and DBAA. Chromatograms show the matrix blank, 1 and 10
ppb sample spikes and the 10 ppb standard (left to right).
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Figure 4. Example chromatograms for TBAA, BCAA, BDCAA and CDBAA. Chromatograms show the matrix blank, 1 and 10 ppb
sample spikes and the 10 ppb standard (left to right).
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Avea Ratio

= @ Calibration for CDBAA.1: y = 0.07536 x + -0.00586 (r = 0.99903, r* = 0.99807) (weighting: 1/ x)
@ Calibration for TBAA.1:y = 0.04277 x + -0.01631 (r = 0.99869, r* = 0.99738) (weighting: 1/x)
@ Calibration for BCAA.1: 0.23180 x + 0.01680 (r = 0.99983, r* = 0.99965) (weighting: 1/x)

@ Calibration for MBAA.1: y = 0.13385 x + 0.00827 (r = 0.99995, r* = 0.99991) (weighting: 1/x)
@ Calibration for TCAA.1: y = 0.15103 x « 0.03906 (r = 0.99786, r* = 0.99573) (weighting: 1/x)

@ Calibration for DBAA.1: y = 0.20400 x + 0.01182 (r = 0.99991, r* = 0.99981) (weighting: 1/x)
@ Calibration for MCAA.1: y = 0.05318 x + 0.00440 (r = 0.99997, * = 0.99993) (weighting: 1/x)
@ Calibration for DCAA.1: y = 0.59032 x + 0.08112 (r = 0.99975, * = 0.99951) (weighting: 1/x)
@ Calibration for BDCAA.1: y = 0.10852 x ~ -0.01019 (r = 0.99108, ¢* = 0.98224) (weighting: 1/x)
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Figure 5. Calibration curves for the HAAs analyzed in this method.

Use the calculator to create a new formula.

Formula name | T0iAl HAAE 00

=5

GET([Calculated Concentration];'CDBAA.1")+GET([Calculated

Concentration]; TBAA.1)+GET([Calculated Concentration);'Dalapon.1')+GET
([Calculated Concentration];'BCAA.1")+GET([Calculated Concentration];'MBAA.2")
+GET([Calculated Concentration]; TCAA.1')+GET([Calculated
Concentration];'DBAA.1")+GET([Calculated Concentration];' MCAA.1")+GET

- ([Calculated Concentration];'DCAA.1')+GET([Calculated Concentration];'BDCAA.1")

EEEEEE
Sample Name V| Sample Type ¥ c°';:’;:"‘ |15 Name | _ :‘2“:’ R‘;;'“: v| Area V|*Total HAAs-... ¥

5 ppb Standard CDBAA1 2BBAIS | 5.00 3.45 73636 | 46.092

110 ppb Standard CDBAA1 2BBAIS | 10.00 3.45 120914 | 95.192
20 ppb Standard CDBAA.1 2BBAIS | 20.00 3.45 287320 | 200.638
50 ppb Standard CDBAA1 2BBAIS | 50.00 3.46 773113 | 492,574
Fiji spk 10ppb-1 Unknown CDBAA.1 28BAIS | N/A 3.45 137363 | 77.900
Fiji spk 10ppb-2 Unknown CDBAA.1 2BBAIS | N/A 3.45 119797 | 82.264
Fiji spk 10ppb-3 Unknown CDBAA.1 2BBAIS | N/A 3.45 136103 | 83.212
Evian spk 10ppb-1 Unknown CDBAA.1 2BBA.IS N/A 346 142695 82411
Evian spk 10ppb-2 | Unknown CDBAA.1 2BBAIS | N/A 3.45 130845 | 84.483

Figure 6. Automatic calculations to flag samples with HAA concentrations above regulatory limits. (Top) The method setup for
implementing Calculated Columns in SCIEX OS software to sum the total HAA content of each sample. (Bottom) Results table with
flagging rules to show samples with more than 60 pg/L total HAAs (red).
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