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Suppressor

Guard
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Conductivity
Detector Diverter
Valve
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Organic
Solvent

Capillary Temperature
C
o Fisher
Scientific, San200Jose,
CA, USA
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200 CMS/MS

Collision Gas Pressure

1.5 mTorr Argon
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0.5 seconds
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TABLE 3. Mass Spectrometer Source Conditions.
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Voltageof the nine HAAs and two other
3200
V
chromatogram is from the laboratory synthetic sample matrix (LSSM) fortified at 20 ppb.
Vaporizer
Pressure
45 units
N2
The
LSSM isGas
a prepared
matrix of 250 mg/L each
of chloride
and sulfate, 150 mg/L of
bicarbonate,
20 mg/L
of nitrate, and 100 mg/L10
ammonium
Auxiliary Gas
Pressure
units N2 chloride preservative, for a
total chloride concentration of 316 mg/L. All eleven compounds are shown in Figure 2.
Capillary
Temperature
200
C
The
selectivity
of the IC-MS/MS system allows
separation
of the HAAs from common
inorganic
matrix
ions. This allows matrix peaks
of C
chloride, sulfate, nitrate, and
Vaporizer
Temperature
200
bicarbonate to be diverted to waste during the analytical run and avoids premature
Collision
Gas
Pressure instrument source. 1.5
mTorr
Argon the conductivity detector
fouling
of the
ESI-MS/MS
Figure
3 shows
response
chromatogram.
The response from 0.5
the seconds
Cl–, SO4–, and NO3– can be seen in
Ion Cycle
Time
the trace. These ions do not coelute with the HAAs and are diverted to waste using the
method controlled 6-port valve on the mass spectrometer. The IC stream is diverted to
waste from 0–12 minutes, 16–22.75 minutes, 30–37 minutes, and from 48 minutes until
the end of the run.
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mg/L
nitrate,point
and calibration
100 mg/L ammonium
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ofbicarbonate,
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a seven
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eleven
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concentration
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bemg/L.
notedAll
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TCAAcompounds
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of the
IC-MS/MS
systemofallows
separation
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with the
source
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spectrometer
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as the
column
inorganic matrix
This allows
matrix
peaksthe
of column
chloride,temperature
sulfate, nitrate,
temperature
of theions.
IC column.
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reason,
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to
be
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to
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during
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analytical
run
and
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premature
at 15° C as specified in the EPA method. Additionally, to improve the TCAA detection,
fouling
ESI-MS/MSofinstrument
source.
Figure 3response
shows the
conductivity
the
effectofofthe
temperature
the MS source
on TCAA’s
was
tested. detector
response chromatogram.
from thetube
Cl–,and
SO4–,
and NO3–
be to
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Temperatures
of 200° C forThe
bothresponse
the ion transfer
vaporizer
werecan
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be in
the trace.
ions do not
coelute
with the the
HAAs
and areofdiverted
to eight
wasteanalytes.
using the
optimal
for These
TCCA detection
without
impacting
detection
the other
method
controlledof6-port
on the mass
spectrometer.
IC stream
is diverted
This
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TCAAvalve
temperature
sensitivity
has beenThe
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in studies
with to
waste
from
0–12 minutes,configurations.
16–22.75 minutes,
30–37 minutes, and from 48 minutes until
6
other
MS
instrumentation
the end of the run.
Method detection limits were calculated
by seven replicate injections of 0.5 ppb of each
13C labeled MCAA, MBAA, DCAA, and TCAA was
An internal
standard
mixture
analyte
and the
equation
MDLof= t99%
× S (n - 7), where: t is Student’s t at 99%
spiked
into
each
sample
at
4
ppb.
All
calibration
standards
weredeviation.
prepared These
in deionized
confidence intervals (t99%, n = 7 = 3.143) and S is
the standard
MDLs
water
containing
are
listed
in Table 100
5. mg/L NH4Cl as a preservative. The calibration curves were
generated using internal standard calibrations for all of the HAA compounds in water.
Tap
Water linearity
Sampleresults
Analysis
Excellent
were observed for all compounds. Analytes were run at levels
of 250 ppt to 20 ppb in a seven point calibration curve. All of the HAAs were detected at
Additionally, tap water from San Jose, CA, was analyzed for the presence of any of the
all concentration levels. It should be noted that TCAA sensitivity is very strongly
analytes contained in the method. Tap water samples were collected in accordance with
correlated with the source temperature of the mass spectrometer as well as the column
the EPA Method 557 procedure, with NH4Cl added as a preservative as it reacts with
temperature of the IC column. For this reason, the column temperature was maintained
residual chlorine preventing further formation of haloacetic acids. Internal standards
at 15° C as specified in the EPA method. Additionally, to improve the TCAA detection,
were added and the samples were quantified. The levels of each compound detected in
the effect of temperature of the MS source on TCAA’s response was tested.
the samples are shown in Table 7. The total amount of haloacetic acids for all nine
Temperatures of 200° C for both the ion transfer tube and vaporizer were found to be
HAAs was 35.62 ppb. For the regulated HAA5, the total was 30.21 ppb. The MCL set by
optimal for TCCA detection without impacting the detection of the other eight analytes.
the U.S. EPA for the HAA5 is 0.060 mg/L. This sample was below that limit, at
This phenomenon of TCAA temperature sensitivity has been reported in studies with
0.03021 mg/L.
other MS instrumentation configurations.6

Method detection limits were calculated by seven replicate injections of 0.5 ppb of each
analyte and the equation MDL = t99% × S (n - 7), where: t is Student’s t at 99%
confidence intervals (t99%, n = 7 = 3.143) and S is the standard deviation. These MDLs
are listed in Table 5.
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experiment.
per 5.
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Table
precursor ion.
Tap Water Sample Analysis
Analyte tap water
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RF lens
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Additionally,
CA,
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the method. Tap water
with
MCAA
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10
the EPA Method 557 procedure, with NH4Cl added as a preservative as it reacts with
MBAA
136.9 further formation
79.0 of haloacetic60
13
residual chlorine preventing
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detected in
DCAA
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82.9 The levels of
70each compound10
the samples are shown in Table 7. The total amount of haloacetic acids for all nine
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206.9
81.0
90
16
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252.8
81.0
70
17
Dalapon

140.9

96.8

56
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Bromate

126.9

110.9

90
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35.0

67
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FIGURE 2. Laboratory synthetic sample matrix (LSSM) spiked with 20 ppb
haloacetic acids, bromate, and dalapon. The internal standard peaks are not
shown. From top to bottom, MCAA, MBAA, bromate, dalapon, DCAA, BCAA,
DBAA, TCAA, BDCAA, DBCAA, and TBAA.

FIGURE 3. Conductivity detector response showing signals from LSSM salts.

FIGURE 3. Conductivity detector response showing signals from LSSM salts.

Tap Water Sample Analysis
Additionally, tap water from San Jose, CA, was analyzed for the presence of any of the
analytes contained in the method. Tap water samples were collected in accordance with
the EPA Method 557 procedure, with NH4Cl added as a preservative as it reacts with
residual chlorine preventing further formation of haloacetic acids. Internal standards
were added and the samples were quantified. The levels of each compound detected in
the samples are shown in Table 7. The total amount of haloacetic acids for all nine
HAAs was 35.62 ppb. For the regulated HAA5, the total was 30.21 ppb. The MCL set by
the U.S. EPA for the HAA5 is 0.060 mg/L. This sample was below that limit, at
0.03021 mg/L.
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TABLE 5. Method Detection Limits for each compound.
Analyte

MDL (ppb)

MCAA

0.105

MBAA

0.104

DCAA

0.044

DBAA

0.021

BCAA

0.059

TCAA

0.033

BDCAA

0.141

DBCAA

0.214

TBAA

0.159

Dalapon

0.050

Bromate

0.059

Conclusion

 Reagent-Free IC systems coupled with an MS/MS detector is a powerful tool used
in the quantitation of haloacetic acid samples.
 When compared to the conventional EPA methods using GC with electron capture,
using the combination of the Dionex ICS-5000 ion chromatography system and the
TSQ Endura triple quadrupole mass spectrometer to analyze for haloacetic acids
saves analysts several hours of sample preparation.
 The resolution between the matrix peaks and haloacetic acids is excellent, which
allows for minimum interference in detection, as well as ensuring a cleaner ion
source of the mass spectrometer.
 Excellent reproducibility and quantitation of HAAs was achieved when samples
were spiked into a simulated matrix.
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