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Abstract
A sensitive, reliable and robust method for the trace determination of six polar 1H-benzotriazoles and
four benzothiazoles in drinking and surface water was developed. These compounds were extracted
from water by solid-phase extraction and analyzed by Liquid Chromatography- Electrospray Mass
Spectrometry using a linear ion trap-Orbitrap hybrid instrument at high resolution of 30,000 FWHM in
the full scan acquisition mode. At least one product ion was simultaneously detected in the linear ion
trap at low mass resolution and was used for confirmation of compound identity.
The compounds studied are soluble in water, resistant to biodegradation, only partially removed in
wastewater treatment and they may pass the water treatment processes in the production of drinking
water.
The analytes and four internal standards were preconcentrated by solid-phase extraction at low pH.
Positive electrospray ionization resulted in protonated molecular ions for all the 1H-benzotriazoles and
benzothiazoles.
The mass accuracy was between -5 ppm at m/z 120 and -0.1 ppm at m/z 182 and did not change for
more than 2 ppm over a sample sequence of 8 days of analysis time. The optimized method allowed
quantifying six benzotriazoles and four benzothiazoles in samples of drinking and surface water down
to method detection limits of 0.01 µg/L. The recoveries ranged between 45 and 125% in ultrapure,
drinking and surface water at a spiking level of 0.2 µg/L; the repeatability was between 2 and 13%. All
analytes showed a linear response between 0.01 and 1.0 µg/L. No significant matrix effect was observed
in drinking and surface water, except for the compounds 2-aminobenzothiazole (signal enhancement
about 50%) and 2-hydroxybenzothiazole (signal suppression about 25%).
In Dutch drinking water samples, the compounds 1H-benzotriazole, 4- and 5-methyl-1H-benzotriazole,
5,6-dimethyl-1H-benzotriazole, 5-chloro-1H-benzothiazole and benzothiazole were detected. The
concentration levels ranged from 0.01 to 0.2 µg/L. In surface waters, eight out of ten compounds tested
were found to be present in concentration levels ranging between 0.1 and 1.0 µg/L. In addition, in
effluents of two sewage treatment plants, eight out of ten compounds tested were present with
maximum concentrations for 1H-benzotriazole of 8 µg/L and for methyl-1H-benzotriazole of 3 µg/L
(summed concentration of two isomers).
This work demonstrates the excellent suitability of the LTQ FT Orbitrap mass spectrometer for this type
of analysis.
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1

Introduction

The benzotriazoles and benzothiazoles are high production volume chemicals that find broad
application in various industrial processes as well as in households. The group of 1H-benzotriazoles are
complexing agents that are widely used as anticorrosives, e.g. in engine coolants, aircraft deicers, or antifreezing liquids, and for silver protection in dish washing liquids. Benzothiazoles are employed in
various industrial processes, including rubber manufacturing, and as corrosion inhibitors and
fungicides. Accordingly, a release of benzothiazoles into the environment can be expected by industrial
discharges from processes where benzothiazoles are involved. Further emissions may stem from the use
of benzothiazole-containing consumer products like rubber materials (tires, shoes). The 1Hbenzotriazoles and benzothiazoles are soluble in water, resistant to biodegradation, only partially
removed in wastewater treatment [1,2,3,4], and they may pass the water treatment processes employed
in the production of drinking water.
Most 1H-benzotriazole and benzothiazole derivatives are polar and thermally labile, which has
prevented their detection in the environment as long as gas chromatographic methods have been used.
The compounds studied in the present work generally have a log Kow below 2.1 (with the exception of
methylthiobenzothiazole with a log Kow of 3.1, see Table 1). Recently, LC-MS and LC-MS-MS methods
have been developed for their measurements in environmental waters. A few reports about the
occurrence of 1H-benzotriazoles and benzothiazoles in aquatic compartments have been published since
2003 [6,7]. Giger et al. developed a LC-MS-MS method, using Oasis HLB SPE cartridges for extraction
and concentration [5]. Kloepfer et al. [2,3] used a SPE-LC-MS method and showed that benzothiazoles
are present in samples from both the influent and effluent of municipal wastewater treatment plants
(WWTP) in Berlin and are thus not completely removed in the wastewater treatment. Weiss et al. [1]
concludes the same for 1H-benzotriazoles found in wastewater and surface water in the Berlin region.
The authors expect 1H-benzotriazole and 4-methyl-1H-benzotriazole to be omnipresent contaminants in
the water cycle in Germany, due to their limited biodegradability, as high concentrations of several
micrograms per liter in treated municipal wastewater were observed..
No information is available until now about the distribution and fate of the 1H-benzotriazoles
and benzothiazoles compounds in the Dutch water cycle. Therefore, the objective of this study was to
develop a method for the determination of six polar benzotriazoles and four polar benzothiazoles in
drinking and surface water on the basis of solid-phase extraction and liquid chromatography- mass
spectrometry using a linear ion trap-Orbitrap hybrid instrument. Our main focus was to explore the
capabilities of the Orbitrap in the full-scan acquisition mode with high resolution to evaluate if this
instrument can achieve sensitivity, accuracy and related performance characteristics required in
quantitative analysis of low level water contaminants. Nominal mass product ions were used for
confirmation of the identity of the compounds.
This paper discusses the performance of the quantitative method for the determination of six
1H- benzotriazoles and four benzothiazoles in surface water and drinking water. The benzotriazoles
selected include 1H-benzotriazole, 4-methyl-1H-benzotriazole, 5-methyl-1H-benzotriazole, 5,6dimethylbenzotriazole and 5-chloro-1H-benzotriazole. Benzothiazole, 2-hydroxybenzothiazole, 2aminobenzothiazole and 2-(methylthio)benzothiazole are the benzothiazoles that were investigated.
Table 1 presents the structures of the compounds. The compound 2-mercaptobenzothiazole was not
studied due to its oxidation in aqueous solutions [3].
The performance of the overall off-line SPE and LC-MS method was evaluated in terms of
linearity, limit of detection (LOD) and quantification (LOQ), repeatability and recovery. In addition, to
obtain an optimum recovery for all benzotriazoles and benzothiazoles, different SPE materials (type,
amount and volume), elution solvents, evaporation temperatures for concentration the sample extract
and the influence of the pH of the water sample were evaluated. Hereto, water samples, i.e. ultrapure
water, drinking water and surface water were spiked with the analytes at different concentration levels.
The influence of the matrix effect in the quantitative analytical LC-Orbitrap MS method was also
studied.
Finally, the optimized method was used to monitor the presence of the benzotriazoles and
benzothiazoles in samples of drinking water, surface waters and WWTP effluents.
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Table 1. Chemical structures, elemental composition, CAS-numbers, logKow and accurate masses of the compounds
studied
Benzotriazoles

Chemical name

Elemental
composition

CAS No

Predicted
logKow
[14]

Accurate
mass
[M+H]+

N
N
NH

1H-benzotriazole

C6H5N3

95-14-7

1.14

120.05562

N

4-methyl-1H-benzotriazole

C7H7N3

29878-31-7

1.60

134.07127

5-methyl-1H-benzotriazole

C7H7N3

136-85-6

1.60

134.07127

5,6-dimethyl-1Hbenzotriazole

C8H10N3

4184-79-6

2.06

148.08692

1-hydroxybenzotriazole

C6H5N3O

2592-95-2

0.69

136.05054

5-chloro-1H-benzotriazole

C6H4N3Cl

94-97-3

1.74

154.01665

Benzothiazole

C7H5NS

95-16-9

2.01

136.02155

NH2

2-aminobenzothiazole

C7H6N2S

136-95-8

1.89

151.03245

OH

2-hydroxybenzothiazole

C7H5NSO

934-34-9

1.76

152.01646

S

2-(methylthio)benzothiazole

C8H7NS2

615-22-5

3.10

182.00927

N
NH

N
N
NH
N
N
NH
N
N
N
OH

Cl

N
N
NH

Benzothiazoles
N
S
N
S
N
S
N
S
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2

EXPERIMENTAL SECTION

2.1
Reagents and chemicals
1H-benzotriazole was purchased from Riedel-de-Haën (Sigma-Aldrich, Zwijndrecht, The Netherlands)
and Acros (Boom, Meppel, The Netherlands) supplied 5-methylbenzotriazole, 5,6-dimethylbenzotriazole
and benzothiazole. 5-chloro-1H-benzotriazole and 2-hydroxybenzothiazole were obtained from Aldrich
(Sigma-Aldrich, Zwijndrecht, The Netherlands).
2-Aminobenzothiazole and 2-(methylthio)benzothiazole were supplied by Fluka (Sigma-Aldrich,
Zwijndrecht, The Netherlands).
Two compounds, 4-methylbenzotriazole and the internal standard (I.S.) 1H-benzotriazole-d4, are not
commercially available. Therefore they were synthesized by Mercachem (Nijmegen, the Netherlands).
The reference standards were purchased in the highest purity available (96% or greater). The I.S. and a
second one, the compound atrazine-d5 (CDN, J.H. Ritmeester B.V., Utrecht, The Netherlands) were
added to the sample extract to check the performance of the LC-MS analysis. 1H-benzotriazole-d4, was
used for correction of the calculated concentrations.
The compounds fenuron and chloroxuron (Dr. Ehrenstorfer, Boom, Meppel, The Netherlands) were used
as internal standards to monitor the sample preparation process and were added to the water samples.
Water used for LC-MS analysis was generated from an ultra pure water system ftom Millipore (Bedford,
MA, USA) with a specific resistance of 18 MΩ.cm. Ultra gradient acetonitrile (Mallinckrodt Baker,
Deventer, The Netherlands) was used as an organic modifier.
Stock solutions of the individual compounds were prepared in acetonitrile (200 mg/L) and working
solutions (0.01 to 1.0 mg/L) were prepared in a mixture of ultrapure water and acetonitrile (50:50 v/v).
Stock solutions were stored at a temperature of -18°C and working solutions at 4°C. The ultrapure water
was obtained by purifying demineralized water in a Milli-Q-system. All organic solvents were HPLCgrade. A 30% hydrochloric acid-solution was used and the quality of the formic acid was 98%. The sea
sand had been glowed and ignited by the manufacturer.
2.2
Solid phase extraction
Preconcentration of the water samples was performed by comparing two different commercially
available cartridges with adsorbent: Oasis HLB (5 ml glass cartridges, 200 mg) and Oasis HLB (6 ml
polypropylene, 500 mg; Waters, Milford, MA, USA). A 5 ml glass or 6 ml polypropylene cartridge, filled
with 4 gram of sea sand (Mallinckrodt Baker, Deventer, The Netherlands), was placed above the
cartridge with adsorbent, in order to prevent the SPE material from clogging. The SPE cartridges were
conditioned successively with 10 ml of acetonitrile, 10 ml of methanol and 10 ml of ultrapure water (pH
2, except for the neutral pH experiments). The sea sand cartridges were conditioned in the same way,
but the methanol was omitted, due to the absence of active sites. In order to examine the influence of the
pH on the recoveries, spiked samples of drinking water and surface water were concentrated at a pH
between 7.8 and 8.0, and at pH 2.
The internal standard compounds fenuron and chloroxuron were spiked to 1 L of the water sample at a
concentration level of 1 µg/L. The samples were acidified to pH= 2 with 30% hydrochloric acid (except
for the experiments at neutral pH) and the water samples were percolated through the cartridges with a
flow of 10 ml/min. After sampling the water, the sea sand cartridges were removed and the SPE
cartridges were washed twice with 5 ml of acidified water (pH=2). The cartridges were dried under
vacuum for 90 min until dryness and eluted 3 times with 2.5 ml of organic solvent. Three different
solvents were evaluated: acetonitrile, methanol and a mixture of acetonitrile/methanol (50:50; v/v). The
eluates were concentrated to a final volume of 500 µl under a gentle flow of nitrogen. The temperature
during the concentration step was evaluated (37, 45 and 56°C). Lastly, the extracts were diluted with 500
µl internal standard solution (benzotriazole-d4 and atrazine-d5) in ultrapure water at a concentration
level of 2 mg/L. The final concentration of the deuterated internal standards in the sample extract is 1
mg/L.
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2.3
Chromatographic separation
The liquid chromatograph was equipped with a Surveyor autosampler model Plus and a Surveyor
quaternary gradient HPLC-pump (Thermo Fisher Scientific, Breda, The Netherlands). The separation of
the compounds was performed using a 250 mm x 4.6 mm i.d. Phenomenex Aqua C18-column with 5 µm
particles. The precolumn used was a 4.0 x 3.0 mm i.d. Phenomenex Security Guard column (both
columns were supplied by Bester, Amsterdam, The Netherlands). These columns were conditioned in a
column thermostat that was maintained at a temperature of 21 °C. 20 µl of the water/acetonitrile-extract
was injected into the LC system and the analytes were separated using a linear gradient elution at a flow
rate of 1.0 ml/min. The gradient started with 5% acetonitrile/95% water/0.05% formic acid, increased to
40% acetonitrile/60% water/0.05% formic acid in 15 min, then increased to 100% acetonitrile in 10 min,
and was held constant for 10 min. Between the runs, the analytical column was re-equilibrated for 15
min.

2.4
Mass spectrometry
A linear ion trap-Fourier Transform (LTQ-FT) Orbitrap mass spectrometer (Thermo Electron, Bremen,
Germany) was used. The ion trap part of this system was equipped with an Ion Max Electrospray
Ionization (ESI) probe that was applied in the positive-ion mode for these compounds.
From the LC column effluent, 200 µl/min was introduced into the mass spectrometer, whereas the
remaining 800 µl/min was directed to waste. The full-scan accurate mass spectra from 100 to 1000
Dalton, which were obtained at a resolution of 30,000 FWHM, were processed using the Xcalibur version
2.0 software.The total cycle time depends upon the resolution; at a resolution of 30,000 FWHM the total
cycle time is about 0.55 sec.
Before measuring the samples, accurate mass calibration was performed using flow injection of a 1,3,6polytyrosine-solution (m/z 181, 507 and 997) in methanol/water (50/50; v/v) with 0.1% formic acid at a
flow rate of 10 µl/min.
The conditions in the electrospray positive-ion mode were: source voltage 3.6 kV, heated capillary
temperature 275 °C, capillary voltage 30 V and tube lens 70 V.
In the LTQ component of the instrument, the FT part was set to 26 °C and helium was used as damping
gas. All measurements were done using the automatic gain control (AGC) of the LTQ to adjust the
number of ions entering the trap. Products ions were generated in the LTQ trap at a normalized collision
energy setting of 35% and using an isolation width of 2 Da.
In order to investigate the effect of the matrix on the response of the mass spectrometer, the signal
suppression was calculated for all compounds in sample extracts of ultrapure water, drinking water and
surface water compared to a standard in ultrapure water.
Identification of the compounds was performed with the accurate mass of the protonated molecule
within a mass window of 7 ppm together with one product ion (nominal mass). The retention times of
the compounds were compared to those of the compounds in the calibration standard solution of the
final analysis.
Quantification of the compounds was obtained by using a 7-points external calibration curve ranging
between 0.01 and 1.0 mg/L, corresponding to 0.01-1.0 µg/L water. The solutions for the calibration
curve were prepared in acetonitrile/water (50/50; v/v). Peak areas of the external calibration curve were
corrected for the internal standard benzotriazole-d4.The recoveries of the internal standards fenuron and
chloroxuron were used to check the performance of the extraction procedure, whereas atrazine-d5 was
measured to check the performance of the LC-MS analysis. Table 1 shows the chemical structure,
chemical name, elemental composition, CAS number, predicted logKow value [14] and the accurate
masses of the protonated compounds.

2.5
Method evaluation
The performance of the method was evaluated in terms of linearity, recovery, limit of detection (LOD),
limit of quantification (LOQ) and repeatability. In addition, matrix effects were studied and quantified.
Furthermore, confirmation of the target compounds was assessed based on concept of the use of
identification points criteria [10].
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The optimized method was used for the analyses of different drinking waters, surface waters and
WWTP effluents originating from different locations in The Netherlands.
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3

RESULTS AND DISCUSSION

3.1
Extraction optimization
In order to examine the influence of the pH on the recovery, spiked samples of drinking water and
surface waters were concentrated at neutral pH (between 7.8 and 8.0) and pH 2. Besides the two pH
values, two spiking levels (0.1 and 1.0 µg/L) were examined. The samples were processed, as described
earlier in the experimental section, using 6 ml glass cartridges packed with 200 mg Oasis HLB and
acetonitrile as elution solvent. The recovery of all benzotriazoles at neutral pH was less than 50%,
whereas the recovery at pH2 was in the range 50-110%. For the benzothiazoles studied, the recovery of
only 2-aminobenzothiazole decreases from >50% to <30% when lowering the pH to 2, due to the basic
properties of this compound. The recovery of the other benzothiazoles was not significantly affected by
the pH (difference less than 5%).
The average recovery of all the compounds (both benzotriazoles and benzothiazoles) extracted at
neutral pH is 42%, whereas the average recovery at pH 2 is 65%. In further experiments, water samples
were acidified to pH 2.
In the second set of experiments, the effects of the amount of adsorbent and the solvent
composition for the elution of the SPE-cartridges were investigated. Therefore, two different cartridge
volumes of the Oasis HLB type and three different compositions of elution solvents were evaluated.
Drinking water, spiked with 0.1 µg/L of the target compounds, was processed as described in the
experimental section. Besides the use of cartridges that were filled with 200 and 500 mg Oasis HLB, the
elution solvents acetonitrile, a mixture of acetonitrile/methanol (50:50; v/v) and methanol were
assessed. All experiments were performed in duplicate and the average recoveries are shown in table 2.
Table 2: Effect of adsorbent amount and composition of the elution solvent on the mean analyte recovery. Spike
level 0.1 µg/L in drinking water (n=2)
500 mg/
Aceto
nitrile:
methanol
50:50
68 ± 3
79 ± 4
70 ± 0
82 ± 3

500 mg/
acetonitrile

200 mg/
methanol

200 mg/
acetonitrile:
methanol
50:50

200 mg/
acetonitrile

500 mg/
methanol

1H-benzotriazole
4-methyl-1H-benzotriazole
5-methyl-1H-benzotriazole
5,6-dimethyl-1Hbenzotriazole
5-chloro-1H-benzotriazole

74 ± 4
87 ± 0
78 ± 1
90 ± 0

74 ± 1
88 ± 4
76 ± 4
88 ± 2

68 ± 0
79 ± 1
68 ± 1
64 ± 13

73 ±0
81 ± 1
71 ±2
85 ± 1

77 ± 2

77 ± 2

59 ± 12

73 ± 0

72 ± 1

13 ± 1

benzothiazole
2-aminobenzothiazole
2-hydroxybenzothiazole
2-(methylthio)benzothiazole

91 ±8
32 ± 0
78 ± 4
89 ± 1

86 ± 4
32 ± 2
76 ± 4
95 ± 3

87 ± 11
21 ± 2
79 ± 15
70 ± 11

116 ± 3
69 ± 0
75 ± 5
34 ± 0

132± 18
73± 5
85 ± 0
98 ± 5

116 ± 10
13 ± 7
61 ± 5
81 ± 3

fenuron
chloroxuron

87 ± 2
119 ± 4

84 ± 2
118 ± 2

99 ± 12
104 ± 17

86 ± 3
113 ± 3

95 ± 4
120 ± 3

104 ± 9
109 ± 0

atrazin-d5

114 ± 2

110 ± 2

95 ± 18

110 ± 2

116 ± 4

94 ± 6

Compound name

41 ± 1
55 ± 6
38 ± 1
28 ± 3
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The results shows that target compound recoveries are higher than 68% when using 500 mg
adsorbent and the acetonitrile/methanol elution solvent. Every other combination causes a recovery
below 34% for one or more compounds. Therefore, 500 mg adsorbent and a mixture of
acetonitrile/methanol (50:50; v/v) were used in the further evaluation of the performance of the method.
To study the possible loss of compounds during the evaporation step of the sample extracts,
three different evaporation temperatures were investigated (37, 45 and 56°C). To that end, 7.5 ml of a
standard solution of all the compounds in acetonitrile at a concentration level of 0.1 mg/L was
evaporated to a final volume of about 0.5 ml. The recovery of all compounds was in the range of 95-100%
related to a standard solution of 0.1 mg/L in acetonitrile. In conclusions the temperature of the
evaporation step did not influence the recovery of the analytes. For practical reasons, a temperature of 45
°C for the evaporation step was selected.

3.2
Method Performance
A chromatographic separation of the isomers 4-methyl-1H-benzotriazole and 5-methyl-1H-benzotriazole
was achieved with the chromatographic conditions used (see experimental section). The individual
detection of these two isomers is important due to their differences in toxicity and degradation behavior
[13].
Confirmation
For confirmation of target compounds, LC relative retention time criteria (retention time window <2.5%)
and mass spectrometric identification criteria need to be fulfilled. The latter being based on the concept
of identification points [10]. For accurate mass screening using ToF or Orbitrap MS instruments, no
criteria are described and recently some proposals were made by Nielen et al. [11]. For high resolution
screening (resolution ≥ 20,000 and a mass accuracy ≤ 5 mDa) they proposed 2 identification points. Each
product ion (low mass resolution MS) contributes also 2 points. Thus acquiring a high resolution
precursor ion in combination with at least one product ion and the LC relative retention time meets the
minimum requirement of 4 identification points. In table 3, the two most intense (nominal mass) ions
generated in the LTQ part of the instrument by a normalized collision energy of 35, 40 and 45% were
tabulated.
Table 3. Retention time and product ion masses measured in LTQ with intensity at a Normalized Collision
Energy of 35, 40 and 45%.
Chemical name

Rt
(min)

1H-benzotriazole (m/z 120)
4-methyl-1H-benzotriazole(m/z 134)
5-methyl-1H-benzotriazole(m/z 134)
5,6-dimethyl-1H-benzotriazole(m/z 148)
1-hydroxy-benzotriazole (m/z 136)
5-chloro-1H-benzotriazole(m/z 154)
benzothiazole (m/z 136)
2-aminobenzothiazole (m/z 151)
2-hydroxybenzothiazole (m/z 152)
2-(methylthio)benzotriazole (m/z 182)

92
106
106
120
119
126

ion ratio
mass 2/
mass 1
CE=35%
5
5
5
15
5
15

ion ratio
mass 2/
mass 1
CE=40%
15
10
10
40
20
50

ion ratio
mass 2/
mass 1
CE=45%
35
15
15
40
50
80

109
124
124
167

0
10
5
20

10
60
10
100

50
60
15
100

LTQ
mass 1

LTQ
mass 2

15.0
18.9
19.1
22.1
11.0
21.9

120
134
134
148
136
154

24.7
11.0
22.7
28.4

136
151
152
182

At a default normalized collision energy value of 35%, the precursor ion is the most dominant ion beside
some product ions. One product ion was used to check the identity of the compounds. Table 4 presents
the accurate mass of the measured product ion with the elemental composition.
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Table 4. Accurate masses and elemental composition of product ion masses measured
Chemical name

Elemental
composition
of [M+H]+

Accurate
mass of
product ion

1H-benzotriazole (m/z 120)
4-methyl-1H-benzotriazole(m/z 134)
5-methyl-1H-benzotriazole(m/z 134)
5,6-dimethyl-1H-benzotriazole(m/z 148)
1-hydroxy-benzotriazole (m/z 136)
5-chloro-1H-benzotriazole(m/z 154)

C6H6N3
C7H8N3
C7H8N3
C8H10N3
C6H6N3O
C6H5N3Cl

92.04874
106.06471
106.06471
120.08041
119.04742
126.01014

benzothiazole (m/z 136)
2-aminobenzothiazole (m/z 151)
2-hydroxybenzothiazole (m/z 152)
2-(methylthio)benzotriazole (m/z 182)

C7H6NS
C7H7N2S
C7H6NSO
C8H8NS2

109.01012
124.02114
124.02114
166.98579

Elemental
composition
of product
ion
C6H6N
C7H8N
C7H8N
C8H10N
C6H5N3
C6H5NCl
C7H5S
C6H6NS
C6H6NS
C7H5NS

Mass
error
(ppm)

Loss of

-8.0
-3.9
-3.9
-3.0
-3.2
-2.9

N2
N2
N2
N2
OH
N2

-4.8
-3.2
-3.2
0.0

CHN
CHN
CO
SCH3

For all benzotriazoles except 1-hydroxybenzotriazole, a loss of N2 was observed. For the benzothiazoles,
losses of CHN, CO and SCH3 were observed.

3.3
Matrix effects
The matrix effects (the possibility of signal suppression or enhancement) were assessed using a method
described by Matuszewski at al. [9].
To that end, the peak area of the analyte in the sample extract spiked after extraction (B) was compared
with the peak area of the corresponding analyte in the standard solution (A). The matrix effects (ME)
were calculated as follows:
ME(%) = B/A x 100
Consequently, a value higher than 100% means that signal enhancement occurs in the mass spectrometer
due to the co-extracted and co-eluted matrix. A value below 100% means that signal suppression occurs
in the mass spectrometer. This matrix effect was measured in twofold and calculated for ultrapure water,
drinking water and surface water at a concentration level of 0.2 mg/L for each compound. The results
were corrected for the blank values. Table 5 shows the results of these experiments.
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Table 5. Matrix Effect (ME; %) according to Matuszewski et al.[9] for target compounds and internal standards
in different types of water. Concentration tested 1.0 µg/L; n=2
ME<100%: signal suppression, ME>100%: signal enhancement
Compound name

Ultrapure water Drinking water Surface water

1H-benzotriazole
4-methyl-1H-benzotriazole
5-methyl-1H-benzotriazole
5,6-dimethyl-1H-benzotriazole
1-hydroxybenzotriazole
5-chloro-1H-benzotriazole

103
102
95
108
87
89

118
126
109
118
103
99

95a
110a
108a
114a
106
101a

benzothiazole
2-aminobenzothiazole
2-hydroxybenzothiazole
2-(methylthio)benzothiazole

100
132
91
100

114
153
74
98

106a
143
78a
101a

fenuron

76

70

66

chloroxuron
1H-benzotriazole-d4
atrazine-d5
a corrected for blank value

101
85
88

100
103
83

96
106
84

No significant matrix effect was observed in drinking and surface water, except for the compounds 2aminobenzothiazole (signal enhancement about 50%) and 2-hydroxybenzothiazole (signal suppression
about 25%).
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3.4
Overall recovery and precision
The recovery and precision of the overall method were evaluated by analyzing extracts of ultrapure,
drinking water and surface water by LC-Orbitrap MS, spiked before extraction with 0.025 and 0.2 and
1.0 µg/L, respectively, of the analytes. For the 0.025 and 0.2 µg/L level, seven replicates were analysed.
For the 1.0 µg/L spiking level, only two replicates were analyzed, therefore the precision at that level is
less accurate.
After isolation with Oasis HLB, the extracts were measured in duplicate and the recoveries were
calculated and corrected for the I.S. 1H-benzotriazole-d4. Table 6 shows the average recoveries at three
concentration levels together with the standard deviation (RSD). No correction for the matrix effect is
performed.
Table 6: Recoveries (%) and RSD (between brackets, %) of the overall analytical method (n=7)

Compound name
1H-benzotriazole
4-methyl-1Hbenzotriazole
5-methyl-1Hbenzotriazole
5,6-dimethyl-1Hbenzotriazole
1-hydroxybenzotriazole
5-chloro-l-1Hbenzotriazole
benzothiazole

Ultrapure water
0.025
0.2
µg/L
µg/L

1.0 b
µg/L

Drinking water
Surface water
0.025
0.2
1.0 b 0.025
0.2
µg/L
µg/L µg/L µg/L
µg/L

1.0 b
µg/L

38 (11)

75(4)

81

54 (12)

86 (5) 91

256a (47)

115a (13)

88 a

74 (5)

76 (4)

90

73 (3)

90 (3) 116

193a (14)

125a (4)

104 a

54 (7)

81 (3)

89

38 (13)

87 (4) 94

94a (32)

99a (6)

91a

86 (4)

97 (2)

100

57 (5)

91 (4) 94

57 (5)

88 (2)

87a

99 (3)

68 (2)

67

49 (5)

55 (3) 63

88 (5)

57 (3)

67

84 (4)

84 (3)

107

68 (3)

75 (3) 108

72a (4)

76a (5)

98a

71 (6)

62 (3)

65

102
(10)

93 (6) 87

101a (13)

111a (2)

107a

61

50 (6)

68 (4) 62

75 (7)

75 (3)

72

89

54 (7)

62 (4) 74

79a (9)

67a (4)

69a

52

58 (7)

74 (8) 82b

76a (9)

94a (10)

67a

2-aminobenzo61 (4)
77 (3)
thiazole
2-hydroxy70 (4)
76 (2)
benzothiazole
2-(methylthio)24 (5)
45 (7)
benzothiazole
a corrected for the blank value, b n=2

The overall recovery numbers are equal to or below the matrix effect numbers, indicating (1) that the
matrix effect is an important contribution to the overall recoveries, (2) that losses of analytes do also
occur during sample extraction and treatment.
At a concentration level of 0.2 µg/L, the recovery in ultra-pure water ranged from 45% for 2(methylthio)-benzothiazole up to 97% for the compound 5,6-dimethyl-1H-benzotriazole. In drinking
water, the recoveries were in general slightly higher than in ultra-pure water. In surface water, the
recoveries ranged from 57% for 1-hydroxybenzotriazole up to 125% for 4-methyl-1H-benzotriazole. The
relatively high recovery of 4-methyl-benzotriazole (125%) can be explained by signal enhancement
(ME=110% in surface water at a spiking level of 1.0 µg/L) due to matix effects.
The reproducibility of the total procedure was good with relative standard deviations of 3-7% in ultrapure water, 4-8% in drinking water and 2-13% in surface water at a concentration level of 0.2 µg/L.
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3.5
Linearity
In order to evaluate the linear range, the R2 of the concentration-response curve was calculated for the
analytes in ultrapure water and in extracts of ultrapure, drinking water and surface water, spiked before
extraction. In total, 10 analytes in 4 matrices were analysed. The concentrations ranged between 0.01 and
1.0 µg/L (sample). The R2 ranges invariably between 0.992 and 1.000. The lowest value for the R2 was
observed for the compound 5-chloro-1H-benzotriazole (averaged value over the 4 matrices is 0.994). In
the majority of cases (31 of 40), the R2 was higher then 0.996.This means that the optimized LC-MS
method can be used for the quantitative analyses of the analytes in the range 0.01 – 1.0 µg/L in both
drinking water and surface water.
3.6
LOD and LOQ
Quantification and detection limits were determined using a signal-to-noise approach. The limit of
quantification (LOQ) was estimated for the concentration of compound that results in a signal-to-noise
ratio of 10:1. The limit of detection (LOD) corresponds to the concentration that results in a signal-tonoise ratio of 3:1.
Hereto, a standard dissolved in ultrapure water, and extracts of ultrapure water, drinking water and
surface water, spiked after extraction with 0.025 mg/L of the analytes, were analyzed 7 times. The
signal-to-noise ratios were measured and the average values are presented in table 7.
Table 7: Limits of Detection (LOD) and Limits of Quantitation (LOQ) in standards and extracts
Standard

Compound
1H-benzotriazole
4-methyl-1H-benzotriazole
5-methyl-1H-benzotriazole
5,6-methyl-1H-benzotriazole
1-hydroxybenzotriazole
5-chloro-l-1H-benzotriazole
benzothiazole
2-aminobenzothiazole
2-hydroxy-benzothiazole
2-(methylthio)benzothiazole
a s/n=3
b s/n=10

Extract of spiked
ultrapure water

LODa
(ng/L)
3
<1
<1
<1
1
<1

LOQb
(ng/L)
10
2
2
1
4
2

LODa
(ng/L)
3
<1
<1
<1
<1
<1

LOQb
(ng/L)
10
2
2
1
3
2

3
4
3
<1

10
13
10
3

5
1
3
<1

17
4
9
3
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Drinking water

Compound
1H-benzotriazole
4-methyl-1H-benzotriazole
5-methyl-1H-benzotriazole
5,6-methyl-1H-benzotriazole
1-hydroxybenzotriazole
5-chloro-l-1H-benzotriazole

Surface water

LODa
(ng/L)
4
1
1
<1
<1
2

LOQb
(ng/L)
9
4
4
2
3
6

LODa
(ng/L)
5
1
1
2
2
2

LOQb
(ng/L)
11
2
4
7
5
7

6
1
8
<1

21
5
25
1

10
2
6
<1

33
5
20
1

benzothiazole
2-aminobenzothiazole
2-hydroxy-benzothiazole
2-(methylthio)benzothiazole
a s/n=3
b s/n=10

The data in this table show that the limit of detection (LOD) ranges between < 1 and 3 ng/L for
ultrapure water, from <1 to 8 ng/L for drinking water and from <1 to 10 ng/L in surface waters. The
limit of quantification (LOQ) ranges between 1 and 17 ng/L for ultrapure water, 1 and 9 ng/L for
drinking water and between 1 and 33 ng/L for surface waters.

3.7
Mass accuracy
While for identification of unknowns the mass accuracy is of largest importance [8], this is not a strict
prerequisite for target analysis such as in this study, as the mass error could be accounted for from the
injection of calibration solutions. Still, the mass accuracy should be stable over a whole analytical
sequence to ensure accurate peak detection and integration. To study the mass accuracy, the drift in
mass error of the target compounds with low molecular mass over a time period of 8 days was
evaluated. The accurate mass was derived from the apex of the chromatographic peak. The accurate
mass at the start of the experiments and after 3 and 8 days are presented in table 8.
Table 8. Drift in mass error (in ppm) within an analysis time range of 8 days without mass calibration.
Compounds are presented in decreasing order of mass error. Concentration 0.1 mg/L
Compound name

mass error

mass error

mass error

total drift

(ppm)

(ppm)

(ppm)

(ppm)

start

3 days

8 days

1H-benzotriazole (m/z 120)

-4.8

-5.3

-6.5

-1.7

4-methyl-1H-benzotriazole (m/z 134)

-4.0

-3.3

-4.8

-0.9

5-methyl-1H-benzotriazole (m/z 134)

-2.8

-4.4

-4.8

-2.0

1-hydroxybenzotriazole (m/z 136)

-2.8

-2.5

-3.7

-1.0

benzothiazole (m/z 136)

-2.6

-2.3

-4.0

-1.4

5-chloro-1H-benzotriazole (m/z 154)

-2.1

-2.4

-3.6

-1.5

2-aminobenzothiazole (m/z 151)

-2.1

-2.5

-3.3

-1.3

2-hydroxybenzothiazole (m/z 152)

-1.9

-2.0

-3.0

-1.1

5,6-dimethyl-1H-benzotriazole (m/z 148)

-1.9

-2.4

-3.6

-1.8

2-(methylthio)benzothiazole (m/z 182)

-0.1

-0.4

-1.8

-1.7
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The concentration of the compounds is 0.1 mg/L. The mass spectrometer was calibrated externally (see
experimental section) before the start of the experiments. No recalibration was performed during the
experiments.
In general, the mass error for all the compounds ranged from -0.1 to -4.8 ppm for all studied ions and
was largest at the lowest m/z range. The mass accuracy of the compound with the lowest molecular
mass (1H-benzotriazole, m/z 120) was -4.8 ppm. After 8 days there was a drift in mass accuracy of -1.7
ppm. The mass accuracy of the compound with the highest molecular mass (2-(methylthio)benzothiazole
(m/z 182)) was -0.1 ppm. Typically, the mass error did not change more than -2 ppm over the course of a
sequence of more than 250 injections corresponding to a total analysis time of 8 days. Any effect of the
signal intensity on mass accuracy was not noticed, indicating the large dynamic range of the Orbitrap
MS with respect to mass accuracy. Similar results were obtained by Krauss and co-workers [12], who
used the Orbitrap for the trace level determination of low molecular weight nitrosamines.
On the basis of these results, peak integration for quantitative analysis was done from ion
chromatograms extracted for each ion at a range of ± 7 ppm around the theoretical m/z value. If a better
mass accuracy at the low m/z range would be needed, a lower calibration mass would be required than
that of m/z 181 in the routine calibration solution.

3.8
Application to real water samples
Ten samples of drinking water were collected in 2007 from ten different locations. Also ten different
surface water locations and effluents from two sewage treatment plants, originating from all over The
Netherlands, were sampled and analyzed with the method developed. All samples were stored at 4 °C
for a maximum period of 7 days in green glass bottles prior to analysis. In drinking water samples
(originating from surface waters) from The Netherlands, the compounds 1H-benzotriazole, 4- and 5methyl-1H-benzotriazole, 5,6-dimethyl-1H-benzotriazole, 5-chloro-1H-benzotriazole and benzothiazole
were detected (see Figure 1). The concentration levels ranged from 0.01 for the compounds 5-methyl-1Hbenzotriazole, 5,6-dimethyl-1H-benzotriazole, 5-chloro-1H-benzotriazole and benzothiazole to 0.2 µg/L
for 1H-benzotriazole and 4-methyl-1H-benzotriazole. In particular, the latter two compounds have the
potential to reach drinking water prepared either directly from surface water or from surface water via
bank filtration and should, therefore, be included in future monitoring studies. These results are in
accordance with a study on occurrence of benzotriazoles and benzothiazoles in different samples from
the Berlin region, reported by Weiss et al. [1], who also found the highest concentrations for 1Hbenzotriazole and 4-methyl-1H-benzotriazole. The concentration of the isomer 5-methyl-1Hbenzotriazole is significantly lower due to its lower microbial stability [1].
In surface waters, eight out of ten compounds were detected (see Figure 2), with concentrations ranging
between 0.1 and 0.5 µg/L. The compounds 1-hydroxybenzotriazole and 2-aminobenzothiazole were not
detected in surface water.
In the effluents of both sewage treatment plants, eight out of ten compounds tested were detected and
the maximum concentrations were observed for 1H-benzotriazole (8 µg/L) and methyl-1H-benzotriazole
(summed concentration of two isomers: 3 µg/L).
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CONCLUSIONS

In Dutch drinking water samples, the compounds 1H-benzotriazole, 4- and 5-methyl-1H-benzotriazole,
5,6-dimethyl-1H-benzotriazole, 5-chloro-1H-benzotriazole and benzothiazole were detected. The
concentration levels ranged from 0.01 to 0.2 µg/L. In surface waters, eight out of ten compounds tested
were actually observed in concentration levels ranging between 0.1 and 1.0 µg/L. In addition, in the
effluents of two sewage treatment plants, eight out of ten compounds tested were detected with
maximum concentrations for 1H-benzotriazole of 8 µg/L and for methyl-1H-benzotriazole of 3 µg/L
(summed concentration of two isomers). It can be concluded that 1H-benzotriazoles and benzothiazoles
are omnipresent polar contaminants in the Dutch water cycle.
High resolution mass spectrometry coupled to LC is a very powerful combination for screening
purposes. The application of accurate mass screening described in this article demonstrates that current
day analytical instrumentation is well equipped to meet the challenges posed by newly emerging polar
chemicals.
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I LC-MS extracted-ion chromatograms
(positive ion-mode, mass window 7
ppm) of five benzotriazoles in a drinking
water sample with concentrations
ranging from <0.01 to 0.1 µg/L.
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II LC-MS extracted-ion chromatograms
(positive ion-mode, mass window 7
ppm) of five benzotriazoles and three
benzothiazoles in a surface water
sample with concentrations ranging
from <0.01 to 0.5 µg/L.

Determination of polar 1H-benzotriazoles and benzothiazoles in water by solid-phase
extraction and liquid chromatography LTQ FT Orbitrap mass spectrometry
BTO 2009.020
© KWR
- 25 February 2009

Determination of polar 1H-benzotriazoles and benzothiazoles in water by solid-phase
extraction and liquid chromatography LTQ FT Orbitrap mass spectrometry
BTO 2009.020
© KWR
- 26 February 2009

III Poster presentation at 25th Montreux
symposium on Liquid
Chromatography/Mass Spectrometry
(November 2008)

Determination of polar 1H-benzotriazoles and benzothiazoles in water by solid-phase
extraction and liquid chromatography LTQ FT Orbitrap mass spectrometry
BTO 2009.020
© KWR
- 27 February 2009

Determination of polar 1H-benzotriazoles and benzothiazoles in water by solid-phase
extraction and liquid chromatography LTQ FT Orbitrap mass spectrometry
BTO 2009.020
© KWR
- 28 February 2009

IV Oral presentation at PBC-CW 2nd
December 2008

Analyse van polaire 1-H-benzotriazolen en benzothiazolen
in water m.b.v. SPE-LC-LTQ Orbitrap MS
Ton van Leerdam
PBC-CW, 2 december 2008

Publicatie
International Journal of Mass Spectrometry
Determination of polar 1H-benzotriazoles and
benzothiazoles in water by solid-phase extraction and
liquid chromatography LTQ FT Orbitrap mass
spectrometry
Ton van Leerdam1*, Ariadne Hogenboom1, Margo van der Kooi1
Pim de Voogt1,2
1) Kiwa Water Research. P.O. Box 1072, 3430 BB Nieuwegein, the Netherlands
2) Institute of Biodiversity and Ecosystem Dynamics, University of Amsterdam, Nieuwe Achtergracht 166,
1018 WV Amsterdam, the Netherlands

* Correspondence to: Ton van Leerdam, Kiwa Water Research, P.O. Box 1072,
3430 BB Nieuwegein. E-mail: ton.van.leerdam@kiwa.nl

Keywords: accurate mass measurements; 1H-benzotriazoles;
benzothiazoles; linear ion trap (LTQ FT) Orbitrap mass
spectrometry, environmental samples

1

Determination of polar 1H-benzotriazoles and benzothiazoles in water by solid-phase
extraction and liquid chromatography LTQ FT Orbitrap mass spectrometry
BTO 2009.020
© KWR
- 29 February 2009

Inhoud
• Benzotriazolen en benzothiazolen
• Gebruik en toepassing
• Chemische structuren
• Eigenschappen/toxicologie
• Massaspectrometrie
• Exacte massa versus nominale massa
• Methode ontwikkeling
• opwerking
• LC-MS analyse
• Validatie van de analysemethode
• Aanwezigheid in het milieu
• Verwijdering bij drinkwater bereiding (inschatting)
• Conclusies

3

Gebruik en toepassing

• Benzotriazolen
• Anti corrosie
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• Zilver bescherming (vaatwasmachines)
• Chemische industrie
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• Anti corrosie
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Benzotriazolen en benzothiazolen

5

Eigenschappen

• laag molecuulgewicht (< 200 Da)
• zeer goed oplosbaar in water (log Kow 0,7-2)
• chemisch stabiel
• slechte biologische afbreekbaarheid
• weinig gegevens beschikbaar over verspreiding in milieu
• dringen mogelijk door in drinkwater
• benzotriazolen: 1e publicaties vanaf ca. 2005 (Duitsland)
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Eigenschappen
Toxicologische evaluatie
Literatuur gegevens 1-H-benzotriazool:
• Genotoxiciteit
• (zwak) positief in Ames mutageniteits test
• positief in 2 zoogdier cytogeniteit testen (verandering van
aantal chromosomen)
N

• (chronische) toxiciteit
•

N

Geen informatie beschikbaar

NH

• hormoonverstoring
•
•

in vitro: aanwijzingen
In vivo (vissen): geen aanwijzingen
7

Toxicologische beoordeling
QSAR analyse
QSAR: inschatting schadelijkheid op basis van
chemische structuur:
- Zeer waarschijnlijk carcinogeen
- waarschijnlijk mutageen

Beoordeling van alle benzotriazolen en
benzothiazolen m.u.v. 5-chloorbenzotriazool
(waarschijnlijk carcinogeen en mutageen)
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Exacte massa versus nominale massa
Hoe was het ook alweer
elk atoom heeft zijn eigen massa: vb. H=1, O=16
(dit zijn zgn nominale massa’s)
H2O = 18
maar klopt niet helemaal: C = 12,00000 ,H = 1,00783, O=15,99491
(dit zijn exacte massa’s)
H2O = 18, 0106

Orbitrap en Time-of-Flight MS kan exacte massa’s meten tot
meerdere cijfers achter de komma nauwkeurig

9

Exacte massa versus nominale massa
Elementen
C=12.00000
H=1.00783
O=15.99491

Massa

N=14.00307
P= 30.97376
F=18.99840

431

aantal mogelijkheden
voor brutoformule
~ 10000

431.2

~ 1000

431.20

~ 100

431.199

~ 10

431.1992

~1

Hoe accurater de massa Æ specifieker de analyse

10
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Exacte massa versus nominale massa
Orbitrap MS technologie
C-trap

Versnellen en focusseren van de ionen

ionisatie

Ion trap
+
detector

Elke massa=golfsignaal (sinus)

Orbitrap
12
Extreem hoog vacuum

Exacte massa versus nominale massa
Orbitrap MS technologie
Versnellen en focusseren van de ionen

ionisatie
Frequenties Æ massa
Fourier Transformation (FT)

ω=

k
m/ z

C-trap

Ion trap
Nominale
massa’s
(productionen)
Orbitrap
Accurate
massa’s
13
(precursor)
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KWR laboratorium

14
14

Exacte massa versus nominale massa

15
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Methode ontwikkeling

• Opwerking
• pH2 en pH7 Æ pH2
• SPE: OASIS-HLB 200/500 mg Æ 500 mg
• Elutie acetonitril, methanol of mengsel Æ 50/50
• Temperatuur bij indampen (37, 45 en 56 °C) Æ 45 °C
• (2 interne standaarden aan water, 3 IS aan extract,
factor 1000x concentreren)
• Chromatografische scheiding
• C18 kolom of Aqua C18 Æ Aqua C18, 25x4,6 mm, 5 µm
• 20 µl injectie
16

Validatie van de methode

• recovery
• aantoonbaarheidsgrenzen
• lineair bereik
• Invloed matrix op meetsignaal
• stabiliteit van de massa

17
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Validatie van de methode

LC-MS chromatogram
Specifiek ionspoor op basis van
accurate massa
Concentraties: 0,01-0,5 µg/l

18

Validatie van de methode
recovery en aantoonbaarheidsgrens

19
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Validatie van de methode
lineariteit en matrix effect
• 7-punts calibratie curve
• linear: 0,01 en 1,0 mg/l extract (3 ordes van grootte)

20

Validatie van de methode
stabiliteit van de massa

Specificatie voor massa afwijking: 5 ppm

21
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Aanwezigheid in het milieu
Maximaal gemeten concentraties (µg/l)
Afvalwater
2 locaties
1-H-benzotriazool

Rivierwater
5 locaties

Drinkwater
10 locaties

0,2

8

1,5

4-methyl-1H-benzotriazool

2,3*

1,4*

0,2

5-methyl-1H-benzotriazool

2,3*

1,4*

0,01

5,6-dimethyl-1H-benzotriazool

-.

0,01

0,01

5-chloor-1H-benzotriazool

-

-

-

0,03

0,01

0,01

2-hydroxybenzothiazool

0,1

<0,01

<0,01

2-(methylthio)benzothiazool

0,2

0,02

-

benzothiazool

- : niet aangetoond
*: Som van de 4- en 5-methyl isomeer
Geen meetgegevens beschikbaar van 1-hydroxybenzotriazool en 2-aminobenzothiazool
22

Verwijdering uit water
Literatuur (1-H-benzotriazool)
• Drinkwater
• Geen informatie beschikbaar
• Afvalwater
• activated sludge, ongeveer 37%
• membraan bioreactor, ongeveer 60%

23
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Inschatting van gedrag bij zuivering

- beluchting: slecht (niet vluchtig,Henry constante, indampexperimenten)
- coagulatie: slecht (polair/hyfrofiel; logKow<2)
- active kool filtratie: slecht (polair/hyfrofiel; logKow<2)
- membraan filtratie/nanofiltratie: slecht (laag molecuulgewicht; mw<200 Da)
- oxidatie
- ozon: ca. 70%
0.5-1 mg O3/mg DOC
- UV: ca. 90%
> 1000 mJ/cm2

Geen vollledige verwijdering bij drinkwaterbereiding
24

Conclusies
• Eigenschappen
• Polaire, mobiele en persistente stoffen
• Aanwijzingen voor kanker verwekkend effect
• Verspreiding
• wijd verspreid in het aquatisch milieu
• ook in drinkwater aanwezig
• Analysetechniek
• LC-Orbitrap MS (hoge resolutie + exacte massa) is een krachtige techniek voor de analyse van
deze stoffen
• Stoffen zijn waarschijnlijk ook gevoelig te meten met LC-triplequad-MS
• Vervolgonderzoek
• risico beoordeling
• verspreiding in bronnen en drinkwater
• Gedrag bij zuivering (oxidatieve processen: ozon, ozon/waterstofperoxide, UV/waterstofperoxide)

25
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