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Abstract: In this study a determination method has been developed for seven different 
micropollutants, that were selected to represent different compound groups. The selected 
compounds were: 4-nonylphenol (4-NP), 4-octylphenol (4-OP), anthracene (Ant), alachlor (Ac), 
heptachlor (Hc), heptachlor epoxide (Hce), and bis(2-ethylhexyl)phthalate (DEHP). 
Chromatographic separation and mass spectrometer detection conditions were optimized to 
achieve the best micropollutants separation and the best detection sensitivity. A calibration curves 
were created at different calibration levels suited of each type of detection mode (Full Scan and 
Selected Ion Monitoring) and limits of detection (LOD) and limits of quantification (LOQ) were 
calculated. Furthermore, recovery values were determined for each compound in spiked water 
samples at levels equal to 10%, 50%, and 90% of the calibration curve range and compared to other 
studies in which similar methods of determination were used.  
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1. Introduction 

The growing number of different organic micropollutants necessitates the development of 
universal procedures for the simultaneous determination of those micropollutants in water for 
research and environmental laboratories. The selected compounds for this study were: 
4-nonylphenol (4-NP), 4-octylphenol (4-OP), anthracene (Ant), alachlor (Ac), heptachlor (Hc), 
heptachlor epoxide (Hce), and bis(2-ethylhexyl)phthalate (DEHP). Most of the concentration levels 
for the given micropollutants in water do not exceed 1 μg/L [1]. For this reason, the determination 
methods must be characterized by sensitivity low enough to detect micropollutants at levels below 
that threshold. To develop such determination methods the important step is to recognize and 
optimize the parameters that affect determination method sensitivity and viability for laboratory 
use. Gas chromatography coupled with mass spectrometry detection has been used extensively in 
determination of many different micropollutants from water samples [2–4]. The sensitivity of the 
mass spectrometer detector depends to a large extent on the mode in which the spectrometer 
detector operates. It is accepted that the Full Scan (FS) mode is being used mostly for the 
micropollutant qualitative identification purposes in the unknown water samples, whereas the 
Selected Ion Monitoring (SIM) mode is being used in quantitative determination of the identified 
micropollutants. 
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The aim of the research was to study the capabilities of gas chromatography coupled with 
single quadrupole mass spectrometer using solid-phase extraction method in determination of 
different micropollutants in water samples.  

The first step to develop the determination method was optimizing the GC temperature 
program, injection volume, injecting method and carrier gas flow rate to obtain the highest possible 
parameters such as: signal-to-noise ratio (SNR) and resolution between each compound, while 
keeping the time of the analysis at reasonable levels.  

The next step was selecting MS operating parameters such as electron source temperature or 
gain value as well as Target and Qualifier Ion m/z fragments for SIM analysis for each selected 
compound, basing on Full Scan single sample analysis and creating calibration curves at six different 
levels for the SIM detection and five different levels for FS detection.  

The last step was preparing water samples by fortifying tap water samples with mixture of 
selected compounds and recovering them via solid-phase extraction (SPE) on selected non-polar SPE 
columns for recovery analysis and further determination method sensitivity increase.  

2. Materials and Methods 

2.1. Compounds  

All compounds were bought as a pure, separate analytical standards from Sigma-Aldrich®, 
from which solution standards were prepared by measuring 10 mg of the given substance with 
precision of 0.1 mg on the calibrated, certified analytical scale, and dissolved in methanol or acetone.  

2.2. GC-MS Conditions  

Prepared samples were measured on an Agilent 7890B gas chromatograph coupled to a single 
quadrupole Agilent 5977A MSD mass spectrometer detector. The column used was an Agilent J&W 
DB-5MS capillary column (length 20 m × diameter 0.250 mm × film 0.25 μm). The injector port was 
set to 250 °C. Injection was done in pulsed splitless mode with 50 psi pressure for 0.3 min and 60 
mL/min purge flow after 0.31 min. The liner used was Agilent 5190-2293: 900 μL (splitless, single 
taper, and ultra inert).  

The optimized temperature program was detailed as follows: the initial temperature was 40 °C 
with hold time of one min, then ramped up to 180 °C at rate of 30 °C/min, next ramped up to 23 °C at 
a rate of 5 °C/min, then ramped up to 300 °C at rate of 10 °C/min. The gas used as a carrier was 
helium at constant flow of 1 mL/min.  

Full Scan mode operated at range from 50 to 400 m/z. Selected ion monitoring mode operated as 
listed in Table 1. Both FS and SIM mode ion source operated at 230 °C, with a transfer line 
temperature of 250 °C, a quadrupole temperature of 150 °C, and a fixed electron energy of 70 eV. 
Before the analysis, GC-MS was tuned with an autotune procedure, using a perfluorotributylamine 
(PFTBA) standard. 

Table 1. Selected compounds fragments used in Selected Ion Monitoring detection operating mode. 

Compound Target Ion 1 
(m/z) 

Qualifier Ion 2  
(m/z) 

Qualifier Ion 3  
(m/z) 

Gain 

4-NP 107 220 77 10 
4-OP 
Ant 
Ac 
Hc 
Hce 

DEHP 
1,2,3,4-TCN 

107 
178 
188 
272 
353 
149 
266 

206 
176 
160 
100 
81 

167 
264 

77 
89 

146 
237 
237 
104 
194 

10 
10 
10 
10 
10 
10 
10 

1 Dwell time: 70 ms, 2 Dwell time: 50 ms, 3 Dwell time: 30 ms. 
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2.3. Sample Preparation  

2.3.1. Water Sample Fortification 

Water samples were prepared by adding small amount of the mixed micropollutants standard 
solution to 100 mL of tap water, with addition of 1% methanol in a volumetric flask. The flask was 
then fairly mixed and shortly after, the prepared sample went under the extraction.  

2.3.2. Sample Extraction  

Prepared water samples were extracted using Supelco Supelclean™ LC-18 6 mL columns 
containing 500 mg of non-polar, octadecyl bonded, endcapped silica.  

SPE cartridges were conditioned with 5 mL of methanol, followed by 5 mL of 
dichloromethane/ethyl acetate (1:1, v/v), then again 5 mL of methanol and 5 mL of demineralized 
water. Samples were then passed through the SPE cartridges at a flow rate of 5 mL/min. Next the 
cartridges were rinsed with 5 mL of demineralized water and dried by passing air using vacuum for 
20 min. The analytes were eluted using 5 mL of dichloromethane/ethyl acetate (1:1, v/v) followed by 
5 mL of acetone. The eluted extract was evaporated at 30 °C under nitrogen flow using a Biotage® 
TurboVap® Classic II to a volume under 250 μL, avoiding dryness then 2 mL of hexane was added 
and evaporated to a volume of 500 μL. Samples were then transferred to a 1 mL volumetric vial, 
spiked with 1,2,3,4-tetrachloronaphthalene (1,2,3,4-TCN) internal injection standard at levels of 100 
ng for SIM analysis samples and 200 ng for FS analysis samples, then filled with hexane.  

3. Results 

First step to develop the determination method was optimizing the GC parameters. The GC 
temperature gradient affects parameters such as: signal retention time (RT), signal-to-noise ratio 
(SNR), full width at half maximum (FWHM), thus the resolution (RS). For this case, the simple 
temperature program was chosen: starting temperature of 80 °C with six min hold time, steady ramp 
up temperature to 260 °C, at the rate of 5 °C/min, then ramp up to 300 °C at the rate of 20 °C/min 
with three min hold time. Injection of a 1 μL of the test sample in methanol at a concentration of a 10 
mg/L, with MS operating in the FS mode resulted in a chromatogram with fully separated 
compounds of which last was DEHP with retention time of 42.746 min. The results were not 
satisfactory as the retention time of the DEHP could have been a lot shorter. The prepared sample in 
methanol was analyzed multiple times at many different temperature program configurations to 
achieve the shortest analysis time, while maintaining the highest possible SNR, and RS parameters. 
Finally, the injection volume and pressure was set to 2 μL and 50 psi to achieve better detection 
signal responses and smaller FWHM values. The solvent change to a less polar solvent appeared to 
be mandatory, since the methanol at such volume and pressure could not form a stable layer of 
adsorbed compounds on DB-5-MS capillary column, resulting in distorted signals. Changing the 
solvent to a hexane solved the problem and increased the sensitivity of the analysis at a lower 
micropollutants concentrations. From the FS analysis the Target and Qualifier fragment ions were 
selected for the SIM analysis  

A calibration curves were prepared for FS and SIM analyses. For FS analysis the calibration 
curve was created at five concentration levels: 100, 200, 300, 400, 500 μg/L, that correspond to 
working concentration levels of 1, 2, 3, 4 and 5 μg/L. For SIM analysis the calibration curve was 
created at six concentration levels: 1, 5, 10, 50, 100 and 200 μg/L, that correspond to working 
concentration levels equal to 0.01, 0.05, 0.1, 0.5, 1 and 2 μg/L.  

For both FS and SIM acquisition methods, limits of detection (LOD) and limits of quantification 
(LOQ) were calculated as method sensitivity parameters. LOD and LOQ values were calculated 
according to the ISO guide for estimation of LOD and LOQ from calibration samples [5]. The 
developed determination method was used to analyze the prepared water sample extracts in both 
SIM and FS modes at three different concentration levels equal to 10%, 50% and 90% of the 
calibration curve, using four replicate analyses at each concentration level. The accuracy of the 
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determination method was given as a recovery value and listed with LOD and LOQ values in form 
of a Table 2. 

Table 2. Average recovery values (%) obtained using the GC-MS method both in full scan (FS) and 
SIM mode with Relative Standard Deviation values (parenthesis) at three different concentration 
levels and limits of detection (LOD) and (limits of quantification) LOQ values for both methods. 

Compound 

FS Mode SIM Mode 
Fortification Level (n = 4) 

(µg/L) LOD 
(µg/L) 

LOQ 
(µg/L) 

Fortification Level (n = 4) 
(µg/L) LOD 

(µg/L) 
LOQ 

(µg/L) 
1.8 3 4.5 0.2 1 1.8 

4-NP 
4-OP 
Ant 
Ac 
Hc 
Hce 

DEHP 

87 (7) 
86 (8) 
95 (3) 
107 (8) 
70 (11) 
82 (4) 
113 (6) 

103 (5) 
96 (11) 
78 (7) 
117 (5) 
89 (6) 
99 (4) 
178 (9) 

109 (2) 
99 (5) 
94 (12) 
122 (4) 
89 (4) 
95 (2) 
145 (2) 

0.14 
0.15 
0.21 
0.17 
0.14 
0.09 
0.07 

0.48 
0.49 
0.71 
0.57 
0.45 
0.28 
0.24 

81 (10) 
79 (4) 
71 (2) 
78 (2) 
45 (7) 
69 (4) 

188 (15) 

91 (8) 
85 (12) 
90 (13) 
104(16) 
76 (9) 

92 (16) 
92 (5) 

104 (13) 
102 (9) 
107 (5) 

106 (13) 
91 (7) 
95 (5) 
108 (7) 

0.0054 
0.0027 
0.0032 
0.0028 
0.0024 
0.0035 
0.0040 

0.0177 
0.0091 
0.0104 
0.0094 
0.0080 
0.0115 
0.0133 

4. Conclusions 

GC parameters affect peak surface area, resolution and sensitivity; thus, optimization of these 
parameters is a crucial step in introducing the determination method to laboratory use. FS detection 
mode allows the determining of different micropollutants congeners in environmental water 
samples, but due to a lower signal-to-noise ratio and LOD, LOQ values than the SIM method, it 
should be only used for qualitative analysis, and further development of the quantitative SIM 
analysis. 

Achieved recovery values suggest that octadecyl C18 phase is well-suited stationary phase for 
SPE extraction of many different organic micropollutants, but the most polar compounds at the 
lowest concentration level could not be fully recovered. The SPE extraction recovery values varied 
between 80–120% in the most cases, with the exception of a highly polar compounds and the lower 
concentrations and the DEHP, which is problematic due to its ubiquitousness in the environment, 
even though the extraction parameters were not optimized. This research proves the possibility of 
simultaneous determination of seven different micropollutants in water samples using the GC-MS 
method and the SPE extraction. The LOD and LOQ values achieved in the SIM method suggest that 
the developed determination method gives satisfactory results in terms of sensitivity for research 
and environmental laboratories purposes as it does not exceed the 0.01 μg/L, which is lower than the 
concentrations that these compounds appear in the different water samples [1]. 
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