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2.1 Aims and Objectives 

This chapter describes the optimal chromatographic conditions for the separation and 

detection of the 17 compounds (12 target analytes and 5 standards), listed in Table 1.2, by 

liquid chromatography using the Acquity UPLC® system. 

 

The UPLC® instrument has an integral capability of detecting resolved solutes through its 

UV/Vis dual wavelength tuneable detector; ACQUITY UPLC® Tuneable UV (TUV) [1]. 

This is the main focus of this chapter. An alternative is to couple the UPLC instrument to a 

mass spectrometer; the Micromass Quattro Micro Atmospheric Pressure Ionisation Tandem 

Quadrupole System which incorporates an Electrospray Ionisation interface [2]. This is 

considered in Chapter 3.  

 

The aim of this development programme was to achieve separation of the target analytes in 

the shortest time whilst maintaining peak resolution and sensitivity. 

 

The separation of compounds within sample matrices using liquid chromatography (LC) 

began in the early 1900s, and continued to be developed and improved up to the 1960s. In 

this decade the first papers were published featuring HPLC [3]. The technique improved 

continuously with better instrumentation such as binary pumps for smoother solvent 

gradients, smoother bored tubing to reduce solvent turbulence and column connections to 

reduce dead volumes. This, along with new column manufacturing techniques and column 

chemistries helped improve liquid chromatography analysis. In 2004, Waters Corporation 

brought out the next development in liquid chromatography called Ultra Performance Liquid 

Chromatography (UPLC) that further improved chromatographic separations. 
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UPLC® has been designed around a new column technology. Figure 1.7 shows the chemistry 

of the packing material inside the bridged ethyl-siloxane (BEH) columns used in UPLC® 

instruments [4]. This improves on existing HPLC technology to achieve faster sample times 

using  very low solvent volumes, reproducible and efficient separation and sharp peak shape. 

UPLC® achieves decreased ion suppression effects, low system volumes, high capacity and 

integration with a range of detectors [5]. 
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2.2 The UPLC instrument 

Figure 2.1 shows the Acquity UPLC used in this study. The system components include the 

ACQUITY UPLC®, Column Manager and Heater/Cooler, Binary Solvent Manager and 

Sample Manager. This unit has an Acquity Tuneable UV (TUV) detector and can be 

connected to a mass spectrometer. The complete system is controlled by MassLynx 4.1 

operating programme [6]. 

 

 

Figure 2.1 A Photograph of the Acquity UPLC used in this study 
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2.2.1 Sample Manager  

The sample manager is a temperature controlled unit that is designed to hold the sample vials 

and houses the sampling needle which is protected by an outer sheath. This system has two 

plate holders which hold 2 cm3 sample vials with split caps. The sampling needle is on an 

arm which moves to the required sample vial when instructed by the MassLynx computer 

operating programme. When the needle is over the vial the outer sheath penetrates the split 

cap and the needle is inserted into the vial to draw up a sample. After the sample has been 

taken, the outer sheath, the outside and inside of the of the sample needle are washed in 

solvent to ensure the needle is clean and not contaminated prior to the next injection. Figure 

2.2 shows the interactive Sample Manager display from the MassLynx software. 

 

Figure 2.2 MassLynx Schematic of the Sample Manager 
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2.2.2 Binary Solvent Manager  

The Binary Solvent Manager has a dual piston pump drive system and each system has a 

pump and pump accumulator to accurately control the flow of solvents. The system delivers 

solvents at high pressure of up to 15,000 psi and can deliver solvent from four sources and 

has a 50 µl mixer to ensure complete dissolution of the solvents and it then passes through a 

degasser to remove gas from the solvent. Figure 2.3 shows the Interactive Binary Solvent 

Manager display from the MassLynx software. 

 

Figure 2.3 MassLynx Schematic of the Binary Solvent Manager 

2.2.3 Column Manager  

The column manager is a temperature-controlled unit that houses the chromatographic 

separating column. It is designed to hold the column in place, stacked underneath the optical 

detector but it is pivoted so can be swung open to connect to external detectors such a mass 

spectrometer. 
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2.2.4 UV/Vis Detector 

The tuneable UV detector is a tuneable dual wavelength detector ultraviolet/visible (UV/Vis) 

detector It features light-guiding flow cell technology using low-noise performance (6 µAU), 

and support for data rates up to 80 Hz. It has 10 mm, 50 nl light guided UPLC flow cells 

which eliminates internal absorption and has high sensitivity for low-level detection for the 

quantitation of components [7]. Figure 2.4 shows the Interactive TUV Detector display from 

the MassLynx software. 

 

 

Figure 2.4 MassLynx Schematic of the TUV detector 

 

Figure 2.5 shows the internal workings of the Acquity instrument console. The TUV / flow 

cell is above the heated column. The sample holder in the Sample Manager and sample / 

column washes are above the Binary Solvent Manager which houses the pump / accumulator. 
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Figure 2.5 A photograph of the internal parts of the Acquity UPLC 

 

2.2.5 Operating Software  

MassLynx was the operating programme used on the Acquity system in this study. To 

analyse samples, the operational conditions have to be set in the programme by way of Inlet 

files which determine the chromatographic conditions, the sample manager information for 

the vial positions and injection volumes and the detection settings of the TUV. The mobile 

isocratic / gradient conditions as well as temperature controls and UV/Vis wavelength 

detection settings are also controlled from this software. In UPLC the increased flow rates 

require faster sampling by detectors to achieve the same detailed peak resolution as in 

conventional chromatographic systems. 
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2.3 Method Development 

For each of the target analytes, a pure chemical standard (Sigma-Aldrich) [8] with a purity 

greater than 96% was used to prepare a stock solution at a concentration of 1.0 g l-1 in HPLC 

analytical grade methanol (Sigma-Aldrich) (see Table 2.1) From this stock solution all the 

chemical standards were prepared as required. Each stock solution was prepared by 

dissolving the chemical standard in the HPLC grade methanol.  

Table 2.1 Chemical standards used in the method development programme 

Compound Code Standard Purity (%) 

Atrazine ATR 45330     Pestanal analytical standard – Sigma-Aldrich 97.4 

Propazine PRO 45640     Pestanal analytical standard – Sigma-Aldrich 99.3 

Isoproturon IPU 36137     Pestanal analytical standard – Sigma-Aldrich 99.8 

Diuron DRN 45463     Pestanal analytical standard – Sigma-Aldrich 99.5 

2,4-D 2,4-D 31518     Pestanal analytical standard – Sigma-Aldrich 98.0 

Atrazine- 

desethyl 

CEAT 

 

36629     Pestanal analytical standard – Sigma-Aldrich 99.9 

Atrazine- 

desisopropyl 

CIAT 

 

36628     Pestanal analytical standard – Sigma-Aldrich 96.3 

 

2.3.1 Peak Analysis 

Optimal separation of analytes, sharp, symmetrical chromatographic peaks with limited band 

broadening is sought so accurate determination of the peak area is obtained and thus 

concentrations of unknown analytes can be calculated accurately. 

2.3.2 Theoretical Plate Model of Chromatography 

The plate model supposes that the chromatographic column contains a large number of 

separate layers, called theoretical plates. Separate equilibrations of the sample between the 

stationary and mobile phase occur in these "plates" as the analyte moves down the column by 
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transfer of equilibrated mobile phase from one plate to the next. Determining the number of 

theoretical plates acts as a measure of column efficiency either by stating the number of 

theoretical plates, N or stating the plate height; the Height Equivalent to a Theoretical Plate 

(HETP) and are connected by the following formula: 

H = L / N     (Equation 2.1) 

Where: 

H = HETP (height equivalent of a theoretical plate) 

L = column length 

N = number of theoretical plates 

 and  N = 5.55 (peak retention time / (peak width at half height)2 

 

Not all analytes move through a column at the same rate but for good column separation it is 

expected that an HETP value of less than 0.002 cm is achieved [9]. 

2.3.3 Rate Theory of Chromatography 

To describe the processes at work inside a column, account must be taken of the time for the 

solute to equilibrate between the stationary and mobile phase. The resulting band shape of a 

chromatographic peak is therefore affected by the rate of elution. It is also affected by the 

different paths available to solute molecules as they travel between particles of stationary 

phase. When the various mechanisms are considered which contribute to band broadening, 

the van Deemter equation for plate height is obtained, defined as: 

HETP = A + B / u + C u      (Equation 1.1) 

where u = average velocity of the mobile phase. 

 A, B, and C are the factors which contribute to band broadening outlined below. 
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A - Eddy diffusion. The mobile phase moves through the column which is packed with 

stationary phase. Solute molecules will take different paths through the stationary phase. This 

will cause broadening of the solute band, because different paths are of different lengths. 

B - Longitudinal diffusion. The concentration of analyte is less at the edges of the band than 

at the centre. Analyte diffuses out from the centre to the edges, this causes band broadening. 

If the velocity of the mobile phase is high then the analyte spends less time on the column, 

which decreases the effects of longitudinal diffusion (Figure 2.6). 

 

Figure 2.6 Peak dispersion by longitudinal diffusion 

C - Resistance to mass transfer. The analyte takes a certain amount of time to equilibrate 

between the stationary and mobile phase. If the velocity of the mobile phase is high, and the 

analyte has a strong affinity for the stationary phase, then the analyte in the mobile phase will 

move ahead of the analyte in the stationary phase. The band of analyte is broadened. The 

higher the velocity of mobile phase, the worse the broadening becomes. 
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Figure 2.7 shows the van Deemter plot for decreasing particle size from 10.0 µm, 5.0 µm and 

3.5 µm particles by HPLC and 1.7 µm particle size by UPLC. The curves determine the 

optimal mobile phase velocity at which the highest column efficiency will be obtained. 

 

Figure 2.7 The van Deemter plot for 10.0 µm, 5.0 µm, 3.5 µm and 1.7 µm particle size [10] 

2.3.4 Retention Factor 

The elution conditions were determined by measuring the retention factor (k’) for all 

compounds. This value gives an indication of how long each compound is retained on the 

column in relation to the solvent front. The retention factor for compound A is defined as: 

 

k’A= (tr - tm) / tr      (Equation 2.2) 

Where: 

k’A= Retention factor of compound A 

tr = Retention time of analyte 

tm = Retention time of mobile phase 
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For analytes to be measured with the desired accuracy, the analyte should not elute with a 

retention factor more than 20 to avoid undesirable peak broadening. Ideally a target of k’ <10 

was sought for the compounds under investigation. 

2.3.5 Selectivity Factor 

Selectivity factor (α) describes the separation of two compounds on a column. It describes the 

relative position of two peaks and is calculated by using the retention factor because the 

separation depends on the interaction with the stationary phase. The selectivity factor for 

compounds A and B is defined as: 

α = k’A / k’B       (Equation 2.3) 

Where: 

α = Selectivity factor 

k’A = Retention factor of compound A 

k’B = Retention factor of compound B 

The selectivity factor was used as an indication of peak separation between a compound and 

the next eluting compound. The higher the selectivity factor, the better the separation 

between two compounds, a target value greater than one was sought.  

 

2.4 Method Development Parameters 

2.4.1 Detector 

The integral TUV detector operates at a single wavelength set by the user. The TUV 

wavelength was determined by experimental means using a Perkin Elmer Lambda 25 

ultraviolet/visible spectrometer [11]. Samples of each of the analytes at a concentration of 

10 mg l-1 were analysed over a wavelength range of 200 to 260 nanometres (nm) where 
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significant compound absorbance could be observed. Figure 2.8 shows overlay spectra for 

each of the analytes. An optimal performance wavelength of 210 nm was chosen for 

detection of all analytes with significant absorbance present for each analyte and sufficient 

distance from the lambda maximum of the solvent at 195 nm.  

 

2.4.2 Column dimensions  

All UPLC columns have been developed with a spherical particle size of 1.7 μm in diameter. 

The columns are supplied in either 1.0 or 2.1 mm diameter and column lengths of 30, 50, 100 

or 150 mm. As the Acquity system and column chemistry were first generation designs, 

availability and affordability led to the use of the 2.1 mm diameter x 50 mm length column.
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Figure 2.8  Plot of absorbance against wavelength of the UV/VIS spectrum of the initial analytes considered in this study showing optimal 

detection performance at 210 nm. (Key to compounds relate to Table 2.1)  
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2.4.3 Column chemistry  

UPLC columns are based on Waters BEH (bridged ethyl/siloxane hybrid) technology (Figure 

1.7). BEH columns contain tri-functionally bonded ligands to a silica base. Most reverse 

phase separation methods can be carried out on columns using C18 or C8 bonded stationary 

phases. Since the method was developed other columns such as BEH Shield, BEH Phenyl 

and BEH HILIC have been developed for more specialised separations. For this method 

development a C18 column was used. 

2.4.4 Sample volume 

The volume of sample analysed required must be sufficient to give a good detector response, 

however large sample volumes cause problems such as band broadening. A 20 µl sample 

loop was used and various sample sizes was investigated. 

 

2.4.5 Sample concentration 

A suitable sample concentration must be used to produce accurate and reliable results. Signal 

to noise ratios for limits of detection and quantification are an indication of the minimum 

concentration levels which are acceptable and are discussed in more detail in Chapter 5. 

Figure 2.8 shows tests from the Perkin Elmer UV/Vis instrument that demonstrates 

concentrations up to and including 10 mg l-1 gave an acceptable absorbance level. 

2.4.6 Flow rate 

Mobile phase flow rates are governed by the column parameters such as length, width and 

particle size for UPLC, the flow rates are shown in the area outlined on the van Deemter plot 

(Figure 2.7). 
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2.4.7 Column temperature 

The column can operate over a large temperature range, usually between 20 and 60OC. A 

column temperature of 25O C was used as this temperature was above the background room 

temperature controlled laboratory and therefore reducing temperature fluctuations to a 

minimum. 

2.4.8 Sample temperature 

The sample temperature is not critical as the low volume sample quickly adjusts to the 

temperature of the mobile phase. The lower the temperature the less likely that sample 

evaporation or degradation will occur in the sample manager component of the system. 

2.4.9 Mobile phase composition 

The system allows a single (A) or duel solvent (A plus B) supply. In this study, the aqueous 

phase solvent is referred to as ‘solvent A’ which is composed of 94.9% de-ionised water, 

5.0% acetonitrile (CH3CN) and 0.1% methanoic acid (CHOOH). The acetonitrile is added as 

an organic modifier which is present at a low concentration to inhibit the growth of bacteria 

in the water. The methanoic acid is present to facilitate ionisation in mass spectrometer 

experiments described in Chapter 3. The organic phase is referred to as ‘solvent B’ and 

consists of 99.9% acetonitrile with 0.1% methanoic acid added. 

 

The Acquity system allows complete control over the mobile phase profiles used. In general 

one of two modes of elution can be used, isocratic or gradient. In isocratic mode the ratio of 

mobile phase A to mobile phase B remains constant throughout the chromatographic elution. 

Gradient elution allows the two mobile phases to be constantly adjusted giving greater 

flexibility and control of the operating conditions and separation parameters. 
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The UPLC system permits the elution of analytes according to a non-linear gradient. The 

gradient can be adjusted to any one of 11 slopes. Figure 2.9 shows all possible gradients, 

denoted curves 1 to 11. If a linear change of gradient is required, the curve value is set to 6 is 

used which is effectively a straight line change. Curve 1 immediately changes the gradient 

and curve 11 maintains the initial conditions. The numbers 2 to 10 range between the two 

extremes from convex to concave gradient profiles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.9  Non linear gradient profiles in the UPLC system 
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2.5 Method Development Strategy 

The discovery of the optimised conditions to permit the effective separation of the target 

analytes was achieved through a strategic approach.  

 

Stage 1 Isocratic elution:- This stage considered analyte retention and separation using fixed 

percentages of solvent A and solvent B (Tables 2.2 and 2.3).  

 

Stage 2 Gradient elution:- This stage evaluates any reductions in overall separation time, 

improved peak shape and greater resolution of the separated compounds using varying 

gradients outlined in Tables 2.4 to 2.8. 

 

Stage 3 Further optimisation:- This stage investigated further, the effects of altering 

gradient conditions, flow rates, column temperature and sample concentration. Also studied 

were concave and convex gradient parameters outlined in section 2.4.9. The aim was to 

improve the speed, and resolution of the analyte peaks. 

 

2.5.1 Results and Data Analysis– Stage 1 – Isocratic Elution 

The effect of isocratic elution on retention times of the analytes listed in Table 1.2 was 

examined by altering the percentage compositions of the aqueous / organic mobile phases (A 

and B) whilst keeping all other controllable instrument parameters the same.  
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In this stage of the investigation, the separations are referred to as Runs 1 to 10.   

 In Run 1, the mobile phase composition was 0% A/100% B.  

 In Run 2 the mobile phase composition was 10% A/90% B.  

 In Run 3, the mobile phase composition was 20% A/80% B. 

This 10% decrement / increment continued until at investigation run 10, the composition was 

90% A and B 10%. 

Each run was preceded by injecting a methanol blank then each of the seven compounds 

individually to determine elution times for each analyte so when finally a mixture of all seven 

analytes are run, the individual elution peaks can be identified. 

 

Table 2.2 shows the chromatographic operating conditions of separations (runs) 1 to 10. The 

percentage of solvent A and B that was used in each run is indicated in the highlighted box. 

Table 2.3 shows the mobile phase compositions for each run and the filename (method 

number) in the software. 
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Table 2.2 Isocratic and Instrument conditions 

Method Number Mei xxx (where xxx varies see Table 2.3) 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

Mobile Phase Method 

  

 Isocratic  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25   Initial 

10 0.25   6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.3 Stage 1 (Isocratic elution) Observations   

Run Method  

number 

Mobile 

phase 

Observations  

 

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

%A %B 

1 mei 001 0 100  There is no retention of the sample/mixture to the column. 

 The peak at 0.48 mins is from the methanol blank.  
 Each agrochemical compound elutes at the same time of 0.48 mins 

indicating there is no retention of the compounds with the column 

 

k’>20 
undesirable 

2 mei 002 10 90 

 The retention of compounds is low. There is some retention at between 0.71 
and 0.78 mins for all compounds but the peak shape is broad, low and spread 

over a relatively long time 

 In the combined (Mix) spectrum the compounds combine into a large 
unresolved mass. 

 At 0.58 mins there is a peak that does not correspond to any one individual 

compound, this indicates that there is an intermolecular interaction within 
the mixture. 

 
k’<10 

α=undesirable  

3 mei 003 20 80 

 Separation occurs of all compounds at approximately 0.70 mins. Each 

compound is poorly defined and is not suitable for analytical analysis. 

 There is molecular interference with the chemicals in the mixture causing an 
elution earlier than any single separation. 

 
k’<10  

α=desirable 

4 mei 004 30 70 

 The methanol blank shows a small peak at the same retention time as the 

samples. This is probably carry-over from the previous Run.  
 All pesticide compounds show a retention peak that is beginning to look well 

defined. ie the peak shape is more symmetrical. However the retention times 

are similar (except propazine) at around 0.75 mins and therefore peak 
separation does not occur in the mixture.  

 The propazine peak is at 0.89 mins, indicating retention is occurring in the 

column. 
 The two atrazine metabolites do not have a good peak shape and there is 

very little column retention. 

 
k’<10 

α =desirable 

5 mei 005 40 60 

 Atrazine, isoproturon, diuron and 2,4-D all elute at approximately the same 
time at 0.90 mins.  

 Propazine is again retained longer on the column and from the mixture it can 

be seen that propazine could be resolved from the mixture.  
 From the chromatograph of the mixture it can be seen that the four other 

pesticides form a large peak but each individual compound is not resolved. 

Again neither of the two metabolites produces a well defined peak. 
 In all the chromatographs, including the blank, there is the appearance of a 

peak at approximately 0.67 mins. This is a peak associated with water and is 

the result of the aqueous phase increasing. 

 
k’<10 

α =desirable 

6 mei 002 50 50 

 The four pesticides atrazine, isoproturon, diuron and 2,4-D are all retained at 
approximately the same time (1.15 mins) and are not resolved in the mixture.  

 Propazine is retained longer on the column and elutes later than the others. 

 The two atrazine metabolites are not well resolved and are co-eluting with 
the water. 

 The water from the aqueous phase gives a peak on all the chromatographs at 
approximately 0.68 mins 

 
k’<10 

α =desirable 

7 mei 006 60 40 

 All chromatographs display a peak at 0.64 mins that is associated with water. 

 The four pesticides atrazine, isoproturon, diuron and 2,4-D are just 

beginning show differing retention times though it can be seen from the 
mixture that they are not yet resolved.  

 Propazine is retained longer and can be fully resolved from the mixture. 

 Of the two metabolites, atrazine desethyl is resolved at 0.80 mins, the other, 
atrazine desisopropyl co-elutes with the water. 

 
k’<10 

α =desirable 

8 mei 007 70 30 

 All 5 pesticides and two metabolites are now fully separated and can be 

resolved from the mixture.  
 Elution times (mins):- atrazine 2.8: propazine 5.12: isoproturon 3.31: diuron 

3.47: 2,4-D 4.07: atrazine desisopropyl 0.76: atrazine desethyl 0.97: 

 The water peak at 0.64 mins does not interfere with the metabolite peaks 
allowing the metabolites to be resolved. 

 
k’<10 

α =desirable 

9 mei 008 80 20 
 Both these chromatographs indicate excessive retention times.  

 During run 9 only the two metabolites and the one pesticide, atrazine, are 
retained for shorter than 10 mins. 

 Run 10 indicates that only the two metabolites which are are retained for less 

than 10 mins. 

 

k’<10 

α =undesirable 

10 mei 010 90 10 
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The chromatograms for each run in this section are included in Appendix 2. 

 

2.5.2 Stage 1 (Isocratic Elution) Conclusions  

Results from Runs 1 to 7, (varying the mobile phase), demonstrates an increasing retention 

and resolution of the compounds, however Run 7 does not fully resolve atrazine-desisopropyl 

from the background aqueous mobile phase. 

(Appendix 2 Figures A.1 to A.7) 

 

Runs 9 and 10 fully resolve all the compounds, but the retention times extend beyond a target 

timeframe for this study and for this reason are impracticable for further investigation. 

(Appendix 2 Figures A.9 and A.10) 

 

In Run 8, (aqueous phase of 70% and an organic phase of 30%) the analytes all eluted within 

a target timeframe of 10 minutes, however they were still not all fully resolved. The relevant 

retention times are indicated within the text of Table 2.3.  

(Appendix 2 Figure A.8) 

 

These results indicate the effect of increasing the organic mobile phase and show that for the 

five pesticide analytes. Higher organic phase percentage composition results in the five 

analytes co-eluting. Lower organic phase percentage composition results in long retention as 

described in Table 2.3. 

 

Runs 1 to 7 indicated that starting conditions must have a low organic mobile phase content 

(30% B or less) to ensure that all the analytes are retained on the column. 
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For Run 1, k’ greater than 20 indicates no column retention in and for Runs 1,2,10 the α 

values indicate no compound separation, therefore the conditions of these runs are not 

suitable for further investigation.  

2.5.3 Stage 2 – Gradient Elution 

The results from runs 1 -10 from stage 1, described in Table 2.3 was used to develop gradient 

profiles. In Stage 1 (section 2.4), the starting conditions of runs 1 to 7 ensures the atrazine 

metabolites are fully resolved from the mobile phase solvents. The remaining pesticides were 

eluted as the aqueous phase was reduced, increasing the organic phase. Therefore, initial 

starting conditions for gradient elution development range from 10, 20 and 30% organic 

mobile phase. There were 30 individual separations runs described in Tables 2.4 to 2.9 

inclusive.  

 

 In runs 11 to 20, an initial condition of 10% B was used, then from 2 to 8 mins the 

percentage of mobile phase B changes by increments of 10% as described in Table 

2.4 and Table 2.5 

 In runs 21 to 30 an initial condition of 20% B was used then from 2 to 8 mins the 

percentage of mobile phase B changes by increments of 10% as described in Table 

2.6 and Table 2.7. 

 In runs 31 To 40, an initial condition of 30% B then from 2 to 8 mins the percentage 

of mobile phase B changes by increments of 10% as described in Table 2.8 and Table 

2.9 

 

The elution gradient profile was deemed to be complete after 8.0 minutes, and at 8.5 minutes 

mobile phase composition B was raised to 100% B to ensure all compounds and carry over 

eluted from the column. For the last 2 minutes of the gradient profile, initial starting 

conditions were employed, this ensured column equilibration and the identical 

chromatographic starting conditions for each subsequent run. 
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Table 2.4 Gradient and Instrument Conditions  

Method Number Mei xxx (where xxx varies see Table 2.5) 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient 

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 90 10 Initial 

2.0 0.25 90 10 6 

8.0 0.25   6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 90 10 6 

12.0 0.25 90 10 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.5 Stage 2 (Gradient elution) Observations relating to conditions outlined in Table 2.4 

(10% B initial) 

Run 
Method 

number 

Mobile 

phase 
Observations  

 

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 
investigation) 

%A %B 

11 mei 0111 90 10 

 There is strong retention on the column of the pesticides 

 The two metabolites elute after approx. 2.0 and 4.0 mins but have poor 

peak shape 

 All compounds elute after 8 mins when the organic concentration is at 

100% 

 

k’>20 
undesirable 

12 mei 0112 80 20 

 The results are very similar to previous run 

 There is no retention on the column of the pesticides 

 The two metabolites elute after approx. 2.0 and 4.0 mins but have poor 

peak shape 

 All compounds elute after 8 mins when the organic concentration is at 

100% 

 

 k’>20 

undesirable  

13 mei 0113 70 30 

 The results are very similar to previous 2 runs 

 There is no retention on the column of the pesticides 

 The two metabolites elute after approx. 2.0 and 4.0 mins but have poor 

peak shape 

 All compounds elute after 8 mins when the organic concentration is at 

100% 

 

k’>20 

undesirable 

14 mei 0114 60 40 

 The two metabolites elute at 1.6 and 3.4 mins but have poor peak 

shape 

 The 3 of the 5 pesticides elute just before 8.0 mins 

 The other 2 elute after 8.0 mins  

 

k’<10 

α =undesirable 

15 mei 0115 50 50 

 The two metabolites elute at 1.6 and 3.4 mins, neither have a good 

peak shape 

 All 5 pesticides elute from 6.0 to 8.0 mins and have good peak shape 

 Two peaks isoproturon and diuron are unresolved 

 
k’<10 

α =desirable 

16 mei 0116 40 60 

 The two metabolites elute in a similar time to the previous runs, 

neither have a good peak shape 

 All 5 pesticides elute from 6.0 to 7.0 mins and have good peak shape 

 Two peaks are unresolved 

 
k’<10 

α =desirable 

17 mei 0117 30 70 

 The two metabolites elute in a similar time to the previous runs, 

neither have a good peak shape 

 All 5 pesticides elute from 5.5 to 6.5 mins and have good peak shape 

 Two peaks are unresolved 

 

k’<10 
α =desirable 

18 mei 0118 20 80 

 The two metabolites elute in a similar time to the previous runs, 

neither have a good peak shape 

 All 5 pesticides elute from 5.0 to 6.0 mins and have good peak shape 

 Two peaks are unresolved 

 

k’<10 
α =desirable 

19 mei 0119 10 90 

 The two metabolites elute in a similar time to the previous runs, 

neither have a good peak shape 

 All 5 pesticides elute from 5.0 to 6.0 mins and have good peak shape 

 Two peaks are unresolved 

 

k’<10 

α =desirable 

20 mei 0120 0 100 

 The two metabolites elute in a similar time to the previous runs, 

neither have a good peak shape 

 All 5 pesticides elute from 5.0 to 5.5 mins and have good peak shape 

 Two peaks are unresolved 

 

k’<10 

α =desirable 

 

2.5.4 Stage 2 (Gradient Elution) Conclusions (10% B initial) 

Runs 11 to 13 were very similar with no retention of the five pesticides (indicated by k’>20), 

although the two metabolites atrazine desisopropyl and atrazine desethyl did elute from the 
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column at approximately 2.0 and 4.0 minutes for all runs. The peak shapes of the two 

metabolites were not good during all runs. 

 

Run 14 shows the first sign of retention but not for all pesticides. Runs 15 to 20 show 

increasingly shorter retention times of the pesticides as described in Table 2.7. The time 

between the first and fifth pesticide is approximately the same within each run.  

 

Table 2.6 Chromatographic conditions with changing A and B percentage compositions 

Method Number Mei xxx (where xxx varies see Table 2.7 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient 

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 80 20 Initial 

2.0 0.25 80 20 6 

8.0 0.25   6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 80 20 6 

12.0 0.25 80 20 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 

 

 



Chapter Two: Method Development: Separation of Target Analytes by UPLC and UV Detection 

72 

 

Table 2.7 Stage 2 (Gradient elution) Observations relating to conditions outlined in Table 2.6 

(20% B initial)  

Run 

Method  

number 

Mobile 

phase 
Observations  

 

Calculated 

Retention 

(k’) 

Selectivity 

(α) 

Comments 

(for further 

investigation) 

%A %B 

21 mei 0121 90 10 

 There is no retention on the column of the pesticides 

 The two metabolites elute after approx. 2.0 and 4.0 mins but have poor 

peak shape 

 All compounds elute after 8.0 mins when the organic concentration is at 

100% 

 

k’>20 

undesirable 
 

22 mei 0122 80 20 

 There is no retention on the column of the pesticides 

 The two metabolites elute after approx. 2.0 and 4.0 mins but have poor 

peak shape 

 All compounds elute after 8.0 mins when the organic concentration is at 

100% 

 

k’>20 

undesirable 
 

23 mei 0123 70 30 
 The two metabolites elute at 0.95 and 1.48 mins and so have very little 

column retention and poor peak shape 

 The 3 of the after 8.0 mins. 

 

k’<10 
α 

=undesirable 

24 mei 0124 60 40 

 The two metabolites elute at 0.95 and 1.49 mins 

 All 5 pesticides elute from 5.0 to 8.0 mins and have good peak shape 

 Two peaks isoproturon and diuron are still unresolved5 pesticides elute 

just before 8 mins 

 The other 2.0 elute 

 

 
k’<10 

α 

=undesirable 

25 mei 0125 50 50 

 The two metabolites elute at 0.96 and 1.49 mins 

 All 5 pesticides elute from 5.0 to 8 mins and have improved peak shape 

compared to previous run 

 Two peaks isoproturon and diuron are still unresolved 

 

k’<10 

α 

=undesirable 

26 mei 0126 40 60 

 The two metabolites elute at 0.95 and 1.49 mins 

 All 5 pesticides elute from 4.5 to 6.0 mins and have good peak shape and 

elute earlier compared to the previous run 

 Two peaks isoproturon and diuron are still unresolved 

 
k’<10 

α =desirable 

27 mei 0127 30 70 

 The two metabolites elute at 0.96 and 1.49 mins 

 All 5 pesticides elute from 4.5 to 5.7 mins and have good peak shape and 

elute earlier compared to the previous run 

 Two peaks isoproturon and diuron are still unresolved 

 
k’<10 

α =desirable 

28 mei 0128 20 80 

 The two metabolites elute at 0.96 and 1.50 mins 

 All 5 pesticides elute from 4. to 5.5 mins and have good peak shape 

and elute earlier compared to the previous run 

 Two peaks isoproturon and diuron are still unresolved 

 

k’<10 

α =desirable 

29 mei 0129 10 90 

 The two metabolites elute at 0.96 and 1.49 mins 

 All 5 pesticides elute from 4.3 to 5.2 mins and have good peak shape and 

elute earlier compared to the previous run 

 Two peaks isoproturon and diuron are still unresolved 

 

k’<10 
α =desirable 

30 mei 0130 0 100 

 The two metabolites elute at 0.96 and 1.49 mins 

 All 5 pesticides elute from 4.2 to 5.0 mins and have good peak shape and 

elute earlier compared to the previous run 

 Two peaks isoproturon and diuron are still unresolved 

 

k’<10 

α =desirable 

2.5.5 Conclusions:  Gradient elution (20% B initial)  

The two metabolite peaks elute in approximately the same time for all 10 runs. The peak 

shape improved slightly during later runs. Run 23 did not resolve the five pesticides and 

while run 24 did elute the pesticides within 8.0 minutes, the sensitivity was low. Run 25 to 
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run 30 were all very similar and the peak shapes were good. The elution time of the 

metabolites were similar but the five pesticides gradually eluted in a shorter time and by run 

30 elute approximately a minute quicker than run 25. The two pesticides isoproturon and 

diuron are not resolved in any of the runs (Appendix 2 Figures A.13 and A.14). 

 

Table 2.8 Chromatographic conditions with changing A and B percentage compositions  

Method Number Mei xxx (where xxx varies see Table 2.9) 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 70 30 Initial 

2.0 0.25 70 30 6 

8.0 0.25   6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 70 30 6 

12.0 0.25 70 30 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.9 Stage 2 (Gradient elution) Observations relating to conditions outlined in Table 2.8 

(30% B initial) 

Run 

Method 

number 

Mobile 

phase Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 
investigation) 

%A %B 

31 mei 0131 90 10 
 The two metabolites elute after approx. 0.8 and 1.0 mins  

 3 of the 5 pesticides elute between 3.0 and 4.0 mins but have very 

poor shape 

k’<10 

α =undesirable 

 

32 mei 0132 80 20 

 The two metabolites elute after approx. 0.8 and 1.0 mins  

 3 of the 5 pesticides elute between 3.0 and 4.0 mins but have very 

poor shape 

 the two remaining peaks are eluted at 4.6 and 6.4 mins but have 

very poor peak shape 

 
k’<10 

α =undesirable 

33 mei 0133 70 30 

 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 5.5 mins but have very 

poor peak shape  

 The two pesticides isoproturon and diuron are not resolved 

 
k’<10 

α =undesirable 

34 mei 0134 60 40 

 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 5.0 mins but have very 

poor peak shape  

 The two pesticides isoproturon and diuron are not resolved 

 
k’<10 

α =undesirable 

35 mei 0135 50 50 

 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 4.7 mins but have very 

poor peak shape  

 The two pesticides isoproturon and diuron are not resolved 

 

k’<10 
α =undesirable  

36 mei 0136 40 60 
 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 4.5 mins  

 The two pesticides isoproturon and diuron are not resolved 

 

k’<10 
α =undesirable  

37 mei 0137 30 70 
 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 4.3 mins  

 The two pesticides isoproturon and diuron are not resolved 

 
k’<10 

α =undesirable  

38 mei 0138 20 80 
 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 4.2 mins  

 The two pesticides isoproturon and diuron are not resolved 

 

k’<10 
α =undesirable  

39 mei 0139 10 90 
 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 4.1 mins  

 The two pesticides isoproturon and diuron are not resolved 

 
k’<10 

α =undesirable  

40 mei 0140 0 100 
 The two metabolites elute after approx. 0.8 and 1.0 mins  

 All 5 pesticides elute between 3.0 and 4.0 mins  

 The two pesticides isoproturon and diuron are not resolved 

 

k’<10 
α =undesirable  

2.5.6 Stage 2 (Gradient Elution) Conclusions (30% B initial)  

The two metabolite peaks elute in approximately the same time for all 10 runs. During Runs 

31 and 32 not all the pesticides show a peak and runs 33 and 34 show a very poor peak shape. 

Runs 35 to 40 are very similar in peak shape and retention of the first eluting pesticide 

doesn’t change, the later eluting compounds elute in shorter time. The peak shape of the five 

pesticides is not good but gradually improves during each subsequent run. The two pesticides 

isoproturon and diuron are not resolved in any of the runs. (Appendix 2 Figures A.15 and 

A.16 ) 
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2.6 Fine Tuning the Gradient 

Developing the method further, a combination of gradient / isocratic elution method was 

designed. Runs 51 to 80 use the method described in Table 2.10 to Table 2.15 

 

 Table 2.10 shows initial condition of 10% B then from 2.0 to 3.0 mins the percentage 

of mobile phase B changes by increments of 10% as described in Table 2.11 and from 

3.0 to 8.0 mins isocratic elution performed. 

 Table 2.12 shows initial condition of 20% B then from 2.0 to 3.0 mins the percentage 

of mobile phase B changes by increments of 10% as described in Table 2.13 and from 

3.0 to 8.0 mins isocratic elution performed. 

 Table 2.14 shows initial condition of 30% B then from 2.0 to 3.0 mins the percentage 

of mobile phase B changes by increments of 10% as described in Table 2.15 and from 

3.0 to 8.0 mins isocratic elution performed. 

 

The elution gradient profile was deemed to be complete after 8.0 minutes, at 8.5 minutes 

mobile phase composition B was raised to 100 % organic phase, this ensured that all 

compounds and carry over eluted from the column. For the final 2 minutes of the gradient 

profile, initial starting conditions were employed, this ensured column equilibration and the 

identical chromatographic starting conditions for each subsequent run. 



Chapter Two: Method Development: Separation of Target Analytes by UPLC and UV Detection 

76 

 

Table 2.10 Chromatographic conditions with changing A and B percentage compositions  

Method Number Mei xxx (where xxx varies see Table 2.11) 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient 

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 90 10 Initial 

2.0 0.25 90 10 6 

3.0 0.25   6 

8.0 0.25   6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 90 10 6 

12.0 0.25 90 10 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.11 Observations relating to gradient conditions outlined in Table 2.10 

Run 

Method 

number 

Mobile phase 

Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

%A %B 

51 mei 0151 90 10 
 No retention of the 5 pesticides during the 2.0 to 8.0 

minute elution time 

 The two metabolites were not resolved 

 
k’>20 

undesirable  

52 mei 0152 80 20 
 No retention of the 5 pesticides during the 2.0 to 8.0 

minute elution time 

 The two metabolites were not resolved 

 

k’>20 

undesirable  

53 mei 0153 70 30 

 The five pesticides are resolved between 5.2 and 7.6 

mins. The peak shapes are not well defined 

 The two metabolites peaks are not seen 

 Isoproturon and diuron are not resolved 

 

k’<10 
α =undesirable  

54 mei 0154 60 40 

 The five pesticides are resolved between 4.3 and 5.2 

mins. The peak shapes are well defined 

 The two metabolites are not seen 

 Isoproturon and diuron are not resolved 

 

k’<10 

α =undesirable  

55 mei 0155 50 50 
 The five pesticides are not resolved and co-elute 

between approximately 3.7 and 4.2 mins  

 The two metabolites are not seen 

 

k’<10 

α =undesirable  

56 mei 0156 40 60 
 The five pesticides are not resolved and co-elute 

between approximately 3.7 and 3.9 mins  

 The two metabolites are not seen 

 

k’<10 
α =undesirable  

57 mei 0157 30 70 
 The five pesticides are not resolved and co-elute 

between approximately 3.5 and 3.7 mins  

 The two metabolites are not seen 

 
k’<10 

α =undesirable  

58 mei 0158 20 80 
 The five pesticides are not resolved and co-elute 

between approximately 3.4 and 3.6 mins  

 The two metabolites are not seen 

 
k’<10 

α =undesirable  

59 mei 0159 10 90 
 The five pesticides are not resolved and co-elute 

between approximately 3.3 and 3.5 mins  

 The two metabolites are not seen 

 

k’<10 

α =undesirable  

60 mei 0160 0 100 
 The five pesticides are not resolved and co-elute 

between approximately 3.3 and 3.4 mins  

 The two metabolites are not seen 

 

k’<10 
α =undesirable  

 

2.6.1 Initial 10% Gradient Conclusions of Run 51 to 60 

No method gives acceptable results. Runs 51 and 52 give no retention to the compounds 

while runs 55 to 60 elute the five pesticides at the same time. The only separation occurs in 

runs 53 and 54 but neither run elutes the two metabolites. None of the runs are suitable for 

further investigation (Appendix 2 Figures A.17 and A.18). 
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Table 2.12 Chromatographic conditions with changing A and B percentage compositions 

Method Number Mei xxx (where xxx varies see Table 2.13) 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient 

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 80 20 Initial 

2.0 0.25 80 20 6 

3.0 0.25   6 

8.0 0.25   6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 80 20 6 

12.0 0.25 80 20 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.13 Observations relating to gradient conditions outlined in Table 2.12 

Run 

Method 

number 

Mobile phase 

Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

%A %B 

61 mei 0161 90 10 
 No retention of the 5 pesticides during the 2.0 to 8.0 minute elution 

time 

 The two metabolites were resolved at 0.9 and 1.3 mins 

 
k’>20 

undesirable  

62 mei 0162 80 20 
 No retention of the 5 pesticides during the 2.0 to 8.0 minute elution 

time 

 The two metabolites were resolved at 0.9 and 1.3 mins 

 

k’>20 

α =undesirable  

63 mei 0163 70 30 

 The five pesticides elute between 4.4 and 6.8 mins. The peak shapes 

are not well defined 

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 Isoproturon and diuron are not resolved 

 

k’<10 
α =undesirable  

64 mei 0164 60 40 
 The five pesticides elute between 4.0 and 4.8 mins. The peak shapes 

are well defined however isoproturon and diuron are not resolved 

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 

k’<10 

α =undesirable  

65 mei 0165 50 50 
 The five pesticides are not resolved and co-elute between 

approximately 3.5 and 4.0 mins  

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 

k’<10 
α =undesirable  

66 mei 0166 40 60 
 The five pesticides are not resolved and co-elute between 

approximately 3.5 and 4.0 mins  

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 
k’<10 

α =undesirable  

67 mei 0167 30 70 
 The five pesticides are not resolved and co-elute between 

approximately 3.3 and 3.6 mins  

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 

k’<10 

α =undesirable  

68 mei 0168 20 80 
 The five pesticides are not resolved and co-elute between 

approximately 3.2 and 3.5 mins  

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 

k’<10 
α =undesirable  

69 mei 0169 10 90 
 As 68 above 

 
k’<10 

α =undesirable  

70 mei 170 0 100 
 The five pesticides are not resolved and co-elute between 

approximately 3.2 and 3.4 mins  

 The two metabolites peaks elute at 0.9 and 1.3 mins 

 

k’<10 
α =undesirable  

 

2.6.2 Initial 20% Gradient Conclusions of Run 61 to 70 

No method gives acceptable results Runs 61 and 62 give no retention to the compounds while 

runs 65 to 70 elute the five pesticides at the same time. The only separation occurs in runs 63 

and 64 but are not well resolved. The two metabolites are resolved between 0.8 and 1.3 

minutes. None of the runs are suitable for further investigation. (Appendix 2 Figures A.19 

and 20). 
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Table 2.14 Chromatographic conditions with changing A and B percentage compositions 

Method Number Mei xxx (where xxx varies see Table 2.15) 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 70 30 Initial 

2.0 0.25 70 30 6 

3.0 0.25   6 

8.0 0.25   6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 70 30 6 

12.0 0.25 70 30 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 

 



Chapter Two: Method Development: Separation of Target Analytes by UPLC and UV Detection 

81 

 

Table 2.15 Observations relating to gradient conditions outlined in Table 2.14 

Run 

Method 

number 

Mobile phase 

Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

%A %B 

71 mei 0171 90 10 
 There is no retention on the column of the five pesticides 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 
k’>20 

undesirable  

72 mei 0172 80 20 
 There is no retention on the column of the five pesticides 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 

k’>20 

undesirable  

73 mei 0173 70 30 

 The five pesticides elute between 2.7 and 5.0 mins. None have 

good peak shape and isoproturon and diuron co-elute 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 

k’<10 
α =undesirable  

74 mei 0174 60 40 
 The five pesticides elute between 2.7 and 4.0 mins. None have 

good peak shape and isoproturon and diuron co-elute 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 

k’<10 

α =undesirable  

75 mei 0175 50 50 

 The five pesticides elute between 2.7 and 3.6 mins. None have 

good peak shape and isoproturon and diuron co-elute 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 
k’<10 

α =undesirable  

76 mei 0176 40 60 

 The five pesticides elute between 2.7 and 3.4 mins.  

 Isoproturon and diuron co-elute at 3.0 mins 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 

k’<10 
α =undesirable  

77 mei 0177 30 70 

 The five pesticides elute between 2.7 and 3.3 mins.  

 Isoproturon and diuron co-elute at 3.0 mins 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 

k’<10 

α =undesirable  

78 mei 0178 20 80 

 The five pesticides elute between 2.7 and 3.3 mins.  

 Isoproturon and diuron co-elute at 3.0 mins 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 

k’<10 

α =undesirable  

79 mei 0179 10 90 

 The five pesticides elute between 2.7 and 3.2 mins.  

 Isoproturon and diuron co-elute at 3.0 mins 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 
k’<10 

α =undesirable  

80 mei 0180 0 100 

 The five pesticides elute between 2.7 and 3.2 mins.  

 Isoproturon and diuron co-elute at 3.0 mins 

 The two metabolites elute at 0.7 and 0.9 mins and have good peak 

shape 

 
k’<10 

α =undesirable  

2.6.3 Initial 30% Gradient Conclusions of Run 71 to 80 

No method gives acceptable results. Runs 71 and 72 give no retention to the compounds. 

Runs 73 to 80 elute the five pesticides at the same time. The two metabolites are resolved 

between 0.7 and 0.9 minutes. None of the runs are suitable for further investigation. 

(Appendix 2 Figures A.21 and A.22). 
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2.6.4 Overall summary of the gradient profile method development  

It was concluded at this stage, that separation method mei128 provided the optimum 

separation conditions at this stage; however two co-eluting compounds diuron and 

isoproturon are still not fully resolved, and so their separation was further investigated. 

The flow rate was 0.25 cm3 min-1 the gradient conditions for method mei128 was initial 

mobile phase A at 80% / B 20% held for two minutes. Then increasing mobile phase B to 

80% over next six minutes (mobile phase A to 20%), then increasing mobile phase B to 

100% over next minute before reducing mobile it to initial conditions over the next two 

minutes. The retention factor for the first eluting analyte, atrazine desethyl, k’= 0.92 at a 

retention time of 0.96 minutes and for the last eluting compound, propazine k’= 9.74 at a 

retention time of 5.37 minutes. The separation factor for the two compounds which elute 

closest together, isoproturon and diuron was 1.08. The full retention factor (k’) and separation 

factor (α) values for each compound are given in Table 2.25. 

 

2.7 Stage 3 – Chromatographic Condition Optimisation 

Stage 3 method development aims to further optimise conditions, especially in trying to 

separate the two co-eluting compounds.  

The conditions to be examined are those of system flow rate, column temperature, sample 

concentration and gradient curve conditions. 

2.7.1 System flow rate 

The system flow rate for method 128 is 0.25 ml min-1. Runs 91 to 99 investigates increasing 

flow rates from 0.1 to 5 ml min-1. 
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Table 2.16 Chromatographic conditions with changing increasing flow rate 

Method Number mei 128 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial  80 20 Initial 

2.0  80 20 6 

8.0  20 80 6 

8.5  0 100 6 

9.0  0 100 6 

10.0  80 20 6 

12.0  80 20 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1)  

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 

 



Chapter Two: Method Development: Separation of Target Analytes by UPLC and UV Detection 

84 

 

Table 2.17 Observations relating to gradient conditions outlined in Table 2.16 

Run 

Method  

number 

Flow Rate 

(ml/min) 

Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

91 mei 0211 0.10 

 Two metabolites eluted at 2.2 and 3.4 mins, the peak shape is not 

good  

 Atrazine, isoproturon and diuron co-elute at approximately 6.7 

mins 

 The remaining two pesticides elute later and have good peak shape 

 
k’<10 

α =undesirable  

92 mei 0212 0.15 

 Two metabolites eluted at 1.5 and 2.3 mins, the peak shape is not 

good  

 Atrazine, isoproturon and diuron co-elute at approximately 5.7 

mins 

 The remaining two pesticides elute later and have good peak shape 

 

k’<10 

α =undesirable  

93 mei 0213 0.2 

 Two metabolites eluted at 1.1 and 1.7 mins  

 Atrazine, isoproturon and diuron co-elute at approximately 5.1 

mins 

 The remaining two pesticides elute later and have good peak shape 

 

k’<10 

α =undesirable  

94 mei 0214 0.25 

 Two metabolites eluted at 0.9 and 1.4 mins  

 Atrazine, isoproturon and diuron co-elute at approximately 4.6 

mins 

 The remaining two pesticides elute later and have good peak shape 

 

k’<10 

α =undesirable  

95 mei 0215 0.30 
 Two metabolites eluted at 0.8 and 1.2 mins  

 Isoproturon and diuron co-elute at approximately 4.3 mins 

 The remaining two pesticides elute later and have good peak shape 

 
k’<10 

α =undesirable  

96 mei 0216 0.35 
 Two metabolites eluted at 0.7 and 1.0 mins  

 Isoproturon and diuron co-elute at approximately 4.1 mins 

 The remaining two pesticides elute later and have good peak shape 

 

k’<10 
α =undesirable  

97 mei 0217 0.40 
 Two metabolites eluted at 0.6 and 0.9 mins  

 Isoproturon and diuron co-elute at approximately 3.9 mins 

 The remaining two pesticides elute later and have good peak shape 

 

k’<10 

α =undesirable  

98 mei 0218 0.45 

 Two metabolites eluted at 0.5 and 0.8 mins  

 Isoproturon and diuron co-elute at approximately 3.7 mins 

 The remaining two pesticides elute by 4.6 mins and have good peak 

shape 

 

k’<10 
α =undesirable  

99 mei 0219 0.50 

 Two metabolites eluted at 0.5 and 0.7 mins  

 Isoproturon and diuron co-elute at approx 3.5 mins 

 The remaining two pesticides elute in 4.4 mins and have good peak 

shape 

 

k’<10 

α =undesirable  

2.7.2 Conclusions: flow rate 

At a flow rate of 2 ml min-1 and below, the resolution is poor. At higher flow rates there is a 

reasonable peak separation and peak shape, however there is still no resolution between 

isoproturon and diuron. By altering the flow rate no improvement on method 128 is achieved 

(Appendix 2 Figures A.23 to A.31). 
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2.7.3 Column temperature optimisation 

Using the conditions of method 128, the sample temperature was increased in 5oC increments 

from 25 OC to 60 OC. 

Run 100 to run 107 utilised the condition in Table 2.18 and column temperature outlined in 

Table 2.19. 

 

 

Table 2.18 Chromatographic conditions associated with changing temperature 

Method Number mei 128 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 80 20 Initial 

2.0 0.25 80 20 6 

8.0 0.25 20 80 6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 80 20 6 

12.0 0.25 80 20 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC)  Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.19 Changing column temperatures associated with table 2.18 

Run 

Method 

number 

Column  

Temperature 

(degree C) 

Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

100 mei 0220 25 

 The two atrazine metabolites elute at 0.9 and 1.4 mins and 

have good peak shape 

 The five pesticides elute between 4.3 and 5.8 mins  

 Isoproturon and diuron co-elute and are not resolved 

 
k’<10 

α =undesirable  

101 mei 0221 30 

 The two atrazine metabolites elute at 0.9 and 1.4 mins and 

have good peak shape 

 The five pesticides elute between 4.3 and 5.8 mins  

 Isoproturon and diuron co-elute and are not resolved 

 
k’<10 

α =undesirable  

102 mei 0222 35 

 The two atrazine metabolites elute at 0.9 and 1.4 mins and 

have good peak shape 

 The five pesticides elute between 4.2 and 5.6 mins  

 Isoproturon and diuron co-elute and are not resolved and elute 

at the same time with no resolution between the two 

 

k’<10 
α =undesirable  

103 mei 0223 40 

 The two atrazine metabolites elute at 0.9 and 1.4 mins and 

have good peak shape 

 The five pesticides elute between 4.2 and 5.5 mins  

 Isoproturon and diuron co-elute and are not resolved and co-

elute at 4.5 mins. 

 
k’<10 

α =undesirable  

104 mei 0224 45 

 The two atrazine metabolites elute at 0.9 and 1.4 mins and 

have good peak shape 

 The five pesticides elute between 4.1 and 5.4 mins  

 Isoproturon and diuron completely co-elute and are not 

resolved 

 Complete resolution of atrazine is lost as it co-elutes with 

isoproturon / diuron  

 
k’<10 

α =undesirable  

105 mei 0225 50 

 The two atrazine metabolites elute at 0.9 and 1.3 mins and 

have good peak shape 

 The five pesticides elute between 4.1 and 5.3 mins  

 Isoproturon and diuron co-elute and are not resolved 

 Resolution of atrazine is lost as it co-elutes with isoproturon / 

diuron  

 

k’<10 

α =undesirable  

106 mei 0226 55 

 The two atrazine metabolites elute at 0.9 and 1.3 mins and 

have good peak shape 

 The five pesticides elute between 4.3 and 5.8 mins  

 Isoproturon, diuron and atrazine co-elute and are not resolved 

 24D and propazine co-elute and are not resolved 

 
k’<10 

α =undesirable  

107 mei 0227 60 

 The two atrazine metabolites elute at 0.9 and 1.3 mins and 

have good peak shape 

 The five pesticides elute between 4.1 and 5.1 mins  

 Isoproturon, diuron and atrazine co-elute and are not resolved 

 24D and propazine co-elute and are not resolved 

 

k’<10 

α =undesirable  

 

2.7.4 Conclusions: Temperature 

Increasing the column temperature has no discernable effect on metabolite elution, the peak 

shape and time of elution is constant. Temperature increase does affect the remaining 

compounds, decreasing elution time but resolution between peaks is adversely affected. 25OC 

is the optimum column temperature when the conditions of method 128 are utilised. 

(Appendix 2 Figures A.32 to A.39). 
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2.7.5 Sample concentration optimisation 

Method mei128 was developed using a sample concentration of 10 mg l-1. A series of 

injections were made starting at 1 mg l-1 increasing to 10 mg l-1 in 1 mg l-1 increments.  

 

Table 2.20 Chromatographic conditions with changing sample concentrations 

Method Number mei 128 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 80 20 Initial 

2.0 0.25 80 20 6 

8.0 0.25 20 80 6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 80 20 6 

12.0 0.25 80 20 6 

Sample Concentration (mgl-1)  Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.21 Changing sample concentrations associated with table 2.20 

Run 

Method  

Number 

Sample  

Concentration 

(mg/l) 

Observations  

Calculated 

Retention (k’) 

Selectivity (α) 

Comments 

(for further 

investigation) 

110 mei 0304-6 1.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 
k’<10 

α =undesirable  

111 mei 0309-11 2.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 
k’<10 

α =undesirable  

112 mei 03014-16 3.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 
α =undesirable  

113 mei 03019-21 4.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 
α =undesirable  

114 mei 03024-26 5.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 

α =undesirable  

115 mei 03029-31 6.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 

α =undesirable  

116 mei 03034-36 7.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 

α =undesirable  

117 mei 0339-41 8.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 
k’<10 

α =undesirable  

118 mei 0344-46 9.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 
α =undesirable  

119 mei 03049-51 10.0 

 The two atrazine metabolites elute at 0.9 and 1.4 mins 

 The five pesticides elute between 4.3 and 5.4 mins 

 The two pesticides isoproturon and diuron co-elute and 

are not resolved 

 

k’<10 
α =undesirable  

 

2.7.6 Conclusions: Sample concentration  

The retention time and resolution does not change with increasing sample concentration. The 

increasing sample concentration improves the signal response however further development 

of the method may be investigated with lower sample concentrations. 

(Appendix 2 Figures A.40 to A.49). 
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2.7.7 Non-linear gradient profiles  

The UPLC controlling software allows non-linear gradient profiles (Figure 2.9). During 

method 128 the elution of compounds occurs within 8 minutes. Gradient changes made 

previously were all linear. During the development of non-linear gradients, the gradient is 

carried out using either concave or convex profiles. 

The non-linear gradient profile development was carried out with a range of concentrations 

from 1 to 10 mg l-1 in 1 mg l-1 increments. Table 2.22 shows the chromatographic conditions 

used along with the non-linear gradient conditions outlined in Table 2.22 to Table 2.23.  

 

Table 2.22 Chromatographic conditions with changing concentration and non linear gradient 

curve values 
Method Number mei 128 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 80 20 Initial 

2.0 0.25 80 20  

8.0 0.25 20 80  

8.5 0.25 0 100  

9.0 0.25 0 100  

10.0 0.25 80 20  

12.0 0.25 80 20  

Sample Concentration (mg l-1)  Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 10 

Column Temp (OC) 25 Curve value  

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.23 Changing concentration and non-linear gradient curve values associated with 

Table 2.22 

Run Method number 
Sample Concentration 

(mg l-1) 
Curve value 

120 mei 0404 1.0 1 

121 mei 0405 1.0 2 

122 mei 0406 1.0 3 

123 mei 0407 1.0 4 

124 mei 0408 1.0 5 

125 mei 0409 1.0 6 

126 mei 0410 1.0 7 

127 mei 0411 1.0 8 

128 mei 0412 1.0 9 

129 mei 0413 1.0 10 

130 mei 0414 1.0 11 

131 mei 0417 2.0 1 

132 mei 0418 2.0 2 

133 mei 0419 2.0 3 

134 mei 0420 2.0 4 

135 mei 0421 2.0 5 

136 mei 0422 2.0 6 

137 mei 0423 2.0 7 

138 mei 0424 2.0 8 

139 mei 0425 2.0 9 

140 mei 0426 2.0 10 

141 mei 0427 2.0 11 
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Table 2.23 Changing concentration and non linear gradient curve values associated with 

Table 2.22 (continued) 

Run Method number 
Sample Concentration 

(mg l-1) 
Curve value 

142 mei 0430 3.0 1 

143 mei 0431 3.0 2 

144 mei 0432 3.0 3 

145 mei 0433 3.0 4 

146 mei 0434 3.0 5 

147 mei 0435 3.0 6 

148 mei 0436 3.0 7 

149 mei 0437 3.0 8 

150 mei 0438 3.0 9 

151 mei 0439 3.0 10 

152 mei 0440 3.0 11 

153 mei 0443 4.0 1 

154 mei 0444 4.0 2 

155 mei 0445 4.0 3 

156 mei 0446 4.0 4 

157 mei 0447 4.0 5 

158 mei 0448 4.0 6 

159 mei 0449 4.0 7 

160 mei 0450 4.0 8 

161 mei 0451 4.0 9 

162 mei 0452 4.0 10 

163 mei 0453 4.0 11 
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Table 2.23  Changing concentration and non linear gradient curve values associated with 

Table 2.22 (continued) 

Run Method number 
Sample Concentration 

(mg l-1) 
Curve value 

164 mei 0456 5.0 1 

165 mei 0457 5.0 2 

166 mei 0458 5.0 3 

167 mei 0459 5.0 4 

168 mei 0460 5.0 5 

169 mei 0461 5.0 6 

170 mei 0462 5.0 7 

171 mei 0463 5.0 8 

172 mei 0464 5.0 9 

173 mei 0465 5.0 10 

174 mei 0466 5.0 11 

175 mei 0469 6.0 1 

176 mei 0470 6.0 2 

177 mei 0471 6.0 3 

178 mei 0472 6.0 4 

179 mei 0473 6.0 5 

180 mei 0474 6.0 6 

181 mei 0475 6.0 7 

182 mei 0476 6.0 8 

183 mei 0477 6.0 9 

184 mei 0478 6.0 10 

185 mei 0479 6.0 11 
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Table 2.23 Changing concentration and non linear gradient curve values associated with 

Table 2.22 (continued) 

Run Method number 
Sample Concentration 

(mg l-1) 
Curve value 

186 mei 0482 7.0 1 

187 mei 0483 7.0 2 

188 mei 0484 7.0 3 

189 mei 0485 7.0 4 

190 mei 0486 7.0 5 

191 mei 0487 7.0 6 

192 mei 0488 7.0 7 

193 mei 0489 7.0 8 

194 mei 0490 7.0 9 

195 mei 0491 7.0 10 

196 mei 0492 7.0 11 

197 mei 0495 8.0 1 

198 mei 0496 8.0 2 

199 mei 0497 8.0 3 

200 mei 0498 8.0 4 

201 mei 0499 8.0 5 

202 mei 0500 8.0 6 

203 mei 0501 8.0 7 

204 mei 0502 8.0 8 

205 mei 0503 8.0 9 

206 mei 0504 8.0 10 

207 mei 0505 8.0 11 
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Table 2.23 Changing concentration and non linear gradient curve values associated with 

Table 2.22 (continued) 

Run Method number 
Sample Concentration 

(mg l-1) 
Curve value 

208 mei 0508 9.0 1 

209 mei 0509 9.0 2 

210 mei 0510 9.0 3 

211 mei 0511 9.0 4 

212 mei 0512 9.0 5 

213 mei 0513 9.0 6 

214 mei 0514 9.0 7 

215 mei 0515 9.0 8 

216 mei 0516 9.0 9 

217 mei 0517 9.0 10 

218 mei 0518 9.0 11 

219 mei 0521 10.0 1 

220 mei 0522 10.0 2 

221 mei 0523 10.0 3 

222 mei 0524 10.0 4 

223 mei 0525 10.0 5 

224 mei 0526 10.0 6 

225 mei 0527 10.0 7 

226 mei 0528 10.0 8 

227 mei 0529 10.0 9 

228 mei 0530 10.0 10 

229 mei 0531 10.0 11 

 

2.7.8 Conclusions: Non-linear Gradient Profiles  

Despite extensive studies using non-linear gradient profiles at various analyte concentrations 

no discernable improvement in the chromatographic method could be observed for the 

substances under analysis as proved by the calculated k’ and α values. The values for the 

optimised method mei128 are described in Table 2.25 (Appendix 2 Figures A.50 to A.69). 
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2.8 Conclusions 

The elution profiles, including gradients, flow rates, column temperature and curve profile 

determined that the optimum conditions of chromatography were as outlined in method 

mei 128 (Table 2.24). This method still does not fully resolve two peaks; this problem is 

addressed when the selected optimised conditions are carried forward to the tandem mass 

spectrometry optimisation development described in Chapter 3. Figure 2.10 shows the 

chromatograms of the seven analytes using this method. Table 2.25 shows the retention 

factors and separation factor for selected analytes using method mei 128. 

Table 2.24 Chromatographic conditions with changing concentration and non linear gradient 

curve values for method mei128 

 
Method Number mei 128 

Mobile Phase Composition A 94.9% H2O : 5% CH3CN : 0.1% CHOOH 

Mobile Phase Composition B 99.9% CH3CN : 0.1% CHOOH 

 

Mobile Phase Method 

  

 Gradient  

Time 

(min) 

Flow 

(cm3min-1) 

%A %B Curve 

Initial 0.25 80 20 Initial 

2.0 0.25 80 20 6 

8.0 0.25 20 80 6 

8.5 0.25 0 100 6 

9.0 0.25 0 100 6 

10.0 0.25 80 20 6 

12.0 0.25 80 20 6 

Sample Concentration (mg l-1) 10 Flow rate (cm3 min-1) 0.25 

Column Size (mm) 2.1 x 50 Sample Volume (μl) 5 

Sample Temp (OC) 15 Run Time (min) 12 

Column Temp (OC) 25 Curve value 6 

UV. Wavelength (nm) 210 UV sampling rate (points per sec) 40 
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Table 2.25 Calculated retention factors for the seven analytes considered in this part of the 

study and separation factor between analytes 

 

 Retention Factor Separation Factor 

Compound k’ (against next eluting 

compound) 

α 

atrazine desethyl 0.92 atrazine desisopropyl 2.17 

atrazine desisopropyl 2.00 atrazine 3.95 

atrazine 7.90 isoproturon 1.08 

isoproturon 8.50 diuron 1.02 

diuron 8.66 2,4-D 1.04 

2,4-D 9.02 propazine 1.08 

propazine 9.74   
 

    

time (mins) 

Figure 2.10 The elution of seven analytes using method mei128 described in Table 2.24 

[For presentational purposes this figure has been edited (between 2 and 4 minutes) from a single chromatogram 

of all seven compounds] 
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