
1. Overview

Single system LC-MS/MS multi-method approach for the development of an

easy access automated exhaustive water analysis tool.

2. Introduction

There is growing concern over the exposure of humans to their chemical waste,

flushed down everyday in the conventional wastewater network: pesticides,

household chemicals, pharmaceuticals and personal care products (PPCP). In

Europe, for example, two main texts are driving regulations: the Drinking Water

Directive and the Water Framework Directive. In Japan, as another example, the

regulation is established by the Water Supply Act, the Water Pollution Prevention

Act, and Act on Control of Household Products Containing Harmful Substances.

The objective of this development is to set up a LC-MS/MS system, automatically

switching between several methods, for total water analysis in routine. Firstly, this

was applied to pesticides and PPCP. This poster focuses on the PPCP analysis.

Many countries worldwide are regularly monitoring and assessing over a hundred

PPCP from wastewater. Specific and highly sensitive detection is required. LC-

MS/MS is the gold standard; however, it can hardly be exhaustive due to the

variability of targets chemical properties. Here we propose to develop a single

automated system, switching between methods, for total water analysis.

3. Methods

A Nexera X2 UHPLC was coupled to LCMS-8060 high-sensitivity triple quadrupole

(Shimadzu Corporation). Analytical system is shown in Figure 1. Four different

analytical conditions were performed, using acidic or basic mobile phases

gradients, with either direct injection (150 uL injection, 22 min run time) or online

SPE (1500 uL, 28 min). Acidic mobile phases were water and methanol, with acetic

acid and ammonium fluoride. Columns were Shim-pack Velox Biphenyl 2.7µm,

100mm (Shimadzu Corporation). Basic mobile phases were water and acetonitrile,

with ammonium hydroxide. Columns were Shim-pack Scepter HD-C18-80 3µm,

100mm. Columns i.d. were 2.1 mm for direct injections and 3 mm for online SPE.

SPE cartridge was Evolute Express ABN 20µm 30 x 2.1mm (Biotage), with water

and methanol for loading. The system was set up to switch automatically between

mobile phases (LPGE), between columns (switching valve) and between direct

injection and SPE (switching valve). Fluidic lines diagram is shown in Figure 2.

Figure 1. LC-MS/MS analytical system.
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Figure 2. HPLC fluidic lines diagram.

4. Results

Regressions were performed using 10 calibration points (in 5 replicates), in the

range 0.1-100ppt, both in Tap Water and Surface Water. All compounds were

analyzed by each of the four previously described methods. A limited number of

internal standards was used (9) to reduce the cost of the analysis. RSD values were

below 20% at all levels for all compounds. Accuracy was in the range 80-120% for

all replicates. These results show the methods robustness and accuracy.

Low limits of quantification (LLOQ) were evaluated and selected from the best

analytical condition. In Tap Water: 6% of the compounds present a LLOQ within 50-

100ppt (ng/L), 18% within 3-30ppt and 71% below or equal to 1ppt, showing the high

sensitivity of the methods. From all compounds, 95% can be analyzed by at least

one of the 4 methods (Figure 3a). In Surface Water (Table 1): 6% of the compounds

present a LLOQ within 50-100ppt, 24% within 3-30ppt and 61% below 1ppt. From all

compounds, 91% can be analyzed by at least one method, showing the wide

coverage of this technique, even in a complex matrix (Figure 3b).

Figure 3. Best LLOQ (ppt) in (a) Tap Water and (b) Surface Water.

Table 1. Studied PPCP compounds, sorted by LLOQ in Surface Water. The most exhaustive method alone is direct injection (DI) in acidic conditions. Its

performances are very good. In Tap Water, we observe 92% total coverage, with

86% of the compounds presenting a LLOQ below 30 ppt (Figure 4a). In Surface

Water, there is 86% total coverage, with 80% of the compounds presenting a LLOQ

below 30 ppt (Figure 4b).
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Figure 4. Acidic DI LLOQ (ppt) in (a) Tap Water and (b) Surface Water.

Looking to each method contribution, a large majority of compounds reach their

best LLOQ when analyzed by direct injection (DI) in acidic conditions. This is widely

true for Tap Water analysis, with 68% of the compounds (Figure 5a). However, the

added value of the 4 methods platform gets more visible as the matrix gets more

complex. In Surface Water (Figure 5b), 45% of the compounds reach a lower LLOQ

by being analyzed by a different method than the acidic direct injection. The best

LLOQ is obtained by SPE in acidic conditions for 16% of the compounds, by direct

injection in basic condition for 16%, and by SPE in basic conditions for 13%. These

results are showing the importance of the contribution of these additional methods.
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Figure 5. Best Method for Best LLOQ (% of compounds) 

for analysis in (a) Tap Water and (b) Surface Water.

5. Conclusion

This analytical setup has great capability and can automatically switch from method

to method. Depending on local regulations, each or all methods can be considered

by one as relevant. The given flexibility is maximal to find the best ratio between

efficiency and exhaustivity. This LC/MS/MS single system and multi-method

approach is a good tool for total water analysis, in particular, as shown here, to

measure a large quantity of PPCP at low concentration in tap and surface water.
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