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Advantages of MS/MS/MS ( MRM 3 ) vs classic MRM quantification for complex environmental matrices: Analysis of beta-lactams in sewage sludge

Context

Environmental matrices can be complex and challenging to analyze. Matrices like soils, WWTP sludge or manure have very high organic content that can produce high matrix effect, increase detection and quantification limits or hinder extraction of interest analytes. Beta-lactams are one of the most often used antibiotics in veterinary medicine. They are poorly absorbed by organisms and are rejected in soils via urine and feces. In environmental matrices, their analysis is difficult due to their high capacity to metabolize, yielding very low parent molecule concentrations. Use of MRM 3 acquisition mode could enable better detection and quantification of analytes in complex matrices, by adding a further fragmentation step after the usual MRM. Acquisition of the 2 nd generation fragment ion (F') allows better specificity for detection and higher sensitivity, reducing both LOQ and matrix effect. 

Materials

Example on ceftiofur (524>241>166)

Optimisation of MRM 3 detection

  AF2=0.1V F1 ion at m/z=241 fully fragmented F' most sensitive: m/z=166 MRM parameters: -Declustering Potential (DP) -Collision Energy (CE) -Collision cell entrance and exit potentials (EP,CXP) MRM 3 principle : MRM 3 acquisition consists in an extra-layer to MRM acquisition. The 1 st generation fragment ion is trapped in Q3, where an excitation energy is applied to fragment of the 1 st gen. (F1) into a 2 nd gen. (F') which is accumulated and then detected. MRM 3 specific parameters: -Q3 excitation energy (AF2) : Energy used to fragment F1 -AF2 application time (Ex time) : Time during which AF2 is applied to produce F' ions -Accumulation time in Q3 (LIT Time): Time during which F' ions are accumulated before detection -Q0 ion focalization (Q0 trapping) : All ions are swiftly trapped in Q0 (small quadrupole before Q1) for better transmission to excitation , no intensity increase of m/z=166: F1 ion is fully fragmented Up to 100ms of accumulation, significative intensity increase
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Conclusion: MRM 3 is an acquisition mode that allows better quantification of analytes by increasing both sensitivity and specificity. Its new and recent use in complex matrices such as sewage sludge or manure for micropollutants analysis opens the way to accurate quantification at trace or ultra-trace levels. Four major parameters must be optimized to improve signal intensity by about 100 times compared to conventional MRM acquisition. Improved sensitivity allows better detection of small antibiotic variations (soil uptake, comparison between soils, seasonal variations, ...) and lowering the limits of quantification.