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❖ Standards and working mixture production in pesticide analysis is very 

complex. 

❖ Automation solutions takes the management and production of 

standards and mixes to a new level.
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Reference and Calibration Standards

Preparation of multicompound calibration standards
▪ essential task in all laboratories 

▪ in qualitative and quantitative analysis

Sample response 
▪ is compared with that of a standard preparation

▪ quantifies the amount of analyte present

Individual errors and bias in the standard preparation 
▪ => low reproducibility

▪ => errors in sample results

Image: Restek Multiresidue Pesticide Kit
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Making of Working Standards Solutions 

Using certified reference materials (CRM) 
▪ Used as the stock solution (mg/mL range, 10 mL vials)

▪ Stored until the expiration date

▪ Errors in stock solution preparation => working standard

From the stock solution
▪ the working standard is prepared on the day of analysis, 

▪ usually discarded after the analysis has been completed

▪ We use typically 2 mL vials, no volumetric flasks

▪ Errors in working standard preparation 

▪ => Error in sample result

Automation with a PAL System
▪ Provides high precision and reproducibility

▪ Minimizes the uncertainty of the analytical procedure
X
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SANTE 11312/2021 Requirements Fullfilled
Method Validation Procedures for Pesticide Residues Analysis in Food and Feed

When preparing stock standards of reference standards with 

analytes and internal standards [4]:

▪ Documentation for full traceability. 

▪ Date of preparation, expiry, the identity and mass

▪ Identity and volume of the solvent (or other diluents) 

▪ Storage at low temperature in the dark, indelibly labelled.

▪ Moisture must be excluded 

▪ Equilibration to room temperature, remix before use. 

▪ Avoid septum punctures, replace

▪ Corrected concentrations for the purity.

▪ Weighing using a 5 decimal place balance.
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Chronect MultiMix Modules and Tools 

Cooling + Traceability
▪ Peltier cooled

▪ 4°C to 40°C under N2 flow

▪ 6 racks of 15 or 54 positions

Clear labeling (2D QR-code)
▪ Barcode Printing/Reading

▪ Rotating

Re-mixing
▪ Vortex mixer

▪ Up to 2000 rpm

No septum exchange
▪ Vial decapping and re-capping

Low risk of carryover
▪ Pipetting tools

▪ Disposable pipettes

▪ 200 and 1000 µL
Gravimetric control + Traceability
▪ 5 digit analytical balance

▪ Integrated by CHRONOS
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Automated Preparation of Multicompound
Calibration Standards

The AxelSemrau CHRONECT MultiMix Workstation
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How Accurate Are Your Dilutions?

Analytical procedures rely on the accuracy of the preparation 
▪ of the initial stock solution 

▪ of the working standard solutions

The serial dilution scheme can play a significant role 
▪ Use serial dilutions with larger volumes [2]

PAL System Automation: Gravimetric specifications [3]:
▪ Syringe RSDs < 0.1 % 

▪ (100 µL, 10-100% transfer volume, single dispense)

▪ Pipette RSDs ≤ 0.5 % 
▪ (1000 µL, 10-100% transfer volume, single dispense)

▪ Dilutor RSDs ≤ 0.1 % 
▪ (1000 µL, 10-100% transfer volume, single dispense)
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Calibration Dilution for Quantitation

General requirements of SANTE 11312/2021 [4]:

▪ Multi-level calibration with three or more concentrations is 

preferred.

▪ Bracketing calibration must be used.

▪ Matrix-matched calibration with extracts of a blank matrix, 

preferably of the same type as the sample.

▪ Analyte protectants are added to sample extracts and the 

calibration standard solutions.

▪ Inject the calibration standards at the start and end of a 

sample sequence.

▪ Sample standard addition can compensate for matrix effects 

and losses.

automated

manual
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Standard Management in the Database

Upon receipt of a new reference standard all relevant data and the certificate are 

transferred to the database: 
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Standard Management in the Database

▪ All solutions prepared from neat reference materials were registered.

▪ Stock solutions: Usually 10 mL with a concentration of approx. 1 mg/mL
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Standard Management in the Database

▪ Automatic generation of codes and labels.

▪ The aliquots for „Working standards“ were made in 2 mL screw cap vials.
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Standard Management in the Database

▪ Permanent volume control of the stock solutions for the identification of solvent losses.

▪ Using the actual mass of stock solution the immersion depth into the bottle is calculated.

Level 
control

Pipetting 
using:

Liquid classes
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Standard Management in the Database

▪ Volume losses are recorded, usually low, typically 0,4 µL per week 

▪ Resulting concentrations get adjusted accordingly

▪ Leaks may be detected by larger deviations, then exchange of the vial
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Standards Preparation Workflow (1)

(1) Load the stock solutions
▪ Locate into cooled trays

▪ Update database

▪ Automatically entered to the 

database

▪ Empty vial weight

▪ Filled vial weight

▪ Weight control all vials

▪ Capacity 30 vials/tray

▪ Multiple trays

▪ Concentration range of ca. 1 mg/L
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MultiMix Standard Mix Preparation
▪ Standard Mixes are then created automatically.

▪ Volumes to be pipetted are automatically calculated using the concentration of stock 

solutions and target concentration in the mixture.
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MultiMix Standard Mix Preparation
▪ Exact concentrations in the prepared mixture are determined by using a balance.

▪ and can be exported to quantification software (e.g. Masshunter, Multiquant, etc).
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MultiMix Standard Mix Preparation (2)

(2) Mixing steps
▪ Weight control all vials in sequence

Automatically entered to the database
▪ Vial weights

▪ Concentration adjustment in case of 

deviation

Quality control + Traceability
▪ Weighing of all stock solutions

▪ Update database
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Validation

In order to validate the system and prove its accuracy
▪ 10 mixes each were prepared manually (volumetrically) and automatically from certified 

standard solutions

▪ The precision of the automated preparation system was better than manual pipetting.

Confirmation of accuracy 
▪ The automatically prepared mixes were measured by Restek against their own certified mixes.
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Conclusion

Comments by collaboration partner on automated mixture preparation:

▪ The system is in routine use for more than 4 years now.

▪ About 650 substances can currently be added to a mix

▪ Extension possible with additional cooling stacks

▪ Adaptation of the analytical spectrum to new regulations is much easier now

▪ New working standards are produced faster

▪ Improved quality - Used mixes are replaced more often without additional cost and effort

▪ Easy export to GC-MS and LC-MS quantification software

Comparison between manual and automated mix preparation

▪ Example of a mix of 500 substances:

▪ Manual: 32 working hours pipetting and documentation = 4 working days!

▪ Automated: 5 min planning and 20 h automated mix preparation including documentation

See our poster
# A 17
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Thank You for Attending

… and our collaboration partner 

IKB/Merieux NutriSciences, Berlin, Germany

Institut Kirchhoff Berlin GmbH
Oudenarder Straße 16 / Carrée Seestraße
13347 Berlin
Tel.: 030/4579893-220
www.institut-kirchhoff.de steffen.rothmeier@mxns.com
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