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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
iIs compared with that of a standard preparation
guantifies 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) e
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 T -
=> Error in sample result

Automation with a PAL System

Provides high precision and reproducibility /
Minimizes the uncertainty of the analytical procedure
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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]: ANALYTICAL QUALITY CONTROL
. .- AND METHOD VALIDATION PROCEDURES
Documentation for full traceability. FOR PESTICIDE RESIDUES ANALYSIS
. . . . IN FOOD AND FEED
Date of preparation, expiry, the identity and mass SANTE 11312/202}

|dentity 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
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Peltier cooled
4°C to 40°C under N, flow Barcode Printing/Reading Vortex mixer
6 racks of 15 or 54 positions Rotating Up to 2000 rpm

Pipetting tools
Disposable pipettes
200 and 1000 pL

5 digit analytical balance
Integrated by CHRONOS

Vial decapping and re-capping
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Automated Preparation of Multicompound
Calibration Standards

Barcode reader Capper/Decapper Pipetting tool
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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 L, 10-100% transfer volume, single dispense)

Pipette RSDs =<0.5%

(1000 pL, 10-100% transfer volume, single dispense)

Dilutor RSDs <0.1%
(1000 pL, 10-100% transfer volume, single dispense)
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Calibration Dilution for Quantitation
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General requirements of SANTE 11312/2021 [4]: AL 72 olowers

%h+- @
Calibration standards preparation:

Multi-level calibration with three or more concentrations is Sphewesks ago;therewas s relatively ivsly
preferred ) discussion on LinkedIn regarding the... see more

Bracketing calibration must be used.

Matrix-matched calibration with extracts of a blank matrix,
preferably of the same type as the sample.

automated

Analyte protectants are added to sample extracts and the
calibration standard solutions.

Inject the calibration standards at the start and end of a gt —
sample sequence.

Sample standard addition can compensate for matrix effects
and losses. ’
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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:

Standard name

O reciiaaic “eercichoung ey Metalaxyl Location K o,
Metalax Standards 0y,
Reinstoff, fest i~ 3,333 T
[Meatann ] ] Mepa! 2
Meta e ey Kalibrierstandard - FB2 »| N
@ Einzel- Mix-Standsrd 26.08.2017 =
“1 99,9% TXS
e
312 o]
HPC Standards p.) 15.08.2018
“Char, 776236
} 57837-19-1 "MHD 01.04.2020
; 1x100 mg \
MIF f D3

SZ8L

Name
Metalaxy

Expiration date

Batch, CAS-Number,
Amount 1), Anlagen

currently available solutions (incl concentration,
location, expiration date, solvent, etc.)
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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

Type of solution
- \r Eintrag &ndern/aktualisieren ]
"V‘ Start j'i‘rihv (J‘CJV | /

E’ Acetonitril

/ 1,058 mgjmla o ey : A

4 Metalaxyl 92
82 -l

09.20

om Expiration date |

15.08.2018
il MHD 01.04.2020 st ReTest
15.08.2018 15.08.2019
andern abbrechen
Lagerbedingungen | Herstellung MHD Entsorgung ar.
Standard 10,58mg/l  10mi Acetonitrit  — |Ks 30.11.2018 30.11.2019 WR
Stamm 1,058 mgjml 10mi Acetonitril TKS 15.08.2018 15.08.2019
Standard 10,58 mg_/i 10 ml Acetonitril KS 15.08.2018 15.08.2019
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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.

Metalaxyl
h -

13769

X 1231.921.ACN '
T Label of stock solution |k ‘\
/ \ Label with QR-Code
(13769 D |- 776236 ¢=1,058 mg/ml /————

92 Metalaxyl
rsl[[Gomg PRSP O Unique identification code >

Stamm Acetonitril
Dat./Nam |15.08.2018 /
MHD/Lag. |15.08.2019 / TKS
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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.

Total amount of stock solution l Pivettin
Metalaxyl — — — — Ir using:
92 |+ Y ¥ "
d-std _ ~ 182 T 82 1 | Liquid classes
| Felder zur Korrektur
eergewicht [g] Gesamtgewicht [g ] freigeben |
i |
| Datum gesGew Aktion VolVerl.. | KonzALT Konz_NEU | Abfillung ’(
[ 11022018 E_m____ 13769ik1
20022019 .. Entnahme 3027989  4,60209 2650 - 13769ik1 Level
|| |23022019 . Kontrolle 327989 460168  KEINE 0,5uL 1,058 1,058 13769ik1 control
01032019 . Kontrolle 327989 46013  Konzentration.. O,5uL 1,058 1,05832  13769ik1 - )
: :
06.03.2019.. Kontrolle 327989 460092  Konzentration.. O,5uL 105832 1,05863  13769ik1 - -
L6 | standar ‘.'_iﬂ | 15032019 __sgntnahme 327989 457732 302uL - - 13769ik1
| _ Kontrolle 327989 457723  KEINE 0,1uL 105863 10587  13769ik1 .
Art | korr konz | adi Kontrolle  3,27989 457691  KEINE 0,44L 105863 1,05889 <@3769Hct— Corrected concentration
standard 10.00000 mg/1 t104042019.. Kontrol 327989 457644  KEINE 0,64l 1,05863 105901 13769kl
: 1| |0e0e2019 . Entnahme 327383 455303 2990u \ - - 13769ik1
. . 1 04042019 .. Kontrolle \ 327989 455244 0,8uL 1,05863  1,05912  13769ik1
P'pettlng Process B3 mg/ml 141l | 0504.2019.. Entnahme \327989 451698 45,3l - 13769ik1
areay 8000 mg/l 1@ | 08042019 Entnahme 27989 451694 0,1uL 13769ik1
Standard 10.58000 mg/l 10|
Standard 10.58000 mg/l 14|

| Solvent loss control Solvent loss
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Standard Management in the Database

Volume losses are recorded, usually low, typically 0,4 uL per week
Resulting concentrations get adjusted accordingly

Leaks may be detected by larger deviations, then exchange of the vial
ﬂ Loss of solvent (n= 2.695)
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Loss of solvent in pl —
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Standards Preparation Workflow (1)

(1) Load the stock solutions

. Preparing the *
Locate into cooled trays e -
Update database k3
Automatically entered to the
database | | Dt Dctaminnge
Empty vial weight ) e
Filled vial weight i
Weight control all vials Filling part of the
stock solution
Capacity 30 vials/tray
Mu|t|p|e trays total weight Determwéingghtlhe total = *
Concentration range of ca. 1 mg/L saL e
planning
Weight control
of all vials
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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.

— T Target volume

1=l Acetonitril

Z=
ot ifinier Mix . 1 Validieru]
J [ konz [ Endkonz [wiEntnahme | Abweichuny g
1.010 mg/ml 1,000 pg/ml %
- 1,023 mg/ml 2.000 ug/mL -% x PASS
Solvent of mixture csimgini om0 gk = Volume to be pipetted
002 mg/ml 2.000 pg/ml %
1.019 mg/ml 2000 pg/mL =%
Paratnion (F) 1.062 mg/ml 2.000 pg/mL -% 1838311
53 Malathion 1.083 mg/ml 1.000 pg/mi % 14409ik1
56 Phosphamidon 1,046 mg/ml 1.000 ug/mL -% 24030ik1
57 Disulfoton-sulfon 1.021 mg/ml 2.000 pg/mL % 1448511 (3) kein Gesamtgewicht hinterlegt PASS
1.058 mg/ml 1.000 pg/ml
i 11img/ml  2.000ug/mL 13 -5 H H
Concentration of stock | sec i) ANl Target concentration in
- 1.059 mg/ml 1.000 pg/mi 94 % =
solution r0mgm 200ugml 192 % mixture
1,020 mg/mi 1.000 pg/mL 98 -%
11 Azinphosmethyl (F) 1.030 mg/ml 2.000 pg/mi 19,4 % 14563ik1 (4) Volumenpriifung (Ldsung in VStation) PASS
14 Triadimenol 1,015 mg/ml 2,000 pg/mlL 198 -% 14565ik1
134 Chloridazon 1.090 mg/ml 2.000 pg/mL 184 -% 145861k1
151 Propham 1.015 mg/ml 2.000 pg/ml 19,8 % 14593ik1
155 Triazophos (F) 1.052 mg/ml 1.000 ug/mL 9.6 -% 136901k1
156 Methamidophos 1.006 mg/ml 2.000 pg/mL 198 -% 145951k1
157 Piperonylbutoxid 0.970 mg/ml 1.000 pg/ml 104 % 14596ik1
159 Imazalil 1033mg/ml 2.000ug/mL 194 -% 14597ik1 (5) Volumenpriifung (Entnahmemenge) PASS
194 Propargt F) 0.989 mg/ml 1.000 pg/mL 10,2 -% 137451k1
231 Fuberidazol 1.040 mg/ml 2.000 pg/ml 19,2 % 12842ik1
232 Bitertanol (F) 1.037 mg/ml 2,000 ug/mL 192 -% 12843ik1
234 Omethoat 1.027 mg/ml 2.000 pg/mL 19,4 % 1267711
239 Pyridaphenthion 1.109 mg/ml 1.000 pg/mi 9 12866ik1
249 Fenpropimorph (R) 0.996 mg/ml 2,000 pg/mL 20 % 14545ik1
261 Demeten-5-methylsulfon 0.988 mg/ml 2.000 pg/mL 20,2 -% 109981k1
274 Carbofuran cadioreed LY oo - = 14651ik1
282 Propoxur - - Y o . 12886ik1 Abschluss
= sl Unique identification e

code
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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).

Concentration of stock Calculated concentration Calculated volume

solution in mixture (by balance) pipetted in pl (by balance)

Wirkstoff PSMStdID_A...

14334ik1

7 Dimethoat 1.036 mg/ml 2.049 126541k1

27 Trichlorfon 1.027 mg/ml 1.073 pg/mL 10,5 8% 12674ik1

43 Pirimiphos-methyl (F) 1.002 mg/mi 2.076 pg/mL 20,7 4% 13491ik1

50 Fenthion 1.400 mg/ml 2.036 pg/mL 14,5 2% 4455ik1

52 Parathion (F) 1.030 mg/ml 2.048 pug/mL 19,9 2%

53 Malathion 1.002 mg/ml 1.131 pg/mL 11,3 13%

56 Phosphamidon 1.046 mg/ml 1.085 pg/mL 10,4 8%

57 Disulfoton-sulfon 1.050 mg/ml 2,096 pg/mL 20 5% 12725ik1

58 Disulfoton-sulfoxid 1.054 mg/ml 1.049 pg/mL 10 5% 13529ik1 Deviation from target
66 Dichlorvos 1.174 mg/ml 2.139 pg/mL 18,2 7% 12727ik1 .
91 Mevinphos (Summe der E- und Z-Isome... 1.005 mg/ml 2.112 pg/mL 21 6% 14140ik1 Value n %
92 Metalaxyl 1.058 mg/ml 1.130 pg/mL 10,7 12% 13769ik1

106 Cyanazin 1.008 mg/ml 2.012 pg/mL 20 1% 14000ik1

107 Triadimefon 1.040 mg/ml 2,124 pg/mL 20,4 6% 13716ik1

108 Pirimicarb 1.020 mg/mi 1.140 pg/mL 11,2 14% 13717ik1

111 Azinphosmethyl (F) 1.014 mg/ml 2.154 pg/mt 21,2 8% 11521ik1

114 Triadimenol 1.000 mg/ml 2,116 pug/mL 21,2 6% 11522ik1

134 Chloridazon 1.032 mg/mi 2.074 pg/mL 20,1 4% 12819ik1

151 Propham 1.031 mg/ml 1.975 pg/mL 19,2 -1% 11430ik1

155 Triazophos (F) 1.052 mg/ml 1.101 pg/mL 10,5 10% 13690ik1

156 Methamidophos 1.012 mg/ml 2,019 pg/mL 20 1% 11524ik1

157 Piperonylbutoxid 0.972 mg/ml 0.802 pg/mL 83 -20% 12824ik1

159 Imazalil 1.043 mg/ml 1.903 pg/mL 18,3 -5% 12826ik1
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MultiMix Standard Mix Preparation (2)

(2) Mixing steps A
Weight control all vials in sequence —
planning
Automatically entered to the database Weight contol
Vial weights
Concentration adjustment in case of i _
. Adpsting the
deviation o concendraion __ (#2
To complete the - saL
. . process, the stock
Quality control + Traceability solutions are weighed
. . . again and the new
Weighing of all stock solutions Weightfsused to Mix production
Update database b
Weighing after weight
removal volumne A
saL
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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.

Certified reference
substances (10
mg/mL)

GC/LC Mixes GC/LC Mixes GC/LC Mixes
automated manually Restek USA
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See our poster
#A17

Comments by collaboration partner on automated mixture preparation:
The system is in routine use for more than 4 years now.

Conclusion

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 .
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Thank You for Attending

.=« and our collaboration partner
IKB/Merieux NutriSciences, Berlin, Germany

2 e
Institut .. v\>\&ﬂ 5
Kirchhoff )
Berlin e

Das Institut Dienstleistungen Qualitatsmanagement

Wissen,
was drin ist ...

Institut Kirchhoff Berlin GmbH
Oudenarder StralRe 16 / Carrée SeestralRe
13347 Berlin

Tel.: 030/4579893-220
www.institut-kirchhoff.de steffen.rothmeier@mxns.com
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