
Micro-Dispensing Station 

Disposable 
plastic spatulas 
(tips kept cold) 

Aluminum block with  
50-mL tube containing frozen  

cryomilled samples 

Insulated 
containers with 

dry ice 

Loose plastic or 
glass tubes 

96-well 
formatting plate 

Analytical balance with 
small tube adapter 

Data transfer 
software 

TARE CLEAN 
TUBE 

OPEN FROZEN 
CRYOMILLED 

SAMPLE 

TRANSFER 
SAMPLE TO  

MICRO TUBE 

TRANSFER 
TUBE TO 
BALANCE 

DOCUMENT 
EXACT SAMPLE 

WEIGHT 

PLACE IN FINAL 
DESTINATION 

ON PLATE 

• Do not over handle 
the bulk sample tube 

• Quickly open the tube 
and place the sample 
back in the aluminum 
block 

• Maintaining the 
sample in a frozen 
state keeps it a free-
flowing powder for 
easy dispensing 

• Prepare a plate map 
to help quickly 
identify and track 
where samples go in 
the 96-well plate 

• Keep spatula tips 
cold in dry ice to 
maintain a frozen 
sample during 
transfers 

• Quickly wipe off any 
dry ice residues with 
a wipe before the 
transfer is made 

• Dispose of spatulas 
after each use 

Micro-Dispensing Process 

Processing through Analysis 

VERTICAL CUTTER 
MIXER (VCM) 

LARGE VOLUME 
CRYOGENIC 

MILLING SYSTEM 

96-WELL PLATES 
(PLASTIC OR 

GLASS LINED) RE-PIPETTER 
HIGH SPEED 

PLATE SHAKER CENTRIFUGE 
MULTI-CHANNEL 

PIPETTE LC-MS/MS or GC-MS/MS 
NITROGEN 

EVAPORATOR 

• Preliminary bulk 
sample milling with 
dry ice 

• Transfer subsample  
(40 mL) to a 50-mL 
tube 

• Temporarily store in 
freezer at -20 

• Loosely cap to allow  
residual dry ice to 
sublime 

• Transfer sample 
from 50 mL tube to 
large milling vessel 

• Typical milling 
program includes: 
(1) 20 min pre-

cooling 
(2) 2 min milling 
(3) 1 min pause 
(4) 2 min milling 

• Glass-lined plates 
and individual glass 
tubes are available 
where plastics are 
an issue 

• Thick silicone cap 
mats are Teflon 
lined  

• Tube and well 
volumes range 
from 1-2+ mL 

• Rapidly 
dispense 
extraction 
solvent 
combined 
with internal 
standards 
across plate 

• High-speed plate 
shaker rapidly 
disrupts samples for 
extraction 

• Micro-milled samples 
typically do not 
require grinding balls 

• Grinding balls are 
recommended when 
the volume of the 
well or tube is 75% 
full (or more) 

• Plate centrifuge clears 
suspended solids 
from the liquid 
column for 
subsequent transfers 

• Centrifuges can be 
programmed to work 
with filtration plates 

• Multichannel 
pipettes allow for 
rapid transfers from 
plate to plate 

• Small personel 
bench-top 96-well 
liquid handlers 
simplify transfers 
further 

• LLE, SPE and 
filtration can easily 
be performed 

• Inexpensive 
nitrogen 
evaporators for 
plates can rapidly 
concentrate or 
evaporate extracts 
to dryness 

• For LC-MS/MS systems use the 
diverter valve to keep the 
system clean 

• Use chromatography to 
separate interferences from the 
analytes of interest to simplify 
sample extraction and cleanup 

• Identify and resolve ionization 
effects using chromatography 

• Keep methods as simple as 
possible for easy transferability 

• Process has been successfully utilized for residue studies for 
glyphosate, dicamba, acetochlor and other proprietary 
compounds 
• Methods have precision and accuracy well within guideline requirements 

and equivalent or better than previous scaled-up versions 
• Hydrolysis for common chemophore methods can be performed in 96-well 

format 

• Challenging matrices like undelinted cotton seed, corn stover, 
sugarbeets and soil can be micro-milled to a fine powder 

• A recent round-robin was performed to demonstrate the 
transferability of the micro-milling process 
• Homogeneity was demonstrated through the precision of replicate 

subsamples 
• Combinations of glyphosate/AMPA (Monsanto) or Spinosyn D/Spinosyn A 

(Dow AgroSciences) were fortified at 100 ppb before cryomilling 
• Matrices including corn grain, corn forage, corn stover, soybean seed, 

undelinted cotton seed and oranges were tested 
•  % RSDs for six subsamples taken from each fortified and cryomilled 

sample ranged from 6-13% 

• Process is also a great way to prepare samples for long-term 
frozen stability studies 
• Prepare and dispense all samples at time 0 
• Pull replicate sample tubes at stability interval from freezer 
• Place in plate with standards and QCs – Process and Analyze! 

 

Advantages of Process Scale-Down 

Undelinted 
Cotton 
Seed 

Cryomilled 
Sample 

Cryogenic Milling: An Enabling Technology for High Throughput Residue Sample Preparation 
Chad Wujcik1, Leah Riter1, Wei Huang1, Kari Lynn2, and Jordan Marckel2 

1Monsanto Company, St Louis, MO, 2Dow AgroSciences, Indianapolis, IN 

Why Most Residue Methods Have Limited Throughput 
• Bulk sample processing (VCM with dry ice) has limitations with homogeneity 
• Requires larger subsamples to be extracted to attain a “representative” and reproducible result 
• These large samples (4+ g) force the use of high-volume and low-throughput manual extractions 
• Subsequent processes often continue to maintain these large volumes further minimizing sample 

throughput downstream  
• Centrifugation, filtration, LLE, SPE and evaporation are all limited by the size of the extraction 

container 

Introduction 
The sample preparation processes in residue analytical methods have 
classically been the rate limiting step in the laboratory workflow.  The 
superior sample comminution achieved in cryogenic milling has been used 
in our labs to dramatically improve sample preparation throughput across 
a range of products including glyphosate, acetochlor, dicamba and 
more.  Sample homogeneity has been thoroughly characterized with 
excellent precision in replicates for sample sizes down to 75 mg. 

• Can process 70+ samples on a single plate 
• Process large numbers of samples 4x faster (or more!) 
• Multiple plates processed in a single day per analyst (method dependent) 
• Generate results more quickly for decisions and study turnaround 
• Steps like centrifugation, LLE, SPE, evaporation and others are performed 

on a single plate in parallel 
• Process lends itself to automation 

• Improved quality  
• Fewer manipulations and less opportunity for error 
• Improved consistency across a plate 
• Less “art” and variability from analyst to analyst 
• Lower extraction volumes make internal standards feasible throughout 

the process 

• Save cost on materials 
• Cheap consumables vs. time spent washing glassware 
• Dramatic reduction in solvent use, consumption and disposal 
• Improved safety and ergonomics 
• All equipment needed is commercially available - Only a few key pieces of 

relatively inexpensive equipment are required (beyond the analytical 
tools you already have) 

How Well Does it Work? 

Conclusions 
• Incorporation of cryogenic milling enables direct scaledown 

and dramatically increases subsequent sample throughput 
• Adaptation requires only a few key pieces of relatively 

inexpensive, commercially available equipment 
• Process can be set up to further maximize efficiency 
• Method (and overall lab) safety can be greatly improved 

• Use plastic 
or glass 
tubes based 
on method 
needs 

• Automatic data 
transfer software 
speeds up 
documentation 
to spreadsheets 
or LIMS 

http://www.shimadzu.com/an/nexera-x2/index.html

