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On a good day at a small SRL

Everything 1s normal

a Show up

a Change sheathe and waste
a Flush out the fluidic lines
o Run QC

Drink your fourth cup of coffee

a Cell Sorting

a Training new users

a Building panels

a Deep diving interesting data

Go home, rinse and repeat




However, on a bad day at a small SRL...




New Goal for the Day: Stmply Survive

MY JOB IS BASICALLY
PUTTING OUT FIRES I DIDN T START

WITH TOOLS IDONT HAVE @

NEVER
BEEN
DEADER




Visible and Hidden Costs

Issue was detected, cytometer not in use = \
o Staff time \\\\\\\\\\\\\\\\\\m\\m|; gl
o Delayed User Experiments

Issue undetected, cytometer still in use
a Poor Quality Data

a More complex analysis

a Need for experiment repeats

Reputational Costs




Are you treading water or drowning?

https://homeschooling2e.com/2021/04/11/treading-water/




Can we anticipate the waves?

a Laser/Detector Issues

a Bleach-damaged QC Beads

a Debris Accumulation in fluidic lines
a Degrading tandem dyes

o Additional autofluorescences

LISTEN, INSTRUMENTAL ISSUES . :
MATERIALIZING OUT OF NOWHERE. IS NO What stories can the data already being
BASIS FOR A SYSTEM OF GOOD SRL GOVERNMENT acquired daily at out cores tell us?
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UMGCCC Flow Cytometry Shared Resource

Analyzers:

a 3 Cytek Aurora
a1 Amnis FlowSight
a 1 MacsQuantl0

a 1 BD LSR-II

a 1 BD Canto

Cell Sorters:
a 1 Cytek Aurora CS
o 1 BD Anall

Flow Cytometry Staff: 3
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Our Goals

UV1-Gain

15004

1400+
a Develop the tools
g o Find bandwidth to leverage them
G o Keep expenses minimal
1200- a Share our code

Jul 2025 Oct2025  Jan2026  Apr 2026
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What data 1s already sitting around?

@ . i@
; - \ - Before and After QC .fcs files
= P WA s a For Every Instrument

o Backto 2017

Before Morning Atter
fes file Daily QC fesfile \
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1) Acquisition of
QC bead samples
(Cytek Aurora 5L)

2) Imported
automatically to R
(flowWorkspace)

1000
_ am | 3 ;
[
&
= 500
E
2 a0
-
200

" gl ™
3) Apply and check
gates (openCyto)

Automated Daily Processing

4) Extract data
(Luciernaga)

—

5) Calculate MFI
and %RCV for the
beads

FCS

6) Retrieve recorded
Gain and Laser data

from the keywords

7) Update Website
(Quarto)

Y,

GitHub

8) Transfer data to
GitHub

L5V

9) Retrieve
longitudinal data

Behind-the-scenes:

o Using R (and increasingly Rust) to
process the .fcs files

a Automated transfer to GitHub via
Windows Task Scheduler

a  Our Quarto Website gets updated twice
daily via a GitHub action

Eclectic Mix of Computation:

o Existing Instrument Computers
a  Repurposed Windows 10 End-of-Life
computers running Linux

o  Small motherboard computers

(Raspberry P1 4b)

@00



Dashboard

[=] et [m]
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How-To

Instrument Quality Control Dashboard

sz UMGCC FCSS

Home

@ Please see left-sidebar for definitions

a
Dashboard data last updated <
on 2026-06-05

Definitions:

Pass: All gains within 100%
baseline and all RCVs <6% for 3L
all detectors.

QC Status:
Pass

Caution: All gains within 100%
baseline, but at least one
detector had a RCV above the
>60% cutoff. Instrument
remains usable but resolution
for fluorophores on the failed
detector may decrease.

Fail: Either a gain exceeded
100% baseline, or RCVs
exceeded >6% for at least one 5L

indicator detector. Significant

variation and batch effects QC Statu S:
may occcur. Pass

For additional information,

navigate to the Help page. v

University of Maryland, Baltimore

Levey-Jennings Plots ~

Historical ~

4L

QC Status:
Pass

cs

QC Status:
Pass

3L 4L

Detector Value

FSC

SSC

SSC-B

V1

V2

V3

V4

V5

V6

471

270

129

312

331

407

249

322

282

—

cs

Gain

Status

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

Pass

History
%RCV
Value  Status

[

other ~ € Q

Help Download Data

Date 3L 4L 5L CS

2026-06-05 NA NA e

2026-06-04

NA REHINE]

7]
wv

2026-06-03 [ R I i E5

2026-06-02 EEENNERY NA

I
wv

EUPGRIGRN Pass Pass Pass Pa

2026-05-29 [GEEIE N A o]

wv
wi

2026-05-28 TS =TI v T R 1

2026-05-27 EHIEHINENEY NA

2026-05-26 TS LI v T v

7
w

2026-05-22 BEHIEHINENY NA

|

Built with Quarto. How? Find Out

) ©



Instrument Quality Control Dashboard

04

v JMGCC FCSS Home  Levey-Jennings Plots »  Historical ~ Help Download Data Other v € Q

13

@ Please see left-sidebar for definitions Sz EEl X

A | Cytek Aurora 4L
Dashboard data for the Cytek<
Aurora 5L last updated on
2026-06-01 Yellow Cytek Aurora CS YellowGreen Red Scatter YellowGreen Red Scatter

UltraV cytek Aurora 5L UltraViolet Violet Blue UltraViolet Violet Blue

Note: Cytek QC Bead Lots Laserk iserscaling LaserPower LaserDelay LaserScaling LaserPower LaserDelay LaserScaling

BD FACSCanto Il
were switched on 12-06-2024.
MFI change on this date was BD LSR II UVv1-Gain UV1-% rcv
expected.

BD FACSAria Il ] Timepoint 1500

First Column: MFI Median After

Fluorescent Intensity (MFI)

values for QC beads acquired Before 1400+
Before and After QC.
Measures stability over time.
Second Column: Gain Gain 2e+05+ 13004
(Voltage) values set for
instrument after QC. Changes
over time reflective of laser 12004
health. Third Colum: RCV 1e+05-
Percentage change of Robust

Coefficient Variation (RCV) 11004
after QC. Higher values reflect

3e+05 -

10.0+

7.5+

MFI
Gain
%rCV

5.0

2.5+

decreased resolution between 0e+00- o 4 ®
positive and negative for that
detector.

Jul 2025 Oct 2025 Jan 2026 Apr 2026 Jul 2025 Oct 2025 Jan 2026 Apr 2026 Jul 2025 Oct 2025 Jan 2026 Apr 2026

For additional information UVv2-A UV2-Gain Uv2-% rcv

PRI WIS JURGH |Hp-Ji iy |

https://umgccfess.github.io/InstrumentQC/Aurora5L.html# e . ae @ Timepoint

4DD*I

@00




MFI

Instrument Stability over Time
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Early warning on Lasers/Detectors

UV1-Gain

2025-01

2024-07

2024-01

1500 4

1400

1300

uleo

1200

1100

Oct 2025 Jan 2026 Apr 2026

Jul 2025
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Front row seats to Bleach-Sensitive QC Bead Lots

UV16-% rcv

9. After Long Clean
Iﬁﬁe[ ind .
rLond Clean
{no '[]'I,E‘E.Ckﬁ

after 30 min
Db water

e 1wt
T walel

%rCV

D4

UNIVERSITYof MARYLAND
SCHOOL OF MEDICINE

/

“Wait, when was QC last run???” Evaluating MF1I drift after morning QC

and its impact on unmixing.
David Rachl, Mikayla Trainor2, Natarajan Ayithan2, Xiaoxuan Fan2

B
&
RS ISAC RECOGNIZED
5&,’:& Shared Resource Laboratary

\

1 Molecular Microblology and Immunology Graduale Program, University of Maryland School of Medicine, Baltimore, USA
2 Flow Cytometry Shared Resource, University of Maryland Greenebaum Comprehensive Cancer Center, Baltimore, USA.

At aur core, quality control (QC) beads are run daily on Cyrek Aurora instruments as part of the istrument
siarup process, Based ou the beads inicial chserved MEI values for each detector, the SpectroFln softvware
adiusts the pains and laser setfings of the instnment to ensure that the after-)C ME values match lot-specific
thresholds, This accounts for instrumental changes, allowing specimens acquired on different days w be
comparable, and reducing the frequency of MFI-based batch eftects in large spectral flow cytometry panels. We
recently implemented @ website to moniter dally QC for our instruments at our core (hpsi
umgccfess.github.io/InstrumentQC), visualizing longitudinal changes in gain, RCY, and bead MFI values
before and after daily QC. Tn the process, we ohserved various deteetors for which MFT values pre-QC were
consistently different from the MFI values observed after iC the day before, While MFI was reset to baseline at
ihe follawing QC, we wete curious whether these shserved MEL drifts sould have already occurred by the
evening before, or were a result of the instument shurdown, Additionally, we wanted to evaluate whether these
drifts vere sufficient to impact unmixing when samplas were acquired in the evening compared to shorly after
moming QC.

B @ Q=

Moy

Ay own =

L

Figure 2, Drift in MFT can be abserved by evening, hut are more pronounced the folawing day.
A) Typical MFL drife pattem abserved for the Cytek Aurora S-laser. B) The lineplots depict the MFT
of QO beads acquired before and after both morning and evening QC. C) The Lineplots
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Figure 1. QcC tracking and allows for long-term monitoring
of instrument performance, A) The histogram depicts when daily € was perfarmed, as recorded in
the fcs file metadsta. B) The histogram plots depict the typical user hours shown by hour and
weekalay for each instrument, based on total recorded instoumental sit flushes in the Application Log.
C) The Levey-Jemings plots depicts change in gain and %RCV representative of a failing laser, with
field service engineer vistts appearing as red dashed lines. D) The Levey-Jenmings shows spikes. in
RCV associated with QC beads exposure to bleach.

depict the recorded MFI measurements of QG beads after moming QC, and before morning QC the
following day.

e ias

TFigure 3. Simulated shifts in reference signatres arising fram observed MFI drifts. Evening and
morning after MFI drifts were calculated for each instrument for a six-month period, and fluorophore
reference signarures were adjusted to acccount for the observed drift in detector. Line plots with each
doy a different color. A) shows two examples from the 5L instrument were variarion was ohserved,
while B) shows moare typical minimal changes

Acknowledgenents
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A)
Figure 4. Simulated observed changes applied to full-stained
samples and reference controls did not alter unmixing of a
: E g 29 color panel. A) Shows the original SpectroFlo unmixing on
i the experiment day, B) Shows Lhe unmixing in SpectroFlo after
¥ e shifting the unmixing centrols MFI by the observed drift.
A)‘

Figure 5. Avoiding bleach exposure with SpectroFln Lot 2006 beads. Following a fluidcs
shutdown with bleach, fresh QC beads were run. A) Levey-jennings plots show spike in. gain and
%RCYV. [n B) spectrum plots show bead MFI before (top) and after (bottom) bleach exposure. C)
lineplots depict grouped normalized signatures from individual cells before and after bleach
exposure. In D), the after bleach MFI was subtracted from before bleach bead MFI, and the
difference normalized to identifty suspected stripped fluorophore.

.

Leveraging our access to processed quality control data for each of our instruments, we were able to
quantitatively access whether the observed drifts in MFEI visible in the Levey-lennings macking
plots were insignigficant or of concern, We found that drifts in detector MFT do occur by evening
for a few detectors unique to each insrument, they are not to the same extent as if the insoument
‘were shur down overnighr. When simularing changes to reference controls resulting from these, the
changes were minimal, only being visible in a few fluorophores on secondary and tertiary peaks.
‘When we simulated the changes in actial experimental controls and unmixed a full-stained 29-color
panel, we did not ohserve any signi differences. Addii using our i data we
identified when lasers began to fail, and issues with the new QG bead lot so that preventive
measures could be taken.

ata availability

Would you Tike Io do this your own dalasel? The R code used for the analysis
and ligure generalion is available an our GitHub (hups://github.com/DavidRach
EveningQC_Cyl2023). The current and historical QC data for all our
instruments  is  available via our website (hitps:iumgeedess.githubior
TnstrumentQC/Data).

Tnterested in setting up an automated QC tracking website for your own
instruments? We have & how-to tutarial for those with some coding literacy
(hitps.igithub com/DiavidRachiTnstrument QC_nstall, and for those without, we
are actively finishing an R package that will automatically set one up for Cytek
and BD instuments with a single click (hitps:¥github.com/DavidRach
CytometryQC).

Take some seickers and track our progressl
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Beyond .fcs files, what else can we leverage?
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SpectroFlo .Expt Files

Detector

@ @Flowsaurus spex @StepUpCytometry (David - UMB) @Awendling (VCU) @lots_of_tiny_tubes (Dotmatics) | am also interested in comparing fluor signature on beads vs on cells. Per @lots_of_tiny...
I'd try for the .qmd | originally sent to @lots_of_tiny_tubes (Dotmatics) (
instead of the .Expt gmd walkthrough. Additionally, (

documentation draft stage (on my to-do list for later in the month).

) for a.gmd walkthrough of using .fcs files
) might also be helpful but is s first

Doing everyone from scratch can be done but has some moving components. Getting the exprs data and deriving out the median/positive signature is easy enough to do, the
trickier portion is gating cell pop interest and the subtraction steps. Having an existing function to do that consistently without re-inventing the wheel is the goal.

Separately, still not quite sure what the signatures from the .Expt files are plotting, | compared a year and a half of our experiment reference controls and while they are
comparable for most fluorophores, some are distinctly (but consistently) different from the reference signatures. We see the same for the library controls when those .xml files are
visualized. Instrument specific noise? .,

Separately, still not quite sure what the signatures from the .Expt files are plotting, | compared a year and a half of our experiment reference controls and while they ...
ling (

I've always chalked it up to poor quality client samples. Reference controls are just what the client brings, not necessarily any sort of "ground truth” signal. Contamination, antibody
particulate, tandem degradation, bad autofluor controls, background buffer signal, instrument noise, etc would all contribute

1@

Every .Expt file
o Read in XML to R
o Access Experimental Metadata

Usetul
a Fluorophores
a  Markers




SpectroFlo .Expt files

Reference Controls from Expt Files From All Users

Janusny B, 2005

- Gather
Data Acquisition . .
phont o b e il o Identify the Zipped Folders
e o Unzip
e o Copy out the .Expt File
v Code Q RC-Zip

walk{.x-Al1Z5pF 1las, .F-ExptFllalocats, stheguatPath} Process
i i o Parse for Fluorophores
T AR, e L Parse for Markers
L 2 Save outputs by user and
experiment

4 G
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What can we do with that data?

o How many fluorophores in our
largest user panel?

o “Does anyone have an anti-human
Alexa Fluor 647 CD163 that we can
borrow?”

B You have something | want




Evaluate User Panels

vvvvv

= Not all user panels are “good”

Hormale Ve

e e Once we have parsed the panels

=== fluorophores

RS o Signatures (based on references)
o Signature Worksheet
o Cosine Values (Similarity Matrix)
a  Matrix Condition Number

oo (Complexity Index)

. Collinearity (Unmixing-dependent

: Spread)

@O0




What about the quality of the actual data?




Christopher Hall’s previous attempts

() ProactiveCoreDefense Fuic QWatch 1 v FFork 0 ~ WSl -~
P master + ¥ 1Branch © 0Tags Q Gotofile T Addfile ~ KON About TR XELAILINN 13 WM NS PRl BT o
P v | — |
Protect your flow cytometry core from s -.«-—-....«r-....?.l 3 et ) Bl ot o
@hal\y166 corrected variable name error €8 0028692 - 5 years ago [\)WSCommits bad data. ; ey dul 4 :
(9 Lcense Initial commit 6 years ago [ Readme
M GPL-30 license
QCScriptPwrShell ps1 Update QCScriptPwrShell.ps1 by .
(9 acscriptPwrShellps pdate QCScriptPwrShell.ps years ago Je Aciy
[ QCscriptv23R corrected variable name error 5 years ago % lstar
® Twatching
(3 READMEmd Update READMEmd 6 years ago
¥ 0forks
[ examplePNG Add files via upload 6 years ago Report repasitory
[ README 08 GPL-3.0 icense VA= Releases
No releases published
L] s we o Az
ProactiveCoreDefense Pacages e

No packages published
Protect your flow cytometry core from bad data. i

Autonomously monitor user sample quality for flow cytometers. Contributors 1

This is an "improved" version of the ‘Sample Quality Monitor' repository | developed at Sanger @ hally 66 Chstopher
(https://qithub.com/hally166/SampleQualityMonitor).

) ©
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Ex
| ===

1) Acquisition of
unmixing controls
(Cytek Aurora 5L)

2) Importto R
(flowWorkspace)

Eide light scatter {S5C)

a
o 200 4 a00 B0 1000
éﬂl’i\léhﬁ”ﬁﬂlﬂ aoEter
(F5C)

3) Apply and check
gates (openCyto)

Evaluating Unmixing Controls

4) Extract data
(Luciernaga)

5) Identify detector
with brightest MFI
for individual cells

—

6) Enumerate total cells
for each peak detector,
and identify location
fluorophore and

autofluorescence peak(s)

R1-A

V7-A

7) Group cells with
shared peaks

8) Subtract Out
Autofluorescence

9) Generate normalized
signature of individual
cells for identified
fluorophore detector

| ‘l -----------

10) Identify all peaks
using local maxima

iy
DU

11) Group cells with
shared primary peaks and
similar heights other peaks

FC3

12) Retrieve original
data for identified cells
and export out new .fcs
files containing purified

signatures
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When PerCP-Cy35.5 degrades

Fluorophore
~ ID_B9_10-YG6_04-V13_04

1.004

——— ID_B9_10-YG6_04-V13_05

—— ID_B9_10-YG6_04-V13_06
0.75-

—— ID_B9_10-YG6_05-V13_04
——— ID_B9_10-YG6_05-V13_05
——— ID_B9_10-YG6_05-V13_06

0.50+
~—— ID_B9_10-YG6_05-V13_07

Mormalized Value

—— ID_B9_10-YG6_06-V13_04

—— ID_B9_10-YG6_06-V13_05
0.25-

Interactive
Plots

—— ID_B9_10-YG6_06-V13_06
—— ID_B9_10-YG6_06-V13_07

—— ID_B9_10-YG6_06-V13_08
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When antibody vials are 1n good condition
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When the tandem starts degrading

R1_10-R2_08-R7_10 | o2

CD27 APCFire750
- R7_10-R8_08-R1_10 | oos

1.00 R1_10-R2_10-R7_10 | oo

R7_10-R8&_08-R1_08 | 0.08 003 002 004 00z
Cluster R7_10-RB_08-R1_06 | 013 014 012 016 04
R7_10-R&_08-R1_02 R7_10-R8_08-R1_04 | 018 038 035 036 034
R7_10-R8_08-YG10_04
0.751 R7_10-R8_08-YG10_02 R7_10-R8_10-R1_04 won
R7_10-R8_10-R1_02
B R7 10-R8 06-R1 02 R7_10-R8_06-YG10_02 s Rt
= = = ato
= 2;.13'32;0524;\:;5532 R7_10-R8_06-R1_00 | oo oot
e 0.75
B R7_10-YG10_02-V15_02 R7_10-¥G9_04-V15_02 0.18 0.07 012 04 016 009 004 0.03 I 0.50
0.50- B R7_10-R8_08-R1_00 -
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a Noticeable increase in normalized signature variants



Residual Autofluorescence peaks
in Single-Color Signatures
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R8-A Detectors

For cell controls with a moderate density antigen on bright fluorophores, we see that any
residual autofluorescence contributes minimally to the overall isolated single-color signature
when gated according to best practices
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D)

Density

R8-A

Percentiles

10
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30 \
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0

10
UV10-A

Normalized Values

Detectors

Detectors

Residual Autofluorescence peaks
in Single-Color Signatures

F) o

MFI

Detectors

----------------------------------------------------------------

Detectors

For cell controls with a moderate density antigen on dim fluorophores, we see substantial
residual autofluorescence contributions to the isolated single-color normalized signatures even
when gated according to best practices
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Residual Autofluorescence peaks
in Single-Color Signatures

PE signature without
residual AF

PE signature with
residual AF

PE-A ;. PD1
PE-& . PD1

Spark Blue 574-4 :: CDA Spark Blue 574-4 : CDE

This residual autofluorescence contribution results in unmixing errors,
and the panel unmixing significantly improved when switched out for bead controls
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Autofluorescence

a Same process to 1solate
autofluorescence variants

a Isolate cells with same
normalized signature for use
In unmixing
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Hour of Day

Every time a sit-flush occurs, its
recorded

Plotted over time, shows weekly
usage patterns for instruments
Including “off-schedule” usage

Were clean flow cells and fluidic
shut-downs performed?

What software 1ssues occurring?
How many hours has each laser
been left on?
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“Is anyone on after-me?”

Flo ometry Core (FCC) > View Schedule
Aurora-5 ¥ <@ Confirm Usage
Week (7 Days) - [m] 2 < Sun, éi(ﬂiﬁ%iﬂ‘g’féaﬂﬁ)zoza > Calendar Details
Sun, 15 Mon, 16 Mar Tue, 17 Mar 18 Mar Thu, 19 Mar Sat, 21 Mar
w00 Is the tracking automated or requires manual input into, say, spreadsheet?
oro0 s é
s iLab retrieved historical .csv files for the above.
e | am setting up a monitor yo display real time schedule for each instruments that scrapes the reservation pages every 15 minutes for the
- to be automated.
However, my authorization cookies keep expiring and the scrape obviously fails, so some work still required on the automati
1@
o700
proass 08:30 AM - 10:00 rac - \
Sara Mangesh . . . . ey .
w00 am 50| Kelhatkar If you figure that out, let me know! IT keeps telling me | can't have anything like that and it's iLab's fault... | don't believe them
10:00 AM - 01:00 ; : H 10:00 AM - 12:00
100048 Zhongcheng Adedola Zhongcheng Mei * 1 e
Mei [11:00 AW - o130 || debamowo Unassisted Usage |
i 1 95 /hr (All
e Soanrial || Kaurina Gorga || bRl || LTS
Customers) s T 12:00 PM-05:00 | q
. Price, 3ot (i | || 1209 PM - 05:00 a
Lo Customers) Aisha Hegab . 3
Souquette J I need that for outlook calendars but everything we have is so locked down ¥
a1:00 PM ———— || Unassisted Usage /
01:30 PM - 05:30 || Price: $95/hr (All
02:00 PM - 06:00 || Degui Geng Customers) 18
200 PM Adedola Unassisted Usage /
Adebamowo Price: 395/hr (All
Customers)
03:00 FM Unassisted Usage |
Price: $95/hr (Al
Customers)
05:00 PM - 07:00
05:00 PM Adedola
56:00 PW - 07:00 || 06:00 - 07:08 || /debamowo
06:00 P Adedola Winter Okoth g e
il 07:00 PM - 10:45 || 07:00 PM - 08:30
0700 PM L ilabl Farah Ammar
4-laser swap Un_ass\ EUS&!}EF
08200 PM Dric A1l
oo00 P

11:00 P




1AM

4 AM

&AM

7 AM

10 AM

1PM

4PM

7 PM

Updating Schedule to Display Monitor

Aurorab

o Displayed on a monitor to a
Raspberry P1 4b

a Cycles continuously through all
the instrument schedules

a Refreshes every 15 minutes
-« g Sends booking data to GitHub

aaaaaaaaaaaaa

O 2

Currently working on identifying

late evening cancellations and
sending emails to power down the

N [ a e T S S Instrument

10 PM

2025-10-24 20:16:04.757719
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What have we learned?

o Small steps, sequentially implemented,
have improved our awareness over time.

o With most instruments, useful
information can be retrieved from
unlikely sources

a Repurposing existing open-source
software infrastructure speeds things up

a Set up for generalization requires
additional planning




CYTOMETRY IN R

UMGCCC FCSR

Learn R at your own pace

= 7~
fij Urvesmv o Cytometry in R: A free weekly course £ or coding beginners @ isac recoenized
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Our teaching approach Z Teaching B from & Biologist
parspactive fpen Goience & Open Source

one topic per week, roughly for an hour
All Materimls: A1l Code:

What  have we done well?
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Who is currently taking the course?
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Questions?

1 CI
| m®
' ]

o

UMGCCC FCSR
InstrumentQC dashboard

UMGCCC FCSR

InstrumentQC How-To Coereba YouTube @CytometryInR

@00




[T°Y BEEN A LONG
TIME COMING

o Graduate Next Week DAVID THOMAS RACH

a All coding side-projects will then
resume post-defense

DRS. CRISTIANA CAIRO & KIRSTEN E. LYKE
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https://www.youtube.com/@CytometryInR
https://github.com/DavidRach




Metrics from 1Lab

Total Hours by Year

4Y00b.5
>0004 4696.41

4000 4 3859.06

3158.3 3083.03
3000 1 2773.63
D ASE 56 2583.14

Total Hours

5000 - 1906.13
1525.44

1000

246.37

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year




Instrument Use over Time

Ariall
Jan Feb Mar Apr May Jun Jul Au Se

Y ]
R Tou L tafeabr1t LY VEULE
- E BT R Tl Lt
I ot g I TR O Ml ol o e T T
o % ] %0 S o e I 5 T ey RS
L B TR RLTOTLY, B
it sl o Y 30 - of R o B
il A gl bl B 00 L) i T ok
= i B el o 3 P} Gy I ofF
e R S e B I o ) O e ol
ool B8 5 B 5 0 o ;

Y@ EW HW:
C B - R - -l L s )
R B AR F 2.2 ..
o AL TF P R ] g L R S TR
A -Jie g 0 Bl 88 oF 3§ K1 KR Roi
M OB R T S E RN
B & B 1 BR-3 % B0 B _N.T
W B JE B ow] &

Aurora3L

o
3




When did individual users or labs use the instruments?

Feb M Ap May J Jul Aug Sep Oct N Di
David Rach Cairo Lab
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