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2.1.

2.2.

CALIBRATION OF AUTO-PIPETTES AND DISPENSERS USING THE
CHECK & TRACK SOFTWARE SYSTEM

SCOPE AND APPLICATION

This SOP describes the use of the Check & Track pipette calibration software in
combination with the Mettler Toledo XPE105DR analytical balance to calibrate laboratory
pipettes and dispensers. Pipettes must be calibrated at least quarterly, but may be calibrated
monthly to maintain the accuracy of analytical procedures.

SUMMARY OF THE METHOD

Pipettes and dispensers are calibrated using the known density of water. Aliquots
of water are pipetted and weighed. The density of water is used to calculate the actual
volume pipetted and this is compared to the expected volume. The density of water is
dependent on atmospheric conditions: temperature, atmospheric pressure, and relative
humidity. This dependency is expressed via a conversion factor called the “Z-factor”
which relates the actual volume pipetted to its weighed value. The weighed value is first
converted to true mass by applying the air buoyancy factor. The mass is then converted
to volume by dividing it by the density of water. The accuracy (% difference) of the mean
volumes checked and the precision (% RSD) of replicate measurements are evaluated.

The Check & Track pipette calibration software is used in conjunction with the
Mettler Toledo XPE105DR analytical balance to calibrate pipettes and dispensers. The
software is locally installed on a computer (LDS1890) which is connected to the analytical
balance via a serial cable for automatic data transfer. Pipettes, pipette tips, pipette
checking methods, operators, balances, etc. are configured in the software by an
administrator.

APPARATUS, EQUIPMENT AND SUPPLIES

3.1.  Mettler Toledo XPE105DR analytical balance (accurate to 0.1 mg/ 0.01 mg dual
range, maximum capacity: 120 g)

3.2. Check & Track pipette calibration software
3.3.  Pipettes and pipette tips

3.4.  Weighing vessel

3.5.  Deionized (DI) water

3.6.  Calibrated thermometer

3.7.  Traceable digital barometer
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4. PROCEDURE AND DOCUMENTATION

4.1. All pipettes are assigned unique 1D numbers. These ID numbers are documented
on the pipette labels and as “Inventory Numbers” in the Check&Track software. Each
pipette is added to the software by an administrator. If you start using a new or different
pipette, notify your supervisor so that the new pipette and an applicable calibration method
(if none already exists) can be added in the software.

4.2 The Check&Track pipette calibration workstation is located in laboratory B438.
The Mettler Toledo XPE105DR balance is used exclusively for pipette calibrations and
working calibration weight verifications.

4.3 Each pipette is assigned a Pipette checking method during setup in the software
by the administrator. Each checking method includes the method name, number of
measurements per test volume, number of test volumes, and acceptance criteria. The
method name shall include the maximum pipette volume and type of pipette, e.g. 100 pL
Adjustable Volume or 10 mL Fixed Volume. The pipette checking method for each
pipette can only be changed by an administrator. Contact your supervisor if any changes
are necessary.

Note: Once a Pipette checking method is set up and used for calibration, it cannot be modified.

4.3. For adjustable pipettes or bottle-top dispensers, the calibration is checked at a low,
middle, and high volumes which bracket or equal the range of use. For fixed-volume
pipettes, bottle-top dispensers, or adjustable pipettes that are only used at fixed values, the
calibration is checked at the volume used.

4.4 Check the calibration of the balance (see DEP SOP CM-011). Bracket balance
weight checks around expected measured mass values.

4.5. Launch the Check&Track software and select “Switch department” , i.e. group, if
another department is active (see Figure 1). From the drop-down list, select your initials
and enter your password, then click “Login” to switch department. Once logged in, select
the pipette to be calibrated from the list shown in the software. Alternatively, type in the
pipette identity (ID) code in the “Filter by manufacturer, name, or inventory number” tab
to select the pipette. The lower part portion of the software window (see “Selected
pipette” in Figure 1) displays all the information about the selected pipette. Click “Check
now” to start the calibration.

Note: The Pipette ID code is the unique identifier for each pipette.

4.5 Locate a weighing boat /vessel that can hold the volume of DI water to be pipetted.
Use only glass or metallic weighing vessels to reduce the effect of static charges.
Weigh the weighing vessel and tare the balance. The pipette and an appropriate pipette
check method should already be set up in the software. Contact your supervisor if a pipette
needs to be added to the software or if there is no appropriate method for the pipette.
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4.6.

4.7.

Figure 1. Pipette Selection

I® CheckaTrack 20,19 =
File Help
Depatment Inoiganic_Nutients Licerse ype:  Single installation
Switch depattment . Lcense Il 1325767 ]
Change password Licersed o Florida DEP
Adiristration Program version: 2018 (up to date]
Pipettes

Reload data | Filter by manufacturer, name or inventory number: [v Show only active pipettes Print. Excel export

Color code: Red: Irvalid pipsttes [the latest completed check failed or too much time passed since the last successiul check, o marked inactive). Ye\low%alid, but due soon for checking.

Validity [Last cheok [Last resul [Next check in[Manufacturer[Name / serial numbe Inventory number_[Volume  [Chan{Typs  [Laboratoy  [Operator [Mathod [5td ~
[ [invalid - G 239 daps Eppendott NU_AutaT_pipette/t K114050 100 1 Varsble  DEP Tallshasse ACO 100 L Adjustable Vi Act
I Invalid - - -339days Eppendort MU_sutaT_pipette/F PIB991F 1000 1 Wariable  DEP Tallahasse ACO 1000 pL Adjustable \ Act
L Irevalid - B 29975 daps Demo manufact Demo pipette il 200 pL 1 Variable  DEP Tallahasse: AC0O Demo method Act

« 3

Selected pipette

Manufacturer Demo manufacturer Mext check: 12/31/2099

Mame / serial pumber Demo pipstte i 23975 days

Inventory number. 1 Check now
Maimnum volume: 2004L Laboratory: DEP Tallahassee

Nimberofichanngl ) Checking method. Do method

Tope: Yarsble Default S0P Ha 50P

Purchase date: 141/2000 Check repots & data
Checking interval [dapsl 99 Notes:

Dpereton 4E0 Check history
Database ID: 1

In the “Pipette check” window that opens (see Figure 2 below), select the operator,
enter the operator’s password, select the pipette tips, enter the pipette tip lot number
(optional), select the SOP and the balance. Additionally, enter the temperature of the
water used for the calibration, atmospheric pressure, and relative humidity. The DI water
should be in a flask with the thermometer, located next to the balance. The pressure and
humidity readings are taken from the digital barometer. Once all the fields are filled in,
click on “Start check now” to start the calibration.

In the next window that opens (see Figure 3 below), double-check and make sure
the pipette 1D and checking method match the pipette before starting the measurements.
The volume to be measured is highlighted in the “Current Test Volume” line. If you are
calibrating a variable volume pipette, make sure the pipette is set to the correct volume
highlighted in the software. Pipette an aliquot of DI water into the vessel, wait until the
reading is stable, press the Print button on the balance to transfer the measured data to
the software. Tare the balance. Repeat the measurement and data transfer cycle the
required number of times for each test volume.

Note: Each time the “Print” button is pressed, the value displayed on the balance is transferred

to the software. The “Print” button must be pressed only once for each measured
data.
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Figure 2. User login, pipette tip selection, and environmental parameters input

E- Pipette check

Pipette check

Manufacturer

Marme / serial number
|rwentom number.

M aimum wolume:
Checking method:

Check number:

Operator performing this check:

Operator password:

Pipette tips:

Fipette tips lof number:
Standard Operating Frocedure

Balance:

Environment parameters

Eppendorf
Auto_T Pipette / K114050
K114050

100

100 pl Adjustable Volume

&

| Eppeendort, 20000 pL. P01

‘EAUBHATIEIN OF AUTO-FIPETTES AND D\SPENSEj

E

‘ Mettler Toledn XPET10SDR

Environment sensor:
Sensor conhection status:
Room temperature:
Atmospheric pressure;
FRielative humidity:

Conversion factor:

No envirsnment sensar configured for this balance. Manual entry of parameters

[T] 15-30
[hPa] 8001100
[%] 0-30

00000 [uimg]  (only valid for de-onized o distiled water al room temperaturs)

Start check now

Close

Figure 3. Pipette calibration measurements

Pipette check

Important: Only use de-ionized or distilled water at room temperature.

Manufacturer. Eppendorf

Mame / serial number Auto_T Fipette / K11406D
K114080
100

100 pl Adjustable Valume

Imvertary rumber
M awimumn wolume:
Checking method:

Balance mode: Automatic [connected on COM3]

Erwironment sensor:
Sensor connection status
oo temperature:
Atmaspheric pressure;
Relative humidity:

Conversion factor.

Mo environment sensar configured for this balance, Manual entry of parameter

220 [r]
8000 [hPa)
500 [%]

10031 [ul/ma]

Check number: 2 Standard Operating Procedure:  CALIBRATION OF AUTO-PIPETT
Check start 9/13/2017 2:27:16 PM

Curient test volume: 10pl 50 pl 100 pl

Curtent channel 1

Curnent measurement: 1 2 3 4 5

Instructions: Pipette 10 pl with channel 1 [measurement 1), Press the print buttan on the balance ta send the v

[g]

hing value ta CheckdTrack.

Weighing value:

‘Tlmeslamp |Test ol [pl] |ChanneI|Mean wolume [pl] |Inacculacy %] |L\m\t %] +f—|lmp|ec\s\on %] |L|rmt %] ‘Ehannel Tesult
31272017 2276 Y 10 1 - - - - - In progress
[Timestamp [Test vol. ul] [Channel [Measurement No [wsighing value [ Inteiprted [mg] [ Temp. ['C] [ Fressure [hPal[Humidity (%] [Conversion factor_[Volume [u] |

C|

Result: In progress.

Comment: [

Cancel this check
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4.08.

After each data transfer to the software, the next measurement number is
highlighted in the “Current measurement” line (see Figure 3 above). After the fifth (5th)
measured data point (i.e. the last measurement for a specified volume) is transferred, the
next test volume (for variable volume pipettes) appears. Click on the “Ok” button on the
Next test volume pop-up window (see Figure 4 below) to continue.

The volume in pL for each aliquot is calculated automatically and recorded in the
“Volume [ul]” column. The mean volume in pL and the acceptance criteria (accuracy
and precision) for each checked volume are also calculated automatically and shown in

the software (See Figure 4 below).

Figure 4. Pipette calibration measurements: Next test volume

Licensa: d to

Progrsm wersior: 2019

Florida DEP

[up to date)

Pipetts check
" | Important: Only use de-ionized or distilled water at room temperature.
d
N Manutacturer Eppendorf Enwironment semsor: M enviranment sensar configured for this balance. Manual entry of parameter
Ll Name / seril mumber NDZ_Pipette_10 L Adjustable Yolums Sensor connection status
K
{q4  Inventor rumber 15903378 Fioom temperature: 20 [t
W Masimum volume: 10ml Atmospheri pressure 8000 [Pal
: Checking methad: 10 ml Adjustabls Yolume: Flelative humidiy: 0 1%
44  Balance mode: Manual [not connected) Conversion factar: 1.0033 [uma]
1| Check number z Standard Dperating Froceduie:  CALIBRATION OF AUTO-PIPETT
Check start /2042017 £:09:31 PM
Current test wolume: 000p  5000W 100004
Current channel: 1
Curment measurement 1 2 3 4 5 CheckaiTrack s
Instiuctions: Pipette 10000 pl with channel 1 [measurement 1) Enter field. Then click ‘Sawe walue' or press ‘Enter
Mext test volume
Weighing value:
i
Timestamp [Test vol. [u] [Channel [Mean valume [] [Inaccuracy (%] Li Linit [%] [ Channel result
| [5/20/2m7 40331 Pie 1000 1 100030232 003 300 051 1000 Passed
| |9/20/2017 4:10:21 P 5000 1 5013370473 027 1.00 0,03 500 Passed
M|9/20/2m7 41544 P 10000 1 - - - - - Inprogiess
Timestamp [Test vol. [u] [Channel [Measurement No.[weighing value [Interpreted [mg)[ Temp. ['C] [Pressure [Pa] [Humidiy [%] [Conversion factor_[valume [w] |
| |a/anrem7 s 23 Py 5000 1 2 4.9983 4,936.900000 230 800.0 450 1003292122465 5015355991
| |3/20/2017 4:15:29 P 5000 1 349883 4,988,300000 20 800.0 450 1.003232122465 5.005.324070
| |s/20/2m7 415:38 e 5000 1 4 49973 4,937.300000 230 800.0 450 1.003292122465 5,014.353693
(¥ avan/2017 41644 P 5000 1 5 49333 4,938,300000 30 800.0 450 1.003232122465 5015756308
/21 Result: In progress.
| Commert [
| Continue this check later Cancel this cheok
Adstabls Yolurne I

The pass/fail assessment for each calibrated volume is displayed in the “Channel
result” column (see Figures 4 and 5). When the final measurement data is transferred,
“Finished” is displayed on the “Weighing value” field in the software. Also, a summary
result is displayed in the “Result” line at the lower part of the Pipette check window. The
calibration fails if either accuracy or precision fails for any of the calibrated volumes. The
explanation of the failure is shown in the result line. See Figure 5 below for an example.

Check the “Inaccuracy [%], “Imprecision [%]”, “Channel result”, and “Result:”
fields (see Figure 5) to review the calibration. The inaccuracy must not be greater than
the specifications set for the pipette. If the calibration passed, the “Result:” field will
display “Passed”. If the calibration is not acceptable “Failed ...” will be displayed along
with a recommendation (See Figure 5). If a calibration fails, follow the corrective action
procedure as described in Section 5.
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Figure 5. Example of pipette calibration result

| Pipette check
Important: Only use de-ionized or distilled water at room temperature.
U Marutacturer: Eppendarf Erwiranment sensor No environment sensar configured for this balsnce. Manual entry of parameter
1 Name / serial number NOZ_Pipette_10 mL Adjustable Volume Sensor cornection status
1 tnventory number: 15303378 Floom temperature: 230 [T)
Wassinum volume: 10wl Atmospheric pressure: 000 [hPa]
Checking methad: 10 mL Adjustable Yolume Fielative huridity: 450 [%]
Balance mods: Mahual [not connected) Canversion factor: 1.0033 [wiéma)
Check number. 2 Standard Operating Procedwre:  CALIBRATION OF aUTO-PIPETT
Check start: 9/20/2M7 4:03:31 PM
Current test volume: 10000 5000 pl 10000 pl
Current channek 1
Curtent measurement: 1 2 3 4 5
Instructions: Thiz check is finished.
warwe [Finished o [ ]
Timestamp [Test vol. [ull [Channel[Mean volume ] [Inaccuracy ] [Limit (%] +/[Imprecision [%] [Linit [%] _[Channel result .
| |9/2042017 4:09:31 Phe 1000 1 1.000.302312 nn3 300 051 10.00 Passed
| |9/20/2007 4:10:21 Phe 5000 1 5.013.370473 0.27 1.00 0.09 5.00| Passed
|| 9/20/2017 4:15:44 Piv 10000 1 8.2267172705 -17.74 0ED 43.08 3.00 Failed &
Timestamp [Test vol.[w] | Channel | Measwiement No.|Weighing value | Interpreted [ma] | Temp. ['C] [Pressure [hPa] |Humidity [%] | Comversion factor [volume [] [ -
| |8/20/207 4:34:31 P 10000 1 2 1.0001 1,000.100000 230 200.0 45.0  1.003232122465 1,002.392452
| |8/2042007 4:34:37 P 10000 1 3 98387 9,938.700000 230 800.0 450/ 1003232122465 0,031 616345
| |8/2042007 4:34:43 Phe 10000 1 4 93383 9,938.300000 230 800.0 450/ 1003232122465 0,031 215628
|| 9/20/2017 4:34:51 Piv 10000 1 5 99391 9,993.100000 230 a00.0 450 1003292122465 0,032 018262 =
Result: Failed precision (too much random error). The pipette requires service.
Comment: |
Ok, show check report | |
Note: If only one value is calibrated, the use of the pipette is restricted to this volume. In

this case, an appropriate fixed volume pipette checking method is assigned to the pipette
by an administrator prior to pipette calibration. The volume must be documented on the
pipette label (see 4.16).

4.13. Click “Ok, show check report” to exit the Pipette check window and view a
summary report. To view a detailed report, close the summary report and click “Check
reports & data” while the pipette is still selected (see Figure 1). In the window that opens
(see Figure 6), click on “Print check report (full details)” to review the detailed calibration
report.

4.14. If the calibration is acceptable, save the “Pipette Check Report (Full Details)” in
the “Pipette Calibration Certificates” folder as an XPS document. This folder is located
at \FLDEP1\DEAR\Labs\Lab5\Chemistry. Click on the print symbol, navigate to the
current month’s subfolder, enter the file name to save the calibration file. The filename
follows the format: Group_Analytical-Method MMDDYY _Analyst-Initial, e.g.
NU_TP_Pipette Cal_10232017_LS. Notify your supervisor to review the pipette check
report.

4.15. If a calibration is not acceptable, follow the corrective action procedure as described
in Section 5. Do not save reports for failed calibrations in the reports folder, the raw data
is automatically archived and the report can be generated if needed. The raw data is
archived on the network.
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4.16.

add
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Figure 6. Print check report (full details)

I® Pipette checks o |[ 2|
Pipette checks Manufachuer. Eppendort Mame / seiial number. NO2_Pipette_10 ml Adjustable Inventory number: 15903378
Frint check repart [summan] | Pint check report fuldetais). |
Check NoJStatus [Timestamp [OperataMethod [soF Balance Balance connect|Enviionment sen{ Tips Tip Lot No Notes -
N 1 Passed  9/15/201711:3404 A/0AC 10 ml Adjustable| CALIBRATION O Mettler Toledo XF Yes No enviranment & Biohi, 10000 L,
O 2 Faled 5/20/2017 £03.31 P DOAC 10 mL Adjustable CALIBRATION O Mettler Toledo XF No No environment s Biohit, 10000 pL, E
< v
Teat wolume: 1000 [p1] Test violume: 5000 [pl] Teat wolume: 10000 [pl]
1,036.00 5,060.00 10,072
1,026,009 i
it 504000 arz00] >
=, e = 5,020.00 . =
01! » = ' B,072.00
E ‘s Z E 5,000.00 E
% as5.00] 2 4 980,00 407200
976.004 4,960.00 2072 004
966004 — 4,340.00 T 13
1 1 i
Channgl no. Channel no. Channel no.
Results per test volume and channel
Channel Timestamp Test volume [W] [Mean volume [W][inaceuracy (%] JLimit (%] + [Impreeision (%] _[Limit %] [Channel result -
O 1 9/20/2017 4:09:31 P 1.000 1.000.302312 0.03 3.00 051 1000 Passed
N 1 9/20/2017 410:21 P 5.000 5.013.370473 0.27 .00 0.09 500 Passed
I 1 9/20/2017 415:44 P 10.000 8.206.172705 774 00 49.08 300 Failed

Individual measurements for the selected test volume and channel

Measurement Mo, | Timestamp w'eighing value |Interpreted [ma] |Temp. ['C] |Pless [hPa] ‘ Hurnidity [%] |Convers|on factor ‘\/ulume [wl]
14 1 9/20/2017 4:09:50 P 0.9383 998.900000 230 800.0 45.0 1.003232 1.002.188501
| 2 9/20/2017 410:04 Pk 0.9335 999.500000 230 a00.0 45.0 1.003232 1.002.790476
| 3 9/20/2017 410:10 Pk 0.9873 987.900000 230 e00.0 45.0 1.003232 991.152288
M 4 9/20/2017 410:17 Pk 0.9383 998.900000 230 800.0 45.0 1.003232 1.002188501
5 9/20/2017 410:21 Pk 0.9333 999.900000 23.0 e00.0 45.0 1.003232 1003191733

Close

After the calibration is completed a LIMS generated label must be printed and
attached to the pipette. Open the LIMS program. Go to the “Laboratory” menu and under
“Technical” select the “Prep Worksheet Manager”. There are six icons to select from.
Choose the third one from the left, depicting a small label, with the name “Print Prep
Labels”. After selecting it, a separate window opens. In this new window, under the
“Options” menu, select “Four Lines of Text”. Enter the text of the first line of the label
in the box at the bottom of the “Print Prep Labels” window. Each time the “Enter” key is
clicked a small new window appears where you can enter the next three lines of text. The
label must contain the pipette ID, calibration date, calibration due date, the chemistry the
pipette is assigned to, the calibrated volume (for fixed volume pipettes only), and the
initials of the analyst. Additionally, if a variable pipette was only checked at one volume,

the  volume  checked. Example labels are shown  below:
PIP ID: 2301847 PIP ID: 3992086
CAL DATE: 11/19/17 CAL DATE: 11/20/17
DUE ON: 12/19/17 DUE ON: 12/20/17
PO4 250 uL only TP prep
JS CAA
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5.

5.1

5.2.

5.3.

5.4.

5.5.

QUALITY CONTROL AND CORRECTIVE ACTION

Do not over-write calibration results. If a calibration result is not acceptable the
software will display “Failed” in red in both the “Channel result” column and the “Result:”
line of the pipette check window. In this case the pipette should be inspected for
maintenance, adjustment, or repair, and the calibration must be repeated.

If the calibration failed, perform a new calibration as described in section 4. If the
calibration passes at this point, add a “Pipette adjusted and placed back in service”
comment in the “Comment” field in the pipette check window. The comment will show
in the pipette calibration report.

If the calibration fails again, add “Pipette cannot be adjusted, removed from
service” comment in the “Comment” field in the pipette check window. The comment
will show in the pipette calibration report. Each pipette with a failed or expired calibration
is highlighted in red in the software. Notify your supervisor if a pipette could not be
calibrated successfully. It must be repaired and re-calibrated, or taken out of service.
During review and repair, the failing pipette should be clearly labeled “OUT OF
SERVICE”. Pipettes that cannot be repaired should be removed from the laboratory.

All uncalibrated pipettes that are used in the lab for purposes like transferring
concentrated acids or soaps/surfactants must be approved for the intended use by the
supervisor. They must be clearly labeled “NOT CALIBRATED” and state the approved
use.

A supervisor will check the calibration reports for correctness and completeness.
They are saved in the “Pipette Calibration Certificates” folder. This folder is located in
\\FLDEP1\DEAR\Labs\Lab5\Chemistry.

5.6. Hand-written pipette labels are not acceptable. Please refer to section 4.16 for
details.
6. CALCULATION
The volume of the dispensed water is calculated by multiplying the weighed value by a
correction factor called the “Z-factor”. The weighed value is first converted to true mass
by applying the air buoyancy factor. The mass is then converted to volume by dividing by
the density of water. For more details please refer to the reference in 7.2.
V = Z * weighed value
where V is the volume of dispensed water (uL), Z is the Z-factor (uL/mg), and
weighed value is the value displayed by the balance (mg).
The Z-factor is calculated by the following formula:
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1 Pair
7= Pconventional body " 1
= o
1——ar Pwater
Pwater

where p is density.

Accuracy (%): The software will calculate the percent difference (%D) between the
nominal volume pipetted (Ve) and the calculated volume. The result is recorded in the
“Inaccuracy [%]” column in the calibration software and the generated report.

%D = (Va - Ve ) Ve * 100

where Ve = Volume of water according to pipette setting (uL),
V3 = Average volume of dispensed water (L)
= [Vn)/n
Vn = Volume of n™" aliquot of water (uL)
n = Number of aliquots pipetted

Precision (%RSD): The precision is also calculated automatically in the software as the
standard deviation of the replicate measurements in pL divided by the mean volume in pL.
The result is recorded in the “Imprecision [%]” column in the calibration software and the
generated report.

%RSD =s/Va* 100

where s = Standard deviation
7. REFERENCES

7.1. DEP SOP CM-011, Gravimetric Analysis: Analytical Weight and Balance
Calibration

7.2.  Check&Track, Determination of the pipette volume based on the mass of the
dispensed water. Reto Héhener, 2017

Appendix of Changes
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