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STATISTICAL ANALYSIS

Interlaboratory System to Ensure and Improve the Quality of
Glassware Calibration and Use in a Large Laboratory

Laviea Frores, Crauma Sanro, and Masica Triss

Technological Laboratory of Uruguay, Ltalia Ave 6201, Monmtevideo, Uruguay

This paper describes the implementation and
methodology of an interlaboratory system that
ensures the quality of glassware calibration and
use in a large laboratory. The interlaboratory
system involves periodic comparisons between
laboratories with evaluations and improvements
made over time. Two similar items are calibrated in
each exercise according to a detailed calibration
procedure. The reference value is traceable to the
international system supplied by a metrology
laboratory. The results are evaluated as normalized
errors and analyzed by Youden graphs. The
calibration procedure is presented. An
interlaboratory experiment is described in which 7
participating laboratories performed calibrations of
2 volumetric flasks. The reported results, the
interlaboratory evaluation, and the actions taken
are presented.

pood analvtical method 15 necessary w abiain reliable

results. However, that s not enough;  additional

requirgments must be met to obtain acceplable results,
Consequently, most lahoratories have mmplemented a quality
assurance svstem, for example, by following 150 17023
autdelmes (1)

The Technological Laboratory of Uruguay is certified
according 1o 150 9001 (2). Approximately 230 tests and
calibrations are accredited by 150 17025, which has a Quality
Management System thal ensures the quality of our results
and complics with legal, technical, and formal requirements.

[SO 9001, section 7.6, and 180 170235, section 5.6, have
established the need to use calibrated equipment during a
test procedure,

Because we are deseribing a large laboratory that includes
different specialized departments, o large volume of glassware
is used. In the past, all glassware used in the laboratory was
calibrated by an internal  department  specializing  in
metrological  measurements,  the  Scientific Metrelogy
Department. To improve the management of owr laboratory
resources and the guality of our analytical results, we
implemented a policy requiring calibration of glassware by
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the personnel of the department using it. The advantages of
this policy include () assuranee that the glassware is used by
the same personnel under the same conditions as those used
for calibration, (2} glassware is readily available when
necded, and {23 the possibility of decreasing calibration costs.

One way to ensure the quality of the test process is 1o
maintain the quality of cach subprocess invalved in the fest,
When glassware is used ina test, we can assume that the st
mcludes the subprocess “use of glassware” Therefore, it is
important to use both calibrated glassware during the test and
the “use of glassware™ subprocess to ensure the quality of the
test process. We must consider that dssues detecled in
plassware calibration reflect problems in its use, meluding all
processes that involve glassware.

To evaluate the performance of glassware “usc”™ and
“ealibration”™ processes, an internal interlaboratory system
was implemented,

The main objectives of an mierlaboratory comparison are
w provide a strong ool for laboratories to ovaluate the
competency  of personnel, the calibration ol equipment,
quality control, the applicability of the method, and the
tendencies of the resulls oblained over fime

Description
Summary

The mterlaboratory system consists of periodic internal
comparisons, obtained by using a detailed  calibration
procedure hased on 150 standards, which also define how all
the involved equipment is calibrated and (raceable w the
Interoational Systen.

The interlaboratory reference value is supplied by the
Scientific Metrology  Department,  These
measurements are traceable to the Internaticnal Swvstem:
because the Quality System 13 based oo SO 17025, good
results are obtained i Sistema Interamericana de Metrologia
(SIM) intercomparisons. Mass and temperature capacities are
declared in *C in the appendix of the agreement of the
International Commattee For Weights and Measures (CIPM);
the mass and temperature calibrations are aceredited by an
International Laboratory Acereditation Cooperation ([LAC)
signatory organization,

vilume

Interiaboralory Systerm

consists of
evaluation  and

The interlaboratory
intercomparisons  with

syslem periodic
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Table 1. Results reported by participants for flask 1

Parameter 1 2 3

100 057
0013
E 0.086 =017 037

—1.30

undertaken over time. Periodic mierlaboratory exercises are
organized through an internal Chemical Metrology Proarm,
i which dafferent tvpes and capacities of glassware are
selected to evaluate calibration performance

In each interlaboratory exercise, 2 nems of the same nominal

value are selected and calibrared by the Scientilic Metrology

Department Lo assign the

ference value, These ilems are
calibrated by the participant departments in a planned round,

with a SCCLIENCE §

reed to by all participants. Calibrations are

performed, and resuls {ealibration data with the associated

uncertainty) are sent Lo the organizer, who processes the data,

evaluates the resulis, and prepares the final report,

Amecting

ikes place after each interlaboratory exerc

¢ 1o
discuss the resulls and assign the causes of tendencies and
deviations. Corrections and corrective and preventive actions
tor be implemented are discussed. Improvements i procedures

and arganizations are agreed upon for implementation.
Calitvalion of Interlaboratory Results

The reported  participant results are evaluated  as

normalieed vrror, &, and caloulated as Tollows:

where £ 15 the error value in em”, Epppy is the parlicipant
vitlug inem”, £y s the relerence value inem”, Ly 18 the

participant value uncertainty incm’, and Lep 15 the reference

. ] Apelol E {
value  wncertainty  in em’. Calibration  performance s

considered good if normalveed errors are <1,

Table 2. Results reported by participants for flask 2

Parameter 1 2 3

Yo, con 99.948 100.072 100,046
Unepr 0.021 0019 0.007

E 0013 0.013

.40 (.48

E,.
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100.054 100064 100059 100.071
0030 0.012 0057 0.018

0000 —1,025 0005 0023
0. (.89 011 D.74

Interiaboratory Final Report

Error graphs with uncertainty bars and Youden graphs are
given in the [in

eport o make the interpretation of

resulis
and the evaluation ca

. =ystematic and random deviatons
are analvzed,

An Interaboratory Exercise

The items calibrated in this interlaboratory exercise were
2 tvpe A wolumetric flasks with a nominal capacity of
100 cm”. Seven participaling departments were invalved in

this exercise. The participant-reported results, the error

resules, and the normalized errors are shown in

ex | and 2

for NMasks 1 and 2, respectively

The resulis of the participants
and the Youden graph are shown in res | and

respectively.

The analyses of the nommalued crors show good

Participant 1 shows

performance of participants 2, 4, 6, and 7

normalized errors of =1 For both Nasks, and participants 2 and 3

show normalized errors ol =1 for one of the items, The Youden

graph  shows  a preeminence  of errors for

participants 1 and 3-7, and participant 2 has a preeminence of

Sy SleTTLG

random errars, The main possible causes for svstematic errors

are “setling the meniscus,” “temperature measurements,” and

the “quality of distilled water™ used,

At the final evaluation meeting where o gla

calibration expert explained the main goals of glassware

calibration, training was implemented as a corrective action

The participants who did not have good performance in the
intercomparison study repeated the calibrations until the
results were accepred, Additional precautionary notes were

inchuded in the ealibration procedure to improve performance.

Lab Mo.
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Figure 1. Participants' results.

summary of the Calibration Procedure

ia) Scope—The calibration procedure is applicable o
glassware (volumetric pipets, flasks, and burets) with a

capacity of 0.1-2000 ¢

by Fguipment gnd materiels —Distilled o deionized
waler suttable for general laboratory purposes must be used,
All equipment must be traccable w the Imernational System
and includes a laboratory balance with sufficient capacily to

wiizh the load vessel (in the case of pipets and burets) or the

flask with an uncertainty of <1710 of the tolerance of the
classware class 1o be calibrated, as stated in the corresponding
150 standard. and a  thermometer to

temperature with an uncertainty of <0, 1°C.

measure  water

mmental conditiony.—All calibrations must be

(e Fm
carmied oul at censtant room temperature (drifl must be

1*Ch.

(dy Calibrasion method —The method 15 based on
[50 4787 (31, which can be summarized as follows

During the calibration, measure the average lemperature of
the warer, All calibrations muost be made at least i wiplicate,
harion of vo

Mask. Fill the
millimeters under the graduation lme by running wa

Far @

EPT T JRERt
terie i

Weigh the dry

Mask with water oz cistance of a few

fer down

the neck above the graduation

line and set the volume. Weizh the flask a

the vessel wall of the neck, D

n. (21 For

calibration af
pipet inoa wvert

rark; dry the end of the pipet, set the volume, and deliver the

ety andd brels —Weigh a vessel, Clamp the

cal position, and fill it above the graduation

waler m the vessel Woigh the vessel agaim.

(e |I |:.-'.'I|'|'.'-|'L' o "-n"

fation,—Use the following equation:
Vo ={M,-M }” * 1

where Fap is the volume at the reference lemperature of 2090
inem’, ¢ is the average calibration temperature of the water in
“C, M,
the water density in g/cm, p, is the density of the air in giem’

(we assume normal local conditions, e, 00012 g% with a

M 15 the conventional mass of water at fing, p,, i3

tolerance of 0.0000 efem’), py is the conventional weizht
density in giem’, and + is the volumetne thermal expansion

coetticient of the plass in °C

Conformity with the twlerance of the glasswure class
comparing  the results  with  the
requirement established in 150 648 (41, 150 385 (5, and
[SC) 1042 (6] standards.

(f1 Eineer
Bused on the G
M

MCCCs:

= evaluated by

s estimai

in—Estimation of uncertainty is

et the Famression of Uneer

eanent (7). To estimate the total uncertamty, it may be

to identify the major sources of uncertainty and
cviluate the contribution of cach source. The relevant sources

ol uncertamty are shown m Figure 3.

Each uncertainty component associated with each potential

source 15 quantilicd as lollows:

Lincertainty {10
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Figure 2. Youden graph of participants’ results for
flasks 1 and 2.

Lincertamly {pa:

B [ A
aitee distag

Combaned uncerlainty s caleulated as follows:

where s the standard uncertainty ol the subsceripted source

and ¢ 1= the sensitivity coefficient of the subseripred source

quantified as follows:

CURCENTQIY - Seidice -1

Finally, expanded uncertainty is quantified as follows:

crelated 1o the uncerta
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Figure 3. Cause-effect diagram showing the major
sources of uncertainty.

where Ly

o 18 the Student’s distribution an the 95.45%;

confidence interval and V. is the degree of freedom

calculated as Tollows:

Expected Results

Results expected as a consequence of this interlaboratary
syslem over Hme are shown belows

Intermational

suFemen 0 whiliy:

System

traceability of volumetric measurements assigned through the

Metrology Department,

by Procedure  fmprovement.lmprovement of  the

calibration procedure in a svoergic way as g result of

personnel leedback shared in discussions that take place afier
each exercise.

s achieved

(&) Levwer wnceriaf Lower uncertaint

crver limie as a result of improvements in the procedure and
analyst compelence.

1y Cnified elassware s Irnplementation of a umfied

glagsware hist where all departments can find information

¢ and accuracy of each glassware item

allowing the use of alternative glassware when required.
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