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Introduction

Functional abilities and automatics of contemppratectronic balances create a wrong
impression that they offer guaranteed measuremitisoon. Such attitude does not take into
account incorrect measurement risk, if interferfagtors occur during weighing process. The
volume of unintentional changes can be noticeg anlcase of analytical and semi-microbalances,
microbalances and ultra- microbalance. A practicat results from it: even if such changes take
place, they are not registered by precision baBrc®o low sensitivity of an instrument. It means
that operating conditions of such balances do mweho be as strict as, for example, in case of

microbalances.

It can be stated that there are no two homogeweighing processes, there are various models
of balances in use, dynamics of ambient conditichanges is different, and different samples are
weighed. As for balances, they have different lewvafl stability of their parameters. Therefore,
balance parameters should be controlled in o@@ssure high quality and at the same time low

risk level of the analysis.



2. Measurement errors

In practice, there are no ideal measurementd) ssasurement is afflicted by an error.
Irrespective of chosen method, measured volumk vaae can never be defined absolutely
precisely- because of instruments and methods pegi@n. The difference between a
measurement result and measured volume real valoennmonly calleda measurement error
Errors are divided into:

= gross (mistakes),

= systematic,

= random

2.1. Gross error

Gross error in most cases occurs because opearatattention or in result of sudden change of
measuring conditions (e.g. shocks, breeze of Air)nstance of a gross error is presented on below
collection of data:

1. 45,5010
2. 45,5009
3. 45,5012
4. 45,5080~ gross error / noticeable change of + 70 units /
5. 45,5012

Gross error should not be taken into account seréees of measurements. In most cases it is
removed, and the selected measurement is recogasz@dorrect. The gross error occurrence cause

and corrective activities should be analyzed itnieate this error in future measuring processes.

2.2. Systematic error

Measurement error component, that remains stablehanges in predictable way during
measurement repetition
International Vocabulary of Terms in Legal Metrojog 2.17 (3.14)
and result of devices and measuring methods imgtesfe Systematic errors should be considered
if corrections (adjustments) are introduced to mgag result. A correction is a compensation of

estimated systematic result. It can have a foreoafection, multiplier or a value from a table.

International Vocabulary of Terms in Legaltk&éogy — 2.53 (3.15)



With reference to balances, a correction can haferm of constant movement of zero, for
instance, if a balance does not display exact aitev removing a load from its weighing pan, but it
ALWAYS stops on e.g. 0,0012g. In such case, meaguwesult should be corrected according to
below instance:

—-reference mass:100g

—-reference mass error: + 0,2mg

—measuring result: 99,9996¢g

—actual value: 99,9996g — 0,2mg = 99,9994¢

—actual value corrected by systematic error: 99,§990,0012g = 99,9982¢g

In practice, balances that are not characterizgdideal return to zero, can be used
successfully. However, such balance should hav#estnd repeatable characteristics with regard
to corrective parameter

2.3. Random error

Random error is a measurement error componenthwitianges in unpredictable way during
repeatable measurements. Random measurement srrequial to: measurement error minus
systematic measurement error.

International Vocabulary of Terms in Legal Metroyo@.19 ( 3.13)
Random error results from various incidental festqlike for instance: temperature

oscillations, air movements in close distance fittid measuring instrument). If measuring results
of the same quantity are not repeatable, tharncéused by random error occurrence.

= % o
o e eo°® ~

Fig 1. An instance abalance indications dispersion

2.4. Balance accuracy and precision

Evaluation of balances refers to terms and dedimst like accuracy, precision and trueness.

Proper utilization of these terms is required faoger control of balances.

Definition: accuracy
= closeness of agreement between a measured quaaltigyand a true quantity value of a
measurand. VIM *
= difference between measurements average valudhanddl value according to USP**
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Definition: precision
= closeness of agreement between indications or mezhguantity values obtained by

replicate measurements on the same or similar shjealer specified conditions. VIM
Definition: trueness

= closeness of agreement between the average ofiameimumber of replicate measured

guantity values and a reference quantity valueraoog to VIM 2010

Below figures represent graphic interpretatiomalodve definitions.

O

imprecisely, accurately imprecisely, inaccurately
(values are wide-spread) (values are wide-spread)

precise, inaccurately precise, accurately
(good balance repeatability) (good balance repeatability)
Fig 4 Balance accuracy and precision

(*) VIM — International Vocabulary of Terms in Legal Metrgy
(**) USP — United States Pharmacopeia



3. Mass measurement in pharmaceutical industry

Manufacturing process of medicines has been alhésstonnected with smaller or bigger risk
of error occurrence. In this case, the risk refersmtroducing to market a medicine that is harmful
for a patient. In order to avoid such situationresal attention has been paid for years to quality
control process and its extension. However, it dad caused error elimination. Recently, the
manufacturers opt for a concept of high quality imieés obtained through its desigQufality by
Desigr, and not control process of ready product. WhklescribingQuality, it should not be
evaluated by product test, but is should baplemented into the product or guaranteed by
project design.

During most processes intended for formula elabaya mass measurement should be
performed. The weighing quality significantly inflaces the quality of final result. Therefore
acceptance criteria are defined by pharmaceutmalpanies and recommendations for weighing
process are presented by American Pharmacopoeaigh fcommendations are not contained in
European Pharmacopoeia and that is why the congpdh& are not subordinate to American

requirements, use their own balance estimatiopraait

(*) Pharmacopoeia, pharmacy code — the official list of medicines in a given coynbr in the
market, and fortified by the same regulations inggnof substances for the manual preparation of
some of the drugs in the pharmacy (prescriptiongdju In Poland, official pharmacopoeia is
Polish Pharmacopoeia, issued by Drugs, Medical sl and Bio-killers Register Office. At
present, Polish Pharmacopoeia VIl is valid, edited?008,which is European Pharmacopoeia 6.0
translated to Polish.

3.1. Balances used for pharmacy

Pharmacy is a well-developed industrial branchicwhutilized broad range of balances. For
the purpose of warehouse management, four loagcalies are used. Such scales are also used for
distribution of big loads into smaller ones.

Production stage utilizes single load cell scgbescision and analytical balances. Laboratorystest
are based on analytical balances, semi-microbasasuog microbalances (ultra-microbalances). The

names to above mentioned balances are given angdalbelow relations.



Balance name Resolution Quantity of decimal digits
Ultra-microbalances 0,1ug 0,0000001
Microbalances 1ug 0,000001
Semi-microbalances 0,01mg 0,00001
Analytical balances 0,1mg 0,0001
Precision balances 1g + 1mg 1g + 1mg

Chart 1.Names of balances with regard to their haon

3.2. Requirements according to quality, control andalance examination

General rules on control and checking procedureg@ntent of Health Ministry Regulation of
1! October 2000 on requirements for Good ManufacturPractice. Attachment: detailed

requirements of good manufacturing practice.

Section 1, Chapter 3: Weighing rooms and instrument
Point. 3.41. Instruments designed for measurireggginng, weighing records and control should
be calibrated and checked with application of dpeenethods in specific time

intervals. Specific documents on these activitfesud be stored.

Section 2, Chapter 5: Process instruments
Point. 5.3 Calibration
5.30 Instruments designed for calibration, weighmgnitoring, testing , that are critical
for semi-finished products and pharmaceutical actsubstances, should be

calibrated according to written procedures andsleédules.

5.31 Calibration of instruments should be perfatméth application of standard masses

that have reference to certified standard masksisch exist.

5.32 Keep records from performed calibration psses.

5.33 Current calibration status of critical equershould be determined and accessible

for checking.



5.34 Instrument which are not compatible with datalibration criteria should not be

utilized.

5.35 Any deviation from approved calibration stamt$, which refers to critical
instruments should be evaluated for their influenoesemi-finished products and
pharmaceutical active substances that have beenfatimred with use of these

instruments since their last correct calibrationcess.

Above recommendations make obligations for contnadr the instruments, but they do not
specify any acceptance criteria or cautionary Bmit can be assumed, that a pharmaceutical
company should manufacture products according galagon specified in attachment “Detailed

Requirements on Good Manufacturing Practice”, wisitgttes that:

,,» Manufacturer of medical products is required to westhat medical products manufactured
by it are suitable for their intended purpose, meet the requirements of authorization to market
and do not expose patients to risks from inadequate application of safety, poor quabt too

low efficiency.

In order to reliably achieve the objective of quality, there has to bearefully designed and
properly implemented Quality Management SystenGimod Manufacturing Practice, Quality
Control andQuality Risk Management.”

Apart from definitions mentioned in the above rdagon, there is also regulatideN ISO/IEC
17025 which defines criteria for control of weighimstruments: “General requirements on testing

and calibration laboratories” point. 5.6.:

“All equipment used for measuring research . . . which has significant effect on accuracy . .
. should be CALIBRATED before putting it into .uShe laboratory should have specific
PROGRAM and PROCEDURE for calibration of its equamnt.”

Similar record can be found in EN ISO 9001:200&1algy management System” point 7.6.:



... Where it is necessary to ensure reliable ltssumeasuring equipment should be:

a) calibrated or checked at specified intervalspoior to use in relation to standard

units which are linked to international or naterstandard units...”

In case of companies which operate according tdPb&macopeia standards, than applicable
documentation is specified in 21 CFR 211 US GMPdérugs § 211.68:

,,» Automatic, mechanical and electronic equipment Should be routinely calibrated,

monitored and reviewed in accordance with storeagpam to ensure the required action.”

And document 21 CFR 211 US GMP Guide Drugs § 211t.16

“Calibration of equipment . . . according to vali@nhd established program that contains
detailed instructions, schedules, limits for acayand precision. . . Equipment, apparatus

and recording equipment with no particular speafion may not be used”.

According to above documents it is clearly stdteat there is a need to monitor and check the
measuring devices ,measuring instruments” in arbtedescribed and repeatable way which
ensures adequate quality. Due to open charactsristithe documentation, it is an open issue on

which criteria should be accepted for checking pdoces.

3.3. Verify or calibrate?

At the beginning, it should be stated here, thatoeding to requirements in Directive
90/384/EEC there are two kinds of weighing instratae

a)

1. Mass in commercial transactions

2. Mass for calculation of toll, tariff, tax, bonusgmalty, remuneration, indemnity or similar
type of payment;

3. Mass for the application of laws and regulationxgegt opinion given in court proceedings;

4. Mass in medical practice for weighing patients fibve purpose of
monitoring, diagnosis or treatment;

5. Mass for making up medicines on prescription inrpfacies and determination of mass in

analysiscarried out in medical and pharmaceutical laboratoies

-10 -



6. Determination of price based on weight for the pggs of direct sales to the public and the

prepackaging;

b) All other uses not mentioned in point a

Weighing instruments described in point a) argexitio legal metrological control. For them,
process of conformity evaluation with basic reqguiemts of 90/384/EEC directive is carried out.
The effect of positive outcome of this procesdicksig a ‘green M’ label to weighing instrument.

All above requirements oblige all users of weighinstruments in pharmaceutical industry to
use weighing instruments with declaration of comfity, i.e. those which were positively assessed
for requirements of Directive 90/384/EEC. Thisisequirement deriving from legal area, which is
a national supervision over instruments used féegrdgnation of mass.

From the other point of view, Quality Managemepst®ms and GLP, GMP, FDA guidelines
require performance of calibration procedures fetednination of actual error of a weighing

instrument, see point 3.2.

(*) FDA, Food and Drug Administration — Agency dealing with Food and Drugs, American
governmental agency established in 1906 . Itpsud of health and social service department and
it is responsible for food control (for people amtimals), diet supplements, drugs (for people and
veterinary), cosmetics, medical devices and thasétieg radiation (including non-medical

ones),biological materials and products.

Summary:

Pharmaceutical industry should use weighing insémis that are accepted by national supervision,
i.e. legal area, despite of possible errors of suelghing instruments (errors in use may be two
times bigger than errors determined in conformigldration process). In practice, however, it is
known that pharmacy requires precise weighing m®eg which require weighing instrument with
errors much smaller than those resulting from n®MEN 45501. This problem is particularly

visible in case of semi-microbalances, microbalararel ultra-microbalances.

3.4. Balance estimation criteria

For estimation of balance parameters while th@eration, most metrological supervision

departments adopt their own criteria. They refuin evaluation of complete manufacturing

-11 -



process, substance control and consideration aofigime with which sample mass is to be
determined. It is the first approach that requgesed knowledge of production, control process and
quality.

Another approach can be focusing on regulationscipd in norm PN-EN 45501
"Metrological matters in non-automatic weighing tnusnents”. The standard defines volume of
maximal permissible errors (MPE) that may occurairbalance. It should be mentioned that
operating errors are double as big as those seddifithe standard. The errors division is presente

in the table below.

Maximal Load m expressem in verifying units

Permissible

Error (MPE) - ao amo am
+0,5e 0=m=50000 0=m=5000 D=m=500 D=m=50
t1e 50 000 = m =200 000 5000 =m =20 000 500<m=2000 50 = m =200
t1,5e 200000 =m 20 000 = m =100 000 2000 =m=<=10000 |200-m <1000

Chart 2.Maximal permissible errors while conformstyaluation process performed according to
basic requirements of directive 90/384/EEC andm&N-EN 45501
In practice, it is not practical to base only be standards in balance evaluation — balance can

indicate too significant error and it is still tted as well-functioning. It is possible to accepiren
strict criteria for balance operation in one’s ogwaluation system. Such assumption is obligatory
during balance control procedure in RADWAG Contb@partment — it has been assumed that a
balance is working correctly if its errors duringntrol are lower thafs of maximal permissible
error defined in PN-EN 45501.

1
| <—Mpe
TESTS 3 p

‘ Error [e]

15
EN 45501
1
05 | i
1
S S RADWAG
__________ 650 000e 200 000e D
""5000e 20000 100000 D
1 T T »
,,,,,,,,,, 500e 2 000e 10 000e Q1D
- : Load [m]
! 50e 200e 1000
““““““ b
-0,5 e
-1
15

Fig 2. Graphic interpretation of MPE according ttNFEN 45501
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Instances of balance estimation process accotdistandard requirements are presented
in tables below. The first one contains MPE foralbake PS 510/C/2.

Basic balance characteristics:

Precision class Il

- Max 510¢g

- Min 20mg

-d 1mg

- e 10 mg
Load m Capacity MPE MPE Real indication

error

[verifying unit] (0] B’rﬁ[]'fymg [ reading unit] [reading unit]
0e<m<5000e 0-50¢g +0,5e +5mg +10 mg
5000e<nk20000e | 50-200g| =*1le +10 mg +20 mg
20 000e < nx51000e| 200-510g =+*15e +15mg +30 mg

Chart 3. MPE according to norm PN-EN 45501 for leda model PS 510/C/2

The second table contains balance-sheet for nataobe MYA 5. Basic balance

characteristics:

precision class I

- Max 59

- Min 1mg

-d 1ug

-e 1 mg
Load m Capacity MPE MPE Real indication

error

[verifying unit] [0] B’rﬁ[]'fymg [reading unit] [reading unit]
Oe<m<5000e 0-5g +05e + 500 mg +3ug

Chart 4.MPE according to norm PN-EN 45501 faicrobalance MYA 5

If one’s criteria are based on acceptance crig@rding to standard PN-EN 45501 it should
be taken into account that M are twice increasduhlance operation. In case of microbalances and
ultra-microbalances, so-called verification is gquiproblematic because of drastic difference
between permissible errors accepted by the starsardeal errors of balances.

-13 -



Obviously, as for the range of examination methogy, the standard provides clear

instructions that can be commonly used or correggetb individual needs.

The third attitude for evaluation of balances @mected with requirements of American
Pharmacopoeia. This approach defines what precssiggance should have in order to be put into
operation:

If it is not specified . . ., a substance is cotieweighed (taking random and
systematic error into account), if device measurgruecertainty does not exceed
0,1% of readout.

USP, General Chapter 41 ,,Weights and Balances”

Measurement uncertainty is satisfactory if 3-tirm@sdard deviation from series of at
least10 repetitions divided by series average vdies not exceed 0,001

USP, General Chapter 41 ,,Weights and Balances”

Such approach is used by American market prodaetufacturers, that are a part of global

concerns which are subordinated to periodical ctstyy FDA.

The fourth approach is directed to Risk Analysisaccordance to document EMEA* ICH
Q9** “Quality Risk Management”. The document isgdgneral nature and shows how to manage
risk. Obviously, it is necessary to adapt the aggions to balances. How should risk be defined?,
How to reduce it? How to manage it? It requiresriled. Risk area will depend on the weighing

procedures that are performed.

*EMEA — European Drugs Agency, EU agency for weddporoducts estimation and supervision
coordination.

*|CH Q9 — Guide elaborated by a group of expeds pharmaceutical industry

Irrespective of adapted balance estimation catdallowing 4 parameters should be subject to

examination:

repeatability
linearity error
centricity
sensitivity change

-14 -



4. Quality Risk Managing in reference to mass measements

Risk management procedures are used in varioas &rem finance and insurance to health
protection. The idea is so universal that it canifteoduced to various fields. Generally, risk is

described as probability of damage and its resaitsirring.

At pharmacy, risk is connected with medicine mantiring and the medical product use. In
case of balances, it is the risk of incorrect weighperforming , which significantly influences the
quality of manufactured medicine. In order to avdidknowledge of used weighing devices

measurement possibilities should be obtained, obhedr and used in practice.

Basic mistake made by most users is the beligfttiey can buy a balance with elementary
unit 0,1mg for process that should be performedh wiecision 0,1mg. Balance elementary unit [d]

is something completely different from balance mieo*.

(*) measuring instrument precision — measuringrursent ability to give indications close to true
value.

International Dictionary of Basic and General Mdtgical Terms
point 5.18
In order to estimate balance precision, its regimhtly ,eccentricity, non-linearity and
sensitivity change should be estimated. After tgkimese factors into account, measured value is

close to the real value.

Using the attitude connected with risk analysissaio:

= obtaining a high quality product
= money saving and expenses cut

= obtaining conformity with legal requirements theg aurrently valid.

Main problem that some users face is the problémmansmitting risk analysis and manage
matters to their own balance analysis. In such,dhsee questions connected with risk analysis are

helpful:

-15 -



ICH Q9 Balance

1. What can go wrong? 1. Which balance parameters is decisive?

2. What is probability of failure? 2. Is the parameter constantly stable or it
shows drifters?
3. What can be the consequences?
3. What does it mean for my balance
analysis?

Introduction of risk management process in quality

: Inspection of risk G

* management process
[ ]

<pooig> List of events

:- Riskassessment O ---------------- .
Risk identification
w 1l S
£ oo —{— ;
3 . Risk analysis <
= : y: 5
E‘ : Risk assessment : ©»
' ‘m 1 o
> euspbugb ol by o :::.@:.'; e el g =
e | Risk control ! =
£ : ' E
ks ' Risk reduction : S
w
= I : A |<.‘:'_ S
o : Risk acceptance : =
o= _
ks S S ﬁ —————————— ' 2
-|c—dl ﬂ:
o i
S <aoon 1];> Process data — process results
e ]
=
o
o

Typical process of Quality Risk Management
Using the above operating scheme for a balangejres performing of RISK ESTIMATION
as the first step. The process consists of:
— Risk ldentification - Define your own balance analysis

o What are you weighing?

o What is the expected analysis precision?
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o How big is the sample?
o What weighing containers do you use?
o What are the external conditions of analysis raéln?

— Risk Analysis
o Should catalogue data be estimated?
o Should measurement data be estimated?
- Risk Estimation
o Estimate mass measurement error influence on praoghadity

Then the most important stage of risk managembatld be performed, which helps in
decrease it. Balances risk reduction is finding aarswer to the question: how to reduce

measurement error:

- Risk Reduction — how to reduce weighing errors?

suitable balance choice
using balance self-adjustment
weighing techniques internal training

using standard operational procedures ,,SOP"?

o O O O o

using authorized service — service reviews

— Risk Acceptance - is balance precision sufficient?
o Estimate weighing errors influence on the wholecpss risk

Next stage of risk management process is peridrpnecess data monitoring. At this stage
balance precision is estimated with regard to regquents and effectiveness of carried out
operations. Risk Management Process Review istaraysrocedure. It aims at receiving new ideas

and using them in order to reduce risk.
When using risk management in reference to batnteshould be remembered that legal

requirements have to be observed. Risk managemeleisigned as a process that supports making

decisions based on scientific knowledge and practic
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5. Balances Risk Analysis — practical matters

Balances risk is not only searching for incormaeiasurements cause but also ignoring the fact
that measurement is afflicted by an error. Suchlysis result can show that used balance is
properly operating or it shows some deviations. WNéethe deviations are significant or not,
depends on at what range the balance is used. forefellowing balance parameters should be
controlled:

» sensitivity

* non-linearity
= eccentricity
= repeatability

An ideal solution is a balance having a real ddpane describing indication in loading
function.

Load = Indication

A Indication

200g

T —
200g Load

Fig. 3. Relationship:indication- load for ideal balance

Obviously it is only a theoretical solution, besauhere are no ideal measurements or devices.

5.1. Resolution and precision

Balance resolution derives from its electronicliabs. Practically, it is possible to design a
balance with many decimal places, but its precissostill not unequivocal. Therefore, balance
precision cannot be estimated only on basis afegslution. Other characteristic parameters must
be estimated.
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‘ Indication - Load Indication Indication
: 200 200 200

= //’ z 200,0 200,0

= P — = 200,02 200,02

- ) = 200,024 200,024
= 200,0241 200,0241

200! 200,02418 200,02418

e | \

WY TN TN TN

Q.(..

_(!\:

200g Load
Electronic balance resolving power

5.2. Electronic balances sensitivity change

Definition
It is a quotient of measuring device increment oese {AR) and increase of input signal increment
relating to it signal4m).

AR

SE=—
Am

International Dictionary of Basic and General Métrgical Terms point 5.10

A Indication
1 SE>1

AR

<k||\\IIHIIIH[IHIIIHI] LI

Am Load

Balance sensitivity change

A
|

The scheme estimation shows that sensitivity chauest is justified only for heavy loads and
the error is proportional to sample mass. A prat@spect results from it:
,,Sensitivity changes do not influence small saswieighing”

Example of sensitivity change calculation for bakoef 200g Max capacity
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a) Am = 200; ARp = 205; SE=—=—+=1025

b) Am = 200; ARnp = 200;

Example a) shows sensitivity change, example bhigleal weight.

The easiest method to introduce the test is StdnQaerational Procedure, which describes
what should be done and how to do it. As each phaeg it should be short and unequivocal. Such

procedure example:

5.2.1. Standard procedure of sensitivity changesge

Balance should be thermally stabiliyed
Note down standard nominal massygy — the mass should be close to Max

Zero balance indication and note down the resultngs

w0 NP

Place standard of nominal mass centrally on timegpa note down the indication asym

Calculation:

1. Indication correction by zero change: that is A p1- mz_
2. Sensitivity change calculation:
substract nominal mass value, that is SE = Ayofn from obtained result

3. Check if obtained value is contained in your acaepe field.

Procedure note:

1. Procedure should contain all information needed pg®rsonnel , for its proper
application

2. Warning limits for registered sensitivity changé®wsld be fixed, that is, it should
be defined what is permissible and what is not

3. Decision track should be defined clearly if limat® exceeded.
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5.3. Balance non-linearity test

Definition

It is a deviation of balance real curve from gfhailine joining two points A:B — ideal weight. Non
linearity parameter is not defined by publicatiamncerning weighing matters, therefore, various

definitions can be used.

In practice, there are no ideal balances, sabalaharacteristics is never a straight line. Non-

linearity can be tested with use of one of the meihods:

5.3.1. Differential non-linearity test
It should be checked, what deviation from ideatveuof the tested point is. Ideal weight

straight line equation ought to be defined, anchthtbe equation of the real course. Maximal
difference between the values is at the same tatenbe maximal non-linearity.

‘ Indication

200g

actual

I
m1 200g Load
Balance non-linearity characteristics

Equation of ideal balance characteristics — sttdigh equation

=R|_Rz _ R
R m_mzﬂﬂm m)+R,

where: R — balance ideal characteristics equation

R — Max loading indication
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R, — zero indication
m — Max nominal loading
ny — zero loading

m — indirect nominal loading
Roont =R-R =R- %QR _Rz)"'Rz}

where: Ront— examined point non-linearity deviation

Calculation example

Balance non-linearity for loading 70g is testedewhMax loading is equal to 2209

Input data:

nominal load m=0
Max nominal loading m= 220,0002g
Indirect nominal loading m = 70,0005g

Zero indication R = 0,00009g
Max loading indication R= 220,0012g
Indirect loading indication R = 70,0008g

‘ Indication

deviation

o AR INRRT YRNNY KRRRT INRRE AANRY INRATE
>

m 1 Load

Fig. 4. Non-linearity deviation in a point

_ _ (70,0005~ 0)
=R-R_=700008-| - [{2200012-0) +0
o R {22(10002—0Eﬂ o )

R, =18183801610"° = 0,000018= 0,00002

-22 -



Non-linearity of point 70g is equal #©0,00002g. Practically, mass result in point 70 ba
contained in range 70,006670,0010

Advantage of this testing method is possibility define non-linearity at any point.
Disadvantage of this method is necessity to haveraéstandards and complicated mathematical

calculations.

5.3.2. Balance non-linearity test with the use oéte

The method is designed for checking whole balaneasuring range with the same standard in
accordance to fixed interval. It is assumed thatle&l weight, all following measurements should
indicate the same value. Such case is presentibe idrawing below. The advantage of the method

is use of the same standard, that can in fact bangfprecision class. In the test, is to define:

= Each measurement deviation from expected valuejglséandard nominal mass, (if
standard mass is equal to 50,0002 g, the samé sesuild be indicated at the whole

test range)

= Whether each following measurement is similarahsiard mass is not known. In this
case, it cannot be defined, how precise* the balacThen a stable, indefinite eréor

occurs, which is a standard error. Such case gepted with red measuring points.

indication ‘
200 —50,0002 =
2 -
g, =
2§ 180g 500002 =
55 =
23 1009 500002 =
£8 =
2t =
5° 50g —500002 +=
@ o :
Og == v v v v
. -
0g 50g 100g 1509  tare

Fig.5 Non-linearity test in whole weighing rangeadbalance

(*) measuring instrument precision — measuringruraent feature of giving response

close to the real value.

International Dictionary of Basic and General Mdwgical Terms point 5.18
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While the test, an interval should be fixed witthieh the balance will be tested. It is
recommended to use compact control mass in foremgfe mass standard. Obviously, the method
can be used for testing the whole balance measuiteiaege or just its sector. In such case, ballast
of suitable mass should be used, e.g. 100g. Afidication has been tarred, it is possible to test
balance linearity with interval, e.g. 20g. The tegt then contain the range from 100g to 200g with
the assumption that balance is used just at thigetaSuch solution is presented in drawing number
13

indication ‘
2209 20,0001
2 19,9998 —
S, 199999 — :
°® W 200000 = b |
©F F 200003 = T
55 20,0001 = AR
§2 l00g. 200001 = a T S U N
£g = T
SE = P : P E
£33 = I
k=2 - H i : : : :
g = / | +20g +20g +20g +20g +20g
0g ';sz v vV V. v v v V¥V -
100g => 2009  fere

Fig. 6. Non-linearity test in top weighing range of a batan

This way of characteristics examination is usedQmality Control Department in reference to

microbalances and ultra-microbalances.

5.3.3. SOP example for balance non-linearity test

1. Balance should be thermally stabilized

2. Prepare ballast weights set. Their quantity dep@emdsieasurement points number. Ballast
weight value is: Max / measurement points number

3. Note down standard nominal massyswu]

4. Remove load from pan and zero the indication. Mot&n the result = B

5. Place standard and note down the resujt = |

6. Remove standard and place the first ballast welgpite down the indication as,B

7. Add standard to ballast weight and note down irt@hoa note down =;lafter stabilization

8. Remove standard and add second ballast weight.ddota the indication as3:B

9. Add standard to ballast weights and note down attha = kafter stabilization.

10. Repeat the procedure till obtaining loading clmséviax.
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11.Calculate balance indication [J\¢orrected by zero drifter for following measuremts | —
Bi
12. Substract standard mass nominal value from oddaimdication [W. The obtained result

is a linearity deviation for each measurement point

NL =W - mnowm

13.Maximal difference is maximal error of balance anigy.

An instance of checking non+linearitz of a balanmel ASY 220/C/2 with set interval every 50g
m nom = 509 -0,002mg = 49,999996¢g

T=0g B = 0,00009g #50,0001 W = 50,0001 - 49,999996 = 0,000104
T=50¢g B = 0,0000g 50,0001 VW =50,0001 - 49,999996 = 0,000104
T=1009g B = 0,00009 3=50,0000 W = 50,0000 - 49,999996 = 0,000004
T= 1509 B = 0,00009g 4=50,0001 W =50,0001 -49,999996 = 0,000104

5.3.4. Summary
Evaluation of non-linearity of a balance can lmneal by means of two methods. As

practice shows, method with application of tareasmmonly used. Its advantages are speed, direct
reading and simplicity. Additionally, it requiresilg a single mass standard in a specified class
for determination of accuracy. Mass for tares dbhave to be precise.

5.4. Balance eccentricity test

Definition: eccentricity error

It is an indication deviation in which a load schted in central point of a weighing pan. In

practice, a difference is defined between indicatdhen mass standard is put at central point of
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weighing pan and indication when the same masglatdnis located at another place on the

weighing pan.

The location for mass standard on the weighing ipagiefined by norm PN-EN 450501 in

point 3.6.2 and A.4.7.,,Eccentric loading teskdeasurement place is presented in drawing below.

Fig. 7. Balance eccentricity test

Balance eccentricity test is motivated only inecaé heavy loads. For low mass, the parameter

is non-measurable (repeatability influence is dant).

Example of centricity error differential calcula

Formula: E = Riy — Ry, with:  E — centricity differential error
R — following point indication
Rqa)—central location indication

R 1= 70,0003
R = 70,0002 Ez) = 70,0002 — 70,0003 = - 0,0001
R (3= 70,0006 Rs) = 70,0006 — 70,0003 = 0,0003
R 4= 70,0007 R4y = 70,0007 — 70,0003 = 0,0004
R 5= 70,0002 Rs) = 70,0002 — 70,0003 = - 0,0001

In this case, maximal differential eccentricityogris equal to 0,0004g (0,4mgq)

5.4.1. SOP example for balance centricity examinain

1. Balance should be thermally stabilized

2. Place standard centrally on the pan and note dbe/nesult = Ry

3. Place standard at points 2,3,4,5 and note dowrethdts = Ry) . . R
Calculation:

4. Substract value R,from following results Ry). . Rs)

5. Maximal deviation of calculated differences is nmaal differential centricity error.

Caution:
Standard mass (1) can be tarred and then devidtmm zero state can be defined.
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5.4.2. Centricity errors leveling

All errors resulting from eccentric load placing balance weighing pan can be successfully
eliminated by special holders intended for certesa.

I
11

/‘\;1 3_‘r

78

80

>Z<<j —®

Y Y
x
$66
048
Yy Yy

Intended use: Glass and plastic test- Intended use: Glass and plastic test-tubes
tubes, filters, thimbles etc. 28mm, g10mm and g12 mm

5 u

82

7'y
v

93

95

52

Intended use: measuring bulbs with
ball-shaped bottom 50ml, 100ml and
250 ml

Intended use: measuring bulbs with flat
bottom 50ml, 100 mi
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5.5. Balance repeatability test
Definition

Measuring instrument feature according to whichintications are close one to another in case of
repeated measurement of the same measured voluime same conditions

International Dictionary of Basic and General Meiwgical Terms point 5.27

The conditions contain:
- the same procedure
- the same observer
- the same measuring instrument
- identical ambient conditions
- the same test place

- repeatability in quite short time period

Repeatability can be expressed as maximal demidigiween measurements or in terms of
guantity as standard deviation from a series. ifgshe parameter as maximal deviation between

series measurements is compatible with PN-EN 45&8tlis:

P=|MAX_IMIN < Mpe

where: lyax— maximal indication
I vin — minimal indication
Mpe — maximal permissible error

10,0010 [ wmompeenrepancs R S A

10,0009 = — 10,0001
10,0008 | 10,0003
10,0007 10,0009
10,0006 |- = 10,0005
10,0005 i 10,0002
10,0004 > 10,0009
10,0003 10,0004
10,0002 ;10,0005
10,0001 - RS 10,0002
10,0000 10,0001

9,9999

1 2 3 4 5 6 7 8 9 10 11
Fig. 8. Balance repeatability
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Repeatability for a series of measurement is ptegein drawing 16, according to following
dependence, is equal to:

P =10,0009-10,0001~ 0,0008

Repeatability for the same series of measuremaarsbe presented in terms of quantity as
standard deviation. It is defined in accordancé fatlowing dependence:

Measurement series
1.10,0001
2.10,0003
3.10,0009
4.10,0005
5.10,0002

6.10,0009
with: s — standard deviation 7.10,0004

% — next measurement 8.10,0005

X— measurement series arithmetic average 9.10,0002
10.10,0001

= Average value determines the middle of data. Fisr treasurement seriex= 10,0004

= Standard deviation informs about individual datarage distance to average value, s =
0,00029= 0,0003

= Subtracting and adding standard deviation to aeerajue, a range is obtained in which

measurement value can be contained with some pititypab

1 expected value

Measurement i
uncertainty is kept
\ i within limit

1 | i ] ] l 1
3sd-— 2sd-— 1sd <— X —=1sd —= 2sd —=3sd
random variable x

Fig 9. Gauss’ random variable scheme
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When an x volume is measured (random variabfgatedly and measurement result indicate

statistic dispersion, the dispersion is best described by Gauss’ functio

If there is no statistic dispersion in measureinsenes, that is x=1% x,= X3 . . . then, balance

reading unit is the main uncertainty source anlbfahg dependence is used:

N
E‘Q—
w

Repeatability in practice

= Individual measurement deviation from average vatlees not exceed standard
deviation, that is ~ 0,0003g with probability 68,5%.

» Individual measurement deviation does not excessbtbtandard deviations, that is ~

0,0009g with probability higher th&®,7%, so very close to certainty.

5.5.1. Standard procedure for repeatability calculéon

The procedure aim is to create repeatable perfarenarethodology during repeatability parameter

defining. Procedure example

Balance should be thermally stabilized

Remove load from weighing pan and zero the indicati
Note down measurement result of empty pam 2.1
Place standard and note down measurement resum
Remove standard and note down empty pan resitz.,)

Place standard and note down measurement regylt R

N o o & wDd P

Repeat points 5 — 6 till the series is finished

Calculation:
8. Substract values R.1) . . Rzs) from following results Ryy. . R

9. On the basis of obtained results, define maximiémince Max — Min or define standard

deviation.
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Calculation example:

= Analytical balance XAY 220;

= Max 220g;
= d=0,1Img
No. Tare value Measurement | Difference
result
R (zi) R Ri) — Rz
1. 0,0000 200,0001 200,0001
2. 0,0001 200,0001 200,0000
3. 0,0001 200,0003 200,0002
4. 0,0000 200,0001 200,0001
5. -0,0002 199,9999 200,0001
Max — Min 0,0002
s= 0,00007

Chart 5. Balance repeatability expressed by staddbeviation

5.5.2. Repeatability in practice

Defining repeatability with mass standards isoemf an approximation, as the parameter
depends on:
= balance model
= balance configuration (filters, stability setting)
= applied gross mass
= correct weighing skill
= external factors: breeze of air, temperature change
= weighing methods

= used peripheral equipment: size, material, shape

Taking the above into account, repeatability sticag defined at its operating location of a

balance, with use of a sample and other objectsexiad with weighing process.

5.6. How often should balance parameters be tested?

Intervals defining balance testing should taked iatcount: range of jobs performed on a

balance, their intensity, balance stability in timaed expected weighing process measurement
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precision. Assuming that external conditions ar&blst following balance parameters control
periods can be fixed:

= calibration  annually

» repeatability monthly

= centricity monthly

= sensitivity change weekly

= adjustment daily

5.6.1. Low mass measurement

When a balance is used only for weighing samplesnass up to 5% balance maximal
capacity, the only justified test is repeatabildgntrol. In this case, it is assumed that even if

prominent tare is used, e.g. 30% of Max capadiig, still located at the central pan point.

For low mass measurement, other balance errdigeide deriving from linearity, sensitivity

change or eccentricity, is negligible.

AIndication

[ NNNNN ANARN ARREN ANNEY NN

Y= -~ %0 osd~

g= . |
Load
Fig.10 Non-linear balance characteristics

==

&
N
|

5.6.2. All-purpose balance

Optimal solution for balances is their utilizatia 100% which in practice means good
measurement ability for light and heavy loads. &secof such balance, sensitivity drift should be
checked more often. Practice shows that multipgamizations perform checking procedure on
daily basis. An operator places a mass standardhwkiclose to balance Max capacity on the a
weighing pan of a balance and registers the inidicafThe procedure is quite short and it can
evaluate balance usability.
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‘ Indication

- | "
{ = 200,0020 - -9
ASE{ — _o
= SE=1 - -
- 200,0000 — 1 7’ =0 |SE
s o
~ —
- Am .| Load

Fig. 11 Sensitivity change test — balance adjustmen

Sensitivity drift can occur even though most beatm are equipped with self-adjustment
system. It can be caused by device drift as atre$@mbient conditions change. If it occurs, than
situation from above drawing takes place.

According to Good Laboratory Practice, before ngkia measurement, an operator is to
perform an adjusting procedure. Then all errorsneated with sensitivity changes are leveled.
After the operation, error-free value should notelipected, because adjustment process relates to
mass weighing, and has been already said, themoaideal measurements. In most organizations,
sensitivity changes are not tested. Organizatie@rfopn tests on adjustment effectiveness, and
balance accuracy is controlled after adjustmertt miass standard with precisely specified weight.
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6. Measurement uncertainty

Definition: it is a parameter connected with measwnt result, characterizing dispersion value,
that can be assigned to measured value in justifead
International Dictionary of Basic and General Mduwgical Terms — 3.9.
Uncertainty:
= determins, that measurement is actually not ideal
= determins, how precisely a value is measured: hosecvalues are in relation to

expected value

A parameter expressed by uncertainty cab be &iamte standard deviation or its multiple.
Standard deviation from a series of measuremerasasuncertainty. There are two basic types of

uncertainty which differ in parameters origin: typend type B.

Type A uncertainty

Method A describes the calculation of standard taogy by analyzing the statistic series of

observations. In such case the standard uncertairagtually the standard deviation. This method
requires large amount of measurements and thegtitigms, and it is successfully implemented in

case of random errors. Method A is applied if gt possible to perform a series of equal
measurements in equal measuring conditions. Suttiteisase for checking the repeatability of an
electronic balance,

For the uncertainty type A the standard distribui® employed, which is graphically expressed as

Gaussian curve.

Type B uncertainty

Uncertainty type B is determined by a scientifi@lysis based on all accessible information on
input volume variability.

Those data can be:
» based on previously performed measurements,
* operator's experience,
» characteristic features of measured materials aabsaring devices,
» data from manufacturer’s product specification,
* uncertainty reference data, handbook and manudkrbrall accessible publications and
other.
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Complex uncertainty

Complex uncertainty — in simple words — is a comioecof uncertainty type A and type B. the most
common is the complex uncertainty, there are, hewesome cases, where complete uncertainty

analysis is based on the type B.

Extended uncertainty

Extended uncertainty is a value describing the eamigvalues surrounding the measuring result,
which, as expected, can cover a large part of gatligtribution, which are commonly assigned to

measured value.

According to Guide to Expression of UncertaintyMeasurements, letterhas been assigned
to match uncertainty, and expression of extendezbri@inty is realized by capital letter U. An
extension ratiok is a numerically expressed ratio, used as a migtigf standard complex

uncertainty, determined to set extended uncertainty

The extended uncertainty is expressed by a belatiaeship:
U=k-u(x)

Where:
U — extended uncertainty
k — extension ratio

u(x) — complex uncertainty

6.1. Mass measurement uncertainty

Taking into account, that each measurement ictaifieby an error, suitable values should be
introduced to operator’'s own mass measurement ggo&xample of sample weighing procedure is
described with following measurement equation:

R = m+ dmi+ dnme + dms + dmu

with: R — balance readout
m — loading mass
Jomy — uncertainty participation connected with readpugcision
Jom, — uncertainty participation connected with balamepeatability
Jomg — uncertainty participation connected with balamm-linearity
omy — uncertainty participation connected with balammeentricity

Uncertainty equation is the total of all uncerteist
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u*(R)=u’(m,)+u’(dm,)+u’(dm,) +u*(am,)

Individual components participation in uncertaibtydget is presented in the table below.

Component Symbol Uncertainty type A Uncertainty type B
d
Readout precision | dm u(dm,)=—-=
p il 1 2 [{/5
S
Repeatabilit ) u(om,) =—%
Non-linearity Smg u(om,) = %EQNL)2
E t t 5 (d’n ) |A|ecc|max
ccentrici my u = max
y ) 2 |:ﬂ'ecc E/g
Sensitivity Cse Ug, = Coe
V3

Basic uncertainty components related to weighirg@dure include:

= type B uncertainty component connected with reagoetision, that is counted with

following equation:

u(am,) =—2§@

where: d — balance elementary unit value
CAUTION

Uncertainty component related to readout precisisnoften taken into account in standard

deviation and it is not taken into account in cdddtions.

= Type A uncertainty component connected with repmétha ,which is measured by

standard deviation:

Sq

u(am;) =%

where: g— standard deviation

= Type B uncertainty component connected with lirtgagrrors, which is calculated

with the equation:
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u(@m,) = |2 LY

where: NL — non-linearity factor

= Type B uncertainty component connected with eca@tytrerrors, which is calculated

with the equation:

|A|ecc|max
u(am,) "0 03

with: Klecdmax - @absolute maximal eccentricity error
Lecc— test load
= B type uncertainty component connected with seiisitihat is calculated

with the equation:
c
U(Ceg ) = —=

/3

with: ge—sensitivity factor

Complex uncertainty is defined with following egjoat

u =, Ju?(dm,)+u?(dm,)+u?(dm,)+u?(dm,) +u(Ce:)

Extended uncertainty is defined with following etjoa:
U=ulk

where: k extension factor: k= 2 for probability95,5%
k=3 for probability ~ 99,7%
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Example of balances technical data for uncertaiatgulation

UYA 2 MYA 5 XA 60/220Y [XA 160Y  |PS 600/Y
Max capacity 29 59 60/220g 160g 600g
Reading unit [d] | 0,0001mg 0,001mg 0,01mg 0,1mg 1mg
Reading unit [d2] | x X 0,1mg X X
,\Rﬂzﬁ’(eatab"'ty “2g: [0,0004mg| 5910,003mg | 200g/0,1mg | 100g10,1mg|500g: [1,5mg
Repeatability ~
596Max X 10g |0,025mpy X
Linearity 0,001mg 0,005mg 0,15mg 3mg
Eccentricity 1g| 5E-07g 29 5E-07g 50g 0,2mg 5Q0g @200g |5mg
Sensitivity 0,000002 0,000002 | 0,000002 | 0,000002| 0,000002
[ppPm/C]

Chart 7. Parameters for balances series "Y”
Typical values for measurement uncertainty cateuta

UYA 2 MYA 5 XA 60/220Y XA 160Y PS 600/Y
Repeatability 29010,00018m¢pg: [0,0013m¢R00g: |0,04mg| 100gi0,04mgh00g: 0,67mg
Repeatability
506Max X 10g |0,011mg X
Linearity 6,7E-13¢g 1,7E-11g 1,5E-08g 2,7E-08¢g 608G
Eccentricity 1,0E-07g 7,0E-07g 1,0E-06g 1,0E-06g| OE/Q6g
Sensitivity 1,0E-06g 1,0E-06g 1,0E-06g 1,0E-06g| OEQ6g
Minimal sample
U=0,1%: k=3 0,54mg 4,0mg 34mg 124mg 2012mg
Minimal sample
U=19%:; k=2 0,04mg 0,3mg 2mg 9mg 134mg

Chart 8. Uncertainty components for balances sefYés
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/. Low mass measurement

Low mass measurement requires defining whethdr sw@asurement is correct.
Here, two approaches are applicable:
1. Operator’s can set their own criteria
2. An assumption can be made, that weighing analysi€airried out precisely, if
weighing result is contained in tolerance 0,1% efghied standard nominal value.
USP, General Chapter 41 ,,Weights and Balances
In the next step minimal mass should be defined.
Definition:
It is the smallest sample net mass that can be wagd maintaining precise weighing

requirements.

If an organization works in accordance with USBureements, 0,1% tolerance is valid.
Suitable instructions are contained in USP Ger@halpter 41 ,,Weights and Balances:

If it is not specified . . . a substance is weigbedectly (taking random and systematic error®int

account),if device measurement uncertainty doegadteyond 0,1% of readout.

The same document also describes measurementaintyerequirements as:

Measurement uncertainty is satisfactory if 3-tirs@sdard deviation of at least 10 repetitions
series, divided by series average value does rueteek0,001.

Some discussions take place at Pharmaceutical unfForPF 36 (2) 2010 concerning
introduction of change of the definition consistingintroducing requirement of 2-times standard
deviation

k=3 - k=2

If production is based on European Pharmacop@sjairements, the tolerance level can be
different (individual criteria).
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7.1. Minimal Mass rule
Minimal mass can be calculated from:

- balance repeatability or
- required analysis precision

k
A?EQ

rnmin = (s

where: k — extension factor (k=3; k=2)
Areq— required weighing precision (0,1% lub 1%)
s — repeatability,standard deviation of at ldd&srepetitions

In practice, minimal mass depends on:

= sensitivity, non-linearity
= eccentricity

In practice, if the requirements below are takea atcount:

= measurement uncertainty . . cannot exceed 0,0D1 [A
= three standard deviations . . [K]

then, a rule according to which definition of nmral mass can be simplified to the form:

My = K 5= 3 [$=3000Cs
Ao 01%
For factor k=3 or
M, = K (5= 2 [($=2000C%
Aeq  01%

For factor k=2

That is:

Multiply standard deviation value
by constant factor = 2000 for k=2, or 3000 for k=3

The above statement shows clearly, which balarasanpeter is the most important while
minimal mass defining. The parameter is:

REPEATABILITY

- 40 -



7.1.1. Calculation of minimal mass — instance

Using the above relationship, minimal mass valuarof balance can be counted. Its repeatability
should be defined of read out from product tecHrdesa.

Instance:
Calculation of minimal mass in case of balance eseXA ol
60/2207?

- analysis required precision 0,1%,

- standard deviation is taken from balance catal@gue.

Balance data:
= Max 220g; d=0,01mg/0,1mg; s=0,025mg; k=2=0,1%

k 2

($= [0025ng=20000025Mg=50m
Ao 01% 023mg 023mg g

rnmin =

Minimal weighing for the balance is 50mg, if arsa$ is supposed to be performed with
precision 0,1%.

7.1.2. Permissible repeatability of a balance in mimal mass

Operator can also try to find a balance for thein@nalysis.
Then the question occurs:

What should be balance repeatability if 40mg isglved, and process precision is maintained
0,1%?.

Basic equation should be transformed to the falhgworm:

s= A?EQ
Kk

|]T.\'nin

Calculation:
o= 01%

(40mg= 002mg

Answer: a balance should be used, which repeatatsllower than 0,02mg. It can be microbalance
MYA 5.
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MYA 2 MYA 5 MYA 11 MYA 21 MYA 31
Max capacity 29 59 119 21g¢ 319
Readability 1pg 1pg 1pg 1ug 1ug
Repeatability 0,8 ug 2,1 ug
Linearity +2 ug +5 ug +6 ug +7 ug +7 ug
Pancsize 216 mm @26 mm
Display 5,7" touch panel
Interface 2xUSB, RS 232, Ethernet, 2in / 2out (diyi

Chart 9. Parameters of microbalance series ,Y”

Summary
Two basic criteria for selection of a balance lbarconsidered:

1. Maximal load capacity has to be higher than theimakgross mass, that is, total of tare

load and net load (sample mass).

2. Uncertainty while the smallest sample weighing toase lower or equal to required analysis

precision [A]

Readout does not determine balance precisios diétermined by its repeatability and minimal
mass volume that depends on repeatability.
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8. Balance routine examination

Routine tests are a means to guarantee properaagcof an instrument which is used for analysis ,
and for minimization of possible error occurrenthle basic aspect of routine examination refers to

its intervals:

How often should routine texts be performed?

Routine tests can be performed according to cosnpanepted intervals. Then, it is assumed,
that between the tests, a balance operates properlyits indications are within set acceptance
thresholds. In such case, it is helpful to intragltwo limits for controlled parameters. The firsieo

is cautionary limit, which exceeding does not dfteslance operation.

The other one is a critical limit, which exceedioguses balance recognition as defected if
utilized in this specific range. In case of sengiicontrol, it is necessary to consider actudhbee
error for loads below max capacity, like 50% Mar. Such case balance error can occur as
acceptable. And so, exceeding of limit no. 2 doesalways result is separating a balance and

recognizing it as out of order.

A Indication
Y f top limit [2]
S = bottom limit [1]
2 = oK ~ ~Qreal
— - nominal
A =
=
8, =
A =
& , o
~50%Max ~Max Load

Chart. 13. Sensitivity drift — cautionary limits

Then a question emerges, on the criteria accortiingvhich a balance should be checked.

Generally, it can be assumed that:

— It depends of expected weighing accuracy

— It depends on parameter which is tested
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— It depends on weighing process and its acceptaitbespecified thresholds

The other approach is testing a balance befooh @@easurement process. It is possible
practically only if a balance is not on heavy d{mglatively low quantity of measurements, and a
couple of operators). In such case it is necegsarkeate a specific procedure, according to which
balance will be tested. Test results should bedai@vn with date , time and operator code.
However, application of such procedure may be &lpm, as it requires very high exploitation of
mass standard, and supervision over this massastand

Thus, is it possible to decrease test frequency?

It is recommended to decrease quantity of testdaknce is a working device, and too
frequent tests may disturb its working cycle. Itreeommended to observe stability of balance
parameters and with regard to their results inereaslecrease quantity of tests. Analysis accuracy

is the main factor here, and test frequency shbelddjusted according to it. Generally, the rule is

high risk = frequent tests

8.1. Measuring instrument life cycle

Life cycle of a measuring instrument start fromlaation of operator’s requirements. At this stage
the operator should be familiar with production aodtrol aspects. It is necessary to define one’s
expectations regarding a balance. Presently, atalis expected to offer more than just a reliable
measuring result, like cooperation with companywoek, compatibility in sending data to other
devices.

The other important aspect is proper selectioma dfalance, which meets the requirements.
Here, the operator should compare balance featuits economic aspect, service reaction to
defect, adaptation possibilities. Installation aefamces with low readabilities is a job for company
control department. In case of high precision badan like microbalances, ultra-microbalances,
they should be installed by authorized servicehefrhanufacturer. This way, the parameters of a b
lance will be adjusted to company profile and msdi processes. This includes filter settings, and
stability criteria setting. These activities arsaabffered and performed by RADWAG personnel as

a supervision packet over a balance (technicakictsgn book).
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Calibration of a balance is a inseparable partfefdycle of a measuring instrument. It determines
the actual balance errors. Calibration should beeoted with determination of minimal mass, if
such data is necessary.

Routine activities are all the work that is pemi@d by an operator that aims at decreasing level
of risk which occurs in weighing process. Risk @asing activities also include calibration and

adjustment processes.

8.2. Balances and weighing systems qualification @cess

Qualification process can be described as settofitees which aim at confirmation with rules of
Good manufacturing Practice, that procedures, ps&s devices, substances, and systems are used
in a way which gives expected results. Qualifiaafoovides is planned to give a result which:

Provides objective evaluation, that measuringrerdm not exceed set criteria. Based on such

criteria, a balance is qualified as meeting theuiregnents. The next step is comparison of
requirements with actual measuring possibilitiesaobalance. On the other hand, qualification
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process can give an answer to question whetherland® provides specified functionality,

ergonomics, weighing speed and other if valid.

Qualification process is specified in details hyal¥ication Policy, Documentation and
Qualification Process. Basic requirements relatiing are described in Health Ministry Regulation
of 1 October 2008 “On requirements of Good ManufaoyRractice” — Dz. U. from 17.10.2008.

One of activities which relates to qualificatioropess is Qualification, which is performed
according to below presented schema. Qualificattmasisually performed as single or complex

and they include:

= Design Qualification (DQY}
documented testing and approving that design ofmsy devices, installation is

suitable for realization of intentional actions.

In case of balances, it comes to a statementathalance in use meets requirements

on functionality and measuring reliability.

» |nstallation Qualification (1Q) :
documented testing and approving that installechadified devices or installation are
compatible with approved design, manufacturer reunendations or user

requirements.

This stage of qualification process is more likenfality — the controller is to check
whether type of balance that is qualified is theeas stated in documents. Controller

is to check documentation, descriptions, paramedcs

= Operational Qualification (OQ):
documented testing and approving that installesnodified devices or installation
operate correctly at the whole range of assumethtipral conditions.

At this stage, controlling personnel should checkether balance functional

parameters and balance accuracy are within limpésiSed inDQ

= Process Qualification (activities) (PQ)
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documented testing and approving that devicesapgorting installation, joined into
one functional set, can operate effectively ancaggdly, in accordance to approved
process performance method and specifications.

This stage is realized for balances that are irpewion with other devices, and they

exchange, collect or process data.

The aim of qualification process is to make sum thbtained product is safe in use, and risk of

level in production or control process will not iease.

Common practice in qualification process is topare corresponding forms, tests and reports
which are confirmed by Quality Control Departmenih most cases, such documents are in a
company for several years, they were prepared dicgpto Quality Management System and their
shape does not change. Such universality may eadutine tests performance, which results in
omitting important aspects of balance control, Ijtecesses related to mass control and balance
parameters. High importance refers to formal siflehe process. Such approach is relatively
,Strict” and it does not allow to modify the proagds. Thus, there appears new approach, like FDA
document “Guidance on General Principles of Procéabdation”, which provides another

approach to qualification process, namely:

It is a process to obtain the quality of a mediciwaich should be

produced in a way to correspond to a scheduled/agti

This quality is guaranteed by continuous actiwitythree following cycles: process planning,
its qualification and verification based on resulisalysis and observations. According to FDA,

qualification process is:

Activity taken to demonstrate that systems andpagemt

are suitable for the intended use and operate pigpe

Thus, it is proposed not to perform routine tesiisgd notes resulting from strict internal
procedures, but perform qualification in a formooinfirmative activities, according to which a
balance (device) is proper for its intended useAFIDes not specify qualification procedure, but it

requires summary of obtained results. FDA refemsstomanagement as described in ICH Q9.
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Such approach gives relative freedom in perforraoic qualification process, but is also
orders combining of practical knowledge on produttprocess and control with possibilities of
balances. This way, personnel knowledge and redptitysshould increase.
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9. External factors in weighing process

All balance parameters presented in publicatioes@lated to typical laboratory conditions, that is
the ones which take interfering factors into ac¢ourhe term includes all factors originating from

the ambient area and people who influence measutenesult.

It is not possible to define all of them, but thain factors include:

= Oscillations, vibrations

= Breeze of air

= Temperature drifts

= Electrostatics

= Evaporation and absorption phenomena (hygroscgpicit

= Magnetism

It should be remembered, that the factors infledmath balance and the weighed object. When

estimating weighing process as a whole, factorsilshbe distinguished and diagnosedhich of

them is of decisive significance for analysis coti@. The operator should focus on connection:

= Balance — external factor or

= sample — external factor?

9.1. Oscillations - vibrations

They are transmitted by the ground and walls, #ed source that generates them are the
devices and objects moving in communication cowsd the staff. Visible effect is longer
measurement time and higher indication dispersidgibrations are transmitted to balance
mechanical system, so the most successful methgaesenting them, is to remove them from

weighing process.

Another commonly used way to prevent vibrationapglication of anti-vibration table. It is a
construction based on a double rubber console,hmhgk is to suppress vibrations. In RADWAG
offer, such tables are manufactured in mild steedtainless construction. Operating desktop is a

stone plate.
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Drawing 15. Balance indication instability - vibrans

9.2. Breeze of air

Visible result of their influence is indicationsitability and long weighing e_‘.mv
time. Balance workstatioshould not be located close to doors or windows. — =
)
Closeness to devices such as air-conditioning,, fasswell as places like B

communication courses should be avoided.
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t1 t[s]

Drawing 16. Balance weighing time —blast air

9.3. Temperature in analysis process

It is one of the most important factors of weighprocess. Weighing room temperature should
be maintained at constant level. Before analysigt,sivhile performing it and after its finishing,
temperature should be stable. The of “Constantlleéeeperature is a disputable matter. It is

defined differently in relation to balances with dmelementary unit and still differently for
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balances with d=0,01mg. It is accepted that teniperds treated as stable if its changes are not
higher than 0,%/hour.

For balances equipped with automatic adjustmestery, balance precision restoring process
is carried out automatically, with consideration tdmperature and time changes. Such solution is

commonly used in RADWAG balances.
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Drawing 17. Self-adjustment system in RADWAG ba&snc

In some cases, even if ambient conditions are anigalance does not stabilize, and operator
can observe drift of indications. It can be caulgdack of temperature stability of a balance that
has been plugged to mains just before the measuatgmecedure. When assessing influence of
temperature on a sample or a weighing vessel,eitis¢o be stressed, that if a temperature of the
sample or weighing vessel is significantly differéman ambient temperature, than it may cause air
drifts.

The statements above result in practical aspecisdighing process:

= acclimatize the samples before analyzing their mass

= operator should not put their hands into weighihgnaber (causes change of weighing
chamber temperature)
= pick up the samples with use of tweezers or otbétdns (if touched with hands, samples

change their temperature)
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9.3.1. Balance temperature changes

The effect of dynamic temperature changes in @hvweg room is dynamic temperature error.
In practice, if dynamic temperature error occursgasuring parameters of a balance, like

repeatability and linearity, may get worse.
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Drawing 18. Temperature dynamic error

v

The problem of dynamic temperature error is paldidy dangerous for balances equipped
with system of external calibration. Such balanaees not equipped with system notifying on
temperature change.

In case of slow temperature changes, a balantevaii together with a weighing room. Such

process is not source of errors due to its slovadyns, and static errors compensating factors.

DW. === m =

slow temperature change

static error
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Drawing 19. Temperature static error

Considering temperature influence on weighing ess¢ balance and ambient area warming up
process caused by operator influence should ben tate account. It is assumed, that a man is a
source of about 70W power. Bearing in mind thistdgcquantity of operators working in the
weighing room at the same time cannot be largectieadly, it depends on the room size and air-
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conditioning system. Process of balance warmingyoperator and temperature distribution in

balance area is presented in the picture below

Drawing. 20. Operator temperature influence on bala

9.4. Electrostatics in weighing process

Evaluation of electrostatics in weighing processamplicated, as an operator has to determine
a factor that is not visible. The operator can oobserve the effect of electrostatic presence.
Electrostatic discharges may occur on:

= compensated ions (positive or negative) are taken foom the air,

= by rubbing two non-conducive substances,
= touching a sample with hand

= low humidity in weighing room

Visible effect of electrostatics presence is:
= slow drift of weighing result,

= large dispersion of weighing results in a seriesmieasurements, and

= no return to zero if a load is taken off the werghpan.
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Drawing 21. Balance electrostatics phenomenon

As it is not possible to remove the source of tebestatics, it is common to use factors that

eliminate or compensatbe influence of undesired electrostatic charges.

One of the methods that partially eliminates thebjam is providing proper air humidity in a
weighing room. It is recommended to set relativenidity of a weighing room in between 40 %
and 60 %. There are, however, cases where setieig lrumidity is not desired or impossible. If

such is the case, than operator should instalb@izer — ionizing frame

Drawing 22. lonizing frame operating principle

lonizing frame is a device that generates iong;adled aero-ions, which charge is opposite to

charges that operator wants to eliminate. The mefaoperation of a ionizing frame is eliminating
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charges that are on operator's hand and inside hivgjgchamber on its opening. If balance
conditions, ionizing rate is equal to recombinatrate, which maintains constant ionization rate.

Additionally, an operator can apply specially degig mats, antistatic foils and selected uniforms.

9.5. Sample structure, hygroscopicity

Weighing result, as obtained during an analysisogdeis influenced by a series of factors
relating to balance and ambient conditions. Howewae should also consider sample features
during weighing process. Samples that are liguds,undergo process of evaporation

In such case, balance indication will be influentgda drift. Weighing result will continuously
decrease. Additionally, it can be concealed byruadilters. In order to prevent such situations,
liquid samples should be weighed in weighing vesdide bulbs with narrow necks or vessels with
top cover. If operator is determining evaporatiewel, not the mass, balance settings should be
modified, so that it is possible to perform ordeasdlysis.

10,0515 -

10,0510 -

10,0505 -

10,0500 -

10,0495

10,0490 -
Yo

10,0485 -,

Drawing 23.Mass change- evaporation phenomenon

A factor reverse to evaporation is absorption oisture from ambient air by a sample. it is
very important in case of hygroscopic samples. @ffiect of moisture absorption is differences in
mass determination, each measurement will haveehigiass readout than the previous one. For the
purpose of proper weighing of such substances, hiaggvessel should be clean and dry. The

easiest way to eliminate moisture absorption faistapplication of hermetic vessels.

9.6. Magnetism as weighing process interfering faot

Most of weighing mechanisms of high resolutionabaks are constructed on basis of

electromagnetic sets which include a force-motal magnet. In case magnetic loads are measured,
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there is a risk, that electromagnetic field of éabee is disturbed or weighed sample is influenced

by magnet installed in a balance. The effect isiirect mass reading of a weighed sample.
A solution for this problem is removal of a weighsimple from electromagnetic field of a balance,

i.e. increasing a distance between a sample amthd@imechanism. It is possible through so called

under-hook weighing with application of specialksor hooks made of aluminum.
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RADWAG ELECTRONIC BALANCES
Poland, 26-600 RADOM, 28 Bracka Street
tel.+48 48 38 48 800; tel./fax. +48 48 385 00 10

http://www.radwag.com
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