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1. INTRODUCTION 
 
A vast majority of elemental analyses is made utilizing single element solutions as 
a calibration source. The common method to prepare a calibration solution by dissolving an 
element in an appropriate acid and calculation of the concentration of the prepared solution 
from the weighing data (and eventually flask volume) requires knowledge of the purity of the 
source materials. A complete characterization of such materials is however a formidable task, 
which requires high expenses in time, equipment and personnel, so that the number of fully 
characterized materials is small and will not significantly increase in near future.  
Therefore other approaches are also used to overcome some of the key challenges in 
production and characterization of primary and secondary calibration solutions. 
 
Titrimetric methods have been recognized as potential primary methods of chemical 
measurement [1, 2], being also a precise method for the measurement of amount content. 
Such characteristics of these methods permit to obtain very good results in routine analyses as 
well as for metrological purposes. Ethylenediamine tetraacetic acid (EDTA) is used widely as 
a complexing agent for titration measurements of diverse cationic metals [3-5]. Some 
methods have been reported for the measurement of the concentration of various metals with 
EDTA (also called complexometry) in slightly acidic and alkaline buffered solutions [6,7]. 
Reilley et al. [8-10] reported the use of an indicator electrode system that uses the Hg/Hg(II) 
pair to monitor chemical changes during the titration reaction. This method has been used 
successfully in the titration of several metals, however the accuracy was in the order of (0.1-1) 
% [9]. It is also important in the measurement of purity assessment of pure metals and 
metallic salts. 
 
 
2. SCOPE AND FIELD OF APPLICATION 
 
This Guide describes titrimetric procedures that can be used for the determination of metal ion 
concentration in single element solutions. These procedures are based on the complexometric 
titration method using potentiometric indication of the endpoint [8,9]. This procedure 
minimizes the indicator error and relates the indication signal change to the change in analyte 
concentration. These procedures are suitable for the measurement of metal concentrations in a 
range of elemental solutions at usual mass concentrations (1-10 g L-1). The typical 
repeatability that can be achieved is about (0.01-0.05) %. This procedure is unsuitable for 
multielement solutions due to low selectivity. Requirements on acceptable levels of impurities 
in the source materials used in preparation of the standard solutions are also discussed.  
 
 
3. Theoretical principles of titration methods 
 
The reactions used in precision titrimetry should fulfil some conditions [11]:  

- The reaction should proceed quantitatively as represented by the stoichiometric 
reaction. 
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- The reaction should be rapid. 
- There must be a satisfactory way of locating the equivalence point.  

 
Depending on the properties of the reaction, different variations of the method may be used, 
for example a direct titration, where the known concentration is added to the unknown, or an 
inverse titration, where the unknown concentration is added to the known.  
An often applied procedure is back titration where an excess of the titrant is added and the 
excess is titrated with a solution of known composition until equivalence.  
The equivalence point is often indicated by potentiometry, where the potential difference is 
measured between a working electrode and a reference electrode. 
 
Use of titrimetry has some significant advantages: 

- the final product (elemental solution) is analyzed,  
- it offers possibility to check stability and homogeneity with very good repeatability, 
- many impurities are not relevant - including oxygen, which is often the major 

impurity. 
 
On the other hand, some information on the sample is necessary, as selectivity is not high; this 
aspect is handled in point 3.2 below.  
 

3.1 Principle of the EDTA titration method 
 
EDTA solution is added to a known mass of the elemental solution, pH is adjusted and the 
excess of EDTA is back-titrated with a zinc solution with known concentration. Most metal 
ions react with EDTA forming complex ions with high stability.  
 
By knowing the mass and amount content of added EDTA solution, the concentration of the 
zinc solution and its volume required to titrate the excess EDTA, the amount of the metal 
present in the sample can be easily calculated. 
 
The experimental conditions for the complexometric titration measurements with EDTA 
depend on the nature of the metallic cation. For example, the acidity level of the solution 
affects the equilibrium shown in reaction (1), due to the formation of protonated species of 
EDTA, as well as the formation of hydroxocomplexes. 
 
Mn+ + H2Y2– → MY-4+n + 2H+    (1) 
 
where Y represents the free EDTA ion. The stability constant of the equilibrium reaction 
between the metallic ion with EDTA is given by equation 2: 
 

]Y][M[
]MY[
42

2

−+

−

=MYβ       (2) 
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The parameters to consider include (among others) the stability constant of the equilibrium 
reaction between the metallic ion with EDTA, the pH buffer and the acidity of the electrolyte, 
the concentrations of the reagents, the purity of the reagents, the method used to monitor the 
titration course. 
 
Therefore, it is necessary to analyze the experimental conditions for a given system cation - 
EDTA (M/Y) in order to set-up a satisfactory procedure. There are some references that have 
reported methods of measurements or reviews for various metallic cations [5,6,7] that can be 
revisited. Lowest pH at which individual ions can be titrated using routine methods is shown 
in Figure 1. 
 

 

Figure 1. Minimum pH for effective titration of various 
metal ions with EDTA [9]. 

 
3.2 Interferences, purity requirements and implications for use 

 
The impurity elements in the source metals can be divided based on interference into three 
groups: metals with conditional stability constants not smaller than about 2 orders of 
magnitude than the metal determined are not distinguished from the analyte and contribute to 
the result. Nonmetals and metals with sufficiently small conditional stability constants do not 
interfere; the rest of metals may interfere depending on conditions; this can be used to check 
for their presence, e.g. by performing a titration at different pH values. If no information on 
the concentration of interfering impurities is available, only the amount of metals reacting 
with EDTA can be given as a result for titration. In other cases result can be corrected for the 
known interferences or the uncertainty of measurement can be increased to account for the 
presence of impurities. 
The EDTA used should be of adequate purity [12] to avoid the bias in the measurement [13]. 
Care should also be taken in selection of the auxiliary reagents in order not to introduce 
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interferences (e.g. reagent grade salts to be used as buffer components often contain 
unacceptable levels of impurities). 

Use of weight volumetric titrimetry minimizes the uncertainty contributions from the 
volumetric operations, which may dominate the uncertainty budget in classical titrations due 
to burette imperfections. 

Endpoint can be evaluated as the point of maximum slope if the increments are small enough 
or from the titration curve using regression methods. 
 
 

3.3 Potentiometric endpoint detection 
 
There are several methods used to detect the end-point of a titration such as the use of visual 
indicators, spectrophotometric, and electrochemical (potentiometric, amperometric, and 
polarographic) methods.  
The main advantage of the potentiometric method of endpoint detection over the photometry 
and visual methods is that the indication signal can be directly linked to the concentration 
changes of the analyte and the endpoint can be accurately detected in highly coloured samples 
and the indicator error (which can be significant in use of visual indication) can be minimized. 
The method used is based on use of an electrochemical indicator, e.g. mercury solution, which 
is added to the sample and the concentration of free mercury is sensed by a mercury electrode 
[8]. The mercury electrode itself may be realized as hanging mercury drop electrode or as an 
amalgamated gold electrode. The potentiometric indication enables very sensitive end-point 
indication if the stability constant of the metal-EDTA complex is high. 
An equilibrium potential is established between the Hg/Hg(II) redox pair, being described by 
Equation 3 in terms of the activities of the redox couple. 
 

Hg

)Hg(II0
Hg/Hg(II) ln

2 a
a

F
RTEE +=       (3) 

 
Where E is the potential of the system, 0

)(/ IIHgHgE is the standard potential of the Hg/Hg(II) 

redox couple, R is the ideal gas constant, T is the temperature, and F is the Faraday constant. 
Mercury cation Hg2+ also forms a stable complex with EDTA (Eq. 4), therefore, during the 
titration of another metal, the concentrations of the species involved in the equilibrium of 
reaction (4), related by  Equation 5, will change, and as a consequence, the electrode potential 
described in Equation 3, measured relative to a given reference electrode, will also change. 

 
−−+ →+ 242 HgYYHg       (4) 

 

]][Y[Hg
][HgY
42

2

HgY −+

−

=β        (5) 

Where βHgY is the overall formation constants of the complex HgY2-. 
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4. Traceability 
 
Important information that shall be documented in measurement and certification of RMs is 
the source of metrological traceability of:  

i. the reference materials used as calibrators and for quality control (certificate),  
ii. metrological traceability of measuring instruments (calibration certificate),  

iii. values of physical constants which shall be taken from scientific literature, for 
example CODATA [14], and  

iv. other variables that influence the measurement results. 
 
The measurement results will be traceable to the amount content of EDTA solution used in 
the measurement. Other quantities (with smaller influence) that require assurance of proper 
traceability are concentrations of indicator and titration solution, measured volumes, masses 
and temperature. The amount content of EDTA used in the preparation of the solution may be 
determined by coulometry [15,16] or a method similar to those described in this guide can be 
used if a CRM of pure metal is available [17,18]. 
 
 
5. Equipment 
 
Knowledge of equipment is essential and the precautions and care must be followed in order 
to obtain results with required accuracy and precision levels. 
Following materials and equipment are commonly used in EDTA titration methods: 

- Laboratory beakers (high form) with 100 mL nominal volume can be used for the 
titrations. 

- For weighing solutions, disposable PE/PP syringes may be used with tips extended into 
a capillary with about (0.5 – 1) mm diameter. 

- Thermometer with 0.1°C resolution. Temperature is needed for computing the density of 
the sample at the time of sampling, and for buoyancy corrections in weighing. 

- Analytical balance with 0.1 mg resolution. 
- Auxiliary balance, 0.01 g resolution. 
- Titration controller: For automated titration setups a computer is interfaced with a 

motorized burette for dispensing the zinc titrant and with the components used to detect 
the endpoint potentiometrically. Manual titrations are also possible. 

- Burette: A manual or motorized piston burette with a capacity of 10 ml capable of 
accurately dispensing the zinc solution in small increments. 

- Piston pipettes for addition of ammonia solution and mercury solution. 
- Magnetic stirrer and a number of Teflon-coated magnetic stir bars. 
- Plastic squeeze bottle of about 250 ml filled with deionized water for rinsing and 

cleaning. 
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- Double junction reference electrode or reference electrode with low chloride 
concentration in e.g. KNO3 solution. 

- Mercury drop or amalgamated gold electrode as indication electrode. 
 
 
6. Good practice of the measurement 
 

6.1 General good laboratory practices in titrimetry 
 
Some good laboratory practices relevant to titration are listed below:  
- Record activities.  
- Label the solutions. 
- Check the physical integrity of the material used.  
- Select suitable reagents according to the established method.  
- Use adequate certified reference materials.  
- Check the level of electrolyte solution of the reference electrode. 
- Remove the bubbles, if present in the electrolyte solution of the reference electrode. 
- When making the measurement, make sure the filling hole of the reference electrode is 

found uncovered. 
- Apply constant stirring during measurement [19]  
- Rinse the electrode and burette tip between each measurement.  
- Minimize the parallax error (in analog instruments).  
 
The material, reagents, sample treatment, and equipment should be selected in accordance 
with the method for an analyte in a specific matrix. 
 
Reagents. Possible interferences should be identified and procedures for the minimization of 
their influence on the measurement results should be performed. When high purity reagents 
are used, which is the case of primary calibrator solutions prepared from CRM’s (as high 
purity metals), the interferences are minimal in many cases. Solutions have to be prepared 
from deionized water. 
 
Materials. The bottles containing the solutions should be washed with an appropriate 
procedure. It is recommended the use of plastic syringes for weighing solutions in order to 
avoid changes due to evaporation. The reaction vessel should be cleaned thoroughly before 
starting the measurements. 
 
Equipment. The burettes, pipettes, thermometers and balances should be calibrated. Good 
practices on the use of analytical balances and burettes are described in Appendix.  
 
 

6.2 General procedure 

a. Prepare a set of clean beakers covered with watch glasses 
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b. Rinse the syringe several times by 1/5 of syringe volume with the sample solution. Empty 
the syringe.  

c. Fill the syringe with 1-2 mL more than the expected sample volume. Remove bubbles 
from the syringe. Put the syringe onto the balance pan and tare the balance. Check that the 
balance reads 0 g. Empty the required volume of the sample into the beaker. Weigh the 
syringe again and record the balance reading.  

d. Pretreat the sample if necessary. The procedure must ensure that the formation of 
hydroxocomplexes or insoluble hydroxides does not occur during the preparation steps for 
the titration. 

e. Calculate the mass of EDTA solution to be added.  

f. Fill a second syringe as given in b. and c. with EDTA solution. Put the syringe onto the 
balance and tare the balance. Check that the balance reads 0 g. Empty the required amount 
of the EDTA solution into the beaker (placing the beaker onto another top-loading 
laboratory balance greatly helps). Weigh the syringe again and record the balance reading.  

g. Adjust the pH of the solution with ammonia solution and/or acetate buffer and continue 
with treatment if necessary.  

h. Add 200 μL of mercury solution, add a stirring bar and rinse the walls of the beaker with 
deionized water. 

i. Prepare the burette for the titration, rinse the tip. 

j. Insert electrodes and burette tip, start stirrer and wait for indication signal stability. If the 
noise of the signal is high, check electrodes or try to reposition the 
beaker/stirrer/electrodes (the indication signal is slightly influenced by stirring). 

k. Add titration solution until the changes of the indication signal indicate vicinity of the 
endpoint. 

l. Continue titration with constant increments, recording volume and indication signal, until 
about 5 points after the largest indication signal change. Note the temperature of the zinc 
solution 

m. Clean the beaker and electrodes by rinsing with deionized water  

n. Calculate the endpoint from the obtained data 

o. Repeat titration several times. The metal concentration results should agree within 
reasonable limits (depending on element and sample size, e.g. 0.05%).  

 
 
Reagent blank determination 
Separately neutralize reagents used with ammonia solution or nitric acid. Add this solution to 
a previously titrated solution, add known small excess of EDTA solution and continue 
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titration again as given above. Record the endpoint. Calculate volume of the titrant that would 
be necessary to yield the same metal concentration as in the first titration. The difference 
between the volume calculated and that obtained gives the blank. Larger amounts of reagents 
can be used to get better estimate of blank. 
 
Density of the elemental solution 
The concentrations of the solutions depend on the temperature. If the concentration of the 
elemental solution is sought, mass fraction has to be converted to concentration using density 
at the required temperature. Density may be easily determined e.g. by pycnometer method or 
using a density meter.  
 
 
7. Uncertainty 
 
The measurement uncertainty is to be estimated according to the Guide to the Expression of 
Uncertainty in Measurement [20], known as GUM. Equation 6 presents the expression for 
calculating the uncertainty when no correlation between different variables is considered. 
 

∑
=









⋅

∂
∂

=
1

2

,...,, )()]([
i

i
i

kji xu
x
yxyu  ,      (6) 

 
where ixy ∂∂  is the sensibility coefficient, ci, and describes the variations of y(xi,j,k…) with 
variations of each term. 
 
The demonstration of the sources and magnitudes of the uncertainties inherent in any 
measurement is an invaluable tool for improving the quality of analytical measurements. The 
contribution of each source to the total uncertainty should be given in the uncertainty budget. 
The uncertainty budget tables are important to summarize the contribution of each parameter, 
as well as to identify which sources are the major contributors. Therefore, the uncertainty 
budget table should be included in a report of measurement, following the indications of the 
GUM [20]. 
 
The uncertainty budget should take into account contributions from following sources: 
 

• Masses or volumes of solutions 
• Concentrations or amount contents of titrant, indicator solution, EDTA solution 
• Molar mass of the metal 
• Solution density 
• Blank 
• Chemical sources 
• Interferences (other metals) 
• Systematic effects in estimation of equivalence point 
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An example of the estimation of uncertainty contributions is shown in the appendix. 
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10.  Appendix 
 

10.1 Sources of uncertainty in EDTA titration for certification of primary 
standards 

 
The purpose of this section is to summarize how the user could estimate the standard uncertainties 
associated with the input quantities on the example of zinc mass fraction measurement in primary 
standard solution using EDTA titration. The mathematical model used is shown in the equation 7: 
 

 ( )
β

ν
⋅⋅







 ⋅−⋅−−⋅

= Zn
Zn

HgHgtitblanktitEDTAconcEDTA
Zn M

m
cVcVVm

w   (7) 

 
Where:  
wZn Mass fraction of zinc (mg/g) 
mEDTA conc Mass of EDTA concentrated solution (g) 
νEDTA Amount content of EDTA solution (mmol/g) 
Vtit Volume of the Zn titration solution (mL) 
Vblank blank (mL) 
ctit Concentration of the Zn titration solution (mmol/mL) 
VHg Volume of mercury indicator solution  (mL) 
cHg Concentration of the mercury indicator solution (mmol/mL) 
mZn Mass of the sample solution of zinc (g) 
MZn Molar mass of zinc (g/mmol) 
β Method coefficient (1) 
 



Good Practice Guide – EDTA titration  14 

 
10.1.1. Approach for estimation of standard uncertainty in EDTA titration  

  
The approach for estimation of standard uncertainty for each input quantity is described in the 
following table. 
 

Quantity  Standard uncertainty Source of information 
mEDTA conc 

 3,E

mpeu
concDTAm =   Maximum permissible error of balance 

mZn  
3

mpeu
Znm =   Maximum permissible error of balance 

Vtit ( ) ( ) ( )22
Re

2
caltit EPpV uuuu ++=  

From burette calibration, repeatability, and 
possible deviation of endpoint and 

equivalence point  
 nsu =Rep  Burette repeatability 

 
x

Vu increment
EP

 
=  From volume increment in titration; 

depending on sharpness x = 2 to 5 

ctit
 

k
U

u titc
c =

tit
  

From experimental measurement 

Vblank 
n

s
uV

blank

blank

V=  From repeatability of blank measurement 

νEDTA  ( ) ( ) ( )22
2

1
2

calEDTA mm uuuu ++=ν  
Certificate of calibration of solid EDTA 

amount content and masses of EDTA and 
solution from solution preparation 

VHg  ( ) ( )2cal
2

RepHg
uuuV +=  Experimental repeatability and certificate of 

calibration  

cHg 
k

U
u Hgc=

Hgc  From experimental measurement 

MZn 
3Zn

ZnM
M

U
u =  IUPAC 

β ( ) ( ) ( )222
Rep methodsel uuuu ++=β  Method repeatability, selectivity (interfering 

elements), method imperfection 

 
n

s
u wZn

Rep =  Repeatability 

 ∑ 







=

i

Znw
sel M

Mu
u i

2

i

.

 

From uncertainties of mass fractions of 
interfering elements 

 
3

.max errorumethod =
 

From estimate of influence of chemical 
operations etc.  
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10.2 Good laboratory practices for use of piston burettes 
 

Installation 
The laboratory temperature should be stable to within ± 2 °C. No corrections to temperature changes 
are necessary if weight-volumetric titrations are done due to smaller sensitivity coefficient compared 
to pure volumetric titrations. 
Connection of the storage bottle to the atmosphere should be done through a trap filled with water 
to prevent concentration changes due to evaporation.  
Titration tip should be of a capillary or anti-diffusion type. 
If grease is used as a lubricant for stopcock, it should be used cautiously as it can be a contamination 
source. 
When titration solution is changed using the same burette cylinder, it is recommended to 
disassemble the burette and connections, rinse thoroughly with water, reassemble after drying and 
rinse with titrant. 
Test for leaks at connections and under the piston, check tubing or tip for damage or blockage. 
Before starting the work: 
- Stir/shake the contents of the reagent bottle.  
- If the burette was not in use for longer time, it should be rinsed with at least 2 burette volumes 

of titrant. 
- Rinse the tip.  
Appropriate criteria for taking the indication reading have to be selected based on the electrode 
behaviour and reaction conditions. 
Ensure that indication signal is stable (stirring is stable, electrodes working properly). 
The dosing speed should be decreased if capillary tips are used. 
For lowest uncertainty, the titrant consumption should be above 50% of the burette volume. 
 
Calibration/check of burettes 
The recommendations of relevant ISO standard (ISO 8655-6:2002 Piston-operated volumetric 
apparatus -- Part 6: Gravimetric methods for the determination of measurement error) should be 
followed. Many burettes exhibit periodic pattern in deviations from nominal volume due to their 
construction, an example of a burette check is given in the following figure.  

 
It is clear that calibrating a burette at round values of volume would significantly underestimate the 
real variability. Thus the volumes for calibration selected should be selected in a way to take this fact 
into account or the periodic contribution should be tested in a separate experiment.  
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10.3 Good laboratory practices for analytical balances 
 
Minimization of Physical Influences 
 
Vibrations. This phenomenon is transmitted by the ground and walls to the mechanical system of the 
analytical balance. Their negative consequences are a longer time of measurement and higher 
indication dispersion. The sources that generate vibrations are the electronic, mechanical devices close 
to the balance, as well as objects and persons moving. Then, the most successful simple method of 
preventing them is to avoid the sources during the process of weighing.  
Another commonly used way to prevent vibrations is application of anti-vibration table. It is a 
construction based on a double rubber console, which task is to suppress vibrations. 
 
Temperature. The variation of the temperature is one of the most important factors of the weighing 
process. If highly accurate and non-biased results are desired at a metrological level, the room 
temperature shall be maintained at constant value when weighing a sample, i.e. before, during and 
after the analysis is finished. It is accepted that temperature is treated as stable if its changes are not 
higher than 0.5 °C/h. 
In some cases, even in adequate ambient conditions, an analytical balance does not stabilize, and a 
drift can be observed. It can be caused by variations of temperature when the balance has been 
plugged to mains just before the measurement procedure. In addition, if the temperature of the sample 
or weighing vessel is significantly different than ambient temperature, air drifts may occur and weight 
indication variations will be detected. 
Therefore, the following statements to improve the practical aspects for a good quality weighing 
process are listed below: 

• The samples shall be acclimatized, i.e. the samples must reach the temperature equilibrium in 
the weighing room before the measurement of the mass. 

• The operator shall not put their hands into the weighing chamber in order to avoid changes of 
weighing chamber temperature. 

• Pick up the samples with the use of tweezers or other holders, if touched with hands, samples 
change their temperature, also de mass due to contamination present in the hand. 

 
Electrostatic charge. Evaluation of electrostatics in weighing process is complicated; the operator has 
to determine an invisible factor. Then, the operator can only observe the effect of the presence of 
electrostatic charges, for example, slow drift of weighing result, large dispersion of weighing results in 
a series of measurements, and no return to zero if a load is taken off the weighing pan. 
Electrostatic discharges may occur due to: 

• positive or negative ions  taken from the air, 
• by rubbing two non-conducive substances, 
• touching a sample with hand 
• low humidity in weighing room 

 
Due to the impossibility to remove the sources of electrostatic effects, it is common to use factors that 
reduce or compensate the influence of undesired electrostatic charges. One of the methods that 
partially eliminate the problem is by providing proper air humidity in a weighing room. It is 
recommended to set relative humidity in between 40 % and 60 %. However, there are some cases 
where setting such humidity is not desired or it is not possible. In that case, the operator should install 
an ionizer - ionizing frame. Ionizing frame is a device that generates ions, so called aero-ions, which 
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forms charges which are opposite to those charges that the operator wants to eliminate. The ionizing 
frame minimizes the charges inside of weighing chamber and also those coming from the analyst 
(Fig. 1). 
 

 
Fig. 1 Ionizing frame operating principle  [A1] 

 
Magnetism. Most of weighing mechanisms of high resolution balances are constructed on basis of 
electromagnetic sets which include a force-motor and a magnet. When magnetic loads are measured, 
there is a risk that electromagnetic field of the balance is disturbed or weighed sample is influenced by 
magnet installed in a balance. Then, the result will be an incorrect mass reading of the weighed 
sample. 
A solution for this problem is the removal of a weighed sample from electromagnetic field of a 
balance, i.e. increasing a distance between a sample and balance mechanism. It can be done using so 
called under-hook weighing with application of special racks or hooks. 
 
 
Recommendations on the use of analytical balances 
 
The precision and reproducibility of weighing results is closely associated with the location of the 
balance. To ensure that your balance can work under the best conditions, please observe the following 
guidelines: 
 
Weighing bench 

• The weighing bench (lab table, stone bench) should not sag when weight measurement is 
performed and it should transfer few vibrations as possible. 

• Antimagnetic (no steel plate). 
• Protected against electrostatic charges (it is recommended to limit the use of plastic or glass, if 

so, use methanol to remove electrostatic charges and dry in air). 
• The weighing bench should be fixed either to the floor or on the wall, not both; mounting the 

bench on both places at once transfers vibrations from wall and floor. 
• The place of installation of the weighing bench must be stable enough to allow that the 

balance display does not change when someone leans on the table. 
 
Work room 

• The room shall be vibration-free and free from drafts 
• Place the weighing bench close to a corner of a room. Corners are the most vibration-free 

areas of a building.  
 
Temperature 
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• Keep the temperature of the room as constant as possible.  
• Do not weigh near radiators or windows. 
• The analyst is one of the most significant influences as you can see in the next figure. It is 

recommendable to do the weight process as fast as possible. 
 

 
Fig. 2. Operator temperature influence on balance 

 
Atmospheric humidity 

• Ideally, the relative humidity should be between (45 and 60) %. Balances should never be 
operated above or below the relative humidity range of (20 to 80) %. 

• Constant monitoring is advisable with micro balances. Changes should be corrected whenever 
possible. 

 
Light 

• If possible, place the balance on a window-free wall. Direct sunlight (heat) will influence the 
weighing result. 

• Place the balance a significant distance from lighting fixtures to avoid heat radiation. This 
especially applies to light bulbs. Use fluorescent tubes. 

 
Air 

• Do not place the balance in the air flow of air conditioners or devices with ventilators, such as 
computers or large laboratory devices. 

• Place the balance a sufficient distance from radiators. In addition to the potential temperature 
drift, strong currents of air could interfere with operation of the balance. 

• Do not place the balance next to a door. 
• Avoid places with high traffic of persons. 
• Passers-by will usually create a draft at the weighing location. 

 
Good laboratory practices in the operation of the balance 
 
Micro, semi-micro, analytical and precision balances are instruments of the highest precision for 
weight measurement.  
 
The metrological confirmation of a weighing instrument is suitable as good laboratory practice and is 
performed by users. OIML R-76:2006 recommends performing verification using standard weights 
whose maximum permissible error (δm or mpe) is less than or equal to1/3 of the mpe of the instrument 
[A2]. It is recommended to check the balance performance periodically. 
 
The following recommendations will contribute to obtain reliable weighing results [A1, A3, A4]. 
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Switching on 
 

• Do not disconnect the balance from the power supply and always leave it switched on. This 
allows the balance to reach thermal equilibrium. 

• When you switch the balance off, use the display key (on older models the tare key). The 
balance is now in standby mode. The electronics are still energized and no warm-up period is 
necessary. 

 
Levelling 

• Align the balance by checking that the air bubble is in the center of the level indicator. 
• Use levelling feet to make adjustments. You must then adjust the sensitivity of the balance. 

The exact procedure is described in the operating instructions manual for the balance. 
 
Reading 

• Check that the balance displays exactly zero at the start of each weighing. 
• Tare, if needed, to avoid zero errors. 
• Read the result only after the balance indicates stability of mass. The weighing result is 

released through this stability detector. 
 
Weighing pan 

• Always place the weighing sample in the middle of the weighing pan. This will prevent corner 
load errors. 

• With micro and semi-micro balances, the weighing pan should first be loaded once briefly 
after a relatively long pause (>30 min) to deactivate the “initial weighing effect”[A3]. 

• Introduce your sample into your weighing vessel using the appropriate spatula, tweezers, etc. 
As before, weigh from one side only, keeping your hands out of the weigh chamber. 

• Use vessels of an appropriate size and material for your samples. For example, plastic weigh 
boats are a source of static, and a 180-g glass beaker has too large an uncertainty to be 
appropriate for weighing 100 mg of sample. 

• When you finish weighing, check that the weigh chamber is clean and free of any spillage. 
 
Care of the balance 
 

• Keep the weighing chamber and weighing pan clean. Visually check for debris spillages prior 
to use and, if spotted, clean using a balance brush. 

• Use only clean vessels for weighing. 
• The balance can be cleaned with conventional window-cleaning fluid. 
• Do not use cloths that contain synthetic fiber, it is highly recommended to use cotton material. 
• Do not brush contaminants into potential openings. 
• Before cleaning, remove all removable parts, such as the weighing pan. 
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