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Abstract — The first interlaboratory comparison at nationallaboratories have participated in this study. Thdipipants
level for pH measurement of a primary standard phate fields of working areas were ranged from healthecdo
buffer solution was carried out. The main aim ok th environmental control, safety, process industry antbng
exercise was to verify the way laboratories ar@mitag and  others.

performing pH measurements and evaluates the peafore The primary standard buffer solution for pH
of each laboratory. Seven laboratories have ppaied in measurement was an equimolal phosphate bufferisolut
this study. (0,025 mol kg KH,PO, (potassium dihydrogen phosphate)
+ 0,025 mol kg Na,HPQ, (disodium hydrogen phosphate)).
Keywords: pH measurement, Uncertainty components. The incorporation of the uncertainty componentsn@f
only for at the primary level but also for at allbsequent
1. INTRODUCTION measurements, permits the uncertainty for the whole

procedure to be linked to the pH primary standaufdielos by
One of the most widespread measurements carried oufi unbroken chain of comparisons. The combined
by analytical laboratories is determination of @imilarly ~ uncertainties estimated by the participant labei@sohave
to experimental determination of other physical andeen compared through calculation verified by #fenrence
chemical properties, pH measurement is affectedthsy laboratory.
limited accuracy process. To assess the laboratory performazté&cores ance,
The comparability between the primary method at théumbers statistical methods have been used incpnéy
top of the traceability chain (Fig.1) and the fieteéthod can tests [3, 4].

be assessed through a traceability chain of a meshpti(X) The work presented here deals with the assessnfient o
value with target uncertainties [1]. the performance of the participating laborator@sthe pH
measurement of a primary standard solution and ti¢h
Truevaue -_-» pH=-lgay estimation of the respective results uncertainties.

This first interlaboratory comparison aims at
understanding the state of the art in terms of pH
\ measurements in Portugal and to the identificatafn

Primary method training needs.

Uc (PH) = 0,005 2. METHODS

Traceability and \ 2.1. Primary procedure for pH assessment of the
add|t|V|.ty pf Secondary method assigned vall.Je .
uncertainties 0,005 < U, ( The assigned value of the equimolal phosphate buffe
\ . (pH) < 0,008 ) ;
was measured using the pH primary measurement ohetho
This procedure is based on the measurement ofatestial
‘ difference between a platinum-hydrogen electrodd an
silver-silver  chloride reference electrode of an
electrochemical cell, known as the Harned celb]5without
liquid junction, filled with a selected buffer stilon, to
uc [pH(X)] = 0,01 which chloride ions, in the form of potassium odismn
chloride, were added enabling the use of the sBileer
chloride electrode, cell I,

' Field method
Measured value - - - -

Fig. 1. Traceability chain of a measured pH(X) value with
target uncertainties.

. . Pt or PdH,(g, 101325 P&HCI or buffer solution (PS) + TIAGCI, A
The pH primary laboratory conducted an interlabmmat 4 aH ®S) g Ce?ll

comparison at a national level. Seven Portuguese
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with potential E, defined by the Nernst equation: Al 12

_ Vo | MeVer )| g yi =-———- (6)
et ol ]
= EOg,AgCI - kIg(aH m, yc,) The @y values thus obtained are conventionally adopted

as reference values, pH (PS).
The potential,E, of cell (I) (corrected to 101325 Pa The method used for calculation of the uncertamtias

partial pressure of hydrogen gas) is the quantitybe that adopted by the 1ISO GUM [2] and the IUPAC 2002

measured,EOAg,Agc. is the standard potential of the cell, recommendations [7].

which conventionally coincides with that of thevsit-silver .

chloride electroden’ is the standard molality (1 mol Ry 2.2. Operation

andyy andy arethe activity coefficients of the hydrogen The pH primary laboratory planed the various steps
ion and chloride ion at molalites (mol Kgymy and my  the exercise operations. Seven Portuguese labestoave
respectively; all subscripted ions are written with participated in this study.

charges, for simplicity. The Nernstian sloggis given by: The pH primary laboratory prepared and certified th
RT primary standard equimolal phosphate buffer satutibhis
k=—1In10 (2) primary phosphate buffer solution was certified foid
F P measurements at 15 °C, 25 °C and 37 °C.
whereR = 8,314492 J molK ™ is the molar gas constant, A protocol has been prepared for pH measuremant an
F = 96485,3415 C mdlis the Faraday constant, afids the  reporting data, to be followed by all participaaboratories,
temperature in K. once they have received the phosphate buffer sample

. ) ) The samples of primary buffer solution were seritinu
This conventional procedure is recommended bys mL HDPE Nalgerf flasks. To allow for repeatability
IUPAC [7] and is used by National Metrology Instés. In  stydies five replicate samples have been senteasdme

the operation of the pH primary system measurenfefd, time, together with the technical protocol.
basic stages are required:

- determination of the standard potential of thg/AgCl 2.3. Evaluation of performance
electrode s pgci Proficiency testing by interlaboratory comparisomas
- determination of the potential of cell | at diéat y 9 vy atory part

: c . . used to assess the performance of individual laboes for
concentrations of added chloride iomg (0,005, 0,010, /" oo o ent of a reference solution of equimolal
0,015 mol kg of NaCl); P q

phosphate primary pH buffer. The criteria for perfance
evaluation was statistical determination for scorescores
andE, numbers.

The performance evaluation usirg-scores statistic
method was done as defined by 1SO 13528 [3]:

- extrapolation to zero chloride concentration tlyio the
linear regression of the acidity functionagfc);

- calculation of the activity coefficient of the lohide ion,
ycl, USing Bates-Guggenheim convention;

- calculation of hydrogen ion activityy and primary

standard pH values. 7' = (Xiap = Xger) (7)
The standard potential of the silver-silver chlerid /s? + uz.

electrode E°, is determined from the potenti&(HCI), of
a Harned cell filled with hydrochloric acid of fide
molality (m= 0,01mol kg'), according to equation (3):

where
Z is theZ'-score;

XLap is the measured pH value by the participant laooya
E/(-\)g,Agcl = E(HCD_Zk'g(qu /mo)(Vng) (3) Xger iS the pH assigned value measured by the reference

wherey.c is the mean activity coefficient of the HCI. laboratory; o o
s is the standard deviation for proficiency assesgme

The different stages in the calculation of primaty ~ Oobtained from the results reported by the partitigia
value (PS), are combined in equation (4), whickldsived ~ UreriS the combined standard uncertainty of the pHgassl

from equation (1): value determined by the reference laboratory.
E_E° The obtained results are considered to be satisfador
_ |g(aHyCIj - AgAGC! |g( mo|j 4) “Z’-scores” values between -3 e +3.
0 0
m k m

To assess the performance of the participant laoea

pH=pa, =p(a,¥e)° +19 ¥ ) that estimate the uncertainty the proficiency testE,
where Igyc, is approximated by the Debye-Hlickel model innumbers [3. 4] has been used:

which the Bates-Guggenheim convention for the ime s _ Xiab =~ Xget

parameter has been introduc®& = 1,5,A is the Debye- E, = D) 2 (8)
Huckel limiting slope andl the ionic strength of the solution VY Lab +U et

in mol kg™ where
X IS the pH value measured by the participant lédigra
Xreris the pH value assigned by the reference lalgrato
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ULapis the expanded uncertainty of participant laboyaesult;

- . i o]
Ugeris the expanded uncertainty of the referencedsdrgrvalue. Interlaboratory Comparison at 25 °C

7,0 =
The obtained results for whicks] =1 are considered to be - {
satisfactory and the ones wittE] | > 1 are considered to be 69 T, U ST o
unsatisfactory. f Ty YT T R Vi
T 68

2.4. Uncertainty in routine pH measurements
The basis for estimation of uncertainty is the "@uto

the expression of Uncertainty in Measurement” Rjr pH 6,6
routine measurements, several problems arise ttipeadue 4 L7 L8 L2 L1 L L5
to influences that include: Laboratory

- the reference solutions;

- the temperature;

- the pH electrode.

The procedure for estimating the uncertainty gssén
consists of recognizing the individual effects tbantribute
to the uncertainty, and determining their size. éMaluate
the declared uncertainty, the participant laborasomere Z'- Scores
asked to declare the standard uncertainties, thsitiséty

Fig. 2. Results of pH measurements at@5The vertical bars
indicate the reported expanded uncertainties. Biniedntal lines
indicate the laboratory reference pH value andatsesponding

expanded uncertainty.

coefficients, the uncertainty contributions, thegaes of ZZ
freedom and the expanded uncertainty. Finally éference ' ]
laboratory calculated the combined uncertainties trod 01
results supplied by all participant laboratories. ) :Z
g 3
Q
3. RESULTSAND DISCUSSION o 207
e -
The results for pH measurement at the top of the 0.0 == R o ‘ ‘ ‘ |_|_—7_|
traceability chain are presented in Table 1. 10 L2 H Ls L6
Fig. 2 shows the results of pH measurement at 25 °C 20
both by the reference laboratory and by the pasiuci 3,0
laboratories. The horizontal solid line indicates pH value Laboratory
measured by the reference laboratory and the dditted _ o
represent the corresponding expanded uncertaintye F Fig. 3. Performance of laboratories ByScores method.
laboratories indicate the result with expanded ttaagy,
represented by vertical bars. Two laboratories ntegoonly E . numbers
the measured pH value; although the uncertaintiesnat a5
reported, proximity to the reference value is resiale. 3'07 _
From these experimental results one may concluateottiy '
one result (L5) is not comparable to the referaraige. 25
2,0
Table 1. Reference pH values measured by the pyimar 15
method (pHey)- W 1,04
0,5
t/°C pHRef U 0,0 1 . . . . . I:l .
15,0 6,9130 0,0073 0,5 L1 L2 L3 L4 LS L6 EL
25,0 6,8682 0,0063 1,0 —
37,0 6,8449 0,0089 15
Laboratory

The performance of each participant laboratorybeen
evaluated using the statistical methods of theigeafcy
tests [3, 4]Z'- scores statistical method has been applied to
all the laboratories and the results are givenim B. E,
numbers statistical method has been applied onllgedive
laboratories that have estimated the uncertainfg. B
presents the performance of laboratories assesgeH, b
numbers method.

Fig. 4. Performance of laboratories Bynumbers method.

Results indicated in Figs. 3 and 4 shows that six
laboratories present a satisfactory performance ame
laboratory presents an unsatisfactory performabge This
result indicates that laboratory L5 should revigs i
analytical procedure.
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results lead to conclude that there exist comphiabesults
from the primary method and those from the fieldhod in
the pH measurement of a primary standard buffertieol of
equimolal phosphate.

The results presented in this study come from tte¢ f
interlaboratorial comparison and show clearly teeassity
of a technical protocol for the evaluation of unagty
contributions to the combined uncertainty. Futuoctioas
should aim at the discussion of uncertainty esionafThis
work should also be extended to more participant

0,00 4 laboratories.

L1 L2 L3 L4 L5 L6 L7
Laboratoty

Fig. 5. Components of standard measurement uncigraid [1]
combined standard uncertainty declared by eadraadry and
calculated by the reference laboratory.
(2]
In order to assess consistency in the estimatiothef
uncertainty, the reference laboratory has calcdlatiee
combined standard uncertainty of each laboratorg an(3l
compared the calculated result with the one dedlasethe
laboratory. These results are presented in Fig.haly be [4l
observed that laboratories do not consider the sameces [5]
for uncertainty calculation. Also some differendesthe
calculations were observed from de declared combingpg]
uncertainties and the ones calculated by the nedere
laboratory. This proves there is need for a compraocol
for estimating the contribution and calculation tfe
combined uncertainty. (7]

4. CONCLUSIONS
A high degree of agreement of measurement pH eesult

of the participant laboratories is evident. Only eon
laboratory presented an unsatisfactory performambese
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