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Abstract: The for
determination
absorption spectrometry technique was estimateddoas

the guide for quantifying uncertainty in analytical

uncertainty methylmercury

in fish samples by cold vapor atomi2. MATERIALS AND METHODS

2.1 Instrumentation

measurement of EURACHEM and ISO to the expressfon o

uncertainty in measurement. The expanded unceytain
(9,5%) was obtained with 95% confidence level &)=
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1. INTRODUCTION

In the Amazon region, fish constitutes the maintgiro

source mainly for the indigenous and riversidesutetpns.
It is well known that methylmercury (MeHg), the maaxic
form of Hg, represents 73-98% of the total merqumsent
in fish [1][2]. For this reason, mercury speciatiplays an
important role for the understanding on the impafcthe
mercury pollution in the environmental and healthtlee
inhabitants of the region, since the environmericity and
biological availability of Hg depend on their diféant
chemical forms or oxidation states as well as thaantities
[3].

Nowadays is widely recognized that quality of the
analytical results is an essential part of qualgntrol
program. Uncertainty is defined by VIM [4] as “pareter,
associated with the result of a measurement
characterizes the dispersion of the values thatldcou
reasonably be attributed to the measurand”.

The measurement of associated uncertainty, to
analytical laboratories, is the beginning to havéigher
profile and also demonstrate their competence lekisg
accreditation to the appropriate standards, suctNBR
ISO/IEC 17025 [5].

Several approaches for estimating uncertainty
analytical measurements are proposed [6], [7]. Bettis
involve the identification of all the possible soes of
uncertainty for the method, the estimation of thei
magnitude and the combination of these individua
uncertainties to give standard and expanded est#nat

This paper describes the application of a strategy
estimate the uncertainty of the MeHg determinatisathod
in fish samples by cold vapor
spectrometry technique (FIA-CV-AAS).

atomic absorption

¢ All the determinations were carried out using ai&far
AA-220 FS atomic absorption Spectrophotometer,5&.2
nm. This spectrophotometer was coupled to a tydioal
analysis injection (FIA) manifold. Before all anags, the
instrument was checked according to the instrument
manufacturer’s instructions.

2.2. Sample Preparation

Inorganic and organic Hg were extracted from 0,46f g
the certified reference sample (DORM-2 “Dodfish s
Certified Reference Materials for Trace Metals") by
leaching with 10 mL 6 M HCI and shaken in the dads
for at least 3 hours. The acidic extract and sagidue were
separated by centrifugation. The separation ofganic and
organic Hg from liquid phase was carried out by ion
exchange column (Dowex 1X8 resin, Cl form, 100-200
mesh) where inorganic Hg was adsorbed as a chloro-
complex (HgCl*) and methylmercury was eluted as
MeHgCl. The decomposition of methylmercury in¥gn
the column effluents collected in quartz tubes, whisined

th%’ith irradiation UV (15W UV lamp) at least 6 houafter

addition of 1 ml of BrCl solution [8].

2.3. Mercury determination

the

The mercury determination was made by FIA-CV-AAS
with a manual injection valve that injects 500 filsample
at a flow of deionized water (10 mL min The HG" of
UV-irradiation of sample is reduced on line by Sn2%%

il{m/v) in HCI 25% (v/v) at flow 1 mL minh. Argon was used

as carrier gas at constant flow at 200 mL h{@j.
The mercury quantification was calculated agaihst t

jmercury standard curves.

| 2.4. Identification of sources of uncertainty

The sources of uncertainty for the method were
identified by constructing a cause-and-effect diagr(Fig.
1) widely cited by some authors [10], [11].
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Fig. 1. Cause-and-effect diagram for the analysisf MeHg

The cause-and-effect diagram shows the main soofces

uncertainty used in this work. The main cause brasc
represent the main parameters controlling the reShkese
are shown in Eq. (1).

_ Cyxm, x10°
Cuers = Rum,

Where: G is the concentration of aliquot sample; is
the final mass of dilution; R is the recovery,imthe mass
initial of the sample and rep is the repeatability.

The uncertainties associated with these parametdrs
contribute to the overall uncertainty in the finasult.

xrep (1)

2.4.1 Concentration of aliquot sample, C

As shown in Fig. 1 the uncertainty associated wli

concentration of the MeHg in the sample aliquot is

estimated from calibration curve.
The uncertainty of aliquot sample analyzed, repriese

by u(g), is given by [7]
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Where:
S = residual standard deviation,

STA - (B, +Byxc))’

n-2
B, = slope of the calibration curve,

p = number of measurements to determige C
n = number of measurements for the calibration,

S=

C= mean value of the different calibration standards

S, =Y

j=1
measurements to obtain the calibration curve.

-\2
(Cj —C) Where j = index for the number of

2.4.2 The final dilution mass,;m

In this experiment, the initial sample mass andalfin
dilution mass were weighted on the same balanceirwé
short period of time. Thus, the standards uncdgtain
calculated in the final dilution mass is equal #tandard
uncertainty in the initial mass (show in 3.2).

2.4.3 Recovery, R

The recovery is calculated as percentage recovery f
comparable reference material. The recovery, R, das
uncertainty associated with the certified referentaerial
value used and with the variability of the partaul
measurement of the solution analyzed [10].

2.4.4 The sample initial masss m

In the AAS method employed, all samples are prepare
and diluted on w/w basis. The contributions to the
uncertainty associated with these mass, are thertamaty
about of standard deviation of balance control tchar
uncertainty of calibration certificate and repedigbof the
balance. All the mass were obtained by differenesvben
the tare and gross weights taken on the same lgaland
then balance “zero bias” is canceled.

2.4.5 Repeatability, rep

Fig.1 shows two major contributions to the unceaittai
associated with the repeatability, instrument drfihd
precision associated with the dilution of calibwatsolutions

Instrument drift
The drift is monitored by periodically analyzing eonf
the calibration standards during a batch of analyse

Precision associated with the dilution of calibwati
solutions

The calibration of instrument is realized by cadifion
solutions. These solutions are prepared from mgrcur
solution (100 ug L), obtained after the two dilution of 1/
100 on w/w basis from mercury stock solution (10d0ug

mL™?).

3. RESULTS AND DISCUSSION

The sources of uncertainty identified in the caasd-
effect diagram were calculated and the values @& th
magnitude of uncertainty components were obtaifféok
Table 1 shows the uncertainty values calculatedefoch
source.

3.1 Concentration of aliquot sample, C,

The MeHg content of the aliquot sample was caledlat
against the mercury standard curves. For this @marpeere
prepared six mercury standards solutions with cainagon
of 2 ug kg?, 5 ug kg*, 10 pg kg*, 15 ug kg*, 20 ug kg* e
25 ug kg'. Those solutions were obtained of the dilution of
a standard solution of 1000.14 pg Tnprepared from the
mercury oxide.



The six calibration standards were measured thneest \/ 0480\ (O 115)2
each. The sample solution was measured and leddiag u(R) = 0.949x [ i j + : .
concentration gof 13.412ug kg*. 13412 8><(13.412)

The uncertainty of aliquot sample analyzed, is u(R ) =0.034

u(G,) =

000472 |1 1 (@3412-128)? i
e 3.4 Theinitial sample mass, mg
00098 V2 18 117456

The calculation of the uncertainty associated o th
u(CO):0.359 initial sample mass of, u@n is equal the uncertainty
associated of final dilution mass, as explicated2i4.2.
Thus, the value of uncertainty associated of ingample

mass, u(ny, is 0.0008366.
As mentioned above, the sample is weighted in the

balance, and the mass used in this experimentli300g. 3.5 Repeatability, rep

The uncertainty associated with standard deviatafn

control chart is 0.0006 g, the associated withbeation  yncertainty from instrument drift

certificate is 0.0005 g and uncertainty associateith To calculate the uncertainty in the instrument tdaif

repeatability of the balance is 0.0003 g. Combirihgse  ¢jibration standard solution with concentratior 6fig kg™

values, the uncertainty of mass final of the sampey), is:  was analyzed. The instrument showed a repeatatwity
1.5%. This value can be directly used for the dateoan of

u(m, ) = \/(0.000(32 +(0.0005?* +(0.0003* = 0.0008366 the combined standard uncertainty [7].

3.2 Thefinal dilution mass, ms

Uncertainty from concentration of the stock solntio
This uncertainty depends upon the purity of theauer
The estimate of R and u(R), method recovery anaxide, its mass and the volume of the liquid in athit is
method recovery uncertainty, was obtained fromdseas  dissolved.
prepared of a certified reference material DORM-gfibt
muscle. The concentration of MeHg in this mateiigl
certified as 4.47 0.32. The uncertainty is quoted at the The purity of the mercury oxide is quoted in the
95% confidence level. The concentration of MeHgthe supplier's certificate as 99.92 0.01 %. P is therefore
aliquot sample, obtained by analysis was 13.412e Th0.9999 + 0.0001. The standard uncertainty u(P) h&f t

3.3 Recovery, R

Purity

uncertainty, u(Grw), is: mercury oxide, using the assumption of a rectamgula
0162 distribution, is obtained dividing 0.0001 bﬁ
U =13412x || —2| =0.480 0.0001
o 447 u(P) = =0.000058
NE
R is calculated using Eq. (3) [10]: Mass

c The uncertainty associated with the mass of thecungr

R = —Zobs. (3) oxide for this preparation is ugn= 0.0008366, using
Cerm combination of the following components: standard

Where Gy is the mean of the results obtained from thedewanon of control chart, uncertainty of caliboat

replicate analysis of the soluion andesg is the certificate and repeatability of the balance.
concentration of the solution in the certified refece
material. For this analysis, R = 0.949.

The uncertainty associated with R, u(R), is obtaibgd The uncertainty associated with the volume hasethre

combining the uncertainty in the reference valu&€ciiv),  major influences: calibration, repeatability anchperature.
obtained from solution of the certified referencatenial

Volume

with the uncertainty in the mean of the observatifi0]: Calibration
5 , The manufacturer quotes a volume for the flask 53 2
U(R) = 0.949x U(Cerm) | . Sobsz (4) mL £ 0.2 mL measured at a temperature of 20 The
CRM nxCgye standards uncertainty is calculated assuming aguiar
] ) ] distribution.
Where Ggrm is the concentration of aliquot sample 02

measured, $; is the standard deviation obtained from the Uu(Vc) = \@ =0.082
replicate analyses of the solution and n the numidfer
replicates. Repeatability

Then, the uncertainty u(R) is: , ) i , ,
This uncertainty was estimated by a series of itearfd

weigh experiments on a 250 mL volumetric flask. The



standards deviation obtained in this experiment Q847
mL, this can be used directly as a standard uringyta

Combining the intermediate standard uncertainties,

above presented, the standard uncertainty of fieatability

can be calculated by:

Temperature

The uncertainty from this effect can be calculafiean
the estimated of the temperature range and coafficf the
volume expansion. The laboratory temperature varie
between the limits of +4C and of volume expansion for
water is 2.1x10, which leads to a volume variation of

+ (250x4x2.1x10)=+0.21 mL

The standards uncertainty for the temperature ti@nia

is calculated assuming a rectangular distribution.

) =2 =

012mL

H(Cio0)

ClOO

M(drift)
drift

oo 8 (2]

0015 (0367
U, = Ix, /| —— | +| ——
P 1 100

U, = 0.015

S

Table 1. Summary of contributions to the measurémecertainty for the
determination of MeHg by FIA-CV-AAS

The three contributions are combined to give th
standard uncertainty of the volume (u(V)).

u(V) =+/0.082 +0.017 + 012 = 0.146 mL

Combining the
above presented, the standard uncertainty of theumne
stock solution concentration can be calculated by:

2 2 5
uCStockzcstockx\/['u(P)j +[’u(m)j +(lu(v)j
P m v
3 2
... =100014 (0.00005? +(o.ooos%f +[O.146]
0.9999 0270 250

Ucgroek = 3154

Then, the stock solution used in these experimeats
quoted as having a concentration and uncertainiy000.14
+ 3.154.

As were prepared two solutions on a weight-by-weigh
basis, replicate weightings of 1 g and 100 g catdxt
weights were measured and obtained standard daviatif
0.0050 and 0.0055 g, respectively. Combining thedees
with the uncertainty calculated for the concentratof the
stock solution gives an uncertainty in the conaign of
the dilute working standards of:

0.0050)° ( 0.0055)
u =10x ( 3154 ]2 V10 V10
€ 10ug/g 100014 1 100
Ugiougrg = 0.03530g g*
0.0050)° ( 0.0055)
2

Uc 100ug/kg = 100X (0'0353] + V10 + V10

o/kg 10 1 100

Ucionigrkg =0-387 MG kg

intermediate standard uncertainties),

Parameter Value Standard | Relative standard
X uncertainty uncertainty
u(x) u(x)/x
Concentration of | 13.412 0.359 0.0268
aliquot sample ()
(kg kg")
Recovery (R) 0.949 0.034 0.03583
Final mass (3 | 30.000| 0.0008366 0.0000278
(9)
Sample mass (fh 0.100 0.0008366 0.008366
(9)
Repeatability 1 0.015 0.015

3.6 Calculation of standard and expanded uncertainty

The measurement uncertainty was calculated from the
data given in Table 1. The combined standard uaiceytis
calculated from the root sum of squares of theviddil
components, according to the rules set out in tih@déhem
Guide [7].

U(Creg)
4.24

=J( 0.0268)? +(0.03583)% + (0.0000278) + (0.008366)° + (0.015)?

U(Cyeng) = 02019 g™

For this experiment, the relative standard uncetyai
was calculated as 0.20 pg.gExpanded uncertainty was
calculated using a coverage factor of two, whichegia
level of confidence of approximate 95%, thus thpasxed
uncertainty for this experiment was 0.40 pg.The
contributions of the different parameters and ieffice
guantities to the measurements uncertainty arstifited in
Fig. 2.
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Fig. 2.- lllustration of contributions to the uncertairtydget.



4. CONCLUSION

This study illustrates the application of cause-affdct
analysis to uncertainty estimation in atomic absorp
technique.

When compared our result (4.240.40 pg g), obtained
by application of equation 1, with the certified reference
material that presents a MeHg concentration as #.8732
Hg g, we concluded that analytical method is approgriat
sensitive and provides a global estimation of theeutainty.

The estimation of the uncertainty components showed
be a suitable tool for the experimental design iideo to
obtain a small uncertainty in the analytical result

In this experiment, the major contributions to the
uncertainty budget were found to be the recoverg an
concentration of aliquot sample jGsee Fig. 2). While the
contribution from the uncertainty associated wittaf mass
was insignificant.
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