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Summary  
 

Based on the refference SR EN ISO/CEI 17025/2005, all analysis laboratories must 
have and applie a procedure for estimation of uncertainty. Evaluating uncertainty and 
declaring his value in Analysis report is necessary when the uncertainty is probably to 
negatively affect the conformity with a specification. The uncertainty is the confidence on 
obtained data autside of laboratory. We present in this review the basis of this concept, and 
his importance in achieving the confidence of those researchers who are using in their 
studies data obtained under control. Without specifying measurement uncertainty, evaluated 
and expresed according with established rules, the result is not credible and completely 
unuseful for his beneficiary. 
 

All analysts are accustomed to reporting measurement results 
accompanied by either the standard deviation of the individual results from the 
mean or the standard error of the mean. These statements indicate repeatability or 
measurement under unchanged conditions, or reproducibility, where the time 
period over which measurements are taken is the source of changed conditions. 
However, repeatability is only one component of the total measurement 
uncertainty, or doubt about the validity of measurement (2). We will present some 
approaches to evaluate measurement uncertainty more completely. 

Uncertainty of a result is defined as “ a parameter associated with the 
result of a measurement, that characterises the dispersion of the values that could 
reasonably be attributed to the measurand” (1,3). 

Uncertainty of measurement comprises, in general, many components. 
Some of these may be evaluated from the statistical distribution of the results of 
measurements series, and can be characterised by standard deviation. This is Tipe 
A of uncertainty and is calculated after repeated determinations on the measurand, 
and it is a calculated standard uncertainty. The other components, are evaluated 
from assumed probability distributions based on experience or other informations. 
This in Tipe B of uncertainty, and can be calculated from certificates of 
quality,technical specifications, previous measurements, and it is an estimated 
standard uncertainty. 

Generally, the steps involved in uncertainty calculation are: 
1. Specify measurand- write down a clear statement of what is being to be 

measured, method of determination, matrix and the quantitative expression 
relating the value of the mesurand to the parameters on which it depends. 
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2. Identify uncertainty sources- list the posible sources of uncertainty. Typical 
sources of uncertainty are: sampling, storage conditions, instrument 
effects, reagent purity, measurement conditions, sample effects, blanck 
correction, operator effects, random effects. 

3. Quantify uncertainty components- measure or estimate the size of the 
uncertainty component associated with each potential source identified. In 
practice it is likely that only a small number of the components will make a 
significant contribution to the combined uncertainty.  
The main sources of uncertainty included in equation are generally: 

- the uncertainty of reading a sample on a daily calibration curve ucitit. For all 
instruments for which a calibration curves to be performed before each set of 
sample analysis, it is necessary to evaluate the calibration function according with 
SR ISO 8466-1/1999 (4). This evaluation allows determining the uncertainty of 
measurement using the calibration curve. 

- the uncertainty of measuring a volume of sample uv 
- the uncertainty of measuring a mass of solid sample taken um 
- the uncertainty introduced by the serial dilutions of a primary standard 

solution to calibration standard solutions uci 
- the uncertainty of repetability of a real sample, calculated as S.D. of a 3 or 

more readings on calibration curve 
4. Calculate combined uncertainty with the equation: 
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Materials and methods 

 
To determine the amount of a trace metal in a liquid sample, the most 

facile method is atomic absorption spectrometry in graphite furnace. We used for 
analysis an A Analyst 800 spectrometer, with Zeeman corection of background and 
transversal heating of graphite furnace. The statistical analysis can also be 
performed for data obtained in flame atomic absorption, molecular absorption 
spectrometer or even chromatogaphy. The preferable working range is liniar range 
of a calibration curve. Many spectrometers allow liniar calibration where the 
intercept with the absorbance axis is calculated rather than being fixed at zero 
absorbance and zero concentration. The ecuation used to defined this line is  

y = a + bx 
 where „a” is the intercept of the line with the absorbance axis, and „b” is the slope 
of the calibration line, representing the sensitivity of the metod, „y” is the 
absorbance obtained for a concentration „x” reading (5). 
The calculation of the uncertainty ucitit associated with the linear least square fitting 
procedure is: 
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ucitit=SY/b*[(1/p+1/n+(ccitit-cmediu)
2
/SXX]

1/2 

 
where SY is residual standard deviation, given by: 

 

Sy={ Σ[yi – (a+bxi)]
2
/ (n-2)}

1/2 
 

Sxx= Σ(cj-cmediu)
1/2 

 
b is the slope b = Σ (xi-xmediu)(yi-ymediu)/ Σ(xi-x)

2 
xi and yi are concentration/absorbances of calibration standards for an i 
concentration 
xmediu is the mean of all concentration from the calibration curve 
ymediu is the mean of all absorbances from the calibration curve 
Sy is an expresion of the precision (fidelity) of method, describing the dispersion of 
all readed values around the calibration curve 
p is number of measurements to determine ccitit (3 or more readings for an unknown 
sample) 
n is total number of measurements for the calibration 
i is index for the number of calibration standard 
j is index for the number of measurements to obtain the calibration curve 
 

Results and discussions 
 

We presented the calculation of ucitit for Al, analyzed in grafite furnace of 
AAS, using a linear calibration range of 0-100µg/l (ppb). 

Every point of the calibration curve was readed 3 times (Table 1.). 
Table 1 

T he absorbance values obtained after standards readings on AAS 
No. Calibration 

standard(xi) 
Absorbance(yi) S.D.-abs. 

1 10 0.0129  
1 10 0.0131 0.0010 
1 10 0.0113  
2 20 0.0274  
2 20 0.0275 0.0002 
2 20 0.0270  
3 40 0.0674  
3 40 0.0654 0.0010 
3 40 0.0664  
4 60 0.1042  
4 60 0.1049 0.0004 
4 60 0.1043  
5 80 0.1345  
5 80 0.1350 0.0009 
5 80 0.1333  
6 100 0.1549  
6 100 0.1540 0.0004 
6 100 0.1544  
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Using ANOVA programe to evaluate the calibrating linear function through 
the least square method, we obtained folowing coeficients, usefull in calculation of 
ucitit (Table 2). 

Table 2 
ANOVA values obtained after curve evaluation with least square method 

Parameter Value 
Multiple R (correlation coef. 
of the calibr. curve) 

0.99477 

Standard error Sy={ Σ[yi – 
(a+bxi)]

2
/ (n-2)}

1/2 
(Abaterea standard 
reziduala) 

0.00569 

Intercept a=y-bx (ordonata la 
origine) 

-0.001561 

X variable1( Slope, panta) 
b = Σ (xi-xmediu)(yi-ymediu)/ 
Σ(xi-xmediu)

2 
 

0.001641 

 
We can write the expression of calibration line:  

Y=-0.00156+0.00164X, respectively: 
A= - 0.00156+0.00164•C 

 
For an unknown sample, we obtained the average absorbance for two readings: A= 

0.1235 
Concentration can be estimated from previous ecuation:  

C = (A+0.00156)/0.00164 
 
We can calculate now the value of ucitit: 

ucitit=SY/b*[(1/p+1/n+(ccitit-cmediu)
2/SXX]1/2 

= 2,67 µg/l 
 
In practice is common to express the confidence interval for the calibration curve, 
for a 99% probability: 

I.I.= ucitit•t 
 
where t is the Student coeficient for a 99% probability, and N-2 degree of freedom, 
N is the number of standards in calibration curve. So, we obtained 

2,67 µg/l•2,32=5,67µg/l 
2,32 is the Student coeficient for 99% probability and 6-2=4 degree of freedom. 
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Conclusions 
 

We presented in this paper, the calculation model for ucitit, because is a 
very important factor in calculation of uc, and as we said before, analysts are 
accustomed to reporting measurement results accompanied by the standard 
deviation of the individual results from the mean which is not the same with the 
calculation of uncertainty ucitit on calibration curve. They reported in fact the urepet 
(the uncertainty of repetability of a real sample, calculated as S.D. of a 3 or more 
readings on calibration curve). 
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