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UNCERTAINTY ESTIMATION FOR ACETAMINOPHEN 
SPECTROPHOTOMETRIC DETERMINATION AFTER THE 

TRANSPORT THROUGH BULK LIQUID MEMBRANE 

Ioana DIACONU1, Cristina Monica MIREA2, Elena RUSE3, Andreea Maria 
BALEA4 

The measurement uncertainty is a very important parameter in establishing 
the quality of a measurement. Uncertainty plays a decisive role in conformity-
nonconformity studies, commercial or legal action. In this study a bottom-up 
approach was realized to estimate the uncertainty. A cause-effect diagram is used to 
determine the uncertainty sources. Also a good description of the process helps to 
estimate the uncertainty. The uncertainty budget is established defining the 
parameter with a major contribution to the sample uncertainty. The final result will 
be presented as follows: 2.8829·10-4±3.2833·10-7g. 

Keywords: uncertainty, cause-effect diagram, acetaminophen, spectrophotometric 
determination, bulk liquid membrane 

1. Introduction 

Acetaminophen was first introduced in medicine by Von Mering in 
1893[1]. Acetaminophen or paracetamol, as it is commonly known, is frequently 
used as an analgesic (pain reliever) and antipyretic (fever reducer) [2]. 
Combination of two or more drugs in pharmaceutical formulations is used in 
multiple theories [3]. Acetaminophen is used in combinations with different 
opioids in the treatment of post-surgery pains [2, 4]. Acetaminophen can be 
determined using various methods such as: optic methods [1-9], electro analytical 
methods [10-12] or chromatographic methods [13-15] and so on. Among the 
separation methods used for separation of drugs active principles we can mention 
membrane techniques [16-20]. Although there are a large number of articles that 
treat the subject of paracetamol determination and separation they do not refer to a 
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major part of quality assurance namely the estimation of uncertainty in 
spectrophotometric determination of paracetamol. 

The assessment of uncertainty associated with an analytical method is 
essential for demonstrating the quality of a result [21]. The result of a 
measurement is very important to be valid and determined in conditions well 
defined. The result is crucial in activities such as: commerce, legal actions or 
publications [22, 23]. The result of a measurement is just an estimation of the 
measuring. The measured value is accepted only when it is accompanied by a 
quantitative affirmation of the uncertainty [24, 25]. The uncertainty of the 
measurement is a useful tool in assessing the conformity or non-conformity 
during or at the end of the pharmaceutical process or in the evaluation of stability 
tests for pharmaceutical products [6, 7]. Uncertainty estimation is an essential 
condition for testing laboratories in order to obtain accreditation for an analytical 
research laboratory. Identification of uncertainty components and reasonable 
estimation are necessary for a statistical valid calculation for uncertainty 
estimation [5]. 

For uncertainty estimation the known approaches are top-down and 
bottom-up. The top-down approach mentions uncertainty can be estimated from 
reproducibility studies. The opposite is the approach bottom-up which quantifies 
uncertainty by summing the variance as presented in equation (1). 
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for a measurand M (analytical result), if the equation for M is based on 

multiplication and divisions like M= (a x b x c)/d [2]. 
Uncertainty in spectrophotometric determinations was studied by many 

scientists [28-30]. According to their results, physical sources of uncertainty often 
have significantly lower contributions than chemical sources. The calibration 
equations also have a significant contribution to the uncertainty in UV–Vis 
spectrophotometric analysis [28, 29]. Another study presents that the 
contributions of precision, linearity and weight of linezolid reference standard are 
the most significant, contributing with about 77% of the overall uncertainty. The 
Eurachem procedure was also compared to Monte Carlo simulation results. The 
conclusion was that the Eurachem procedure can be considered reasonable for the 
estimation of measurement uncertainty of linezolid by UV spectrophotometry. 

In the present study a bottom-up approach is used to estimate the 
uncertainty of the determination of acetaminophen using UV-Vis 
spectrophotometry after its transport through bulk liquid membrane.  
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2. Experimental part 
 
2.1. Reagents 
 
All the reagents were analytical grade.  The acetaminophen standard was 

purchased from Hebei Jiheng (Group) Pharmacy Co., Ltd.-China. Chloroform and 
tributhyl phosphate was purchased from Merck while NaOH was purchased from 
Fluka.  

2.2. Material and equipment 

The transport through the bulk liquid membrane takes place in a wall in 
wall type of cell presented in previous papers [31-34]. The membrane system 
consists from a feed phase -20 cm3 10-1 mol/L acetaminophen-, membrane- 50 
cm3 10-1 mol/L tributhyl phosphate in chloroform- and stripping phase- 1 mol/L 
solution of NaOH. The transport time was of 24 h at a stirring speed of 180 
rot/min. 

The analytical control was realized using a LAMDA UV-VIS-NIR (Perkin 
Elmer Life and Analytical Sciences) spectrophotometer at acetaminophen specific 
wavelength at 241nm-for feed phase and 256 nm-for stripping phase. 

2.3. Procedure for uncertainty estimation 

Uncertainty due to concentration, c50 
The concentration of acetaminophen is obtained from a calibration curve 

established from a stock solution of acetaminophen 10-3 mol/L of acetaminophen 
resulted from the weighting 0.0151 g of acetaminophen and bringing them 
quantitatively to a 100 mL volumetric flask. 11 stock solution of acetaminophen 
are calculated with concentration ranging between 1·10-5- 1,1·10-4 mol/L in 
1mol/L NaOH solution. All eleven solutions were measured three times. In this 
case the uncertainty of preparation of the stock solution is low enough to be 
neglected.  

The uncertainty of the sample to be analyzed is obtained from equation (2) 
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sr- residual standard deviation 
n - number of measurements used for calibration curve 
p - number of measurements used to obtain the concentration of the sample 
c - analyte concentration in the unknown sample, mol/L 
c - average of standard solution, mol/L 

∑ −= 2)( ccs ixx      (4) 

where Yj - analytical signal of the measurement j 

 j - analytical signal of the measurement j 
 i -  index for the number of solution for the calibration 

b – calibration curve slope, L/mol 
a – calibration curve intercept  
xi – analyte concentration from standard solution mol/L 

 n – number of measurements made in order to obtain the calibration curve 
The concentration of the sample from the stripping solution was obtained from the 
calibration curve which has a general formula presented in equation (5). 

y=a+bx     (5) 

where y-analytical signal, absorbance 
a – calibration curve intercept 
b – calibration curve slope, L/mol 
x – analyte concentration, mol/L 
 

Uncertainty of the discharge of 50 mL volumetric flask 
 

The uncertainty in case of the repeatability of the discharge of the 50 mL 
volumetric flask was realized by using an experiment consisting in filling up and 
weighting a typical 50 mL volumetric flask with standard solution for ten times. 

4. Results and discussions  

The transport through bulk liquid membranes due to the presence of the 
carrier is very selective. Thus after the transport the acetaminophen an efficiency 
of 95.4% is obtained. The uncertainty of this quantity is than estimated. 
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In order to estimate correctly the uncertainty a scientist must understand 
correctly the process in order to present a correct equation of the measurand. 
Equation (6) presents the determination of acetaminophen after the transport. 

 
3

acetamin.5050 10−⋅⋅⋅⋅= FMVcQ    (6) 
 

where Q- sample quantity, g 
c50- concentration of acetaminophen of the 50 mL volumetric flask, mol/L 

 V50-volume of the volumetric flask, 50 mL 
Macetamin.-molecular mass of acetaminophen, g/mol 
F-factor=1 responsible for spectrophotometer uncertainty, obtained from 

calibration certificate  
 
Uncertainty due to concentration, c50  
 
After measuring the absorbance of the standard solution the absorbance 

values are obtained and presented in table 1. 
 The calibration curve is described by equation (5) and the result of the 

linear fitting is presented in table 2. 
 

            
Fig. 1. The cause-effect diagram for the determination of acetaminophen through UV-Vis 

spectrophotometry after the transport through bulk liquid membrane 
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Table 1 
Calibration data for acetaminophen 

i Concentration 
mol/L 

A1 A2 A3 A  

1  1∙10‐5 0.1014 0.1009 0.1012 0.1011
2  2∙10‐5 0.2133 0.214 0.2133 0.2135
3  3∙10‐5 0.3183 0.3181 0.3184 0.3182
4  4∙10‐5 0.4226 0.4233 0.424 0.4233
5  5∙10‐5 0.5367 0.536 0.536 0.5362
6  6∙10‐5 0.6443 0.6442 0.6442 0.6442
7  7∙10‐5 0.7406 0.7387 0.7399 0.7397
8  8∙10‐5 0.8592 0.8612 0.8615 0.8606
9  9∙10‐5 0.9431 0.9438 0.9441 0.9436

10  10∙10‐5 1.067 1.0707 1.0717 1.0698
11  11∙10‐5 1.1649 1.163 1.169 1.1656

 
The test solution was measured 10 times (p=10) and thus the concentration 

c50 was obtained. The results are presented in table 3. 
After realizing the average of the standard solution concentration and 

average value is obtained=6·10-5mol/L. 
Knowing the calibration curve equation y=10637.9697x-0.00044 we can 

identify the slope as b=10637.9697 L/mol and the intercept as a=-0.00044. For the 
determination of the calibration curve a number of 11 solution was measured, thus 
n=33. 

 
Table 2 

Linear fitting parameters for acetaminophen determination through UV-Vis 
spectrophotometry 

Statistical parameter Value 
Calibration curve equation y=10637.9697x-0.00044 
Calibration curve slope, b 10637.9697 
Standard deviation of the calibration curve slope, sb 67.2439 
Calibration curve intercept at the origin, a  -0.00044 
Standard deviation of the calibration curve intercept 
at the origin, sa  

0.0045 

Correlation coefficient, R 0.9998 
Determination coefficient,R2 0.999 
Number of freedom degrees, n 9 
 
 

Table 3 
Sample determination for acetaminophen 

i Absorbance Concentration, mol/L 
1  0.4054  3.81509∙10‐5

2  0.4055  3.81603∙10‐5 
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3  0.4056  3.81697∙10‐5 
4  0.4057  3.81791∙10‐5 
5  0.4053 3.81415∙10‐5

6  0.4049  3.81039∙10‐5 
7  0.4047  3.80851∙10‐5 
8  0.4056  3.81697∙10‐5 
9  0.4055 3.81603∙10‐5

10  0.4055  3.81603∙10‐5 
Average  3.81481∙10‐5 

 
Thus: 

sxx=1.1·10-8mol2/L2     (6) 
sr=7.94·10-9      (7) 
u( c)=3,1127·10-13mol/L    (8) 

Thus the uncertainty associated with the concentration is 3,1127·10-13mol/L and 
the standard uncertainty is: 
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 Uncertainty associated with discharge of 50 mL volumetric flask 
 

The volume has 3 major influences: calibration, repeatability and 
temperature effect. Other studies showed that another source of uncertainty is the 
aging of the volumetric instruments. This thing happens only if a strong base 
solution is preserved for a longer period of time.  In our case this thing does not 
happen. 

a. Calibration for the volumetric flask. The manufacturer offers for the 
volumetric flask a tolerance of ±0.05 mL at a temperature of 20 ºC. This 
uncertainty is not associated with a confidence range or other information 
regarding its distribution. The manufacturer uses a constant temperature and thus 
a triangular distribution is used in order to maintain a nominal value for the 
volume [22]. The uncertainty associated with the volume of volumetric flask due 
to calibration is presented in equation (10). 
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b. Repeatability. After the filling and weighting the volumetric flask a 
standard deviation of the measurement 0.01mL is obtained.  This value can be 
used directly as standard uncertainty. 

c. Temperature. According to the manufacturer the volumetric flask is 
calibrated at 20ºC, while in the laboratory the temperature varies with ±4ºC. The 
uncertainty due to this effect can be calculated from the estimation of the 
temperature range and the volume expansion coefficient which for water is   
2.1·10 -4 ºC. The variation of the volume in this case is presented in equation (11). 

 
±(50·4·2.1·10-4)=±0.0042    (11)  

 
The temperature has a rectangular influence (if there aren’t sufficient 

temperature data) or, as in the present case, a triangular distribution (the 
laboratory is equipped with air condition) [22]. Thus the uncertainty due the 
temperature effect is presented in equation (12). 
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The three contributions give the standard uncertainty of the volume V, 

namely u(V) presented in equation (13). 
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The standard relative uncertainty due to volume will be presented in 

equation (14). 
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Uncertainty due to the molar mass of acetaminophen 
 
According to IUPAC [35] the elements atomic weights presents a certain 

uncertainty. In table 4 the element atomic weight of the elements involved in the 
acetaminophen formula and their uncertainty are presented. According to 
Eurachem Guide [36, 37] for standard uncertainty associated to the atomic weight 
of the elements a rectangular distribution is admitted. Thus the standard 
uncertainty is obtained by dividing these values to 3 . 
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Table 4 
Elements atomic weights and their standard uncertainty 

Element Atomic weight IUPAC Uncertainty Standard Uncertainty 
C 12.0107 0.0008 4.6188∙10‐5

H 1.00794 0.00007  4.04145∙10‐5 
N 15.994 0.00003  1.73205∙10‐5 
O 14.000674 0.00007  4.04145∙10‐5 

 
The molecular mass is the sum of the atomic weights and thus the 

uncertainty due to the molecular mass is obtained by summing the squares of the 
individual standard uncertainty [22, 36]. Thus the molecular mass of acetaminofen 
is 151.1457 g/mol and has a standard uncertainty associated with 
u(Macetamin.)=1.3788·10-5. 

The relative standard uncertainty associated with the molecular mass is 
presented in equation (15). 
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The intermediate values, their standard uncertainty and their relative 

standard uncertainty are synthesized in table 5.  
Table 4 

Uncertainty sources and their standard and relative uncertainty at the 
determination of acetaminophen determination through UV-Vis spectrophotometry 

Parameter Value Standard 
uncertainty, u(x) 

Relative standard 
uncertainty, u(x)/x 

Volume, V50,mL 50 2.84·10-2 5.6944·10-4 
Sample concentration, c50, mol/L 3.8148·10-5 3.1127·10-13 8.1595·10-9 

Molecular mass, Macetamin. 151.145 1.3788 ·10-5 9.1226·10-8 
F 1 2.49·10-8 1.2437·10-8 

 
In order to determine the composed uncertainty of the sample quantity Q is 

obtained using equation 16. 
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Thus Q=2.8829·10-4g and its standard uncertainty is u(Q)=1.6416·10-7g. 
Considering a confidence level of 95 % and a coverage factor k=2 the 

expanded uncertainty is U (Q)= 3.2833·10-7g. 
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6. Conclusions 

The present study illustrates a cause-effect analysis for estimating the 
uncertainty in a usual determination of acetaminophen determination through UV-
Vis spectrophotometry. The acetaminophen is resulted at the transport through 
bulk liquid membranes. A major contribution to the uncertainty budget is 
represented by the discharge of the 50 mL volumetric flask.  
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