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In the present study, simple and reliable method for the analysis of some 

quaternary ammonium compounds (QACs) was developed, optimized and 

validated to meet the requirements of some agricultural products (green beans, 

orange and olive) safety. QACs in samples were extracted with acetonitrile and 

identified by liquid chromatography tandem mass spectrometry (LC-MS/MS) 

with gradient mobile phase (10 mM ammonium formate solution in 

methanol/water (1:9)) and pH 4±0.1. The method was validated with average 

recovery ranged from 78 to 117% and coefficient of variation (CV %) less than 

10 %. The performance of the proposed method was checked with two samples 

from the Food Analysis Performance Assessment Scheme (FAPAS) as an 

external quality control; the Z-score (Z) was found within acceptable range 

│Z│≤ 2. The measurement uncertainty is expressed as expanded uncertainty and 

in terms of relative standard deviation (at 95% confidence level) is ±19%. This 

method is suitable for laboratories engaged daily in routine analysis of a large 

number of samples. 
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Introduction 

Some quaternary ammonium  compounds  (QACs)  

containing  at  least one  long  alkyl  chain  have  

biocidal  properties and  are  widely  used  as general  

fabric softeners, disinfectants, preservatives, pest-control 

and anti-fouling  products. Quaternary ammonium  

compounds  (QACs)  are frequently  leaked  into  

surface  waters  from waste water   treatment  plants,  

disturbing  the  ecological  balance  due  to  their toxicity 

to aquatic environment 
[1]

. 

Their fate in the environment is of concern since there is 

a lack of data on their degradation 
[2]

. Some of them are 

known to be toxic even at low concentrations 
[3]

.The 

Biocidal   Products   Directive (BPD) aims to establish a 

single European market for biocides and to ensure that 

protection is provided for users, as well as, for the public 

and the environment. 

Benzalkonium chloride (BAC) is a mixture of 

alkylbenzyldimethylammonium chlorides in which the 

alkyl groups have a chain length from C8 to C18 
[4]
. 

This mixture is widely used as an active substance in 

anti-bacterial and anti-fungal products, in preservatives, 

medical disinfectants and ophthalmic systems 
[5]
. 

 The most commonly used homologues are C12-BAC, 

C14-BAC and C16-BAC. Each homologue possesses 

different physical, chemical and biocidal properties. In 

general, the C12-BAC homologue is most effective 

against yeast and fungi, the C14-BAC homologue 

against gram-positive bacteria, and the C16-BAC 

homologue against gram-negative bacteria 
[6]
. 

Other quaternary ammonium compounds, such as 

dialkyldimethylammonium compounds, are also 

commonly used as biocides and some manufacturers of 

hospital disinfectant products have substituted BAC with 

didecyldimethylammonium chloride (DDAC) 
[6]
. 

BAC is not an approved active substance in plant 

protection products under Regulation (EC) No 

1107/2009 of the European Parliament and of the 

Council 21 October 2009 concerning the placing of plant 

protection products on the market and repealing Council 

Directives 79/117/EEC and 91/414/EEC/2009. 

DDAC was approved as an active substance in plant 

protection products for use on ornamental crops, but all 

authorizations for plant protection products containing 

DDAC have been revoked following the withdrawal of 

the approval Commission Implementing Regulation 

(EU) No 175/2013 of 27 February 2013 amending 

Implementing Regulation (EU) No 540/2011. As regards 
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(a) Benzalkonium chloride (BAC) with chain length of n=10, 12, 14, 16 . 

(b) Didecyldimethylammonium chloride (DDAC). 

 

 

the withdrawal of the approval of the active substance 

didecyldimethylammonium chloride, both substances 

are used as biocides for disinfection that use may lead to 

detectable residues in food. The monitoring data was 

collected in 2012 and 2013 by Member States and food 

business operators and showed that those substances are 

present at levels that vary depending on the source and 

product, but that the levels frequently exceed the default 

maximum residue limit (MRL) of 0.01 mg/kg 
[7]
. 

These findings provide evidence of the unavoidable 

presence of BAC and DDAC in or on certain products. 

Several analytical methods for the determination of 

QACs in foods have been described. These include the 

use of Liquid chromatography/electrospray/ion trap 

tandem mass spectrometry equipped with a reversed-

phase C18 analytical column (Phenomenex RP18, 

Torrance, CA) of 250 × 3 mm and 5µm particle 

diameter in identification of QACs surfactants in water 

samples
[8,9].

Another analytical column in LC-MS/MS 

which is called Waters Spherisorb CN, (4.6x250 mm) 

column  packed with particles of 5 μm applied for the 

determination of BAC in a pharmaceutical formulation 

of latanoprost ophthalmic solution 
[10]

, UV-visible 

spectrometry using silver nitrate and eosin solution was 

used in the determination of BAC after formulation 
[11,12].

 Of these techniques, HPLC is the most frequently 

reported for the separation and quantification of QACs 

because of its high sensitivity and wide range of 

linearity. 

The objective of this study is to establish a rapid, 

sensitive, and reproducible analytical method for 

quantification of QACs in green beans, orange's fruit 

and olive's fruit to access their compliance to the 

established standards before consuming locally or 

exporting to other countries. The developed method will 

be validated in terms of sensitivity, repeatability, 

linearity, accuracy and precision. The applicability of 

the developed method for the routine monitoring of 

locally produced or exported agricultural products will 

be investigated, as part of the National Monitoring 

Program for food contaminates in Egyptian food. This 

 should help various Egyptian exporters to penetrate 

international markets. 

Materials and methods  

Samples collection and processing 

Green beans, orange's fruit and olive's fruit samples 

purchased from local markets in Egypt during the years 

2014–2016 and analyzed using the developed method. 

Samples were immediately frozen during transport and 

kept at -20 ˚C not more than two days till sample 

treatment and analysis. Before analysis, samples were 

homogenized well and taken for analysis. Preparation 

and sampling was performed according to guidelines of 

codex alimentarius commission 
[13]

. 

Chemicals, reagents and standard solutions 
Five QACs reference standard active ingredients of 

Benzalkonium  chloride  (BAC10), (BAC12), (BAC14), 

(BAC16) and Didecyldimethylammonium chloride 

(DDAC) were purchased from Sigma-Aldrich with 

purity > 98%. 

Acetonitrile and Methanol (Lab-scan) (HPLC), assay > 

99%., De-ionized Water generated by Milli-Q,Agilent 

QuEChERs salts and buffers were prepackaged in 

anhydrous packages for EN 15662 containing 4 g 

magnesium sulfate (MgSO4), 1 g sodium chloride 

(NaCl), 1 g trisodium citrate dihydrate, and 0.5 g 

disodium citrate sesquihydrate. Formic acid, 98-100% 

(Riedel–de Haen), ammonia solution, 33% (Riedel–de 

Haen). HPLC mobile Phase Stock solution (50 mM 

ammonium formate solution in methanol/water (1:9) was 

prepared by adding 1.73 ml formic acid to 900 ml water , 

adjust the pH to about 3.78±0.02 with ammonia solution 

(30%) and then addition of 100 ml methanol). HPLC 

mobile Phase working solution (10 mM ammonium 

formate solution in methanol/water (1:9) was prepared 

by diluting 200 ml of HPLC mobile phase stock solution 

with 800 ml methanol/water (1:9)). The pH should be 

4±0.1. 

QACs Stock solution (1000 µg/ml) in methanol was 

prepared and kept at -20 ± 2
o
C not longer than one year. 

Intermediate solution (100µg/ml) was prepared in 

acetonitrile and stored at 4 ± 2
o
C not longer than 6 months. 
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A series of calibration solutions of 0.001, 0.002, 0.005, 

0.01, 0.05 and 0.1µg/ml were prepared from 

intermediate standard solution (100 µg/ml) by serial 

dilution in 10 ml flask. The calibration solutions were 

kept also at 4± 2
o
C.This calibration solutions will be 

used up to three months. 

Apparatus and chromatographic conditions 
Acrodisc® syringe filters PTFE 

(Polytetrafluoroethylene), diam. 25 mm, pore size 0.45 

μm, Polypropylene Centrifuge Tubes with Screw Caps 

15 and 50 ml. 

Lab Centrifuge (Heraeus Labofuge 400) capable of 

achieving at least 4000 rpm. 

Injection Vials (1.5 ml) suitable for LC-MS/MS auto 

sampler, Screw capped glass vials (20 ml) for the 

storage of the excessive amounts of the final extract. 

Volumetric Flasks, Grade A 10, 25, 50, and 100 ml. 

Automatic Pipettes, Hirschman Labogerate suitable for 

handling volumes of 10 µl to 100 µl, and 100 µl to 1000 

µl. Analytical balance, Mettler Toledo AG 204: range 

from 0.1 mg to 210 gm. Precision balance, Mettler 

Toledo GG 4002-S: Delta range from 0.5 gm. to 4100 

gm. pH-meter, Thermo Electron Orion Star pH Bench 

Top. 

Quantitative analysis was performed using the high 

performance liquid chromatography HLPC Agilent 

system, HP 1100 series equipped with binary pump 

(G1311A), Vacuum degasser (G1322), Auto sampler 

(G1313). HPLC equipped with fluorescence detector 

Agilent 1100 series (G1321A) and triple Quadruple 

mass spectrometer (ABSCIEX). Separation performed 

on Agilent Zorbax XDB C18, 5um × 150× 4.6 mm 

column. Software: Chemistation for LC, Rev. A. 09.03. 

The flow rate of HPLC pump was 0.3 ml/min. The 

elution condition involves using a gradient mode and 

mobile phase (B) of methanol and mobile phase (A) of 

10 mM ammonium formate solution in methanol/water 

(1:9), the pH should be 4±0.1; the injection volume was 

5µl. 

Method of analysis 

Preparation of samples for QACs extraction 
A test portion of 10 g homogenized sample (green 

beans, orange's fruit and olive's fruit) was weighed in 50 

ml plastic tube, 10 ml acetonitrile was added and shaked 

well for one minute by hand then the buffer-salt-mixture 

was added and shaked immediately for three minutes. 

The sample was centrifuged at 4000 rpm for 5 minutes. 

Portion of acetonitrile layer was filtrated using Acrodisc 

and injected directly 5 µl into LC-MS/MS system. 

Reagent blank (solvent and reagent) and blank sample 

(free QACs sample) were analyzed with each set of 

samples. 

Calibration standard curve was used for the 

quantification of QACs in samples (peak height VS 

standard concentration). 

Calculations: 

The QACs concentration in sample Cs (mg/kg) was 

calculated as follows: 

 

 

y
hstd

h

w

V
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f
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Cs = sample concentration (µg/g), 

Vf = final volume (ml), 

hsam = the height of sample peak, 

hstd = the height of standard in matrix peak, 

Y = standard concentration (µg/ml), 

W = weight of sample (g). 

Validation and Quality Assurance 

The analytical method and instrument were fully 

validated as part of the quality assurance system in 

Central Lab. Of Residue Analysis of Pesticides and 

Heavy Metals in Food and accredited by FINAS, Center 

for Metrology and Accreditation – Finland, according to 

(ISO/ IEC 17025, 2005). The criteria of quality 

assurance of Codex Committee were followed to 

determine the performance of the analytical method. 

Validation of the method included; recovery percentages, 

precision, accuracy, limits of quantification and 

uncertainty of measurements were carried out for QACs 

using green beans, orange’s fruit and olive's fruit 

samples in accordance with the international guidelines. 

Results and discussion 

Method development 
The published method 

[14]
 which is applied for the 

determination of pesticide residues using GC-MS and/or 

LC-MS/MS following acetonitrile extraction/partitioning 

and cleanup by dispersive solid phase extraction (SPE) 

was selected to be developed and optimized to determine 

QACs in some agricultural products. 

Modifications to standard method are optional 

evaporation step of acetonitrile and re-dissolve in 

methanol/water (1:1) before LC-MS/MS analysis, adding 

5% formic acid to acetonitrile extract, mobile phase in 

standard method was ammonium formate solution in 

water, concentration = 5 mmol/l, ammonium formate 

solution in methanol, concentration = 5 mmol/l, use 

Phenomenex C18 column and flow rate is 0.4 (ml/min). 

HPLC separation conditions 
Table (1) summarizes gradient HPLC mobile phase (10 

mM ammonium formate solution in methanol/water 

(1:9)). The pH was adjusted at 4±0.1with flow rate 

0.3ml/min and Figure (1) shows the ratio of the solvents 

(A) and (B) during time of analysis. 

MS/MS parameters of 5 QACs:- 
Table (2) shows that MS/MS parameters of 5 QACs 

where Q1 and Q3 are masses (m/z) of daughter ions 

fragments in dalton, declustering potential (DP), entrance 

potential (EP) and collision cell entrance potential are 

pre-collision cell voltages. 

The EP parameter controls the entrance potential, which 

guides and focuses the ions through the high-pressure Q0 

region. The CXP is the exit potential of collision cell. 

The CE (collision cell entrance potential) parameter 

controls the potential difference between Q0 and Q2 

(collision cell). It is used only in MS/MS-type scans. 
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The CE is the amount of energy that the precursor ions 

receive as they are accelerated into the collision cell, 

where they collide with gas molecules and fragment. 

 Figure (2) shows the total ion chromatogram of QACs 

and Figure (3) shows the masses (m/z) of daughter ions 

fragments in Dalton of QACs. 

 

 

 

Table (1): HPLC pump settings . 

Step Total Time (min) Flow Rate (ml/min) 
A 

(%) 

B 

(%) 

0 0.00 0.3 100.0 0.0 

1 13.00 0.3 5.0 95.0 

2 21.00 0.3 5.0 95.0 

3 22.20 0.3 100.0 0.0 

4 25.00 0.3 100.0 0.0 

B: pure methanol, A: 10 mM ammonium formate solution in methanol/water (1:9), the pH should be 4±0.1. Temperature of 

column is 40˚C. 

 

 

Table (2): MS/MS parameters of five QACs. 

Q1 MASS Q3MASS ID DP EP CE CXP 

326.4 186.2 DAC_326.4_186.2 140 10 40.3 8 

326.4 43.2 DAC_326.4_43.2 140 10 68.7 8 

326.4 41.2 DAC_326.4_41.2 140 10 98 8 

360 91 BAC16_360_91 101 10 67 14 

360 268 BAC16_360_268 101 10 35 14 

304 91 BAC12_304_91 106 10 55 14 

304 212 BAC12_304_212 101 10 31 10 

332.3 91 BAC14_332.3_91 106 10 73 14 

332.3 240.3 BAC14_332.3_240.3 116 10 33 12 

276 184 BAC_10_276_184 101 10 25 27 

276 91 BAC_10_276_91 96 10 75 43 

 

 

 

Fig. 1: The ratio of solvents (A) and (B) during time of analysis. B: pure methanol, A: 10 mM ammonium formate 

solution in methanol/water (1:9), the pH should be 4±0.1. Temperature of column is 40˚C. 
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Fig. 2: The Ion chromatogram of QACs. 

 

 

 

Fig. 3: The Masses (m/z) of daughter ions fragments in dalton of QACs. 
 

 

Method validation 
After method development and optimization of different 

parameters, the method must be tested to prove the 

"Fitness for Purpose" through a process called method 

validation. Many international standards were published 

to discuss different method validation parameters; 
[15-17]

 

were followed in performing the different validation 

parameters and uncertainty estimation. The obtained 

validation results described are as follows. Validation of 

analysis included linearity, limit of detection (LOD), 

limit of quantification (LOQ), recovery, precision 

(repeatability and reproducibility) and accuracy. 

 Linear range and calibration curve 

Six calibration levels of 0.001, 0.002, 0.005, 0.01, 0.05 

and 0.1 µg/ml usually used for calibration. A linear curve 

was found between peak area and analyte concentration 

with a good correlation coefficient (R
2
 ≥0.999). 

Calibration was done with each set of injected samples; 

the linear calibration curves are illustrated in Figures 4 

& 5. 

Method linearity was tested by performing recovery tests 

at different three levels of 0.01, 0.05 and 0.1mg/kg on 

green beans, orange and olive samples. The method was 

found to be linear from the limit of quantitation 0.01 mg/kg 
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up to 0.1 mg/kg with correlation coefficient 0.999. 

Table (3) summarizes regression coefficient (r) that 

represents the linearity of the calibration curve and also 

regression equation and obtained for calibration. 

Recovery tests 
The recovery tests using six replicates at three 

concentration levels and relative standard deviation 

(RSD% = CV %) were calculated according to the 

following equation
[18]

: 

100% 
x

S
RSd  

where, 

RSd % = Relative standard deviation, 

S = Standard deviation, 

x  = Mean of found concentration in n samples. 

Recovery was calculated using the following equation: 

100%covRe 
e

f

C

C
ery  

Where, 

Cf = Found concentration, Ce = Added concentration. 

 

 The results in Table (4) show that the QACs could be 

determined with accepted recovery and precision using 

modified QuEChERS method of analysis for extraction, 

and LC-MS/MS for quantification. 

For green beans samples, the recovery of each set of six 

replicates was in the range of 80–98%, where the lower 

spiking level was selected in order to include the lower 

concentration of QACs green beans fixed at 0.01mg/kg. 

For orange samples, the recovery of each set of six 

replicates was in the range of 94 -107%, while for olive 

record 80-100%. 

Limit of detection (LOD) 
The limit of detection calculated as approximately three 

times the standard deviation of each compound for green 

beans, orange and olive as shown in Table (5). 

The results in Table (5) show that, LODs for green 

beans ranged from 0.001 mg/kg for BAC16 and BAC12 

to 0.003 mg/kg for DDAC and BAC14, while for orange 

the LODs ranged from 0.001 mg/kg for BAC10 to 0.004 

mg/kg for BAC12. 

LODs for olive ranged from 0.002 mg/kg for DDAC, 

BAC10 and BAC16 to 0.003 mg/kg for BAC14 and 

BAC12. 

 

 

 

 

 

Fig. 4: BAC calibration curve. 

 

 

 

 

Fig. 5: DDAC calibration curve. 
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Table (3): Regression coefficient (r) that represents the linearity of the calibration curve and also regression equation 

obtained for calibration. 

Compounds r Regression equation 

DDAC _326.4_186.2 0.9997 Y = 3.83e+00
7
 *(r = 0.9997) 

BAC16_360_91 0.9998 Y = 3.57e+00
7
 *(r = 0.9998) 

BAC12_304_91 1.0000 Y = 4.38e+00
7
 *(r = 1.0000) 

BAC14_332.3_91 1.0000 Y = 6.03e+00
7
 *(r = 1.0000) 

BAC_10_276_184 0.9999 Y = 9.02e+00
6
 *(r = 0.9999) 

 

 

Table (4): Mean recovery % (±RSD %) of the QACs at different levels of fortifications (n=6) for green beans, orange 

and olive. 

Compound 

 

Green Beans 

Mean ± RSD% 

Orange 

Mean ± RSD% 

Olive 

Mean ± RSD% 

 
0.01 

mg/kg 

0.05 

mg/kg 

0.1 

mg/kg 

0.01 

mg/kg 

0.05 

mg/kg 

0.1 

mg/kg 

0.01 

mg/kg 

0.05 

mg/kg 

0.1 

mg/kg 

DDAC _326.4_186.2 83±9 94±5 93±5 103±4 98±3 97±8 90±8 86±4 110±4 

DDAC _326.4_43.2 80±8 93±5 95±6 107±7 97±3 95±9 78±7 84±5 105±9 

DDAC _326.4_41.2 89±8 95±5 94±5 105±5 97±3 98±8 93±8 91±4 109±8 

BAC16_360_91 84±10 109±10 109±4 99±11 86±4 91±3 92±6 84±2 89±1 

BAC16_360_268 88±4 109±11 110±5 104±11 86±4 91±3 85±6 87±3 98±3 

BAC12_304_91 87±6 95±4 90±5 106±14 96±3 95±2 97±8 90±2 104±5 

BAC12_304_212 86±6 93±4 91±5 107±15 97±3 95±2 100±8 91±2 114±7 

BAC14_332.3_91 83±8 97±5 93±5 99±7 97±4 93±8 96±8 90±4 116±4 

BAC14_332.3_240.3 83±8 98±5 92±5 100±7 97±4 95±8 92±8 90±5 108±9 

BAC14_332_91 83±11 98±6 95±5 101±10 94±3 94±5 80±10 89±6 93±8 

BAC_10_276_184 83±7 93±4 87±3 104±12 94±4 94±10 84±7 89±2 97±3 

BAC_10_276_91 98±6 84±4 98±8 94±5 91±3 91±5 86±8 87±3 117±5 

 

 

Table (5): Standard deviation (SD) and LOD (µg/kg) of the QACs for green beans, orange and olive. 

 Green beans Orange Olive 

Compound SD 
LOD 

(mg/kg) 
SD 

LOD 

(mg/kg) 
SD 

LOD 

(mg/kg) 

DDAC _326.4_186.2 0.000894 0.003 0.000516 0.002 0.000923 0.003 

DDAC _326.4_43.2 0.000813 0.002 0.000905 0.003 0.000754 0.002 

DDAC _326.4_41.2 0.000825 0.002 0.000609 0.002 0.000918 0.003 

BAC16_360_91 0.000833 0.002 0.001124 0.003 0.000597 0.002 

BAC16_360_268 0.000368 0.001 0.001154 0.003 0.000655 0.002 

BAC12_304_91 0.000497 0.001 0.001344 0.004 0.001026 0.003 

BAC12_304_212 0.000458 0.001 0.001407 0.004 0.000953 0.003 

BAC14_332.3_91 0.000819 0.002 0.000799 0.002 0.000956 0.003 

BAC14_332.3_240.3 0.000755 0.002 0.000854 0.003 0.000926 0.003 

BAC14_332_91 0.001032 0.003 0.001023 0.003 0.0011 0.003 

BAC_10_276_184 0.000533 0.002 0.000798 0.002 0.000631 0.002 

BAC_10_276_91 0.000652 0.002 0.000322 0.001 0.000732 0.002 
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Limit of quantification (LOQ) 

The minimum concentration or mass of the analyte that 

could quantify with acceptable accuracy and precision 

was determined to be 0.01mg/kg. 

The analyte is considered quantitative when their 

abundance confirmation ion signal to noise is S/N ≥ 3 

with an accurate quantitation of ± 20% of their true 

value in the calibration standard.  

Sample residues that met all criteria but had S/N < 3 

were reported as less than the limit of quantification 

(<LOQ), while those which had not fit any criteria were 

reported as not detected (N.D). 

Accuracy 
It is performed by measuring both “Trueness” and 

“Precision” of the validated method. 

The precision of the method  including measuring of the 

repeatability where the definition of repeatability refers 

to a single analyte in any practical context  the definition 

will be understood  the assumption  that all the analysts 

who carry out the analysis are fully trained to extent of 

achieving a uniform level of precision. With the 

assumption, a combined standard deviation based on the 

data from the three levels of concentrations provides a 

realistic estimate of the level of repeatability precision 

that is being achieved routinely in the laboratory. 

The accuracy is measured by calculating Z-score for 

found concentration of target compounds by 

participating in method proficiency test by FAPAS and 

European commission. 

Where Z-score is a statistical measure that quantifies the 

distance (measured in standard deviations) a data point 

is from the mean of a data set. Where Z-score could be 

calculated using the following equation: 

          │X-Xi│ 

  Z = ------------- ,  where Z accepted range must be ≤2                             

              S 

Where X is the found concentration, 

 Xi is the assigned value, 

S is the standard deviation of set of results. 

Table (6) shows the results of method proficiency test 

by FAPAS®Report 19196 for Salad leaves (September 

2015) and Table (7) shows the results of method 

proficiency test by EUPT-SRM11, June 2016 for 

Spinach homogenate. 

Precision (including repeatability and within-

laboratory reproducibility) 

In this study intra-laboratory, reproducibility was 

considered, by spiking the samples analyzed by different 

analysts on several days. 

Reproducibility 

It is defined as conditions where test results are obtained 

with the same method on identical test items in different 

laboratories with different operators using different 

equipment within laboratory, reproducibility was 

estimated from validation data by pooling the variances 

of the different levels 
[18] 

as shown in Table (8). 

QRtyp = the average recovery of the three levels of 

concentration. 

 

 

RSD = Relative standard deviation. 

n1 = number of samples for concentration level 0.01 

mg/kg and n2 for concentration level 0.05 mg/kg. 

RSD1 is the relative standard deviation of concentration 

level 0.01 mg/kg and RSD2 for concentration level 0.05 

mg/kg. 

The reported results in Table (8) for pooled RSD 

provide evidence that the adapted QuEChERS method 

achieved for most of the QACs give good recoveries, 

repeatability, and reproducibility. 

Most of the RSD’s for QACs in the three validation 

levels for green beans, orange and olive were in the 

range lower than 15% indication accepted repeatability 

and reproducibility of the method. 

Measurement uncertainty (MU) 

Uncertainty is a parameter associated with the results of 

a measurement that characterizes the dispersion of the 

values that could reasonably be attributed to the 

measuring. Euachem guidelines were followed to 

estimate MU 
[19]

. 

Combined uncertainty (Uc) was found to be 9.3, 9.5 and 

8.9% for green beans, orange and olive, respectively. 

The following equation was used for combined 

uncertainty calculations: 

 

Up is the relative standard uncertainty due to precision 

experiments expressed as relative standard deviation was 

found to be less than 15% (the highest RSD pooled for 

BAC16) was found 9% in green beans, while in orange 

was found 9% for BAC12 and BAC10 and in olive is 8% 

for BAC14, URec is the relative standard uncertainty was 

calculated as the standard deviation of the mean using 

the following equation: 

n

s
  URec 

 

Where s is standard deviation and n is the number of 

samples. 

URef is the uncertainty component due to reference 

standard preparation was found to be 0.7%. 

Expanded uncertainty was obtained by multiplying the 

combined uncertainty, by a coverage factor k, for 

confidence level of 95% k is 2. 

Therefore, when a traceable measurement x is made, it is 

reported with its associated expanded measurement 

uncertainty as x ± Uk=2 where Uk is Expanded uncertainty 

at confidence interval 90 %. 

Conclusion 

The optimized method is rapid, reliable and precise that 

could be applied to monitor QACs in green beans, 

orange, olive and other agricultural products in order to 

submit them to local or international markets. 
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Table (6): Results of method proficiency test by FAPAS®Report 19196 for Salad leaves (September 2015). 

Compound 
Found 

(mg/kg) 

Assigned value 

(mg/kg) 

S 

(standard deviation) 
Z-score* 

BAC14 0.304 0.306 58.5 0.299 

BAC16 0.30 0.258 50.7 0.295 

 

 

 

Table (7): Results of method proficiency test by EUPT-SRM11, June 2016 for Spinach homogenate. 

Compound 
Found 

(mg/kg) 

Assigned value 

(mg/kg) 

S 

(standard deviation) 
Z-score* 

BAC14 0.290 0.284 0.06 0.1 

 

 

 

Table (8): Relative standard deviation pooled standard deviation and the average Recovery of the three levels of 

concentrations for green beans, orange and olive. 

 
Green beans Orange Olive 

Compound 
Q.R 

Typ% 
RSD 

pooled% 
Q.R 

Typ% 
RSD 

pooled% 
Q.R 

Typ% 
RSD 

pooled% 

DDAC_326.4_186.2 90 7 99 6 95 6 

DDAC_326.4_43.2 89 6 100 7 89 7 

DDAC_326.4_41.2 93 6 100 6 97 7 

BAC16_360_91 101 9 92 7 88 4 

BAC16_360_268 102 7 94 7 90 4 

BAC12_304_91 91 5 99 8 97 6 

BAC12_304_212 90 5 99 9 102 6 

BAC14_332.3_91 91 7 96 6 101 6 

BAC14_332.3_240.3 91 6 97 7 97 7 

BAC14_332_91 92 8 96 7 87 8 

BAC_10_276_184 88 5 97 9 90 5 

BAC_10_276_91 93 6 92 4 97 5 
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