P

87 Analytical CH

Volume 15 Issue 6

CMISTRY
A Judian Joaraal

ISSN : 0974-7419

s Pl P aper

ACAIJ, 15(6) 2015 [213-218]

Development and validation of an analytical method for atomic
absor ption spectrometry analysis of Pb in bivalve molluscs

S.Benhar??, S.Belouafa'*, A.Chafik?, M.Charrouf?, R.Chfiri2, A.Semlali?, M.Maghraoui?,
A.Bennamara!, A.Abourrichet
L aboratoir e Biomolécules et Synthése Organique, Université Hassan II - Mohammedia, Faculté des Sciences Ben M’Sik,
AvenueCdt D. El harti, BP 7955, Casablanca, (M AROC)
2 nstitut National de RechercheHalieutique (INRH), Casablanca, (MAROC)
E-mail : shelouafa@yahoo.fr

ABSTRACT

A rapid, sensitive, precise and accurate method for the determination of
lead (Pb) in bivalve molluscs by graphite furnace atomic absorption
spectrometrywas developed in regard to AOAC Official Method 999.10
and ISO/IEC 17025. This approach was investigated so as to minimize the
analysistime, taking into consideration the sensitivity. For method valida
tion, precision and accuracy by addition recovery tests have beeneval uated
© 2015 Trade Sciencelnc. - INDIA

asperformancecriteria.

INTRODUCTION

Thegrowing concernfor public health obligatesto
Set maximum permiss blelevel sfor mgor toxiceements
infood. Duetotheavailability and variety of different
andytica methodsfor thedetermination of many resi-
duesinfood samples, it isnecessary to ensurethequa -
ity and comparability of theana ytical resultsgenerated
by laboratories approved for officia control. For this
purpose, thereisanincreasing worldwideinterestin
performing ana ytical methodswhich can provideac-
curate and preci se measurementswith low detection
limitsand short analysistimes. Thisshould becarried
out by using qudity assurance systemsand particularly
by applying methodsvalidated according to common
procedures and performancecriterid®S.

Severa studieshave been performed onmeta ac-
cumulation in various seaf ood and fish feed samples®
19, Inthese studies diverseana yticd techniques, among
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other inductively coupl ed plasma-atomi c emission soec-
trometry (ICP-AES)", inductively coupled plasmamass
spectrometry (ICP-MS)!¥, flame (FAAS) and graph-
itefurnace atomic absorption spectrometry (GFAAS)®
were used for the determination of trace el ementsafter
meatrix destruction based on oxidation with concentrated
acids. However, no officid method isavailablefor the
estimation of lead (Pb) inbivavemolluscs.

Inthisstudy, arapid method for the determination
of Pb in bivalve molluscs by Electrothermal Atomic
Absorption Spectrometry was devel oped according to
AOAC Official Method 999.10™% and ISO/IEC
170252, The devel oped method wasvalidated and it
isnow availablefor theofficia control of Pbin bivave
molluscs

MATERIALSAND METHODS

Apparatus
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Thefollowing equipments have been used during
the proposed vaidation study:

A Shimadzu A A 6800 atomic absorption spectrom-
eter equipped with an ASC-6100 heated graphiteand
aGFA-EX7 autosampler.

A Shimadzu A A 6300 atomic absorption spectrom-
eter equipped with an ASC-6100 heated graphiteand
aGFA-EX7i autosampler.

A CEM MARSmicrowaveovenfor themineral-
ization of samples.

M aterialsand chemical reagents

Anaytica grade chemicalswere used asreceived.

Nitric acid 65%for analysis (M erck).

Magnesium nitrate Mg(NO,),.6 H,O for andysis
(Merck).

Ultra-purewater.

Referencematerial (SRM-2976) meta concentra-
tionsarecertified from the Nationd Ingtitute of Stan-
dardsand Technology (NIST).

Procedure

Before used, the materialswas cleaned and dried
separatey asfollows:
. Stay overnight (12 h) ina20% specid detergent

(Micro90),

o Rinsngwithtapwater and thenwith distilled
water,

o Stay of 24 hin 10% nitric acid,

o Rinsangwith distilled water then with ultra-pure
water,

o Drying under alaminar flow hood.

. In reactorsof mineraization wereadded 5 ml

of concentrated HNO, and 2ml of H,0, on
0.25 gdry weight of mollusc samples.
Thereactorsare sealed at room temperaturefor 1
h, then they are heated by microwave oven according
tothefollowing manufacturer’s recommended program:
Thereactorscooling are obtained by circul ation of
acoldair flow inthemicrowavefor 1 h. Themineral-
ized samplesarethen transferred into conical tubes of
polypropylene and gauged to 50 ml withthe ultra-pure
water.
Theammonium dihydrogen phosphateand themag-
nesium nitrate areused aschemical modifiers.

Principleof analysis
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TABLE 1: Microwave’s program

Ascent
times

20 mn

Holding
time

10 mn

Percentage
ofpower

75 %

Power Pressure Temperature

800 W 300 Psl 200 °C

TABLE 2: Limit of detection, limit of quantification and ratio
of confor mity

LOD (ng/)
0.557

LOQ (ug/
1.856

LOD (mg/kg)
0.022

LOQ (mg/kg) R
0.074

5.819

Theprincipleof anaysisisto determineleadinbi-
vavemolluscsusing graphite furnace atomic absorp-
tion spectrometry as describes by the A ssociation Offi-
cial Agricultural Chemists (AOAC)*. Sampleprepa
rations are briefly described above.

The measurements are performed intriplicate at
324.7 nm (specific wavel ength measurement of Pb).

Thesgnd isquantifiedin height and thebackground
correctioniscarried out using adeuterium lamp. The
temperature is programmed at 200°C (TABLE 1).
Samplesarediluted at 1/10in polypropylenecups (100
ul of serum + 900 pl of distilled water), then athird
dilutioniscarried out by the automate.

The quantification is performed using arange of
externd calibrationfrom asynthetic rangepreparedin
distilled water. Indeed, thematrix effectisminima since
the sampleisdiluted with thewater at 1/30.

Validation of spectrometry method

The analytical method was validated by various
parametersasrecommendedinprotocol specifications
of the DR-12-VM C*3 and in accordance with the de-
sign of parameter/matrix specifiedin Directive DR-12
VAL™ about validation of andytica methodsin chem-
Istry.

Thefollowing parameterswere consdered: limit of
detection (LOD), limit of quantification (LOQ), linear-
ity, precision, sengitivity, specificity and accuracy.

Limit of detection (L OD)

LOD isthelowest amount of anaytein asample
which can be detected but not necessarily quantitated
asan exact value. It correspondsto 3 timesthe stan-
dard deviation of 10 replicates of samples. Theresult
hasbeen showninTABLE 2.

Limit of quantification (LOQ)
LOQ isthelowest amount of anaytein asample
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Figurel: Calibration curves

which can be quantitatively determined with suitable Thelinearity of analytica method was determined
precision and accuracy. It correspondsto 10timesthe by studying standard calibration curves. Therange of
standard deviation of 10replicatesof samples. There-  analytical method was decided from theinterval be-
sult hasbeenshownin TABLE 2. tween upper andlower leve of cdibration curves. Thus,
Linearity nineconcentrationsof referencemateria wereandyzed

5timesover therange 2.5-100 mg/kg. Theresults of
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TABLE 5: Result of specificity study

Source SS df MS F Faica V;;Je M
Between 1574 4 394 0003 2.606 1.000 0.05
Within  48305.61 40 1207.64

Tota  48321.35 44

TABLE 4: Result of precision study

Repeatability Reproducibility Replicability

Regressionequation(y = ax + b)

y = 0.956x + 0.9036

Slope (a) 0.9560
Intercept (b) 0.9036
Correlation coefficient (r) 0.9975
Sa 0.0256
Sb 1.2713
Sy/x 2.6219
Degrees of freedom (DF) 7
sum of squared residuals 48.1221
(SSR)
(1-a)/sa 1.718646
(0 - b)/ tegimeted -0.710826
a 0.05
t(crit) 2.36

TABLE 6: Result of accuracy study
Number (n) 10
Mean (d) 0.989
Standard Deviation (Sd) 0.072
Concentration of Reference Materia (C) (ng/g)  1.190
Uncertainty of reference materials 0.180
Relative error (%) 16.879
Accuracy (%) 83.121
Accuracy error 1.036

Number (n) 10 10 10
Mean (d) 1.198 1.181 0.989
Standard Deviation (Sd) 0.103 0.133 0.072
o 0.050
t(crit) 2.262
(terit x Sd)Vn 0.074 0.095 0.051
Confidence Interval 1.198+0.074 1.181+0.095 0.989+ 0.051
tobserved 36.6599642 28.0837606 43.494
RSD caiculzated 8.626 11.260
RSD estimated 6.736 6.736
RSD cajculated! RSD estimated 1.280 1.672
Limit 0.289 0.266
Ratio of Repeatability
limit/ Reproducibility 1.088
limit
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Figure2: Linear regression curve

linearity study for each group areshownintheFigure 1
and TABLE 3respectively.

Precision
The precision of an andytical method wasstudied
by performing Replicability, Repeatability and Repro-
ducibility. They were performed for 10 replicateswith
simplesusing reference materid (SRN-2976). There-
sultsof statistical evaluation arementionedin TABLE
4,
Replicability
Hnalytical CHEMISTRY o

TABLE 7: Result of recovery sudy

C Cf Cf-C Ca % Recovery
15638 23260 0.762  1.000 76.22
34396 4.6253 1186  1.500 79.05
3.1946 58600 2665 2.500 106.62
42333 6.1344 1901  2.000 95.06
9.1722 12151 2979  3.000 99.30

Mean 91.248
Sd 13.136
a 0.05
t(crit) 2.78
t(obs) 15.53208229

C: Concentration before standard additions; Cf: Concentra-
tion after standard additions, Ca: Concentration of standard

additions

Replicability result indicatesthe precision under the
same operating conditions (same analyst, same appa-
ratusand sameday) over ashortinterva of time.

Repeatability
Repestability resultindicatesthe precisonunder the
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following operating conditions. sameandyst, sameap-
paratusand different days.

Reproducibility

Reproducibility result indicatesthe precision under
thefollowing operating conditions: different anaysts,
different apparatusand different days.

Sengitivity

Therange standardsusing in linearity study, was
used astemplatefor ng the sengitivity of thede-
veloped method. The sensitivity isexpressed asthe
mean dopeof thecalibration curves. Thismay aso be
expressed astheratio between the signa obtained and

the concentration of astandard. Theresult wasreported
inFigure?2.

Specificity

Theresultsof sensitivity, were used to assessthe
specificity of themethod by studyingtheregression, the
dopeof thelineand theintercept. TABLE 5 summa-
rizestheresults.

Accuracy

Accuracy of the method was determined by ana-
lyzing theexperimentd technical, at ten replicates, us-
ing referencemateria NIST (SRM-2976). Dataof ac-
curacy was presented in TABLE 6.

Furthermore, inorder to ensure the suitability and
reliability of proposed method, recovery studieswere
carried out. To five concentrations, aknown quantity
of standard was added and the contentswerere-ana-
lyzed by the proposed method. The additionisdone
directly beforethe minerdization on the sampleand &f-
ter digestion. The % of recovery was calculated and
validated (TABLE 7).

RESULTSAND DISCUSSION

LOD, as required by Regulation (EU) n°
836.20111*%, must belessthan or equd to onetenth of
the maximum admissible content of Pbin bivavemol-
luscs (1.5 mg/kg). Thisshowsthereforethevaidity of
the calculated LOD (TABLE 2). Moreover, Ratio of
Conformity (5.8) is between 4 and 102*%, thus LOD
wasvadidated again.

Asregardsthelimit of quantification LQM, accord-

—— Fyll Peoper

ing to Regulation (EU) n° 836.20111¢, must beless
than or equd to onefifth of themaximum content of Pb
inbivalvemolluscs (0.3 mg/kg). Thischecksthevalid-
ity of thecaculated LOQ (TABLE 2).

Theresultsobtained in Figure 1 show that correla
tion coefficientswerewell above 0.99for all studied
serids, which demonstratesthelinearity of themethod.

To comparetheresultsof fiverepetitions, Fischer
test wasused to validatethelinearity range (TABLE
3). Fratioislessthanthecriticd vaueof Fcorresponding
to Fisher variablefor 4 = 5%. Then, the results show
that thelinear rangeisvdidated and theregress on modd
isacceptable.

Student’s t test was used to validate the replicability,
repeatability and reproducibility (TABLE 4).

For Pb, theusua concentrationislessthan 1.5mg/
kg that to say aconcentration ratio equals 15.1071%,
Which permit the gpplication of Horwitz equation with
RSD_,, ., = 2CC0BI, Theratio of repeatability limit
Ireproducibility limit arebelow thelimit valueof 21618,

All theseresultssuggest that thereisacloseness of
agreement between theresultsobtained by applying the
method at severa replicates under determined condi-
tions

All regression curves (Figure 1), including that of
themean of the calibration curves (Figure 2) show that
anincrease of concentrationresultsagain of thesignd.
Thismeansthat themethod issensitive.

The Student test (TABLE 5) has concluded that
the specificity of themethod isacceptablewithnoin-
terference.

Thecalculated accuracy error (TABLE 6) isless
than 2. So, itisconsidered insignificant™. Therefore,
theuncertainty associated to accuracy of themethodis
equa tothe uncertainty of thereference materia used
for testing accuracy study.

Recovery study (TABLE 7) showsthat the calcu-
lated percentage recovery varies between 76% and
106%. These percentageswere validated by Student’s
t testl?,

CONCLUSION
Theanalytica resultsand the statistical evaluation

of thisvaidation study conducted to thefollowing con-
dusons

S Analytical CHEMISTRY
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The presented andytical procedurefor lead deter-
minationin bivavemolluscsitiscompliant and may be
used inthispurposeinimposed conditions.
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