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Abstract

Absorption Spectrometry (GF-AAS).

performance criteria.

quantification of Pb, Cd, and Cr in fish feed samples.

Background: A sensitive, accurate and precise method was developed and validated in regard to Council Directive
333/2007/EC, Commission Decision 657/2002/EC, ISO/IEC 17025:2005 and EURACHEM 1998 for the trace level
determination of Lead (Pb), Cadmium (Cd) and Chromium (Cr) in fish feed samples using Graphite Furnace Atomic

Methods: For method validation, selectivity, working and linear ranges, limit of detection (LoD), limit of
quantification (LoQ), trueness (recovery) and precision (repeatability and reproducibility) have been assessed as

Results: The method LoDs for Pb, Cd and Cr were found to be 0.078, 0.010 and 0.022 ug/g respectively, whereas,
the method LoQs were obtained at 0.156, 0.021 and 0.044 ug/g respectively. Moreover, the recovery of the analytes
was 90 — 104% and the RSD values for precision were 4.90 — 9.60% respectively.

Conclusions: The method validation performance criteria indicate the method's suitability for trace level

Keywords: Validation, Heavy metals, Trace level, Fish feed, GF-AAS

Background

Fish is the most important single source of high quality
protein providing about 17% of the annual protein con-
sumed by worlds population (Food and Agricultural
Organization 2016). Moreover, in Bangladesh, fish made
up 55% of animal protein intake (Food and Agricultural
Organization 2014) and contributes 49.5 g/capita/day
(Bangladesh Bureau of Statistics 2015). Fish can accumulate
contaminants in their tissues that they ingest with food.
Moreover, fish can concentrate the contaminants from
water through diffusion across the gills and skin (Gobas
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et al. 1999). Heavy metals are one of the most potential
environmental contaminants even though they are
present at low concentrations (Jakimska et al. 2011).
Several researchers found that feeds contain significant
concentrations of heavy metals that can bioaccumulate
in fish (Indrajit et al. 2011; Maule et al. 2007). On the
contrary, growing concern for public health has stimu-
lated the European Commission to set maximum per-
missible limits for major toxic ingredients in feed.
There are several techniques available for the quantifica-
tion of heavy metals at very low level, but it is essential to
ensure the quality of analytical results generated by the la-
boratories approved for official control. For this reason,
there is a growing global interest to develop and establish
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analytical methods which can provide accurate and precise
measurements with low detection limit. This should be
achieved by practicing proper quality assurance systems
and more specifically by applying methods validated
following the international guidelines and standards
(European Commission 2002a, 2002b, 2006, 2007, 2008).
ISO/IEC 17025 (2005) specifies the general requirements
for the competence in order to perform chemical testing
including sampling. It covers testing performed using
standard methods, non-standard methods, and laboratory-
developed methods.

Few studies have been carried out on metal contamin-
ation in different fish feed samples in earlier (Shamshad
et al. 2009; Anhwange et al. 2012; Psoma et al. 2014).
Studies have shown that fish feed contains measurable
levels of some contaminants, e.g., Pb, Cd, Cr, As, and
Hg. Moreover, according to FAO, feed quality is one of
the key constraints to the sustainable aquaculture
development in Bangladesh (Food and Agricultural
Organization 2014). For this reason, attempt has taken
to determine the heavy metal contents particularly Pb,
Cd, and Cr in fish feed samples commonly used in the
hatcheries of Bangladeshi using a validated method. Sev-
eral analytical techniques such as Flame Atomic Absorp-
tion Spectrometry (FAAS), Graphite Furnace-Atomic
Absorption Spectrometry (GF-AAS), Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS), Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES),
Differential Pulse Anodic Stripping Voltammetry
(DPASV), Neutron Activation Analysis (NAA), Energy
Dispersive X-ray Fluorescence (EDXRF) have been
employed for the determination of trace metals in dif-
ferent environmental samples (Akter et al. 2014; Ullah
et al. 2014, 2015; Aydin and Soylak 2010; Panahi et
al. 2009; Shubina and Kolesov 2002; Hwang et al.
2016). In the present study, GF-AAS was used for
studying trace metal contents in fish feed samples as it
is highly accurate, sensitive, selective, and cost effective
(Zhong et al. 2016). Moreover, to the best of our know-
ledge, this is the first attempt to quantify the toxic
metals, Pb, Cd, and Cr, in fish feed samples widely used
in the hatcheries of Bangladesh using a validated analyt-
ical method.

Methods

Instruments and reagents

A Varian AA280Z atomic absorption spectrometer with
Zeeman background correction system equipped with
graphite furnace (GTA 120) and an auto sampler (PSD
120) was used. The purity of argon gas was 99.999%. Hol-
low cathode lamps were used for Pb (283.3 nm and slit
0.5 nm), Cd (228.8 nm and slit 0.5 nm), and Cr (357.9 nm
and slit 0.2 nm) and operated according to the conditions
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recommended by the manufacturer. Atomic signals were
measured in peak area mood. The digestions were per-
formed using a microwave oven (MARS5, CEM Corpor-
ation, USA).

The bulk standard solutions 75 pgp,L ™", 6 pgeal ™", and
20 pg. L™ were daily prepared by appropriate dilution of
1000 pgL™' Pb, Cd, and Cr stock standard solutions
respectively using 1% (w/w) Suprapur grade nitric acid
(Merck, Darmstadt, Germany). The working standard so-
lutions were prepared automatically by the autosampler
from bulk standard solution. Phosphoric acid (HzPOj;
Merck, Darmstadt, Germany) and ammonium phosphate
monobasic (NH4H,PO,; Merck, Darmstadt, Germany)
were used as chemical modifiers for the determination of
Pb and Cd, respectively. The reagents were all of analytical
grade, and all solutions were prepared using deionized
water (18 MQ/cm) produced using an E-pure system
(Thermo Scientific, USA). All containers and glassware
were cleaned by soaking into 20% (w/w) nitric acid for at
least 24 h and rinsed three times with deionized water
prior to use.

Sample preparation

One gram of the homogenized fish feed samples was
weighted into the polytetrafluoroethylene digestion
vessel, and 6 mL of Suprapur nitric acid were added.
Subsequently, the samples were digested with the
microwave oven using a two-step temperature pro-
gram. During the first step, the temperature was
linearly increased to 180 °C for 10 min, the max-
imum power of the rotating magnetron was 1600 W.
During the second step, the temperature was main-
tained at 180 °C for 15 min. After digestion and
cooling, each solution was diluted to a final volume
of 10 mL with deionized water.

Quality control programs

Internal quality control charts (IQCs) were also con-
structed in order to monitor whether results are reli-
able enough to be released. The objective of IQCs is
the elongation of method validation: continuously
checking the accuracy of analytical data obtained from
day to day in the laboratory. The analytical system is
under control if no more than 5% of the measured
values exceed the warning limits and none of them the
action or control limits (Taverniers et al. 2004). The ex-
ternal quality assurance program was maintained
through the participation in proficiency programs orga-
nized by Asia Pacific Metrology Program-Asia Pacific
Laboratory Accreditation Cooperation (APMP-APLAC)
and LGC, UK. The results of proficiency tests were
within +2 Z scores.
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Results and discussion

Method validation

The validation of the analytical procedure for quantitative
determination of Pb, Cd, and Cr in fish feed was per-
formed by evaluating linearity and selectivity, limit of de-
tection (LoD), limit of quantification (LoQ), accuracy
(recovery), and precision (repeatability and reproducibil-
ity) (European Commission 2007; ISO/IEC 17025 2005;
EURACHEM 1998).

Linearity and selectivity
R* value greater than 0.995 is required for accurate
quantification as analytical response is linear over certain
concentration ranges, or the peak height has a similar
trend to that of relevant peak areas (EURACHEM 1998;
Jeevanaraj et al. 2015). The linearity for Pb, Cd, and Cr
was demonstrated by analyzing a number of different
concentrations of the studied elements. The calibration
curves were prepared using aqueous standard solutions
at 15, 30, 45, 60, and 75 pg/L for Pb; 1.0, 1.5, 3.0, 4.5,
and 6.0 pg/L for Cd; and 4, 8, 12, 16, and 20 pg/L for
Cr. The coefficient correlation (r) values obtained corre-
sponding to linear regression equation were 0.998 (Pb),
0.997 (Cd), and 0.998 (Cr). Table 1 complies the linearity
and range parameters for analysis of Pb, Cd, and Cr. The
R? value greater than 0.995 for all three elements in our
study indicates an excellent and precise liner relationship
between concentration and the corresponding peak area.
Selectivity is the ability of a method to accurately
quantify the analyte in the presence of interferences,
under the stated conditions of the assay for the sample
matrix being studied (EURACHEM 1998; Senila et al.
2014). The selectivity in the case of AAS method is re-
lated to possible interferences of the absorption
spectrum at specific wavelength. To verify the selectivity
of the method, matrix matching (MM) calibration curves
were also prepared for Pb, Cd, and Cr within the linear-
ity range obtained for aqueous standard solutions
(Soares and Nascentes 2013). The MM curves were pre-
pared from a feed that presented no analytical signal for
Pb, Cd, and Cr during GF-AAS analysis. The slope of
the calibration curve from aqueous standards is almost
the same as the slope of the curve plotted by feed

Page 3 of 7

standard addition indicating no matrix interferences in
the matrix (Catarino et al. 2002) (Table 1). Comparison
of the slopes of the curves by means of Student’s ¢ test
revealed no significant differences at the 95% confidence
level. Therefore, aqueous calibration curves were used
for calibration in all experiments. Moreover, modifiers
used during GFAAS stabilize the elements during the
graphite furnace cycle and permits increase in the char-
ring and atomization temperature allowing a better sep-
aration of the elements from interferences (Blake and
Bourqui 1998).

Determination of LoD and LoQ
The performance of an instrument or an analytical
method is assessed by determining LoD and LoQ. LoD
is the lowest concentration of an analyte that can be de-
tected and reliably distinguished from zero, but not ne-
cessarily quantified, while LoQ is defined as the lowest
concentration of an analyte that can be determined
quantitatively with an acceptable level of precision and
accuracy (Gonzaler and Herrador 2007). Based on guide-
line by Commission Regulation (EC) No. 333/2007 of 28
March 2007, instrument LoD was calculated as the three
times the standard deviation of the mean of 21 blank
determinations, while instrument LoQ was measured
as six times of the standard deviation of the mean of
21 blank determinations (European Commission
2007). The LoDs and LoQs for fish feed samples were
calculated by multiplying each instrument LoD and
LoQ with a factor of 100 for Pb, Cd, and Cr (1 g
sample and a final volume of 100 mL) (Perring et al.
2001). LoDs and LoQs for instrument and method
are given in Table 2

The calculated method LoDs and LoQs were found
to be 64 and 32 times lower for Pb and 100 and 200
times lower for Cd than the maximum permissible
limits as presented in Regulations (EC) No. 1275/
2013 (European Commission 2013), and well met the
criteria as defined in Commission Regulation 333/
2007/EC (European Commission 2007) that LoD and
LoQ should be one fifth and one tenth of the max-
imum limit indicating that developed method is very
sensitive and can quantify toxic metals at trace level
for the assessment of fish feed.

Table 1 Linear regression and selectivity data of Pb, Cd, and Cr for aqueous and matrix matching calibration curves

Analyte Linear range Calibration with aqueous standard solutions

Calibration with matrix matched standard solutions

(g/) Slope + SD (ug/L)™"  Intercept + SD Correlation Coefficient Slope + SD (ug/kg)™"  Intercept + SD Correlation coefficient
Pb 15-75 0.00084 +0.00002  0.00053 +0.00025 0.998 0.00086 +0.00002  0.00521 £0.00164  0.998
Cd 1-6 0.01941+£0.00019 001430+ 0.00374 0.997 0.01984 +0.00065  0.03423£0.00319  0.997
Cr 4-20 0.00607 +0.00002  0.02070 +0.00479 0.998 0.00615+0.00003  0.00463 +£0.002811 0.998
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Table 2 Instrument and method LoDs and LoQs for determination
of Pb, Cd, and Cr in fish feed

Parameter Pb Cd Cr

Instrument LOD in solution (ug/L) 0.780 0.103 0221
Instrument LOQ in solution (ug/L) 1.560 0.206 0.442
Method LOD for feed (ug/g) 0.078 0.010 0.022
Method LOQ for feed (ug/g) 0.156 0.021 0.044

Accuracy

The performance of an analytical method is demonstrated
by acceptable accuracy, the closeness of agreement between
the values which is acceptable either as a conventional true
value or an accepted reference value and the value found
(European Medicine Agency 2006). Certified reference ma-
terials similar to fish feed were not available; thus, the re-
covery studies were performed in order to check the
accuracy of the proposed method (European Commission
2002a; Eka et al. 2012; Rawar and Rohman 2016; Rohman
and Wijayanti 2015). These recovery studies were done to
confirm the lack of analyte levels due to the losses or con-
tamination during sample preparation, and matrix inter-
ferences during the measurement step (Ertasa and Tezel
2005). The recovery determination was carried out by
spiking technique, i.e., the known concentration of Pb, Cd,
and Cr solutions were added to fish feed samples before
digestion and the resulting spiked samples were measured,
calculated and compared to the known value of Pb, Cd,
and Cr solutions added. The samples were spiked at three
different levels of maximum level as per the recommenda-
tion of Commission Regulation 657/2002/EC (European
Commission 2002a). The recovery values for accuracy
studies of the fish feed samples spiked with different levels
of Pb, Cd, and Cr are shown in Table 3. For the analyte
level of approximately 1 pg/g, the acceptable recovery
range is 80-110% (Taverniers et al. 2004; Huber 1998). In
the present study, the recovery was found to be 90-104%

Table 3 Accuracy studied data for analysis of Pb, Cd, and Cr

Analyte  Spiked analyte Calculated analyte Recovery (%)
concentration (Mg/g)  concentration (ug/g)

Pb 2.50 2.26 90.400
5.00 4.60 92.000
7.50 7.33 97.733

Cd 0.50 049 98.000
1.00 1.04 104.000
1.50 1.53 102.000

Cr 2.50 2.32 92.800
5.00 4.62 92.400
7.50 6.94 92.533
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for Pb, Cd, and Cr suggesting the developed method was
accurate for the quantification of Pb, Cd, and Cr in fish
feed samples.

Precision

The precision demonstrates the closeness of agreement
between a series of measurements obtained from mul-
tiple sampling of the same homogeneous sample under
the prescribed conditions and is usually measured as rela-
tive standard deviation (RSD) (Jeevanaraj et al. 2015). The
analytical precision was determined by assessing the re-
peatability and reproducibility of instrument response to
analyte according to the commission regulation (2002/
657/EC) (European Commission 2002a). In order to assess
the repeatability, measurements were also done for three
different concentrations levels (0.5, 1, and 1.5 times the
permitted limit), and in each level, the analysis was per-
formed with six replicates. The steps were repeated on
two other occasions. The mean concentration, relative
standard deviation, overall mean concentration and over-
all relative standard deviation are summarized in Table 4.

The precision was also assessed in terms of reprodu-
cibility of the analytes. In order to assess the reproduci-
bility, measurements were also done for three different
concentrations levels (0.5, 1, and 1.5 times the permitted
limit), and in each level, the analysis was performed with
six replicates. The steps were repeated on two other
occasions with different operators and different envi-
ronmental conditions. The mean concentration, relative
standard deviation, overall mean concentration and
overall relative standard deviation are summarized in
Table 5.

According to RSD Horwitch function (Gonzaler and
Herrador 2007), the maximum RSD values acceptable
for the level of 21000 pg/mL is 10% (European Commis-
sion 2002). Therefore, it can be stated that the developed
method exhibited a good reproducibility precision based
on RSD values obtained.

Measurements uncertainty

Measurement uncertainty (MU) is a parameter associ-
ated with the results of a measurement that character-
izes the dispersion of the values that could reasonably be
attributed to the measurand. Thus, according to ISO/
IEC 17025, an estimation of measurement uncertainty is
required for every measurement. Method development
and validation data can be used for estimating measure-
ment uncertainty (EURACHEM/CITAC 2012). The most
common practice is using reproducibility data for the esti-
mation of measurements uncertainty (Nordtest Report TR
537 2004). The measurement uncertainty can be calcu-
lated at the 95% confidence level using the equation below
(Ora Laboratory Procedure 2005).
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Table 4 Repeatability precision studies data for determination of Pb, Cd and Cr

Analyte  Day  Spiked concentration (ug/g) Mean concentration (n=6) (ug/g) RSD (%) Overall mean concentration (ug/g)  Overall RSD (%)

Pb 1 2.50 2.26 740 2.26 490
2 2.50 2.27 3.21
3 250 226 382
1 5.00 4.60 9.73 4.59 746
2 5.00 459 7.06
3 5.00 4.59 450
1 7.50 7.10 6.46 7.20 5.89
2 7.50 7.16 8.24
3 7.50 733 150

Cd 1 0.50 0.52 7.51 0.51 9.12
2 0.50 053 941
3 0.50 049 9.06
1 1.00 1.04 561 1.06 6.03
2 1.00 1.06 6.75
3 1.00 1.09 5.66
1 1.50 1.55 851 1.54 598
2 1.50 1.55 6.24
3 1.50 1.53 441

Cr 1 2.50 2.28 9.63 2.28 9.60
2 2.50 2.32 9.01
3 250 225 813
1 5.00 4.25 6.18 448 7.8
2 5.00 462 791
3 5.00 457 4.79
1 7.50 6.35 2.86 6.55 8.16
2 7.50 6.36 1.98
3 7.50 6.94 949

U = k x RSD (1) determined in fish feed samples using the validated

where U = Uncertainty and k = coverage factor (for 95%
and 18 points, k = 1.740).

It is reported that the uncertainty tends to become ex-
treme at very low concentrations (Nordtest Report TR
537 2004). In the present study, the calculated measure-
ment uncertainty (%) was found to be 15.8, 12.6, and
11.8 for Pb, Cd, and Cr, respectively.

Determination of Pb, Cd, and Cr in fish feed samples

Eleven fish feed samples commonly used in the hatcher-
ies of Bangladesh were collected from different local
markets. Samples were milled and homogenized to ob-
tain a representative material. Each sample was digested
and measured three times. Contents were measured on
a wet weight basis. Procedural blanks were always run.
As shown in Table 6, the contents of Pb, Cd, and Cr

method ranged from 0.29 to 1.82, 0.05 to 0.22 and 0.05
to 46.5 mg kg ™!, respectively. The contents of Pb and Cr
in fish feed samples were lower than the maximum per-
missible limits (ML), as described by Directive 2013/
1275/EC concerning undesirable substances in animal
feed. However, ML for Cr is not included in the Direct-
ive 2013/1275/EC (European Commission 2013).

Conclusions

The current work describes development and validation
of a method for the trace level analysis of Pb, Cd, and Cr
in fish feed in regard to Council Directive 333/2007 EC,
ISO/IEC 17025:2005, and EURACHEM 1998 using
Graphite Furnace Atomic Absorption Spectrometry
(GF-AAS). The validation results are presented and
organized in tables in order to provide an easy
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Table 5 Reproducibility precision studies data for determination of Pb, Cd and Cr

Analyte Day Spiked concentration (ug/g) Mean concentration (ug/g) RSD (%) Overall mean concentration (ug/g) Overall RSD (%)
Pb 1 2.50 2.26 740 246 9.11
2 2.50 2.55 735
3 250 259 6.78
1 5.00 4.88 9.65 5.10 847
2 5.00 5.16 323
3 5.00 527 1.26
1 7.50 6.99 7.73 7.26 8.84
2 7.50 6.83 3.03
3 7.50 811 9.05
Cd 1 0.50 0.52 7.51 0.51 7.25
2 0.50 0.51 923
3 0.50 0.51 551
1 1.00 1.04 9.31 1.02 7.76
2 1.00 0.97 6.12
3 1.00 1.06 3.05
1 1.50 1.57 8.23 1.54 6.69
2 1.50 1.60 2.72
3 150 146 6.34
Cr 1 2.50 2.28 9.63 2.32 6.79
2 2.50 2.35 471
3 250 234 394
1 5.00 4.25 6.18 4.69 8.13
2 5.00 4.84 4.64
3 5.00 4.99 1.97
1 7.50 6.07 5.18 6.99 9.04
2 7.50 7.52 0.75
3 7.50 7.39 1.99

Table 6 Mean (n=3) and measurement uncertainty values for

Pb, Cd, and Cr in fish feed

Sample Concentration (mean + U), mg/kg

Pb Cd Cr
1 1.72+0.27 020+0.03 46.50+549
2 0.71+0.11 0.16+0.02 1.17+£0.14
3 1.04£0.16 0.11£0.01 0.67 £0.08
4 0.32£0.05 0.11£0.01 025+0.03
5 1.81+£0.29 0.05+0.01 455+0.54
6 0.50 £0.08 0.15+£0.02 0.24+0.03
7 1.08+0.17 0.16 £0.02 0.68 +0.08
8 047 +0.07 0.05+0.01 0.50+0.06
9 0.78 £0.12 0.22+£0.03 059+0.07
10 0.29 £0.05 0.17+£0.02 028 +0.03
1 0.52+0.08 0.13+0.02 0.05+0.01
EU 5 1 -

overview of the method’s performance. The validation
data show that the present developed method has met all
acceptance criteria defined in 657/2002/EC and 333/2007/
EC for LOD, LOQ, Accuracy, and precision, and fit for
the analysis of Pb, Cd, and Cr in fish feed at very low level
(ug/g). The method was implemented in routine analysis
in order to investigate the fish feed quality commonly used
in the hatcheries of Bangladesh. The results indicated that
the elemental contents were lower than the legislative
values, as described by the Council Directive 2002/32/EC
concerning undesirable substances in animal feed.
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