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Abstract Article Info

Lead (Pb) and Cadmium (Cd) metals are highly toxic when accumulated in the body Received 5 March 2023
and cause serious diseases and even death. This study aimed to determine the metal Received in revised 5
content of Pb and Cd in the oyster species Crassostrea gigas and Saccostrea cucullate  May 2023

in the Lampulo and Krueng Cut areas at three different places. Analysis of the metals  Accepted 12 May 2023
was carried out using AAS and UV-Visible spectrophotometers. Samples were Available online 27 June
prepared using concentrated HNO3 wet destruction and the addition of dithizone. The 2023

results showed Pb measured by AAS in Saccostrea cucullata 2.33-8.00 ppb, and by

UV-Vis 2.77-8.66 ppb. Pb within Crassostrea gigas by AAS method 1.77-10.30 ppb,

and by UV-Vis method 2.11-10.66 ppb. The Cd metal measured by AAS in

Saccostrea cucullate is 3.80-10.50 ppb, and by UV-Vis method is 4.29-10.77 ppb,

whereas Cd in Crassostrea gigas measured by AAS is 12.11-13.22 ppb and by UV-

Vis method is 12.77-13.66 ppb. Linearity of Pb measurements with AAS and UV-

Vis was obtained R? =0.9979 and R? =0.9938 and for Cd were R? =0.9986 and R?

=0.9810. Accuracy (%orecorvery) of Pb measurements by AAS and UV-Vis are 80-

110% and 98-113% whereas Cd showed 100-106% and 91-107% respectively. The

relative value of the standard deviation (%RSD + SD) is 0.001 indicating excellent

measurement results. Based on t-test calculations, measurements of Pb and Cd levels

showed no difference between the AAS method and the UV-Vis method

Keywords:Pb, Cd, Crassostrea gigas, Saccostrea cucullata, AAS and UV-Vis
Spectrophotometer

Abstrak (Indonesian)

Logam Pb dan Cd merupakan logam berat yang sangat beracun jika terakumulasi di dalam tubuh dapat menyebabkan
penyakit yang sangat serius bahkan kematian. Penelitian ini bertujuan untuk mengetahui kandungan ion logam Pb
dan Cd pada spesies tiram Crassostrea gigas dan Saccostrea cucullate di daerah Lampulo dan Krueng Cut pada tiga
titik yang berbeda. Analisis Pb dan Cd dilakukan menggunakan Spektrofotometer AAS dan UV-Vis. Sampel
dipreparasi secara destruksi basah dengan HNO; pekat dan penambahan senyawa kompleks dithizon. Hasil
penelitian menunjukkan bahwa kadar Pb menggunakan SSA dan UV-Vis logam Pb (SSA) pada spesies Saccostrea
cucullata masing-masing 2,33-8,00 ppb dan 2,77-8,66 ppb, sementara pada spesies Crassostrea gigas masing-
masing 1,77-10,30 ppb dan 2,11-10,66 ppb. Hasil analisis logam Cd dengan metode SSA dan UV-Vis pada spesies
Saccostrea cucullata masing-masing 3,80-10,50 ppb, dan 4,29-10,77 ppb, dan pada spesies Crassostrea gigas
masing-masing 12,11-13,22 ppb dan 12,77-13,66 ppb. Linearitas pengukuran Pb dengan SSA dan UV-Vis diperoleh
masing-masing R? =0,9979 dan R?=0,9938 serta untuk logam Cd masing-masing R? =0,9986 dan R? =0,9810.
Akurasi (%recorvery) pengukuran logam Pb pada metode SSA dan UV-Vis masing-masing sebesar 80-110% dan
98-110% serta logam Cd masing-masing 100-106% dan 91-107%. Nilai relatif standar deviasi (% RSD + SD) adalah
0,001 menunjukkan hasil pengukuran yang sangat baik. Berdasarkan perhitungan uji-t, kadar logam Pb dan Cd
menunjukkan tidak ada perbedaan pengukuran dengan metode SSA dan metode UV-Vis.

Kata Kunci: Pb, Cd, Crassostrea gigas dan Saccostrea cucullata, Spektrofotometer AAS dan UV-Vis.
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INTRODUCTION

The aquatic environment is one of the major
impact problems faced by society in the current
industrial era [1, 2]. Almost all regions in Aceh
Province have experienced rivers pollution, especially
in the capital city, one of which is the city of Banda
Aceh [3]. The waters of Banda Aceh city have
enormous potential, especially in the marine and
fisheries sector with 805 natural resources and
cultivators, and 440 fisheries business units [4].
Environmental pollution is a very urgent matter,
because environmental damage can affect the region.
The main cause of environmental damage is caused by
human actions, such as disposing of industrial waste,
household waste, agriculture and fisheries [3].
Substances that pollute the environment are harmful
and can interfere with the health of the body, including
substances that contain harmful heavy metals, such as
Pb and Cd [5].

Heavy metals found in waters can harm the lives
of aquatic organisms directly and indirectly.
Furthermore, they can threaten human health through
food chain contamination [6]. Heavy metals contained
in aquatic biota and consumed by humans can cause
harm to human health. Heavy metals can be absorbed
into the human body and cannot be decomposed, the
remains of these heavy metals will accumulate in the
human body [7]. In general, the content of
contaminants can be predicted using bioindicators,
which are types of organisms that live in one place such
as clams, snails, oysters, and others. Aquatic biota such
as oysters are benthic macrofauna species and are one
of the bioindicators to determine the level of heavy
metal contamination in the surrounding environment.
Oysters are included in the mollusca phylum and
belong to the bivalve class.

Aguatic life such as oysters tend not to move far
and obtain their food by filter feeding. The oysters used
in the study were Crassostrea gigas and Saccostrea
cucullata. Based on the above background, this study
aims to analyze the content and level of Pb and Cd
metals contamination in oyster biota taken in the
Krueng Cut and Lampulo areas. This study will
determine the levels of Pb and Cd metals in oyster
samples using the Atomic Absorption
Spectrophotometer  (AAS) method, and the
measurement results will be compared with the Ultra
Violet-Visible (UV-Vis) spectrophotometer method.
The parameters to be studied are linearity, limit of
detection (LOD), and limit of quantification (LOQ),
accuracy, precision, and t-test [8].
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MATERIALS AND METHODS
Materials

The materials used in this study were oysters
(Crassostrea gigas and Saccostrea cucullata), HNOs,
HCI, Cd(NO3)2, and Pb(NO3)2, dithizon, KCN, CsHsO,
and distilled water (All chemicals used were from E.
Merck).

Methods

Oysters that have been taken from the sampling
location are then cleaned, the meat is taken, and rinsed
using distilled water. Oyster meat was weighed as
much as 15 grams, then oven-dried. Samples that have
been dried are then crushed and filtered with a sieve to
be easily read by an Atomic Absorption
Spectrophotometer (AAS) and UV-Vis
spectrophotometer. Furthermore, the sieved sample
was weighed as much as 5 grams, then extracted using
5 mL of HNO; (concentrated), and heated using a hot
plate, then added 5 mL of HCI. The metal content of
Pb and Cd in the samples was then analyzed using the
AAS method and UV-Vis spectrophotometer as
recommended methods [1].

Data Analysis
Linearity

Determination of linearity by measuring standard
solutions of Pb and Cd metals with concentrations of
1; 2; 3; 4 and 5 ppb. These concentrations will be
measured using AAS and UV-Vis as recommended
methods. In the AAS method, the specific wavelength
of Pb metal is 283.3 nm, and Cd is 228.8 nm. While
UV-Vis to determine the wavelength in the range of Pb
450-580 nm and Cd 350-490 nm. Absorbance values
that have been obtained from AAS and UV-Vis
calibration curve data. The following linear regression
equation:

y = ax+b @

Limit of Detection (LOD) and Limit of Quantity
(LOQ)

Determination of limit of detection (LOD) and
limit of quantity (LOQ) can be calculated based on the
standard deviation value obtained from blank
measurements using AAS and UV-Vis. LOD and LOQ
values of the blank with 5 repetitions [9]. The
following equation is used to find the LoD and LoQ
values:

— 2, 8yx)
LoD = 3><—Slope 2)
LoQ = 10x—(j(f; 9 3)
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Accuracy test

Determination of the accuracy value is carried out
to determine the % recovery. The validation method is
considered to meet the requirements of % recovery
with a value range of 80-110% [10]. Determination of
the accuracy of each measured concentration of Pb and
Cd metals 1; 3; and 5 ppb at the concentration of the
standard wused, and compared with the initial
concentration with the same concentration. The
concentration of the standard solution was measured
using AAS and UV-Vis [11]. Equation to determine
the accuracy value:

R =§x 100% 4)

Precision test

The determination of the precision value is carried
out by measuring the instrument response to Pb and Cd
metals at a measured concentration of 1; 3; and 5 ppb.
Measurements were taken 3 times using AAS and UV-
Vis and the average value was calculated with the
Relative Standard Deviation (% RSD) equation [12].
The following equation to determine the precision
value of %RSD:

| 2xim)?
Sh= /—n_l ()

The % RSD equation is shown in the following
equation:

%RSD =22 x 100% (6)

Comparison of t test method

Comparison of methods was carried out to
determine the oyster samples in the study conducted by
AAS and UV-Vis methods in determining the
characterization of the samples tested in the t test [13].

RESULTS AND DISCUSSION

Sample preparation was carried out by the
deconstruction method with a mixture of HNO; acid
solution and then measured the levels of Pb and Cd
metals using the AAS and UV-Vis methods. This is
because HNO:s is a strong acid, so that it can be used as
an oxidizing agent and accelerate the deconstruction
process [14]. The use of oxidizing agents aims to
determine the effective oxidizing agent for determining
heavy metal levels in samples [15]. Wet deconstruction
of the sample greatly affects the metal content resulting
from the AAS and UV-Vis methods [16]. Wet
deconstruction is indicated by obtaining a clear
solution, and indicates that all constituents have
dissolved completely or the breakdown of organic
compounds has been successful [17]. The sample
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solution will be measured for Pb and Cd metals using
AAS and compared with UV-Vis.

Pb Metal Content in Samples
Determination of maximum 2 of Pb standard solution
Measurement of the maximum A of the Pb
standard solution by AAS using a hollow cathode lamp
that is specific for Pb metal. This hollow cathode lamp
has a maximum A on Pb metal of 283.3 nm, the hollow
cathode lamp has a radiation source for measuring Pb
metal levels in the sample. Light at that wavelength has
enough energy to change the electronic level of Pb. The
results of the maximum A measurement on Pb metal are
supported by the results of research conducted
previously [18]. Furthermore, the maximum A of Pb
standard solution was measured by UV-Vis method.
Measurement of the maximum A of Pb metal was
carried out on Pb which had been complexed first to
produce a colored solution. Pb standard solution was
reacted with dithizon complexing agent and KCN was
added as a binder to bind other metals besides lead
[19]. Mixing of Pb standard solution and complex
compound form a reddish colored complex compound.
The maximum A is measured in the range of A 450-580
nm (Figure 1).
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Figure 1. Wavelenght curve of Pb by UV-Vis

Calibration curve measurement

Calibration curves are used to determine heavy
metal levels in samples. In this study, the determination
of the Pb solution calibration curve was carried out by
measuring the standard solution with a concentration
of 1-5 ppb. Measurement of the calibration curve with
the regression equation is y = ax + b, and the results of
the measurement of the Pb calibration curve with the
AAS method are shown in Figure 2.

Pb measurement in AAS method obtained
calibration curve value with regression equation y =
0.0062x + 0.0025 with coefficient of determination R?
=0.9979.
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Figure 2. Calibration curve of Pb by AAS

Calibration curve of Pb standard solution in UV-
Vis method with concentrations of 1-5 ppb. The
calibration curve obtained is also in accordance with
the Lambert-Beer law, which states that the greater the
concentration of the solution, the greater the
absorbance value obtained. The measurement results
of the calibration curve using UV-Vis are shown in
Figure 3.
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Figure 3. Calibration curve of Pb with UV-Vis

Based on the calibration curve of Pb measurement
in UV-Vis method, the calibration curve value was
obtained with the regression equation y = 0.0044x +
0.0286 with the coefficient of determination R? =
0.9938. The curve obtained shows a linear line with
concentration directly proportional to the absorbance
value.

Analysis of Pb content in sample

Analysis of Pb metal content in the samples that
have been prepared using the wet destruction method
with the addition of concentrated nitric acid, and heated
at 110 °C as a process of breaking the bonds of organic
compounds contained in the sample [20].

Measurements with the AAS method and with the
UV-Vis method show the same accuracy. There is a
difference in the measurement with the AAS method
and the UV-Vis method. Due to the UV-Vis method in
analysis, there are matrices or impurities that interfere
with the analysis of samples of other metals [21].
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Table 1. Comparison of Pb metal sample measurement

methods
AAS UV-Vis
Sample Concentra  Concentration
tion (ppb) (ppb)
Saccostrea cucullata
Lampulo (1) 4.00 4.66
Saccostrea cucullata
Lampulo (2) 2.33 2.77
Saccostrea cucullata
Lampulo (3) 8.00 8.66
Crassostrea gigas
Krueng Cut (4) 3.55 3.90
Crassostrea gigas
Krueng Cut (5) L 2.11
Crassostrea gigas
Krueng Cut (6) 10.30 10.66

Cd Metal Content in Samples
Determination of maximum 2 of Cd standard solution
Measurement of the maximum A of the Cd
standard solution by AAS was carried out using a
hollow cathode lamp specific for Cd metal. The
maximum A was measured in the range of A 350-490
nm. The results of determining the maximum
wavelength of Cd metal by UV-Vis as shown in Figure
4,

0.4

0.3

Absorbance (A)
o
N

350 400 450 500
A (nm)

Figure 4. Wavelength curve of Cd metal using UV-
Vis.

Calibration curve measurement

The calibration curve is made based on the
Lambert-Beer Law, with the calculation of linear
regression, y = ax + b getting a straight line [22]. The
measurement results of the Pb calibration curve with
the AAS method are shown in Figure 5.

58



Lelifajri, et al.

0.05
0.045 y =0.0047x + 0.0235
0.04 R?=0.9986
0.035
0.03
0.025
0.02

Absorbance (A)

Concentration (ppb)

Figure 5. Calibration curve of Cd with AAS at X 228.8
nm.

Based on Figure 5, it can be seen that the
calibration curve of the measurement results of the Cd
standard solution with the AAS method is obtained
with the regress Cd ion equation y = 0.0047x + 0.0235
with the coefficient of determination R? = 0.9986. The
calibration curve shows a linear line, directly
proportional to the absorbance value, and in
accordance with the Lambert-Beer Law which states
that the higher the concentration, the higher the
absorbance value obtained (Figure 6).
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Figure 6. Calibration curve Cd with UV-Vis at A 420
nm.

A calibration curve was obtained with the
regression equation y = 0.0057x + 0.0205 with a
coefficient of determination R? =0.981. The curve
obtained shows a linear line, so it is directly
proportional to the absorbance value.

Analysis of Cd content in the sample

Analysis of Cd metal content in the samples that
have been prepared using the wet dextruction method
with the addition of concentrated nitric acid, and heated
at 110 °C as a process of breaking the bonds of organic
compounds contained in the sample [20]. The results
of the measurement of Cd metal content with both AAS
and UV-Vis methods are shown in Table 2.

Table 2. Comparison of Cd metal sample measurement methods

AAS UV-Vis
Sample Concentration Concentration

(ppb) (ppb)
Saccostrea cucullata Lampulo (1) 10.50 10.70
Saccostrea cucullata Lampulo (2) 4.33 4.77
Saccostrea cucullata Lampulo (3) 3.80 4.20
Crassostrea gigas Krueng Cut (4) 12.66 12.77
Crassostre gigasKrueng Cut (5) 13.22 13.66
Crassostrea gigas Krueng Cut (6) 12.11 12.80

The measurement results of Cd metal levels in
both methods do not have a significant difference. This
shows that measurements with AAS and UV-Vis are
equally accurate. Measurements with the AAS method
and with the UV-Vis method there are differences,
because in the UV-Vis method in an analysis there are
matrices or impurities that interfere when analyzing
samples of other metals [21].

Validation Methods
Linearity

Linearity testing is a change in response to the
AAS method with changes in analyte concentration
with a linear curve shape, with the line equation y = ax

DOI: 10.24845/ijfac.v8.i2.55

+ b and the coefficient value R?close to 1. Cd metal
against the AAS method with linearity parameter
values on Cd metal at concentrations of 1-5 ppb with a
value of R2 =0.9986, showing linear results.

Limit of Detection (LoD) and Limit of Quantity (LoQ)

The LOD value is determined to determine the
number of analytes that give a significant response to
the method. The determination of the LOQ value
serves to determine the smallest level or the smallest
concentration of Pb for determining the accuracy and
precision of a sample (Table 3).
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Table 3. LOD & LOQ values of Pb metal using AAS
and UV-Vis method
Validation method Pb AAS (ppb) Pb UV-Vis (ppb)
LoD 0.002 0.042
LoQ 0.009 0.142

The smaller the LoD and LoQ values indicate that
the method used is more thorough, because it is able to
measure the smallest amount of analyte [23]. The LoD
and LoQ values of Cd metal can be seen in Table 4.

Table 4. LOD & LOQ values of Cd metal using AAS
and UV-Vis methods

Validation Cd AAS Cd UV-Vis
Methods (ppb) (ppb)
LoD 0.006 0.061
LoQ 0.023 0.200

Based on the smaller LoD and LoQ values, it
shows that the method has a high value for a number
of tested components.

Accuracy

Determination of the accuracy value is done as a
recovery value in the form of percent (% recovery).
The concentration values used were 1; 3; and 5 ppb.
Accuracy values were obtained using AAS and UV-
Vis methods (Table 5).

Table 5. The % recovery value of Pb metal using AAS
and UV-Vis methods (n=3)

Measurement

Concen : % Recovery
tration Concentration (ppb)
gL) Py Pb Pb (S{’/
(AAS) (UV-Vis (AAS) Vis)
1 0.80 0.98 80 98.6
3 3.30 3.25 110 108.3
5 4.80 4.69 96 93.8

Based on Table 5, it can be seen that the
percentage of recovery and repeatability of
concentrations of 1; 3; and 5 ppb of %recovery for Pb
metal using the AAS method is in the range of 80-
110%, while for the UV-Vis method in the range of
93.8-108%. The %recovery results obtained have met
the criteria, where the measurement of Pb metal levels
is in the range of 80-110% [11].

Recovery for Cd metal using AAS method is in
the range of 100-106%, while for UV-Vis method in
the range of 91.8-107.3%. The % recovery results
obtained have met the criteria, where the measurement
of Cd metal levels is in the range of 80-110% [11].
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Table 6. Cd metal recovery % values using AAS and
UV-Vis methods (n=3)

Measurement
Concentration % Recovery
Conpen b)
tration (bp & &
(ppb) Cd (UV- Cd (UV-
(AAS) Vis) (AAS) Vis)
1 1.00 0.91 100.0 91.8
3 3.10 3.05 103.3 101.8
5 5.30 5.36 106.2 107.3
Precision

Precision tests were carried out on Pb and Cd by
measuring  concentrations for 3  repetitions.
Determination of the precision value is done as a
relative value of standard deviation (%RSD). The
precision value is used to see the closeness of the value
in the measurement repetition process (Table 7).

Table 7. %RSD values of Pb metal using AAS and
UV-Vis methods

%RSD SD
Con_cen epe Pb
tration .o Pb Pb (UV-  Pb (UV-
(ppb) (AAS) Vis) (AAS) Vi
is)
1
1 2 0.961 1.369 0.001 0.001
3
1
3 2 0.847 1.379 0.001  0.002
3
1
5 2 0.314 0.281 0.001  0.001

3

The standard deviation value indicates that the
measurement has a high level of accuracy. The
standard deviation and %RSD values obtained from Pb
metal (AAS) are 0.961%; 0.847%; 0.314%, while the
calculation of %RSD using the UV-Vis method on Pb
metal obtained a standard deviation value of about
0.001-0.002. The standard deviation value has very
good accuracy. The standard deviation value and
%RSD value obtained from Pb metal (UV-Vis) are
1.369%; 1.379%; 0.281%.

The standard deviation and %RSD values
obtained from Cd metal (AAS) are 0.844%; 1.488%;
and 0.214%, while the calculation of %RSD using the
UV-Vis method on Cd metal obtained a standard
deviation value of about 0.001-0.002. The standard
deviation value has very good accuracy. The standard
deviation value and %RSD value obtained from Cd
metal (UV-Vis) are 0.763%; 1.498%; and 0.295%. The
results obtained show that the %RSD value obtained
has met the good precision value of <2%. [22].
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Table 8. %RSD values of Cd metal using AAS and
UV-Vis methods (n=3)

c % RSD SD
ol Repe ~cd  cd  cd Cd
tition  (AAS) (UV- (AAS) (UV-
(ng/L) Vi :
is) Vis)
1
1 2 0.844 0763 0.001  0.001
3
1
3 2 1.488 1.498 0.002  0.002
3
1
5 2 0.214 0.295 0.007  0.001

w

Comparison of t-test methods
The determination of the t-test is done to see the
comparison between the AAS and UV-Vis methods,
whether both have similar test results. The hypothesis
of this research are:
Ho: No difference in the measurement of Pb and Cd
metals by AAS and UV-Vis methods
Hi: There are differences in the measurement of Pb
and Cd metals by AAS and UV-Vis methods.
The results of comparison of sample
concentrations by AAS and UV-Vis methods are
shown in Table. 9

Table 9. Pb and Cd metal t-test by AAS and UV-Vis

methods
ttanl
Heavy Metal st g ;%59%
Pb 1.3
Cd 1.6 231

The determination of the t test is carried out to see
if the two methods have a significant difference. The
calculation of the t test is carried out with two
directions with a 95% confidence interval and 8 free
degrees and has a twpnie Value = 2.31. Based on the table
above, it can be seen that the value of tstatistic < ttanle, and
it can be concluded that there is no difference in the
measurement of Pb and Cd metals by AAS and UV-
Vis methods [13].

CONCLUSION

Pb and Cd metal levels in Crassostrea gigas and
Saccostrea cucullata oysters are still below the
threshold set by The Indonesian Food and Drug
Authority (BPOM), and are suitable for consumption.
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