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Abstract: Mercury analyzer, an instrument specifically designed for mercury (Hg) determination, has been
developed and validated for quantification of Hg levels in Salak or snake fruit (Salacca zalacca) obtained in
Yogyakarta. Some analytical figures of merit, namely linearity and range, precision, accuracy, limit of detection
(LOD) and limit of quantification (LOQ) have been evaluated. The developed method is linear over 0.5 — 20 pg/
mL with coefficient of correlation (r) > 0.99. LOD and LOQ obtained were 0,03 pg/L and 0,1 pg/L respectively.
This method was quite precise with the relative standard deviation (RSD) values found to be 9.73% and 10.41%
for its intraday and interday precisions. These RSD values were lower than those required by Horwitz. The
mean recovery percentage was 97.24% indicating that the developed method was accurate for Hg determination
in snake fruit. Mercury levels in the marketed snake fruit samples were found in the range of 4.87-15.08 pg/Kg
which were lower than maximum permissible limit set by Indonesian government regulation, as 30 pug/Kg.
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Introduction

Fruits are parts of human diet sources. They
contain various active components which give
beneficial effects for human health, such as antioxidant
(Rohman et al., 2010), anticarsinogenic (Hakkinen et
al., 1999), antimutagenic (Jayaprakarsha et al., 2007)
and antibacterial (Kaur and Singh, 2008) agents.
Previous epidemiological study showed that there
was an inverse relationship between consuming fruits
and coronary heart disease and cancer incidences
(Rohman et al., 2007; Tsai et al., 2010).

The heavy metals can be accumulated with
different concentrations depending on their harvesting
sites in the fruits (Wagner, 1993). One of the hazardous
heavy metals which can endanger human health is
mercury (Hg). Mercury has been known to cause
adverse effects on the renal and nervous systems and
can cross the placental barrier, with potential toxic
effects on the fetus (Tong et al., 2000; Caldas and
Machado, 2004). As a consequence, the researchers
continuously developed analytical method to
quantify Hg levels in some matrix. Analytical method
validation is an important step in the quality assurance
of quantitative analysis. According to ISO/IEC 17025
(2005), method validation intends to guarantee that
the method meets the acceptable criteria.

Several analytical methods have been used for
analysis of Hg in some food matrix such as cold
vapor atomic absorption spectrophotometry (CV-
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AAS) for Hg analysis in tuna fish (Rahimi et al.,
2010), in traditional medicinal herbs, (Caldas dan
Machado, 2004), supplement formulations (Garcia-
Rico et al., 2007) and in soil (Millan et al., 2006).
CV-AAS using automatic mercury analyzer has also
reported for Hg determination in fish (Voegborlo and
Akagi, 2007) and in selected fruit and mushroom
(Chudzyn'ski et al., 2011). However, there is no
available report related to the application of Mercury
analyzer for quantification of Hg in snake fruit.
Snake fruit (Salacca zalacca) is one of favorite fruits
for Yogyakarta people, therefore its quality control
including the levels of heavy metal present in it is
very essential. Therefore, in this study, we developed
and validated mercury analyzer for quantification of
Hg in snake fruit.

Materials and Methods

Materials

Snake fruits were collected from traditional
markets in Yogyakarta. Mercury standard solution
(1000 mg/L) was purchased from Sigma Aldrich
(Steinheim, Swiss). The other reagents were obtained
from Merck (Darmstadt, Germany). All reagents
were pro analysis grade. Destilled and deionized
water was used as solvent. All glassware used
were soaked in detergent solution, followed by
rinsing with distilled water. Mercury Instrument®
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Lab Analyzer 254 (Karlsfield, Germany), equipped
with electrodeless low-pressure mercury lamp (EDL)
as UV source, long-life diaphragm pump and 23
cm-measuring cell made entirely of fused silica,
was used. The measurement wavelength was 253.7
nm and the air flow was set at 30 L/h. The principal
measurement of mercury analyzer was shown in
figure 1. The analytical balance used has sensitivity
of 0.1 mg.
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Figure 1. Schematic flow diagram of mercury analyzer

Digestion procedure

Digestion procedure was carried out according to
Voegborlo and Akagi (2007) with slight modification.
Briefly, an approximately of 5 g of homogenized
snake fruit sample was accurately weighed into 100
ml Erlenmeyer flask and added with 10 mL of the
mixture of nitric acid — perchloric acid (1: 1 v/v). The
mixture was subsequently heated at a temperature
between 100 - 110°C until the solution was clear. The
sample solution was then cooled and diluted to 25 ml
with distilled water.

Determination of Hg

The sample was transferred into a reaction
flask and 0.1 mL of Potassium permanganate 0.1
M was then added to the flask and the flask was
shaked. One tenth mililiters of hydroxylammonium
chloride 10% (w/v) was added to reduce excess
permanganate. Then, 0.5 mL of Tin (II) chloride 10%
(w/v) in HCl 1 M was subsequently added to reduce
mercury contained in the sample. The bottle was then
connected to the reaction unit of the Lab Analyzer
254 and measurement was started. The mercury was
quickly stripped from the reaction flask. After 60 -
80 second, the end of the analysis was acoustically
announced and the result (absorbance) measurement
was displayed. The absorbance values were used
for the calculation of analyte contents in snake fruit
sample.

Method validation

Method validation was performed by assessing
several analytical figures of merit according to
International Conference on Harmonization (ICH,
1994), namely linearity and range, precision,

sensitivity expressed by determination of limit of
detection (LOD) and limit of quantification (LOQ),
and accuracy.

Results and Discussions

In order to evaluate the validity of the proposed
method, analytical performance characteristics
for determination of mercury in snake fruit were
estimated.

Linearity

Linearity of response was studied using mercury
standard solutions containing 0.5, 1.0, 2.5, 7.5 10.0,
15.0 and 20.0 pg/L by plotting the absorbance values
for each solution (y-axis) versus its final mercury
concentration (x-axis). A linear relationship was
obtained until 20.0 pg/L with a good coefficient of
determination (R?) (Table 1). The corresponding
linear regression equation was y = 0,034x — 0,009.
According to Eurachem (1998), the analytical was
linier over certain concentration ranges if R?obtained
is higher than 0.995.

Tablel. Linear regression data for the calibration curve

Pameters

Lmeanty range 05-20 pglL
R2 0.9%6
Sope+30 00340008
Interczpi+SD {.009:0.001
Confdznce mit of slope 0033003
Confidence Imit of imtercept 0.01840.001)

LOD and LOQ

Limit of detection (LOD) is the lowest
concentration of analyte that can be detected and
reliably distinguished from zero, but not necessarily
quantified (Gonzales and Herrador, 2007). Limit
of quantitation (LOQ) is defined as the lowest
concentration of analyte that can be determined
quantitatively with an acceptable level of precision
(Gonzalez and Herrador, 2007 cit [IUPAC, 1998 ). In
order to determine LOD and LOQ, ten blank samples
were measured. LOD and LOQ were calculated as
3.3SD/b and 10SD/b respectively, where SD is the
standard deviation of analytical responses and b is
the slope of calibration curve. LOD and LOQ were
found to be 0.03 pg/L and 0.10 ug/L respectively.
This method was very sensitive for analyzing
mercury content compared to the conventional atomic
absorption spectroscopy whose LOD was found to be
0.16 pg/mL (Khopkar, 1990).
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Precision

Precision is usually measured as relative standard
deviation (RSD) of a set of data (concentration in
this study). Precision of the mercury analyzer was
checked in order to show if instrument response to
Hg standard solution was always reproducible (the
same over different parameters). This parameter
takes into account only the error coming from the
operating system and not the error attributable to
sample handling and preparation (Ertasa and Tezel,
2004).

In order to assess the analytical method precision,
measurements were done under conditions of
repeatability and intermediate precision. Repeatability
of the method was evaluated from the analysis of
10 blank sample solutions fortified with 3 pg/L Hg
standard under the similar conditions (day, analyst,
instrument, sample). The RSD value obtained was
9.73%. Furthermore, the intermediate precision was
evaluated by performing 10 measurements with three
different days. The RSD values obtained during
the intermediate precision was 10.41% (Table 2).
According to Horwitz, as cited from Gonzalez and
Herrador (2007), the maximum RSD value acceptable
for the analyte level of 10.0 pg/L is 32 %. Therefore,
it can be stated that the developed method exhibited
a good precision.

Accuracy

To check the accuracy of analytical method, the
recovery studies were performed in order to confirm
the lack of Hg losses or contamination during
sample preparation and matrix interferences during
the measurement step (Ertasa and Tezel, 2004).
According to ICH (1998) for the determination of
the recovery, the spiking technique was used, i.e the
known concentration of Hg solution were added to
snake fruit, and the resulting spiked samples were
measured, calculated, and compared to the known
value of Hg solution added. All analytical steps were
performed in three replicates with three different
levels of Hg concentration. The recovery values for
accuracy studies of snake fruit samples spiked with
different level of Hg was shown in Table 3. For the
analyte level of approximately 10.0 pug/L, a recovery
range of 60 — 115 % was acceptable (Taverniers et
al., 2004). Therefore, the developed method was
accurate for quantification of mercury.

Hg content determination in snake fruit

Using the proposed method, the quantitation
of Hg content in snake fruit was carried out. The
results were shown in Table 4. The mercury level in
samples was found in the range of 4.87-15.08 ug/

Kg. The maximum level of permissible Hg content
in fruit was 30 pg/Kg according to Indonesian
government regulation. These results showed that the
mercury levels in marketed snake fruit samples were

acceptable.
Table 2. Precision studies data

Infroduced analyte  Calculated analyte R3D (%)
day concentration concentration Ity ey
() (igL)
1 30 295409 973
2 30 26610.25 0y 1041

3 30 21107 10.02
Table 3. Accuracy studies data

Infroduced analyle  Calculated analyte R RSD

concentration (ug/L)  concentration (ug/L) L (%)

20 2014003 100 48+169 168

40 3824003 9561063 065

6.0 574x0.05 95624077 0.81

Table 4. Hg level determination in snake fruit

Hg levels
Samples

(ng/Kg)
Salak1 5.64+0.31
Salak2 9.62+0.04
Salak3 4.87+0.14
Salak4 5.94+0.11
Salaks 8.53+0.08
Salaks 6.95+0.43
Salak? 15.08+0.16

Conclusion

The mercury analyzer was successfully developed
for quantitative analysis of Hg in snake fruits. The
evaluated parameters for analytical method validation
exhibited the acceptable values. The developed
method was rapid, easy in sample preparation and
inexpensive.
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