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Abstract

The aim of the study was to determine the concentration of selected heavy metals (Cd, Cu, and Zn) in dried squids
(Loligo sp.). Dried squid samples were purchased randomly from different markets in Melaka Tengah district. The
sampling was according to species with size ranging from 30 to 40 cm. The samples were homogenized and
pounded to ash using muffle furnace. Then, they were analyzed using Graphite Furnace Atomic Absorption
Spectrophotometer (GFAAS). The heavy metal concentrations were found to be in an order of Zn > Cu > Cd. All
the studied heavy metal concentrations were below the maximum permissible levels postulated in Malaysian Food
Act 1983 and its Regulations. The concentrations were also below the levels observed by several selected food
safety guidelines. Hazard index for consumption of dried squids was less than 1.0 which indicates that the intake
of heavy metals from the consumption of the dried squids does not pose a significant hazard to humans.
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INTRODUCTION

Human population of the world has increased as years pass by.
Human population growth is unavoidable with the development of
industries (Alina et al., 2012). Modernization and urbanization process,
as well as anthropogenic activities has amplified the problems related
to contamination of aquatic environments (Mahmood et al., 2012).
Moreover, population growths also give significant rise in food
demands. Mostly, in developing countries, seafood is one of the
essential protein-rich elements in many diets. However, the quality of
seafood is threatened by the usage of coastal waters as a simple
repository for wastes (Alina et al., 2012; Akpor et al., 2014). It also
cannot be relieved from the combinations of contaminants that
originate from the industries. Most of these revealed a vital persistence
and high potential of the bioaccumulation process (Caggiano et al.,
2005; Younis et al., 2015).

Heavy metals are considered as highly toxic pollutants. Low
amount of heavy metals are considered ordinary elements for marine
organisms but they are potentially toxic and may disturb biological
activities of aquatic ecosystems at high amounts (Singh et al., 2011).
There are both essential and non-essential heavy metals. According to
Khillare et al. (2015), several pollutants that are significant to be
concerned include arsenic, cadmium, mercury, and lead. Most of living
organisms need certain amount of essential metals such as iron. copper.
and zinc for critical purposes including growth (Chris et al., 2012).
Nevertheless, all this metal will give harmful effects when surpassed
certain limit (Beldi et al., 2006).
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Most seafood are known to be concentrated with trace metals
through the food web. Cephalopods are carnivores with very high
metabolism and have persistent pollutant bioaccumulation of trace
metals. They feed on the crustaceans, mollusks, small fishes and other
cephalopods (Pierce et al., 2005; Xinjun et al., 2007). Numerous trace
metals eventually accumulates and are stored within cephalopods.
Cephalopods become vital food for other living creatures like large fish,
seabirds and marine mammals. Successively the trace metals are then
passed on to predators, and therefore have potential to increase the
concentration of pollutants in higher trophic level including humans
(Kim et al., 2008).

MATERIAL AND METHODS

Independent and dependent variables of the study had been
identified. Independent variable is the types of dried squid batches,
while the dependent variables are the concentration of heavy metals
cadmium (Cd), copper (Cu), and zinc (Zn). Dried squid samples were
purchased randomly from different markets in Melaka Tengah district.
Dried squids from Loligo sp. of size ranging from 30 to 40 cm were
randomly sampled (n = 60).

Data Collection and Analysis
A food blender was used to homogenize the dried squids. An amount
of sample weighing 5g was weighed using analytical balance and was
placed in a high porcelain crucible. Then, it was transferred into a
muffle furnace at a temperature of 450°C for 8 hours until a white or
grey ash residue was obtained.
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After that, five mL of 6M hydrochloric acid (HCL) was added into the
crucible. The crucible was then put on a hot plate at a temperature of
85 - 95°C to prepare the sample solution. Whatman 41 filter paper was
used to filter the sample solution. The final residue was dissolved with
0.1M nitric acid (HNOj3) solution to 50mL level in a vial.

For calibration purpose, standard solutions were prepared for each
heavy metal once the sample was digested. Calibration was performed
with calibration blank (1% HNO3) and four standards prepared before.
Then the selected heavy metal concentrations was analyzed using
Graphite Furnace Atomic Absorption Spectrophotometer (GFAAS). A
Quality Control (QC) reference was run for every ten samples ran. At
the end of the running, QC was analyzed again. The recovery of QC
has to be within 90 — 110 % of expected concentration.

“Statistical Package for the Social Sciences™ (SPSS) software
version 21.0 was used to analyze the sampling data. An independent t-
test analysis was applied to the observed data to compare the heavy
metal concentrations of Cd, Cu, and Zn between two batches.

Health Risk Assessment

Human risk arising from consuming dried squids was estimated
using Target Hazard Quotient (THQ). When THQ exceeds the value of
1, it means that there are possibilities of health risk due to consumption
of contaminated food. The following equation was used to determine
THQ:

THQ = ((EF X ED XIR X C))/((RfDo X BW X AT))

Where, “EF is the Exposure Frequency: ED is the Exposure
Duration; IR is the food Ingestion Rate; C is the Concentration of metal
from dried squid sample; RfDo is the oral Reference Dose; BW is the
Body Weight; AT is the Averaging Time” (Copat et al., 2013). Then
hazard index (HI) is calculated to conclude the potential risk to health
as a result of consuming dried squid. The calculation equation for HI is
as follow:

HI = ¥HI=HQ(Cd +HQ Cu + HQ Zn

Where, “Y HI is the total hazard quotients of the heavy metals
analyzed”. Unlikely adverse health effects are assumed if the HI is
below the value of 1.0. Contrariwise, if the value of HI is more than
1.0, then there is a probability of adverse health effects (Ashraf et al..
2011).

RESULTS AND DISCUSSION

The study was conducted to assess the accumulation of heavy
metals such as cadmium, copper. and zinc in the dried squid Loligo sp.
in particular. The results showed that the order of cadmium, copper, and
zinc concentrations can be arranged as Zinc > Copper > Cadmium.
Cadmium had the least mean concentration in dried squid compared to
Copper and Zinc. The presence of cadmium may be due to the process
of diffusion of marine water that contains cadmium to their body (Rjeibi
et al, 2014). It may also come from eating habit of squids that
consumes crustaceans which are known as the bottom feeder.

Copper is the second highest found in this study (Xinjun et al.,
2007). Cephalopods need high concentration of copper because it uses
the hemocyanin from copper to help in uptake of oxygen for respiration
(Jinadasa, 2014; Mok et al., 2015). Copper is also high in squids due to
its role in metabolic mechanism (Al-Farraj et al., 2011). Copper
attaches itself to some protein in the squid’s liver for several functions
(Jamil et al., 2014). These could be the reasons for the elevation of
copper in this study.
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Zinc was found to be the highest compared to copper and cadmium.
According to Jinadasa (2014), zinc has a vital role as a structural
component of protein and is needed by aquatic organisms for
enzymatic reactions. Moreover, zinc is also engaged in several protein
functions (Bustamante et al., 2006). The relatively high concentration
of zinc can be related to their essential functions.

Table 1 summarized the mean concentration comparison of heavy
metals of dried squids (Loligo sp.) with permissible limit from Malaysia
Food Act 1983 and Regulations and some selected international
standard from other countries.

Table 1: Comparison of heavy metal concentrations with
recommended permissible limit!-*
Present Study

Heavy (mg/kg) Maxinum
Y £58 Permissible Ref
Metal Batch  Batch . ;

1 5 Limits (mg/kg)
Cd 0.313 0.367 1,2,3 1,2,3
Cu 7.779 §8.954 <30, <20 1,4
Zn 19338  19.65 <100 1,4

With regards to food safety, the mean concentrations of heavy metal
were compared to the standards in Malaysia Food Act 1983 and other
international standards. The concentration of cadmium showed that
both batches of the squids did not exceed the maximum permissible
limit set under Malaysia Food Act 1983. Also, the cadmium level for
both batches of dried squid samples did not exceed the permissible
value in US Food and Drug Administration (2001), and FAO/WHO
Codex Alimentarius Commission (2004).

Moreover, copper and zinc concentrations of dried squids in both
batches also were found to be below the permitted level set by Malaysia
Food Act 1983 and Regulation as well as in Ministry of Public Health
Thailand. In conclusion, all the selected heavy metals analyzed were in
the permissible safety limits.

Health Risk Assessment

THQ was used to estimate the potential health risk of heavy metal
consumption associated with contaminated food intake. Table 2
summarized the values from the calculation of THQ and HL

Table 2: Results for THQ and HI

Target
RfDo .
Heavy (mgkg/ Quotient  Hazard Hazard Index (HI)
Metal dm:)l = (THQ)
. Batch 1 Batch 2 Batch 1 Batch 2

Cd 0.001 0.0505 0.0592
Cu 0.04 0.0314 0.0361 0.0922 0.1059
Zn 0.3 0.0103 0.0106

It shows that, THQ values for each heavy metals and batches did
not exceed 1. THQ value for Cadmium for batch 1 and batch 2 are
0.0505 and 0.0592 respectively. While, THQ value for Copper recorded
0.0314 for batch 1 and 0.0361 for batch 2. For Zinc, THQ values were
much lower compared to Cadmium and Copper. For batch 1 itis 0.0103
and for batch 2, 0.0106. The value HI is 0.0922 for batch 1 whereas for
batch 2 is 0.1059. For both batches the value of HI is below one.

Based on previous studies by Storelli (2008) and Rjeibi et al. (2014)
and Mir et.al (2016), THQ for cadmium in cephalopods lies in the range
0f0.03 —0.18 and 0.03 — 0.05 respectively. In comparison to the results
from this study, the findings for both batches (1&2), corresponds to the
studies by Storelli and Rjeibi and did not exceed 1. Meanwhile, THQ
and HI for copper and zinc are rarely studied as both are considered
essential heavy metals for living organisms. However, the results of this
study are below the value of 1. Thus, it does not have potential health
risk to the consumers.
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CONCLUSION

Anthropogenic activities continuously increase the amount of heavy
metals in the environment, especially in aquatic ecosystem. Growth in
human population, urbanization, industrialization and agriculture
practices have further aggravated the pollution of heavy metals in an
aquatic ecosystem. Heavy metals which cannot be degraded are either
deposited, assimilated or incorporated in water, sediment, and aquatic
animals, thus causing heavy metal pollution in water bodies. Therefore,
heavy metals can be bioaccumulated and biomagnified via the food
chain and finally assimilated by human consumers resulting in health
risks.

From this study, the heavy metal concentrations revealed an order
of Zn = Cu > Cd. All studied heavy metal showed concentrations below
the permissible standards set under Malaysia Food Act 1983 and its
Regulations. The concentrations were also below the levels regarded by
several selected food safety guidelines. Moreover, HI for both batches
of dried squids was less than 1.0. This value indicates that the uptake
of heavy metals from the consumption of the dried squids do not
significantly pose hazard to humans. From the concentrations of heavy
metals deposited in squids, a baseline information for monitoring heavy
metal pollution can be established in future. Further study is essential
that will cover much wider aspects of research on heavy metals
contamination in seafood.

Some recommendations for this study includes sampling for longer
period such as once in a month for at least a year since climate and
seasons are inconstant in Malaysia. Besides, the future study may also
include other species of dried squids that are available in local market
so that the study will cover all the potential species of dried squids
consumed by the population. For the consumer, it is recommended to
take the squids in their diet in moderate amount or according to the
advisable quantity. It is also recommended to study the water quality
where the squids are caught and other possible sources of heavy metals.
Then, the results of the water quality can be related to the heavy metals
concentration found in the squids.
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