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Abstract

In the presented study, three different marine fish species were collected from four locations along the coastal waters of Andhra Pradesh. The samples

were analysed using Hand-held XRF. Concentrations of ten elements (As, Cd, Cu, Fe, Mn, Se, Zn, Ca, K and Mg) were quantified in muscle, liver and

gill tissues of Rastrelliger kanagurta, Euthynnnus affinis and Saurida tumbil collected from Visakhapatnam harbour, Kakinada harbour, Pudimadaka and

Bheemili. There was a clear spatial variation in the concentration of elements collected from different locations. However, significant differences in

elemental concentrations among the three studied species and tissues were observed and these may be related to different accumulation patterns of the

species. The results showed that concentrations of As and Cd were above the threshold limits. However, the exposure for the population depends on

their dietary habits and continued exposure to the heavy metals may cause adverse effects.
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Introduction

During the last few years, aquatic ecosystems have been affected
by various types of contaminations due to garbage and effluents
delivering by different sectors like domestic, agricultural, commercial,
and pharmaceutical and other industrial activities of human beings
living around the coastal lines. In recent years [1], much attention
has been paid to study about health benefits of essential elements
(Fe, Zn, Cu, Mn) derived from fishes of the marine environment due
to consumption of sea fishes and change in their concentration due
to pollution impact causing associated health hazards besides the
accumulation of non-essential elements or heavy metals (Hg, Cd, Pb)
in the fishes. Nutritionists consider fish products to be a major source
of quality protein, vitamins, minerals and long-chain polyunsaturated
fatty acids (omega-3), docosahexaenoic acid (DHA) and also contain
organic and inorganic micronutrients like vitamin D, selenium etc.
[2]. Fishes are recommended mainly to the elderly, infant’s brain and
nerves function, cardiac patients i.e., abnormal heart strokes and
those with digestive problems due to their reduced energy levels and
higher mineral content [3]. Consuming fish may decrease the risk of
depression, Alzheimer’s disease, arthritis and diabetes etc. On the other
hand, Toxicologists tend to regard aquatic pollution as a major vector
for non-essential elements like Hg, Cd, Pb accumulation [4]. These
elements are mainly present in marine environments due to industrial
wastewater loads, soil erosion, municipal sewage discharges from rural
and urban areas, agricultural land runoff [5]. Natural phenomena

J Pharmacol Pharm Res, Volume 5(3): 1-11, 2022

such as earthquakes, landslides, tornadoes, cyclones, and weathering
of rocks also contribute towards heavy elements contribution for
pollution. The contaminated water is the major source of elements
bioaccumulation in the various vital organs (Liver, Kidney, gills) of
the fish. Discharge of agricultural wastes like agrochemicals, Organic
matter and industrial wastewater without pre-treatment into lakes,
rivers and oceans resulting in an increase of non-essential elemental
concentration in such water environments exhibiting damage on
aquatic life [6]. Elemental pollutants as particles, elemental ions;
inorganic and organic compounds in rivers and oceans also damage
aquatic life [7,8]. Heavy elements, which especially collected in the
organs of fishes, such as spleen and kidneys may be transmitted and
accumulated in human organs through their consumption [9] and can
cause a risk of kidney, brain and nervous system damage to human
beings. Therefore, the introduction of non-essential elements into the
food chain threatens human health and also to aquatic life. Essential
elements may also become toxic to the human body if their intake is
higher than the standard values of WHO [10].

The consumption of fish is significant for human beings living
in coastal areas like Visakhapatnam and constitutes an important
component in the intake of food items. Hence, continuous monitoring
and analysing elemental concentration levels in fish belong to coastal
areas became vital to understand the pollution impact on human
beings those who consume frequently or regularly. Research on the
detection of elements in fishes of these coastal areas is important
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because elemental concentration could cause growth disorders,
reproductive disorders, immune suppression and histopathological
alteration in the gills, kidney, liver and skin, as well as abnormalities in
fish bones [11]. The health hazards associated with the consumption of
contaminated fishes are up to 20-40 times greater than those associated
with contaminated drinking water [12]. This is because fish have the
ability to contain elemental concentration up to ten times higher than
the observed environmental value [13]. Thus, fish may be considered
biological indicators of elemental pollution and as a potential risk
factor if contaminated fish are consumed by human beings. Absorption
of elemental ions takes place through the skin, gills and digestive tract
of fishes, which are transmitted to other parts of the body through
the blood [14]. Muscles have been widely analysed for elemental
concentration as they constitute the most edible portion of fish that
poses a risk to human health who consumes them [15]. However, the
liver, gills and kidneys collect the elements more effectively than the
muscles since they are active metabolic tissues and primary organs for
accumulating the majority of elements in fish [16]. The concentration
level of elements in the gills indicate their concentration presented in
the water in which the fish are found, and the liver’s concentration
represents the retention of the elements, whereas the muscle is not
regarded to be active tissue in the accumulation of elements [17]. Many
organizations like the United States Food and Drug Administration
(USFDA), the Food and Agriculture Organization (FAO) and the
World Health Organization (WHO) have established limitations for
human consumption of trace elements. The FAO/WHO Committee
on Food Additives has set the provisional values of tolerable weekly
intake (PTWI) and the dietary intakes of food additives and certain
food contaminants. These specific values are significant for the safety
levels of these elements in humans [18].

Materials and Methods

Samples Collection and Preparation

In the present study, three marine fishes commonly consuming
by the people of Andhra Pradesh namely (Rastrelliger kanagurta (22-
24 cm, TL), Euthynnus affinis (28-32 cm, TL) and Saurida tumbil
(30-34 cm, TL) were collected freshly from four locations of coastal
waters namely Visakhapatnam harbour (Geographical coordinates
(17.6958° N, 83.3025° E), Kakinada harbour (16°58°30”N,
82°16’44”E), Pudimadaka fish landing centre (17.4927° N, 83.0028°
E) and Bheemili fish landing centre (17.890382°N 83.455465°E). The
sample collection areas along the coastal waters of Andhra Pradesh
are shown in Figure 1. Photographs of the collected marine fishes
belong to the Visakhapatnam harbour is presented in Figure 2. These
fishes were individually packaged into polythene bags, stored in an
ice box and brought to the laboratory. The selected species were
collected three times during the winter season. The collected fishes
were washed with distilled water and carefully dissected to obtain
the muscle, gills and liver of the fish; subjected for determination
of elemental concentrations accumulated in the respective parts.
These samples were then kept at around -20°C in a deep freezer
overnight in the laboratory. The frozen samples were lyophilized in
a microprocessor-controlled freezing method. The lyophilization
works at around -50°C which absorbs water molecules from the
samples, drains off the samples making them completely dry. Then
the dried specimens were ground using agate mortar and pestle
to obtain fine powder with minimal contamination. The samples
were kept separately with unique identification number in airtight

packets.
Bheemill
Visakhapatnam
? fishing harbour
i Pudimadaka
Kakinada
fishing harbour

Figure 1: Sample collection areas along the coastal waters of Andhra Pradesh.

J Pharmacol Pharm Res, Volume 5(3): 2-11, 2022



Srinivasulu A (2022) Spatial Variability of Elemental Concentrations in Three Marine Fishes along the Coastal Waters of Andhra Pradesh

Euthynnus affinis

Saurida tumbil

Figure 2: Fish Samples collected at Vishakapatnam fishing harbour.

Experimental Method

The experimental work was carried out in BARC (Division of
Nuclear Physics), Mumbai with Hand-held XRF (HHXRF) technique.
In the XRF spectrometer, samples were excited by the X-rays emanating
from an X-ray tube (Rh X-ray tube) having enough energy for ejecting
electrons from various inner shells belonging to the atoms in the
specimen. The vacancies in the inner shells of atoms are then occupied
by electrons coming from the outer shells of the atoms causing the
emission of characteristic X-rays; conventionally it can be referred to
as X-ray fluorescence (XRF). In HHXRE a silicon drift detector (SDD)
was employed for the measurement of X-ray energies. The Silicon Drift
Detector (SDD) contains graphene window that enables the detection
of low Z elements (Al, S and P). These low Z elements usually cannot
be detected by the conventional XRF system which uses a beryllium
window. The powdered samples were placed in a cubic box and irradiated
by Rhodium X-ray tube. Spectrum has been obtained for each sample in
twenty seconds. The energy of the beams used for beam 1 is between 12
and 36 keV, whereas for beam 2, it varies between 0 to 12 KeV [19]. The
HHXREF experimental set-up is as shown in Figure 3. The validity of the
HHXREF set up was performed by analyzing Certified reference material
(CRM) obtained from European Commision - Joint Research Centre,
Institute for Reference Materials and Measurements - (ERMBB422 -
Fish muscle) - was used for quantification of the elements and verifying
the reliability of the data obtained by the present system.

Results and Discussion

Concentrations of accumulated elements namely As, Cd, Cu, Fe,
Mn, Se, Zn, Ca, K and Mg in different tissues belong to the fishes
collected from four different locations are determined by using the
obtained spectra. The observed results relating to the fishes collected
from Visakhapatnam fishing harbour are compared with those
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Figure 3: HHXREF set up.

collected from Kakinada fishing harbour, Pudimadaka, Bheemili
as displayed in the Table 1. There is a clear spatial variation in the
concentration of elements collected from different locations, however
significant differences in elemental concentrations among the three
studied species are observed; which may be related to different
accumulation patterns of the species. The obtained XRF spectrum of
the certified reference material (ERMBB422) is shown in Figure 4. The
correlation coefficients among the evaluated average concentration
values of various elements observed due to the three species are
computed and shown in Tables 2-4.

From the evaluated results that displayed in the Table 1,
comprehensively one can draw the following statements:

1. As expected, accumulation levels of heavy metals namely
arsenic and cadmium belonging to Visakhapatnam fishing
harbour are higher relative to other places indicating higher
pollution levels as commercial activities and anthropogenic
garbage discharge are more than other places leading to more
exposure to pollution
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Table 1: Concentrations of elements present in three different fish species collected at four locations.

Element Species Tissue Visakhapatnam Kakinada Pudimadaka Bheemili
Muscle BDL BDL BDL BDL
Rastrelliger kanagurta Liver 6.0 4.4 83+58 53+4.0 BDL
Gills 93+6.7 BDL BDL BDL
Muscle 11.0+2.8 53+0.6 7.3+49 BDL
As Euthynnus affinis Liver 45.5+2.1 15721 28.0+16.5 37.7+£26.3
Gills 6.7+4.6 27+21 75%0.7 BDL
Muscle 40+26 BDL 27+21 43+32
Saurida tumbil Liver 17.0+2.8 143 +10.1 18.0 + 14.1 11.0+ 4.4
Gills 73+49 16.0 +11.3 BDL 12.7£3.8
Muscle 295+49 25.7+3.1 23.0+£5.0 300+1.4
Rastrelliger kanagurta Liver 31.5+10.6 29.0+53 22.7+38 29.0+9.9
Gills 11.7+8.1 15.0 +10.4 13.7+9.8 153 +11.0
Muscle 28.0+2.6 26.3+3.5 253+5.7 153 +11.0
Cd Euthynnus affinis Liver 423+11.2 387+16.2 353+4.2 14.3 £10.1
Gills BDL BDL BDL 15.0 £ 10.4
Muscle 255+3.5 21.7+3.2 27.5+6.4 253+2.5
Saurida tumbil Liver 31.0+£7.0 23.0+2.8 27.0+5.7 123 +84
Gills BDL 157 +11.5 15.0 £ 10.4 15.0 +10.4
Muscle BDL BDL BDL BDL
Rastrelliger kanagurta Liver 52.5+16.3 69.3 £24.5 66.0 +33.4 475+16.3
Gills 353+24.8 BDL BDL BDL
Muscle 11.0+7.8 145+ 6.4 6.0+4.4 BDL
Cu Euthynnus affinis Liver 58.0+45.6 81.3 £31.5 38.7+18.8 443 £30.9
Gills 83+58 BDL BDL BDL
Muscle BDL BDL BDL BDL
Saurida tumbil Liver 39.7 +£21.6 42.7 +30.6 48.0+7.1 21.0+4.0
Gills BDL BDL BDL BDL
Muscle 113.7 £47.3 94.7 £ 24.0 106.7 + 14.5 97.5+3.5
Rastrelliger kanagurta Liver 1574.0 £ 596.8 1538.7 +£ 567.0 1910.7 £ 593.7 1311.5 +£ 509.8
Gills 1304.0 + 1304.2 950.3 +£ 3254 595.7 £98.0 550.0 £ 69.3
Muscle 193.0 +174.0 287.0 + 87.9 177.3 +98.9 453 +31.8
Fe Euthynnus affinis Liver 1628.7 + 1638.4 3430.0 +£1841.3 2097.0 £ 2065.0 2090.0 +1524.2
Gills 519.0 £70.7 589.7 £128.2 4047.7 £ 5345.8 302.0 +209.6
Muscle BDL 13.3£9.2 BDL BDL
Saurida tumbil Liver 940.0 £ 546.5 1383.3 £ 858.2 1382.0 +£745.3 748.3 £212.1
Gills 487.0 +£208.1 4503 +111.1 518.5+157.7 418.7 +£269.1
Muscle 23.7+16.7 BDL BDL 17.0+12.1
Rastrelliger kanagurta Liver 19.3£13.6 BDL 37.0+9.9 355+9.2
Gills 41.0+7.1 53.5+3.5 57.0£5.7 70.5 +14.8
Muscle BDL BDL BDL 183 +12.7
Mn Euthynnus affinis Liver 17.0 £ 12.1 203+ 144 40.5+0.7 BDL
Gills 72.5+38.9 523+9.1 104.5 £ 53.0 20.7 £ 14.2
Muscle 17.0+12.1 18.7+13.3 15.0 £ 10.4 263+1.2
Saurida tumbil Liver 24.0 £ 16.5 153+ 11.0 BDL BDL
Gills 88.0 £ 10.5 683+ 1.2 93.0 £41.0 75.7 £23.0
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Muscle BDL BDL 1.5+£0.7 BDL
Rastrelliger kanagurta Liver 150+ 11.3 17.7 £10.8 21.7 £10.7 20.0 £15.6
Gills 153 +13.8 7.7+25 57+12 8.0+28
Muscle 3721 6.0+3.0 53+49 BDL
Se Euthynnus affinis Liver 26.7 +20.4 16.7 £11.7 26.3+13.8 27+21
Gills 10.5+3.5 83+3.1 63+29 1.7+12
Muscle BDL BDL 1.5+0.7 BDL
Saurida tumbil Liver 27+12 27+1.2 20+14 1.7 £0.6
Gills BDL 1.7+1.2 BDL 1.7+1.2
Muscle 113.7 £ 82.6 87.3+£31.8 763 +1.2 59.0+1.4
Rastrelliger kanagurta Liver 326.0 +36.8 334.7 £101.6 312.7 +116.2 2635+72.8
Gills 618.7 £ 681.0 262.3 £ 14.6 269.7 +40.4 305.0 + 8.5
Muscle 56.7+£9.1 61.7 £16.5 47.3 4.7 203144
Zn Euthynnus affinis Liver 577.7 £270.8 568.3 +290.8 835.3 £512.6 295.7 £205.5
Gills 286.3 £117.0 359.3+71.0 290.7 £ 54.8 88.3+61.2
Muscle 433 +84 353+0.6 345+49 36.0+1.0
Saurida tumbil Liver 198.7 £ 64.3 176.7 £ 38.1 145.5 +£37.5 130.7 £ 14.0
Gills 172.0+7.5 167.0 £ 4.6 147.0 £ 4.2 159.7 £ 18.5
Muscle 0.78 £1.14 0.08 £0.01 0.07 £0.02 0.06 £ 0.05
Rastrelliger kanagurta Liver 0.10 £0.10 0.09 +£0.03 0.06 £ 0.01 0.05 + 0.04
Gills 4.02 £ 3.47 7.11£0.55 7.16 + 1.41 5.00 £4.33
Muscle 0.05 £ 0.02 0.10 £ 0.08 0.07 £0.02 0.02 £0.01
Ca Euthynnus affinis Liver 0.16 + 0.05 0.18+0.13 0.79+0.71 0.02 +0.02
Gills 8.87 £0.98 7.79 £0.52 6.79 +1.01 2.96 +2.05
Muscle 0.69 +£0.91 0.15+0.07 0.06 £ 0.07 0.22 +0.10
Saurida tumbil Liver 0.08 £ 0.06 0.05+0.03 0.04 £0.04 0.03 £0.01
Gills 6.46 + 0.83 549 +0.33 393 +3.48 5.04 £0.59
Muscle 1.33 £0.41 2.13+1.17 2.54+0.88 1.80 £ 1.56
Rastrelliger kanagurta Liver 1.15 + 1.00 1.63 +0.38 1.85 +0.48 1.05+0.91
Gills 1.30 £0.75 0.82£0.03 0.79 £ 0.08 0.54 £ 0.47
Muscle 2.26+0.10 2.08 £0.42 2.62+0.10 1.42+£0.99
K Euthynnus affinis Liver 1.81£0.18 1.90 £ 0.39 1.79£0.23 1.22£0.84
Gills 0.55+0.20 0.67 £0.17 0.65+0.13 0.50 £ 0.34
Muscle 2.85+£0.29 2.35+0.41 1.71 £ 1.50 2.81+£0.14
Saurida tumbil Liver 5.84 £ 7.66 1.19+£0.24 0.65 £ 0.60 1.30£0.19
Gills 0.99 £0.08 1.02 £0.08 0.60 £ 0.52 1.16 £ 0.22
Muscle 0.62£0.43 BDL BDL BDL
Rastrelliger kanagurta Liver BDL BDL 0.72 £ 0.50 0.76 £ 0.53
Gills 0.83 £0.58 1.77 £ 0.06 2.50 £0.26 1.63 £ 1.46
Muscle 0.66 £ 0.46 0.53 +£0.37 BDL BDL
Mg Euthynnus affinis Liver BDL BDL 0.72 £ 0.50 BDL
Gills 0.89 +0.62 1.03+£0.91 1.61+1.12 0.67 £ 0.46
Muscle BDL BDL BDL BDL
Saurida tumbil Liver 0.67 £ 0.46 0.74 £ 0.66 0.64 £ 0.45 0.72 £0.50
Gills 0.78 £ 0.54 1.10 £ 1.05 0.83£0.72 0.67 £ 0.46

BDL: below detection limit.
Concentration of As, Cd, Cu, Fe, Mn, Se and Zn are in ppm.
Concentration of Ca, K and Mg are in %.
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Table 2: Correlation between elements present in tissues of Rastrelliger kanagurta.

As Cd Cu Fe Mn Se Zn Ca K Mg
As 1
cd -0.537 1
Cu -0.499 0.555 1
Fe -0.882 -0.011 0.746 1
Mn 0.508 -0.833 -0.259 -0.023 1
Se -0.535 0.473 0.505 0.936 -0.716 1
Zn 0.770 -0.506 -0.653 0.721 0.330 0.485 1
Ca 0.736 -0.861 -0.755 -0.055 0.820 -0.525 0.361 1
K -0.290 0.408 0.721 -0.238 -0.748 0.002 -0.453 -0.700 1
Mg 1 -0.643 -0.963 -0.351 0.785 -0.923 -0.094 0.886 -0.718 1
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Figure 4: Spectra of muscle tissue of Rastrelliger kanagurta collected from Visakhapatnam (a), Kakinada (b), Pudimadaka (c) and Bheemili (d).
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Table 3: Correlation between elements present in tissues of Euthynnus affinis.

As Cd Cu Fe Mn Se Zn Ca K Mg
As 1
Cd 0.192 1
Cu 0.610 0.519 1
Fe 0.284 0.532 0.944 1
Mn -0.660 0.196 -0.929 0.398 1
Se 0.564 0.864 0.571 0.338 -0.405 1
Zn 0.558 0.705 0.708 0.609 -0.060 0.888 1
Ca -0.496 -0.295 -0.345 0.087 0.796 -0.169 0.037 1
K 0.134 0.522 -0.066 -0.148 -0.582 0.215 -0.027 -0.789 1
Mg -0.253 0.205 -0.101 0.815 0.910 -0.060 0.162 0.677 -0.569 1
Table 4: Correlation between elements present in tissues of Saurida tumbil.
As Cd Cu Fe Mn Se Zn Ca K Mg
As 1
Cd -0.140 1
Cu 0.889 0.832 1
Fe 0.531 0.503 0.873 1
Mn 0.254 -0.853 -1.000 -0.367 1
Se 0.555 0.510 0.547 0.660 -0.498 1
Zn 0.839 -0.241 0.463 0.546 0.533 0.678 1
Ca 0.080 -0.643 0.382 -0.487 0.934 -0.407 0.450 1
K -0.010 0.628 0.015 0.023 -0.557 0.562 -0.090 -0.431 1
Mg 0.008 -0.429 -0.501 -0.483 0.311 -0.327 0.031 0.548 -0.271 1

2. In the case of nutritional elements such as copper (Cu) and
iron (Fe) concentration levels are found to be more in the fish
species collected from Kakinada fishing harbour followed by
Pudimadaka (Saurida tumbil and Rastrelliger kanagurta for
Cu and Fe respectively).

3. Se, Zn and Ca contents were found in higher concentrations
among the fish species belonging to Visakhapatnam fishing
harbour followed by Pudimadaka

4. Detection of Mn, K and Mg seems to be higher in the species
related to Pudimadaka when compared with the other places.

5. Fish species belonging to Bheemili are reflecting no nutritional
elements higher relative to other places.

6. Though the commercial activities due to domestic transport
and international export of goods besides thrown of garbage
by local habitants are higher, some of the nutritional
elements and antioxidants at Kakinada fishing harbour and
Visakhapatnam fishing harbour found to be higher, indicating
the need to develop effective pollution management systems
at these places.

Detection of Heavy Metals

Arsenic

Arsenic (As) is widely distributed in the environment as a result
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of anthropogenic and naturally occurring processes. This is a trace
element that is potentially toxic to all living beings; however, its
toxicity varies based on its different chemical forms [20]. The United
States Food and Drug Administration [21] reported that seafood
products including fish constitute 90% of overall exposure to arsenic.
Accumulated arsenic concentration among various tissues of the
selected species of fish taken from the above-mentioned locations
are analysed for monitoring the level of pollution and the obtained
concentrations found to vary between 2.7 £ 2.1 ppm to 45.5 + 2.1 ppm.
The highest concentration is detected in the liver tissue of Euthynnus
affinis species collected from Visakhapatnam. However, the arsenic
level is below the limit of detection relating to the muscle tissue of
Rastrelliger kanagurta belong to all the locations. It is also clear that
the concentration of all the tissues pertaining to Rastrelliger kanagurta
related to Bheemili is below the detection limit. The Australia New
Zealand Food Standards Code [22] states that the maximum allowable
concentration of As is 2.0 mg/kg ww. The species Euthynnus affinis
was collected in Visakhapatnam (assuming that the muscle is the only
edible part) exceeded the ANZFA recommended value (9.6 mg/kg)
dw (assumed to be 79% moisture). The EPA has established 1.3 mg/kg
of arsenic in fresh water fish tissue as the basis for protecting human
health [23]. The maximum concentration of As in fish according to
Brazilian legislation is 1.0 mg/kg [24]. Sharif et al. [25] investigated the
concentration of arsenic in tropic marine fish species from Bangladesh
with reported values varied between 2.84 and 3.92 mg/kg dw.
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Cadmium

Cadmium also considered as one of the toxic elements that
could present in fish organs at higher concentrations [26]. It leads to
chronic toxicity although it occurs at a concentration level of 1 mg/
kg [27]. Christensen et. al [28] considered cadmium to be potentially
more hazardous than other metals. The National Health and Medical
Research Council (ANHMRC) standard for Cd concentration in
seafood products in Australia is 2.0 mg/kg [29], while the authorities
of Western Australia suggested 5.5 mg/kg concentration for Cd [30].
Under Spanish legislation Cd concentrations are limited to 1 mg/
kg [31]. The maximum concentration of Cd for fish laid down by
Brazilian legislation amounts to 1.0 mg/kg [32]. The concentration
of Cd in fish samples in this study varies from 11.7 + 8.1 ppm to
42.3 + 11.2 ppm. The liver of Euthynnus affinis that collected from
Visakhapatnam is found to show the highest level of cadmium. Based
on the results obtained in the present experimental study; it can be
understood that the observed Cd in fishes collected from all the four
locations exceeds the aforementioned standard values and longer
period of Cd accumulation in fishes may be hazardous to health.

Detection of NUTRITIONAL Elements

Copper

Copper is vital and necessary for synthesizing of haemoglobin
[33]. Its deficiency may cause disorders in blood and nervous system
in adults [34]. However, high consumption of Cu would result in
adverse health effects [35]. The observed concentration of Cu in the
present study ranges from 6.0 + 4.4 ppm to 81.3 + 31.5 ppm, however,
it was found to be less than the limit of detection in muscle tissues
of Rastrelliger kanagurta and Saurida tumbil related to all the three
locations of the present study. The liver tissue of Euthynnus affinis
that belong to Kakinada is found to have the highest level of Cu. The
maximum permitted Cu limit proposed by FAO and ANHMRC is
30 mg/kg fresh weight [36,37]. The UK Food Standards Committee
report states that the Cu content of food must be less than 20 mg/kg
wet weight [38]. Legislation has also been passed in some countries
about the maximum permissible Cu concentration in meals. For
instance, Turkish law has set the Cu concentration as 5 mg/kg, while
Spanish law suggested the concentration of 20 mg/kg ww [39]. The
Australian Food Standard Code has set a maximum level of Cu to 10
mg/kg ww [40]. Taking into account the water content of 79% of fish
muscles, no species studied exceeded prescribed limits of different
agencies (assuming the muscle as the only edible part).

Iron

Iron deficiency frequently results with anaemia causing reduced
levels of working capacity besides impaired mental development.
The recommended daily allowance for children and adults (males
and females) is 11 mg/day and 18 mg/day, respectively [41]. The
concentration levels of iron in the present study ranges in between
13.3 £ 9.2 ppm to 4047.7 + 534.5 ppm. The highest concentration of Fe
is found in gills of Euthynnus affinis that procured from Pudimadaka.
Earlier Karadede et al. [42] and Chale [43] observed values of iron
concentration are 200.86 ug/g and 125 pg/g respectively. Reported
these data are exhibiting fair agreement with the values of Iron
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observed in the present studies. The values for iron reported by Tariq
et al. [44] and Asharaf et al. [45] are 0.782 to 4.217 and 1.550 to 6.715
ug/g respectively. These values are lower than the present values of
iron. Iron is a mineral and essential for life. An adequate dietary intake
of iron is extremely important in reducing anaemia. The deficiency of
iron occurs when there is a high demand for it, e.g., while growing,
in pregnancy periods and during menstrual loss, the intake usually
is not adequate or contains minerals that prevent iron from being
absorbed [46]. The low bioavailability of iron is regarded as a major
factor leading to its deficiency in many countries.

Manganese

Manganese is used in iron alloys, electric coils, dry battery cells
and glass ceramics etc. which may be regarded as the mains sources
of pollution of the manganese. While manganese is a low-toxicity
element, it has significant biological interest. There are no established
manganese limits in the fish samples. The obtained Mn concentration
in the present work ranges in the range 15.0 + 10.4 ppm to 104.5 +
53.0 ppm. The highest level of Mn is found in gills of Euthynnus affinis
that collected from Pudimadaka while the lowest concentration found
be in muscle tissue of Saurida tumbil procured from Pudimadaka.
However, it is not detected in muscle tissue of Euthynnus affinis
that collected from Visakhapatnam, Kakinada and Pudimadaka.
Manganese can be present in any body tissue that has contributed to
the functioning of many organic systems. Manganese is required to
support normal immune function, to regulate blood glucose levels
and cellular energy, digestion, reproduction, bone growth and even
as a cellular antioxidant [47]. Although elevated levels of Mn can
cause toxicity in humans, no RDA was established. The US National
Academy of Sciences [48] determined adequate intakes (AI) of Mn
as 2.3 and 1.8 mg/day for adult males and females respectively. The
observed Mn concentration is consistent with the values for the fish
collected from the Gumti River in Bangladesh [49].

Selenium

Selenium is an essential trace element for living organisms as a
nutrition. It is known as an antioxidant and protection agent against
toxic elements, heart disease and cancer. Selenium deficiency may
cause multiple pathologic conditions. However, depending upon the
concentration, it may also become toxic to humans, certain plants
and animals [50]. In the present study, the observed concentration of
Se the analysed samples ranged from 1.5 + 0.7 ppm to 26.7 + 20.4
ppm. However, the concentration of Se is below the detection limit
in the muscle tissue of Rastrelliger kanagurta and Saurida tumbil that
collected from Visakhapatnam, Kakinada and Bheemili. The RDA for
adult men and women is 55 mg per day [51]. In Brazil, no maximum
level of Se in fish is established.

Zinc

Being heavy metal, Zn has the tendency to bioaccumulate in
fatty tissue of marine fish and known to impact their reproductive
physiology [52]. Chronic exposure to Zn and Cu has been reported
as related to Parkinson’s disease [53] and they may act on their
own or together for a period of time to cause the illness [54]. The
concentration of Zn in the muscle tissue of Rastrelliger kanagurta is
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much higher than the other two species collected from all the four
locations of the present study. The liver of Euthynnus affinis that
belongs to Pudimadaka is found to have highest level of Zn while
the lowest concentration observed in muscle tissue of Euthynnus
affinis procured from Bheemili. The quantity of Zn found in all fish
samples is well below 1000 mg/kg standard established by ANHMRC
[55,56] and WHO [56]. Zinc is a significant trace element of human
nutrition and in a wide range of biochemical functions of human
metabolism. The deficiency of Zn in humans leads to many disorders,
but excessive consumption can cause adverse effects [57]. The RDA for
Zn intake is 11 mg/day and 8 mg/day for men and women up to age
19, respectively, and Tolerable Upper Level of Intake (UL) is 40 mg/d
for that age group [58].

Calcium

Ca is extremely essential to human body and is required to
build teeth and healthy bones. It affects the coagulation of the
body, stimulates muscles and nervous systems; works as a cofactor
of vitamin D and also for the functioning of the parathyroid gland.
Muscles cannot contract without calcium. Calcium is vital to regulate
heart rate, maintains normal blood pressure and allows the control of
electrical impulses in the brain [59]. The concentration of Ca in the
present study ranges in between 0.02 + 0.01 %. to 8.87 £ 0.98 %. The
highest concentration of Ca is found in the gills of Euthynnus affinis
that collected from Visakhapatnam while the lowest concentration
observed in the muscle and liver tissues of Euthynnus affinis procured
from Bheemili. The recommended levels of individual intake of Ca for
adults (19 y to 50 y) is 1000 mg/d and tolerable upper intake level is
2.5 g/d. [60].

Potassium

Potassium (K) is very important for the cells, and without it one
would not be able to survive. It is mainly found in intracellular fluids.
Potassium stimulates neural impulses; muscular contractions and
is significant for maintaining osmotic pressure. Potassium regulates
the acid-alkaline balance of the body, stimulates the functioning of
the kidneys and adrenals, and also helps in the conversion of glucose
into glycogen. It is necessary for biosynthesis of proteins. Potassium
is the third most abundant mineral in the human body [59]. The
recommended mean intake of K is 2300 mg/day in adult females and
3100 mg/day in adult males. The concentration of K in the present
study lies in the range 0.50 £ 0.34 % to 5.84 + 7.66 %. The concentration
of K is found highest in the liver tissue of Saurida tumbil collected
from Visakhapatnam and lowest concentration found in the gills of
Euthynnus affinis that brought from Bheemili.

Magnesium

Magnesium is required for over 300 bio-chemical reactions in
human body. It helps in the maintenance of normal nerve and muscle
functions, supports the healthy immune system, maintains a stable
heart rate, and is useful for bones to stay strong. It is also required
to adjust blood sugar levels. It helps to produce energy and protein.
In the present study, the Mg concentration ranges from 0.53 + 0.37
% to 2.50 £ 0.26 %. The highest concentration is found in the gills
of Rastrelliger kanagurta that belong to Pudimadaka while the lowest
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concentration is obtained in the muscle tissue of Euthynnus affinis
that collected from Kakinada. The recommended levels of individual
intake of Mg for males (19-30 y) is 400 mg/d; above 31 y allowed to
take 420 mg/d; in case of females (19-30y) it is 310 mg/d while beyond
31y 320 mg/d may be taken up. The tolerable upper intake level is 350
mg/d for all the adults beyond 19 y.

Statistical Analysis

The Pearson correlation coeflicients among the heavy metals
observed related to Rastrelliger kanagurta, Euthynnus affinis and
Saurida tumbil were calculated and shown in Tables 2, 3 and 4
respectively. A strong correlation between any two elements suggests a
common absorption mechanism, or acommon source and may also be
alack of metabolism regulation. For Rastrelliger kanagurta, arsenic (As)
found to show significant positive correlation with Mg (1), Ca (0.736)
Zn (0.77) and strong negative correlation with Fe (-0.882). Similarly,
Cd also showing strong negative correlation with Ca (-0.861) and Mn
(-0.833). Copper is exhibiting positive correlation with Fe (0.746)
and K (0.721) while indicating strong negative correlation with Mg
(-0.963) and Ca (-0.755). Fe showed strong positive correlation with
Se (0.936) and Zn (0.721). Mn indicating strong positive correlation
with Ca (0.820) and Mg (0.785) and moderate negative correlation
with K (-0.748) and Se (-0.716). Se showed strong negative correlation
with Mg (-0.923). Ca found to show strong positive correlation with
Mg (0.886) and moderate negative correlation with K (-0.7). K exhibits
moderate negative correlation with Mg (-0.718). For Euthynnus affinis,
cadmium (Cd) indicating strong positive correlation with Se (0.864)
and Zn (0.705). Cu showed strong positive correlation with Fe (0.944)
and Zn (0.708) and strong negative correlation with Mn (-0.929). Fe
exhibited strong positive correlation with Mg (0.815). Mn indic
ating strong positive correlation with Mg (0.910) and Ca (0.796). Se
showed strong positive correlation with Zn (0.888) while Ca exhibited
moderate negative correlation with K (-0.789).

In the case of Saurida tumbil, strong positive correlation has been
obtained between As-Cu (0.889), As-Zn (0.839), Cd-Cu (0.832), Cu-
Fe (0.873), Mn-Ca (0.934) and a strong negative correlation also been
observed between Cd-Mn (-0.853) and Cu-Mn (-1).

The results obtained through the statistical analysis are shown
in Tables 2-4 for the fishes Rastrelliger kanagurta, Euthynnus affinis,
Saurida tumbil respectively. Based on the linkages/association of heavy
metals with the nutritional elements that observed in this correlation
studies, the following statements can be made for the interpretation of
observed data.

1. The observed arsenic (As) concentration of Rastrelliger
kanagurta, Euthynnus affinis and Saurida tumbil is beyond
the threshold value and strongly assosiated with nutritional
elements Mg, Cu and Zn. Cadmium (Cd) is also associated
with Mn, Ca, Se and Cu. So, these heavy metals toxicological
impact not only show directly but also affect indirectly
through the nutritional elements on consumers.

2. Among the three fishes studied in the present investigations,
As is associated significantly showing positive correlation
with the nutritional elements namely Zn and Cu in the
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Saurida tumbil fish species and Mg in the case of Rastrelliger
kanagurta. Some nutritional elements such as Fe, Se, Mn etc.
found to show positive correlation with arsenic in one fish
species while those elements exhibiting negative correlation or
assosication exhibiting antagonish behaviour in the other fish
species. This type of behaviour may be understood on the lines
of physiology and metabolic system of respective fish species.
Hence this type of results show indirect effect on consumers
by the nutritional elements due to the As and Cd contents.

3. Copper (Cu) is showing positive correlation with iron (Fe)
and negative association with Mn in all the three fishes studied
in the present studies. Similarly Mn is exhibiting positive
correlation with calcium (Ca) and Mg in all the fishes, further
Ca also found to show positive association with Mg for all the
fish species.

4. Interestingly important nutritional elements found to reflect
useful behaviour with the presence of them relating with one
another in all the fishes.

Conclusion

Concentrations of ten elements (As, Cd, Cu, Fe, Mn, Se, Zn,
Ca, K and Mg) are quantified in the muscle, liver and gill tissues of
Rastrelliger kanagurta, Euthynnus affinis and Saurida tumbil collected
from Visakhapatnam harbour, Kakinada harbour, Pudimadaka and
Bheemili. There is a clear spatial variation in the concentration of
observed elements related to the fish species/samples collected from
different locations. In the present study, significant differences in
elemental concentrations have been observed in three fish species
and these may be related to different accumulation patterns of
the species besides anthropogenic garbage, industrial effluents,
variation in local climatic conditions that show impact on the various
elements/metals’ accumulation in water, which in turn might enter
into fish organs. The evaluated results are showing the higher levels
or concentrations of As and Cd accumulation beyond the threshold
limits of them. However, exposure is a function of dietary habits of
consumers and continued exposure to these heavy elements can lead
to adverse effects.
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