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Abstract
Concentration of various metals, i.e., Arsenic (As), Copper (Cu), Manganese (Mn), Cadmium (Cd), Iron (Fe), Zinc (Zn) and Selenium

(Se) is determined in commonly consumed three marine fish species namely Scomberomorus lineolatus, Lutjanus johni and Arius jella
using Hand-held X-ray Ray Fluorescence (HHXRF). From this study, it is observed that, overall, Arius jella found to accumulate higher

amounts of all the elements except Fe, whereas Scomberomorus lineolatus exhibited higher concentration of Fe. Further, there is a
tissue-specific discrimination among the fish species selected for the present study. Fish liver contains higher metal concentrations
followed by gills, and finally the least contents in fish muscle. It is also observed that there is variation among the fish species in

addition to the variation of metal concentration among the tissues. The estimated daily intake and hazard quotient are evaluated for
all the elements. The hazard quotient for As and Cd are greater indicating that the fishes belonging to this particular area seem to be
not safe for human consumption.
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Introduction
The nutritional and health benefits of bioactive compounds

derived from seafood are well-known established facts. Marine
fish provides essential nourishment, especially omega-3 polyun-

saturated fatty acids (PUFAs), Protein, Iodine, Selenium, Taurine
and Vitamin D which are essential for Human health and nourish-

ment. The consumption of fish helps in preventing coronary heart
disease (CHD) is also useful for the brain activity. It is also useful
source of information to the general public. Even moderate or low

consumption of fish has significant effect on CHD prevention [1].
There is a consistent evidence that cardiovascular disease risk is

decreased with the intake of oily fish [2] and the fish consumption

is related to reduced risk of stroke [3]. The recent studies showed
that the consumption of oily fish led to improvement in reduction

of Triglycerides and High-Density Lipoprotein (HDL) levels which
are import biomarkers of cardiovascular risk.

Some of the recent studies suggested that the consumption of

fish may reduce the incidence of total gastrointestinal cancer [4]
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and has a potential role in the prevention of liver cancer [5] and

in Persian Gulf revealed the influence of seasonal variation in the

that high consumption of some fish is significantly related to a de-

tration increases with an increase in fish length or age from some

oesophageal cancer [6]. Recent studies showed that consumption
of fish is inversely related with colorectal cancer [7] and suggests

creased risk of lung cancer [8]. The risk of multiple myeloma is also
inversely associated with the fish consumption [9].

The PUFAs derived from marine fish consists of Eicosapentae-

noic acid (EPA), Docosahexaenoic acid (DHA) and Docosapentaenoic acid (DPA) [10,11]. The eicosapentaenoate extracted from

fish oil has antithrombotic effect [12]. EPA and DHA improves the
inflammation status in hypercholesterolemic adults [13]. The supplementation of the maternal diet with EPA can decrease placental

lipid deposition and improve antioxidant ability [14]. EPA reduces
adiposity, glucose intolerance and increases oxygen consumption

[15]. The data of a recent study suggests that EPA exhibits better
effects on ameliorating memory and cognitive function [16].

However, there is increasing attention for the presence of con-

taminants in aquatic environments and heavy metals accumulation

in some fish species. Marine environment is being monitored globally on a regular basis for heavy metal contamination and the ap-

plication of biomarkers for providing the evidence for the exposure

of coastal areas to the chemical contaminants is being increased.

The response of biomarkers at cellular and molecular levels gives
the earliest warning signals of environmental pollution. So, it was
stated that the use of fish biomarkers is necessary to monitor ma-

rine environment and to evaluate the impact of heavy metals on

fish [7,17]. Some elements like Zn, Co, Ni, Fe, Cu and Mn are im-

concentration of the metals in the fish samples [20]. It could be
observed an exponential correlation in which the mercury conceninvestigations [21]. It is observed from a research work carried out

on Lethrinus lentjan that liver, muscle and skin of female fish accu-

mulated higher levels of average metal concentrations than those
found in the male fish [22]. The metal content in both Pampus
argenteus and Otolithes ruber varied with type of metals, sex and

organ in a recent investigation [23]. A study conducted on edible
muscle of fish samples revealed that the concentration of As and

Hg is influenced by seasonal variation [20]. The site differences in

mean concentrations of Pb, Hg and Cd in the flesh and liver of 338
roach and 885 eel fishes collected from different sites on the Rivers
Brett and Chelmer, eastern England was also recorded [24].

Visakhapatnam is one of the major port cities of India, having

a variety of industries ranging from steel, engineering, ship build-

ing yard, chemicals, fertilizers, petroleum besides a thermal power

plant. Fishing is a major occupation in the city, as many fishermen
depend on fishing for their livelihood. In recent years, the pollution

problems are aggravated in sea coast as a result of multiple indus-

trial discharges and local untreated sewage indicating a serious
threat to the safety of fish as well as for the consumers. Realising
the nutritional and health benefits of marine fish to population and

worrying about the ever-growing pollution of Visakhapatnam seacoast, it is proposed to estimate heavy metals (As, Cd, Cu, Fe, Mn,
Se, Zn) concentration in different organs (Muscle, liver and gills)

of three marine fishes namely Scomberomorus lineolatus, Lutjanus

portant and essential for healthy cell function when present at low

johni and Arius jella as they are commonly consumed fish species

even present at low concentrations for living organisms [18].

Sample collection and preparation

concentrations and become toxic when accumulated at high concentrations. Some of the metals such as Pb, Hg, Cd and Ag are toxic

The metal accumulation in fish is affected by many factors such

as feeding strategy, trophic status, gender and phase of sexual reproduction, age and size of the fish, and the local marine environ-

ment. The results of a study from Kuwait Bay and the northern
area of Kuwait showed the variation in the concentration of total

and methyl mercury (MeHg) in different fish species and there is
a relationship between the observed concentration, feeding hab-

its and habitat. The mercury concentration is also correlated with

weight and length of the species analysed [19]. A study conducted

and best suited to evaluate the heavy metal pollution in this area.

For the present study, three coastal water fishes commonly

consumed in the region (Scomberomorus lineolatus (40-44cm, TL),
Lutjanus johni (28-31cm, TL) and Arius jella (30-32cm, TL)) were
collected freshly from Visakhapatnam fishing harbour (Geographical coordinates 17.6958° N, 83.3025° E). The sample collection

area near Visakhapatnam coast is shown in figure 1. The marine

fishes collected are shown in fig. 2. The fishes are packed in sterile
polythene bags with separate identification and transported to the

laboratory in an ice cooled box. Three samples of each species were
collected at different dates from November to January 2020.
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The experiment was performed at Nuclear Physics Division,

BARC, Mumbai by Hand-held XRF. In a typical XRF spectrometer,

the sample is excited with X-rays coming out of an X-ray tube with

sufficient energy to eject the electrons from different inner shells of
the atoms of the sample. Then, the vacant inner shell positions are

filled by the electrons from outer shells and as a result the emission
of characteristic X-rays takes place. It was known as conventional

X-ray fluorescence (XRF). However, a Silicon Drift Detector (SDD)
is employed in Hand-held XRF to measure the X-ray energies of the
emitted X-rays. The Silicon Drift Detector (SDD) is provided with
Figure 1: Sampling area in Visakhapatnam fishing harbour.
The fishes were cleaned with sterile distilled water and careful-

ly dissected for the collection of vital parts (muscle, liver and gills)

of each fish is to be taken as a sample. Then the fish samples were
kept in laboratory deep freezer at -200C for overnight. Frozen sam-

a graphene window for enabling low Z elements (Al, P and S) de-

tection. These elements are generally not detected by using con-

ventional XRF in which a Be window is used. The finely powdered
sample was irradiated by X-ray tube (Rhodium tube) in a cubical

box. The spectrum of each was obtained within 20 seconds. The
beam lines used were of (Beam 1 from 12 to 36 keV) and Beam 2
from 0-12 KeV) [25]. The HHXRF set up was shown in figure 3.

ples were then lyophilized with microprocessor-controlled freeze
method. The freeze-drying work at -500C that absorbs the water
molecules of the samples drains out of the system making the samples dry. The dried fish samples are ground using Mortar-Pestle
as a fine powder minimising the probability of contamination and

keep each of the sample powder separately with its ID number in
the airtight packet.

Figure 3: HHXRF set up.

Results and Discussion
The concentrations of heavy metals such as Fe, Zn, Cu, As, Mn,

Cd and Se accumulated in different organs (muscle, liver and gills)

of fish collected from Visakhapatnam fishing harbour on the Bay of
Figure 2: The fish samples collected from Visakhapatnam
fishing harbour.

Bengal are given in tables 1, 2 and 3 respectively. The accumulation

of elements is significantly different among different species and

organs. Muscle contained the lowest concentrations of elements

except for As in all fish, while the highest accumulation of Cu, Fe,
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Se and Zn found in the liver in almost all the fish and gills show the

highest concentrations of Mn. The highest concentrations of Cd are
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hazardous levels and increases its’ environmental concern [2830]. During 20th century, the production and emission of Cd to the

fluctuated between the muscle in some species and liver in others.

environment was increased rapidly by using it in batteries, plastic

highest accumulation of elements in all organs. Therefore, the ele-

and water is mainly due to manufacturing and usage of phosphate

However, different patterns of metal accumulation were observed
in different organs and not a single fish species observed to have
mental concentrations among the species were analysed in single

organ. The results showed a discrimination among the fish species
chosen. The XRF spectra of nine samples (i.e., muscle, liver and gills

of Scomberomorus lineolatus, Lutjanus johni and Arius jella) record-

ed while doing the experiment were shown in Fig. 4. The ranges of

stabilizers, electroplating, pigment and consequently cause con-

tamination of marine organisms [31]. The Cd contamination of soil
fertilizers, mining and refining of non-ferrous metals, combustion

of fossil fuel and waste disposal. Cd is able to accumulate in agricultural crops and marine organisms [32].

The highest concentration of Cd reported in the liver tissue of

daily dietary intake (DDI) of all the elements are calculated com-

Lutjanus johni. In Scomberomorus lineolatus, the Cd concentration

shown in table 5.

± 2.6 ppm). In the case of Lutjanus johni fish the obtained concen-

pared with recommended dietary allowances in table 4. The esti-

mated daily intake (EDI) and hazard quotient are calculated and
Arsenic (As)

‘As’ enters into marine environment through various sources

such as smelting operations, mineral or strip mines, and power
plants. One of the agricultural sources for As contamination in the
environment is the manufacturing, use of pesticides and arsenical

defoliants. It also has been used to kill aquatic plants to reduce the

difficulty encountered during hook-and-line fishing of areas overgrown with aquatic vegetation. In aquatic organisms, ‘As’ may accu-

mulate with higher quantities in reservoirs and on the sediments

is in a narrow range, liver accumulated highest concentration (25.0
± 21.0 ppm) and gills found to receive lowest concentration (18.6
tration of Cd in the decreasing order reflected as liver (32.5 ± 0.7),
muscle (21.0 ± 1.4) and gills (20.0 ± 1.2). Arius jella is also exhibited
Cd concentration only in a narrow range from 23.0 ± 2.8 (gills) to

31.5 ± 2.1 (muscle). The Daily dietary intake (DDI) of Cd ranges
from 163.8 to 245.7 µg/day, estimated daily intake ranges from

2.34 to 3.51 µg kg BW-1 day-1, Hazard quotient is ranges from 2.34
to 3.51.

Copper (Cu)
Cu is an essential trace element (micronutrient) for living or-

of water courses [26]. As (III) (arsenites) is more toxic than As (V)

ganisms; it is one of the key constituents of metabolic enzymes

The highest concentration of As reported in the muscle tissue

nisms [34,35]. It enters into the environment through natural and

(arsenates) and rapidly absorbed in fish [27].

of Arius jella. In Scomberomorus lineolatus, As accumulation found
to be more in liver (40.0 ± 17.3 ppm) followed by muscle (7.0 ± 5.0
ppm) and gills (6.0 ± 5.0 ppm). In Lutjanus johni, the highest con-

centration of As is observed to be in liver (31.5 ± 26.2 ppm), further
indicated next levels of concentration obtained in muscle (22.0 ±

5.0 ppm) and gills (7.4 ± 3.2). In Arius jella, muscle (95.7 ± 72.3)
exhibited highest concentration of As while lowest concentration

seems to occur in gills (8.0 ± 6.0). The Daily dietary intake (DDI) of
As ranges from 54.6 to 746 µg/day, recommended daily allowance

is 130µg/day, estimated daily intake ranges from 0.78 to 10.66 µg
kg BW-1 day-1, Hazard quotient ranges from 2.6 to 35.54.

Cadmium (Cd)

Cd is a trace metal, found naturally in the earth’s crust which

is nonessential for living organisms. It can bioaccumulate often at

[33]. When accumulated in higher concentrations in marine species, Cu can become extremely toxic for their intracellular mechaanthropogenic sources. The Cu contamination of water is contrib-

uted from mining, refining and concentrating copper ores, petroleum, iron and steel and fertilizer industries [36]. The accumula-

tion of Cu in fish is through diet and ambient exposure [28]. Even
present at low concentrations in the environment, Cu shows high
affinity to be accumulated by fish liver [37].

The highest concentration of Cu reported in the liver tissue of

Arius jella. Scomberomorus lineolatus fish accumulated Cu concen-

tration found to vary in between 17.6 ± 1.8 ppm (Muscle) to 22.3 ±
9.5 ppm (Liver). In Lutjanus johni, Cu concentration is observed to

be highest in liver (40.7 ± 24.1 ppm) and lowest presence in muscle
(19.4 ± 2.6 ppm). Liver (44.5 ± 33.2 ppm) is the highest Cu accu-

mulated organ while muscle (22.8 ± 2.6 ppm) shows the lowest

Citation: Daisy Joseph., et al. “Tissue Specific Metal Contamination and Consumption Risk Characterisation of Three Marine Fish Species of
Visakhapatnam Coast". Acta Scientific Pharmaceutical Sciences 5.10 (2021): 29-39.

Tissue Specific Metal Contamination and Consumption Risk Characterisation of Three Marine Fish Species of Visakhapatnam Coast

Cu accumulated organ in Arius jella fish. The Daily dietary intake
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showed lesser concentration. In Arius jella, the highest concentra-

(DDI) of Cu ranges from 137.28 to 177.84 µg/day, recommend daily

tion of Mn is presented in gills (94.3 ± 42.0 ppm) having presence

0.04 to 0.06.

2.78 to 3.9 µg kg BW-1 day-1, Hazard quotient is 0.019 to 0.027.

allowance is 3,000 - 30,000 µg/day, estimated daily intake ranges

from 1.96 to 2.54 µg kg BW-1 day-1, Hazard quotient is ranges from

of lowest concentration in (25.0 ± 24.0 ppm). The Daily dietary intake (DDI) of Mn is 195 to 273 µg/day, estimated daily intake is
Selenium (Se)

Iron (Fe)

Fe generally enters the marine environment through mining

and industrial effluents. In fish, Ferric iron (Fe3+) was considered

Se is a trace element essential for physiological function and

normal growth of living organisms, including fish [42,43]. It is im-

to be less toxic than the ferrous (Fe2+) form [38]. The Fe is likely to

portant for normal development, maintenance and growth of ho-

for Fe in fish [40]. Respiratory disruption due to physical clogging

ogenesis [45]. it is also involved in various functions such as cancer

be accumulated in higher concentration in liver and gonads of fish
[39]. In a recent study, it was proved that liver is the target organ

of the gills is suggested as a possible mechanism for Fe toxicity [41].
The highest concentration of Fe reported in liver tissue of Scomb-

eromorus lineolatus. In Scomberomorus lineolatus, a large variation
is observed in the concentration of Fe ranging from 29.0 ± 9.5 ppm
(muscle) to 6946.7 ± 3904.6 ppm (liver). In Lutjanus johni, Fe found

to be more in liver (2720.0 ± 670.9 ppm) while lower contents in

meostatic functions [44]. Se involves in antioxidant defence system
and plays a role in metabolism of thyroid hormone and in spermatprevention and moderation of immune system, acting as the sup-

port to organismal health [46]. Sewage sludge, drain water from
agricultural lands, fly ash coming out of thermal power plants, min-

ing of metal ores and phosphates and oil refineries are some of the
sources of Se contamination in the marine environment [47,48].

The highest accumulation of Se is observed in the liver tissue

muscle (28.5 ± 4.9 ppm). In Arius jella also, the concentration of

of Arius jella. In the present investigation, Se is detected in a very

dietary intake (DDI) of Fe is 222.3 to 319.8 µg/day, recommended

ppm while it exhibited 6.3 ± 2.3 ppm in gills and muscle showed 5.2

Fe followed the same order as in the other species, ranging from

2857.3 ± 1661.0 ppm (liver) to 41.0 ± 17.1 ppm (muscle). The Daily
daily allowance is 19,000 µg/day, estimated daily intake is 3.17 to
4.56 µg kg BW day , Hazard quotient is 0.004 to 0.006.
-1

-1

Manganese (Mn)

The anthropogenic source of Mn is its’ emission from ore min-

ing, production of Mn alloys, welding, battery manufacturing, coke
ovens and Mn salt production. It has widespread use in manufacturing of glass, ceramics, electronic components and aluminium

cans. Manganese-containing agrochemicals like fertilizers and
fungicides are extensively used in some countries. Sewage sludge

narrow range among all the organs of species. In Scomberomorus
lineolatus, Se accumulated value in liver observed to be7.7 ± 3.5

± 1.2 ppm. In Lutjanus johni, gills (3.0 ± 0.7) found to contain lowest
concentration and liver (4.0 ± 1.4) indicated highest concentration

of Se. In Arius jella, Se found to be more in liver (11.5 ± 7.8 ppm)

and less in gills (7.3 ± 4.0). The Daily dietary intake (DDI) of Se is
24.96 to 74.88 µg/day, recommended daily allowance is 110 µg/

day, estimated daily intake is 0.35 to 1.06 µg kg BW-1 day-1, Hazard
quotient is 0.071 to 0.21.
Zinc (Zn)

After Fe, Zn is the most abundant trace element and essential

and discharges of waste water in urban areas are also considerable

micronutrient for living organisms. It is found almost in every cell

The highest concentration of Mn reported in gill tissue of Arius

system, cell signalling and neurotransmission [49]. In water, Zn oc-

sources of Mn.

jella. Accumulation of Mn in Scomberomorus lineolatus fish ranges from 35.0 ± 27.0 ppm (muscle) to 66.7 ± 37.3 ppm (gills) in
the present studies. Lutjanus johni exhibited concentration of Mn

in liver (46.0 ± 11.3 ppm) and gills (46.5 ± 0.7 ppm) seems to be

nearly equal levels and relative to these values muscle (29.0 ± 23.0)

and involves in synthesis of nucleic acids and many enzymes [28].

Additionally, Zn associate in complicated functions like immune
curs as free cation like soluble zinc complexes and it is adsorbed

on suspended matter. Zn and its compounds are widely used in
medicine. The major sources of Zn accumulations may be due to
galvanized iron work, Zn containing paints and zinc chloride uti-

lized in plumbing [50]. Zinc wastes can have a direct toxicity to fish
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at increased waterborne levels [51]. Fish kidney is the major target

Muscle

Liver

As

95.7 ± 72.3

34.5 ± 24.7

(247.0 ± 41.1 ppm) and less in muscle (41.7 ± 4.2 ppm). Lutjanus

Fe

41.0 ± 17.1

2857.3 ± 1661.0 1152.0 ± 906.3

Arius jella fish accumulated Zn is observed having values from 50.0

Zn

50.0 ± 5.3

1028.3 ± 540.4

of Zn toxicity in fish [40].

The highest concentration of Zn reported in liver tissue of Arius

jella. In Scomberomorus lineolatus, Zn is found to be high in liver
johni exhibited concentration of Zn is from 84.3 ± 5.7 ppm (gills)

to 271.0 ± 64.5 ppm (liver). Large variation in the concentration of

± 5.3 ppm (muscle) to 1028.3 ± 540.4 ppm (liver). The Daily dietary intake (DDI) of Zn is 249.6 - 390 µg/day, recommended daily

allowance is 18,000 - 60,000 µg/day, estimated daily intake is 3.56
to 5.57 µg kg BW-1 day-1, Hazard quotient is 0.011 to 0.018.
Metal
As

Muscle

Liver

7.0 ± 5.0

40.0 ± 17.3

29.0 ± 9.5

6946.7 ± 3904.6

721.7 ± 61.7

41.7 ± 4.2

247.0 ± 41.1

134.3 ± 13.0

Cd

23.0 ± 3.6

Mn

35.0 ± 27.0

Cu
Fe

Se

Zn

17.6 ± 1.8
5.2 ± 1.2

25.0 ± 21.0
22.3 ± 9.5

58.7 ± 31.8
7.7 ± 3.5

Metals
Cd

Cu

31.5 ± 2.1

Mn
Se

22.8 ± 2.6

25.0 ± 24.0
9.6 ± 3.6

27.0 ± 5.7

44.5 ± 33.2

64.5 ± 24.7
11.5 ± 7.8

Gills

34

8.0 ± 6.0

23.0 ± 2.8

32.8 ± 3.6

94.3 ± 42.0
7.3 ± 4.0

683.0 ± 452.3

Table 3: Evaluation of heavy metals (ppm) concentration in
different tissues of Arius jella.

Gills

6.0 ± 5.0

18.6 ± 2.6
19.4 ± 1.6

66.7 ± 37.3
6.3 ± 2.3

Table 1: Evaluation of heavy metals (ppm) concentration in different tissues of Scomberomorus lineolatus.

Metals
As

Cd

Cu

Fe

Mn

Se

Zn

Muscle

Liver

Gills

22.0 ± 5.0

31.5 ± 26.2

7.4 ± 3.2

21.0 ± 1.4

19.4 ± 2.6

32.5 ± 0.7

40.7 ± 24.1

20.0 ± 1.2

22.8 ± 2.2

28.5 ± 4.9

2720.0 ± 670.9

350.0 ± 203.5

32.0 ± 6.6

271.0 ± 64.5

84.3 ± 5.7

29.0 ± 23.0
3.2 ± 1.2

46.0 ± 11.3
4.0 ± 1.4

46.5 ± 0.7
3.0 ± 0.7

Table 2: Evaluation of heavy metals (ppm) concentration in
different tissues of Lutjanus johni.

Human health risk assessment
The daily dietary intake (DDI) of each analysed element through

fish consumption is related to the daily consumption of fish per

Figure 4: XRF spectra of Scomberomorus lineolatus (a,b,c),
Lutjanus johni (d,e,f) and Arius jella (g,h,i).

capita and the elemental concentration in fish. The DDI of the elements for the local population are calculated by using the formula
that mentioned below:
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Element
Where, Cfish = mean metal concentration in fish muscle (µg/g

ww), Ifish= daily fish consumption (g/day) per capita. The average
consumption of fish and fish products in India is 2.85 kg per capita

per year [52]. Therefore, the daily consumption of fish per capita is
calculated as of 7.8 g for the local population.

The human health risk assessment is based on the calculation of

reference dose (RfD) established [53], Estimated Daily Intake and

the Hazard Quotient (HQ). The EDI (µg kg BW day ) was calculat-

ed by using the following equation [54]:

-1

-1

Where, BW = average body weight of Indian population taken as

70 kg. The hazard quotient is calculated by using the formula [54]:

EDI (µg kg BW-1 RfD (µg kg BW-1
day-1)
day-1)

HQ

35

As

0.78 - 10.66

0.3

2.6 - 35.54

Fe

3.17 - 4.56

700

0.004 - 0.006

300

0.011 - 0.018

Cd

2.34 - 3.51

Cu

1.96 - 2.54

Mn

2.78 - 3.9

Se

0.35 - 1.06

Zn

3.56 - 5.57

1

40

140
5

2.34 - 3.51
0.04 - 0.06

0.019 - 0.027
0.071 - 0.21

Table 5: Estimated daily intake (EDI), Reference dose (RfD) and
Hazard Quotient (HQ) for all the elements.

are calculated and presented in tables 6, 7 and 8 respectively. Strong

correlation between two elements might indicate common uptake
mechanism, or common source and lack of metabolic regulation.

For Scomberomorus lineolatus, As showed significant positive correlation with Cu (0.915), Fe (0.993) and Zn (0.881), Cu is in strong

correlation with Fe (0.956) and Zn (0.997), Fe is in positive corIf HQ is less than 1, there is no risk due consumption of fish.
Elements

DDI

RDA

As

54.6 - 746.46

130 [55]

Cu

137.28 - 177.84

Mn

195 - 273

Cd

163.8 - 245.7

Fe

222.3 - 319.8

Se

24.96 - 74.88

Zn

249.6 - 390

--

3,000-30,000
[56]
19,000 [57]
--

110 [57]

18,000-60,000
[56]

Table 4: Comparision of the range of daily dietary intake (DDI)
of all the elements present in fish with Recommended Dietary
Allowances (RDA) in µg/day.

Statistical analysis
The Pearson correlation coefficients for all the observed heavy

metals in Scomberomorus lineolatus, Lutjanus johni and Arius jella

relation with Zn (0.930), Mn is in strong positive correlation with

Se (0.946); the moderate negative correlation has been observed
between Cd-Se (-0.710) and Cd-Mn (-0.442). For Lutjanus johni,

As showed significant positive correlation with Cd (0.840) and Se

(0.898); Cd showed strong correlation with Cu (0.976), Fe (0.984),
Se (0.993) and Zn (0.961); Cu Showed strong positive correlation

with Fe (0.999), Se (0.943) and Zn (0.998); Fe showed strong correlation with Se (0.955) and Zn (0.995); Se showed strong correlation

with Zn (0.921); no significant negative correlation is observed. For
Arius jella, significant positive correlation has been determined be-

tween As-Cd (0.982), Cu-Fe (0.997), Cu-Zn (0.977), Fe-Zn (0.958), a

strong negative correlation is observed between As-Mn (-0.99) and
Cd-Mn (-0.999).

Conclusions

The present work is carried out to evaluate concentration of

heavy metals in various organs (muscle, liver and gills) of three
commonly consumed species of fish available in Visakhapatnam

coast. The results showed better understanding for the bioaccu-

mulation of metals in selected fish species and their tissues. It is

observed, in general, liver of the selected fish species accumulated
highest concentrations of heavy metals while the lowest concentra-
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EDI (µg kg BW-1 RfD (µg kg BW-1
day-1)
day-1)

Element

As

HQ

As

0.78 - 10.66

0.3

2.6 - 35.54

Fe

3.17 - 4.56

700

0.004 - 0.006

Cd

2.34 - 3.51

Cu

1

1.96 - 2.54

Mn

40

2.78 - 3.9

Se

0.04 - 0.06

140

0.35 - 1.06

Zn

2.34 - 3.51

0.019 - 0.027

5

3.56 - 5.57

0.071 - 0.21

300

0.011 - 0.018

Table 5: Estimated daily intake (EDI), Reference dose (RfD) and
Hazard Quotient (HQ) for all the elements.

As
As

Cd

Cu

Fe

Mn

Se

Zn

1

0.758

0.915

0.993

0.250

-0.078
0.881

Cd
1

0.430

0.676

-0.442

-0.710
0.359

Cu

1

0.956

0.619

0.331

0.997

Fe

Mn

Se

Zn

As

Cd
Cu
Fe

Mn

Se

Zn

1

0.840
0.701
0.728

-0.146
0.898

0.656

1

0.976
0.984

0.414

0.993

0.961

Cu

0.982

1

Cu

-0.646

-0.490

Se

0.347

0.518

Fe

Mn
Zn

-0.587

-0.990

-0.793

1

-0.423

0.997

-0.664

0.977

-0.999

0.530

0.492

Fe

1

0.464

Mn

Se

1

0.556 -0.478

1

0.958 0.698 0.296

Zn

1

Table 8: Correlation between heavy metals present in tissues of
Arius jella.

tions are found in the muscle of species. Some trace elements show

good correlation, indicating possibility of similar sources and same

biogeochemical properties. Daily dietary intake (DDI), estimated

1

0.361

0.039

0.930

dividual element. The hazard quotient through fish consumption
1

0.946

0.678

is less than one in the three selected species of fish for Cu, Fe, Mn
1

0.403

Se, and Zn. However, there is a matter of concern due to Cd and As,
as the HQ values are greater than unity, which indicated that con1

Scomberomorus lineolatus.

Cd

1

Cd

Cu

daily intake (EDI) and Hazard quotient are calculated for each in-

Table 6: Correlation between heavy metals present in tissues of

As

As

Cd

36

Fe

Mn

Se

Zn

sumption of fish caught in this region may cause consumers’ health

problems. Hence, it is recommended for the regular monitoring for
heavy metals in this region along with the population of this region
who depends upon fish catching to avoid effects of these toxic met-

als on human health. Further, it is important to study the speciation
of As since different chemical forms of As present different levels
of toxicity. Also, it is recommended that treatment of all kinds of
wastewaters, sewage and agricultural wastes must be conducted
before discharge into the aquatic systems.

1

0.999
0.603

0.943

0.998
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