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ABSTRACT Unregulated mining activities not only cause air pollution but also affects the water quality and
contributes to the release of heavy metals in the aquatic ecosystem. This poses a major health problem for aguatic
organisms. The present study involved heavy metal evaluation, of eight water bodies in the vicinity of mines and
study of bioaccumulation of these metals in the tissues of the fish Puntius narayani. Result of this study shows
interesting findings on the risk posed to humans on account of preference of specific heavy metal bioaccumulation
in the tissues of fishes. Liver showed a strong preference to accumulate Ni and Cu, Gills showed accumulation
preference for Zn, Cu, Ni and Fe, while Muscle tissue showed affinity to accumulate Cu, Zn, and Ni. Given the
findings of this study, it is suggested that the Environmental Impact Assessment should include bioaccumulation

studies before the issue/renewal of mining licenses.

INTRODUCTION

Unregulated mining leads to the release of
harmful substancesinto the environment andis
responsible for having devastating effects in-
flictingawidevariety of air, water, and soil pol-
[ution. Mining effluents get entry into the fresh-
water systemsthrough seepagefromtailing and
waste rock impoundment and can have asignif-
icant impact in imposing various stresses onto
the organisms, thereby disrupting the aquatic
food chain. The pollution of air, water and land
on account of mining is reported by many re-
searchers (Tchounwou et al. 2012; Fasholaet al.
2016). Mining effluents deteriorate the water
quality by altering its physicochemical parame-
ters. Studies have reported genotoxicity in the
fishes exposed to heavy metals released in the
water bodies via mining effluents (Fernandes
2018). Heavy metals occur in natural water bod-
iesat levelsbelow their toxic thresholds. How-
ever, due to their non-degradable nature, such
sub-lethal concentrationsmay still posetherisks
of damage via uptake and subsequent bioaccu-
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mulation in organismswhich cannot effectively
metabolize and excrete the absorbed metals.
Bioaccumulants have a long term effect on the
aquatic organisms as they can adversely affect
thefood chain ultimately impacting human health
at large (Arif et al. 2015). Results of many field
studies of metal accumulation in fish living in
polluted waters show that considerable amounts
of metals may be deposited in fish tissues with-
out causing mortality (Akan et al. 2012). Among
animal species, fishes are the ones occupying
the place from where they cannot escape the
detrimental effects of thisheavy-metal pollution
(Tchounwou et al. 2012). The high concentra-
tion of metals in the aquatic ecosystem, bioac-
cumulate in the aquatic organisms, damage tis-
sues and interfere with the normal growth and
metabolism (Fashola et al. 2016).These heavy
metal's can be passed on to humans through the
food chain. Presence of trace heavy metals in
diet can cause serious health problems and can
affect the excretory organs, nervous system and
act as a potent carcinogen if ingested over a
long period (Igwegbeet al. 2014). Genotoxic and
bioaccumulation studies, therefore, play amajor
role in assessing the extent of pollution of the
river system.

Objective
The present study was undertaken to assess

bi oaccumulation of metalsin different tissues of
the fishes in water bodies contaminated with
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mining effluents and to know the bioaccumula-
tion preference for specific tissues by metals.

MATERIAL AND METHODS

To assess bioaccumulation of metals from
mining effluentsin different tissues of the fish-
es, four water bodies in mining areas of Kalay,
Ponda, Codli and Rivonain south Goa, wereiden-
tified using GPS/ Google maps. The main con-
stituents of the ore extracted from these areas
included Fe ore, Mn, basalt, and laterite. Based
on thelocation of theinflux of effluentsfrom the
nearby prominent mines, eight sampling sites
were selected for the study. Five litres of water
samples and live fishes were collected from
these sites. The heavy metal analysis was done
by atomic absorption spectrophotometer includ-
ed detection of Fe, Mn, Zn, Cu, Cdand Ni. Tis-
sues such asgills, liver, and muscles of Puntius
narayani were also evaluated for the determina-
tion of metal concentrations. These tissue sam-
ples were dried, powdered, digested according
to the standard procedure of Sreedevi et al. (1992)
and analyzed using Atomic Absorption Spec-
trophotometer. The standardized proce-
dures used for heavy metal detection in thetis-
sueswasas per 1S 3025 Part 53: 2003, SOP/ITG/
AAS/INST-01. The concentration of heavy met-
alswas expressed asmg/Itr for water and mg/gm
body weight for fish tissue. Bioaccumulation
factor (BAF) was then calculated to see the ac-
cumulation of these metal sin three different body
tissuesnamely Liver, Muscle and Gillsby using
the mean metal concentrations in fish and the
corresponding metal concentrations for water
(Bu-Olayan et al. 2008). Theformulafor calcu-
lating bioaccumulation factor:

BAF = Concentration of metal in body tissue
Concentration of metal in the environment (water)

The data was tabulated and analyzed statis-
tically for significance by Fisher’sexact test us-
ing graphpad.com.

RESULTS

The present study showed interesting find-
ings on the risk posed to humans on account of
heavy metal pollution in the water bodies. The
bioaccumul ation studiesindicated that the met-
als have a specific preference of being deposit-

J Hum Ecol, 68(1-3): 195-202 (2019)

NANDINI VAZ FERNANDES

ed in specific tissues of the fishes. Predominant
metals in the water samples were Mn, Fe, and
Zn. Animportant finding of the present study is
that though the metal concentration in the water
was within permissible limits, it showed ahigh
rate of bioaccumulation in the body tissues of
the fish Puntius narayani. Bioaccumulation
studies showed a specific pattern of metal pref-
erence for a specific tissue of the fish.

1) Metal Concentration Determination

The metalsdetected in the water samplesand
fish tissues were Fe, Cu, Zn, Mn, Cd and Ni.

a) Metals Concentration in Water Samples:
Themetal sdetected in thewater samplesof eight
siteswere Fe, Cu, Zn, Mn, Cd, and Ni. Test for
Lead and Boron were negative. Fe, Zn and Mn
were the most common metal pollutants detect-
ed in higher concentrations in the water bodies
at the mining sites. However, the metal concen-
trationsin the water bodies were within the per-
missible limits of Bureau of Indian Standards
(BIS).

b) Metal Concentration in the Body Tis-
sues: Concentration of different metalsand their
distribution in the body tissues of Puntius
narayani is indicated in Table 1. Different or-
gansexhibited different patterns of metalsaccu-
mulation in the freshwater fish Puntius naray-
ani. Although the metalswerein low concentra-
tioninthewater bodies, the body tissues showed
a higher concentration of these metals due to
bioaccumulation. Of the body tissues, the gills
showed ahigher concentration (BAF = 301.6) of
most of the metalsas compared to liver and mus-
cles. Gillswere seen to accumulate higher con-
centration of Fe, Cu, Ni and Zn as compared to
other body tissues. Liver showed a higher con-
centration of Mn and Cd. Muscletissue wasthe
least preferred tissue by most metals. However,
muscle tissue was the second most preferred
tissueby Cu (BAF=745), Zn (BAF=63.2) and Ni
(BAF=60).

2) Bioaccumulation Analysis

Heavy metals reaching the water bodies
through the mining effluents were at levels be-
low their toxic thresholds, whereas their con-
centrations in body tissues were higher. Due to
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Table 1: Metal concentration in the water and body tissues of Puntius narayani

Metal — Metal concentration in mg/gm body weight of body tissue

Media/¢ Iron Copper Zinc Manganese Cadmium Nickel
Tissue (Fe) (Cu) (Zn) (Mn) (Cd) (Ni)
Water (mg/Ltr) 0.126 + 0.09 0.002+ 0.002 0.028+ 0.04 0.143+ 0.11 0.001+ 0.002 0.001+ 0.001
Gill 38.01+100.9  1.545+ 2.09 23.34+ 52.7 44+ 7.8 0.004+ 0.01  0.475+ 0.9
(mg/gm)

Liver 385+ 93 0.69+ 0.6 289+ 21 9.93+17.8 0.058+ 0.11  0.405+ 0.74
(mg/gm)

Muscle 0.014+ 0.03 0.149+ 0.16 177+ 115 0.65+ 0.57 0.006x 0.01 0.06% 0.1
(mg/gm)

their non-degradable nature, such sub-lethal
concentrations may still pose arisk of damage
through uptake and subsequent bioaccumula-
tion in body tissues of organisms which cannot
effectively metabolize and excrete the absorbed
metals. Therefore, assessing bioaccumulationis
essential. Bioaccumulation Factor (BAF) isex-
pressed as the ratio of the contaminant in tissue
to the concentration in the ambient environment
at a steady-state, where the organism can take
in the contaminant through ingestion with its
food as well as through body surface. The
present study showed bioaccumulation of most
of the metalsin the body tissue of the fish Pun-
tius narayani.

a) Bioaccumulation of Different Metals:
Similar pattern of metal preference by tissues
was observed in al the eight sites. The study
showed interesting findings of tissue preference
of these metals. Cu, Zn and Fe showed a prefer-
ence for accumulating many folds in the gills.
Muscles showed a tendency to accumulate Cu.
Liver showed affinity to concentrate Ni, Cu, and

Zn. Tissue preference of different metalsfor bio-
accumulationinisindicated in Table 2.

i)Bioaccumulation Factor of Fe: Higher
concentration of Fewas observed inthegill tis-
sues of Puntius narayani. The bioaccumulation
factor was assessed for the concentration of Fe
present in the water. The gills showed a many-
fold increasein the concentration of Fe. Assess-
ment of bioaccumulation factor (BAF) of Fein
fish tissues showed high BAF for gill tissue as
compared to muscle and liver. Order of prefer-
ence of bioaccumulation of FewasGill >Liver >
Muscle.

ii) Bioaccumulation Factor of Cu: Cu was
found to be having a preference of accumulat-
ing in the gills and muscles as compared to the
liver. BAF of Cuwashigher in al thethreetis-
sues. BAFfor gill tissuewas 775 as compared to
745in musclesand 345 intheliver. Order of pref-
erence of bioaccumulation of Cu was Gill >”
Muscle> Liver.

iii) Bioaccumulation Factor of Zn: Zn was
found to be having a preference of accumulating

Table 2: Tissue preference of metals for bioaccumulation

BAF of Metal Tissue of Puntius narayani
Gill > Liver > Muscle
Iron 301.6 30.6 0.11
Gill > Muscle > Liver
Copper 775 745 345
Gill > Liver > Muscle
Zinc 833.6 103.2 63.2
Liver > Gill > Muscle
Manganese 69.4 30.8 4.6
Liver > Muscle > Gill
Cadmium 58 6 4
Gill > Liver > Muscle
Nickel 475 405 60
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inthegillsascomparedtoliver and muscles. Zn
bioaccumulation preferencewasfoundto be Gill
> Liver >Muscle.

iv) Bioaccumulation Factor of Mn: The ac-
cumulation of Mnwashigher intheliver and gill
as compared to the muscle tissue of Puntius
narayani. The BAF of Mnwas 69.4 for liver tis-
sue which was highest as compared to gill and
muscle. Order of preference of Mn bioaccumula
tioninthetissueswasLiver > Gill > Muscle.

V) Bioaccumulation Factor of Cd: Cd was
found in very minute quantitiesin thewater bod-
ies of only two study sites. However, though
the concentration in water wasin minute quanti-
ty it showed a tendency to bio-accumulate in
the liver (Fig. 1). Tissue preference of Cd was
Liver >Muscle> Gill.

vi) Bioaccumulation Factor of Ni: Though
Ni was found in body tissue from four sites, it
was observed in the water sample of only one
site. The BAF of Ni was higher in the Gillsand
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liver. Tissue preference of Ni was Gill > liver
>Muscle.

b) Tissue-wise Distribution of Metals in
Puntius narayani: When bioaccumulation of
these metals in the different tissues was com-
pared the present study showed metal specific-
ity of depositioningill, liver and muscle tissue.
Bioaccumulation preference of different metals
by Gill, Liver and Muscles of Puntius narayani
ispresented in Table 3.

Gills: Metal depositioninthegill tissuewas
higher ascompared to theliver and muscles. Gill
is preferred tissue for bioaccumulation of Zn,
Cu, Ni, and Fe. The metal preference was Zn>
Cu>Ni>Fe>Mn>Cd.

Liver: The present study showed that Ni has
strong affinity to bioaccumulate in the liver, as
compared to gill and muscle. The metal prefer-
encewasNi>Cu>Zn>Mn >Cd>Fe.

Muscles: Compared to the gill and theliver,
the muscle tissue was the least preferred tissue

Table 3: Bioaccumulation preference of different metals by gill, liver and muscles of Puntius narayani
Gill Zinc > Copper > Nickel > Iron > Manganese > Cadmium
833.6 775 475 301.6 30.8 4
Liver Nickel >  Copper > Zinc > Manganese > Cadmium > Iron
405 345 103.2 69.4 58 30.6
Muscle Copper > Zinc > Nickel > Cadmium > Manganese > Iron
745 63.2 60 6 4.6 0.11
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for bioaccumulation of most of the metals. Cu
however, showed apreference for muscletissue
for bioaccumulation. Thisisanimportant factor
to be considered as muscle tissue of thefish is
consumed by humans, which poses a risk of
bioaccumulation of Cu in humans. The metal
preference for muscle tissue was Cu>Zn>
Ni>Cd>Mn>Fe,

DISCUSSION

Mining effluents are the main source of met-
al contamination of the water bodies in the vi-
cinity of mines. The metalsdetected in the water
samples of the eight sites, evaluated in the
present study were Fe, Cu, Zn, Mn, Cd, and Ni.
The present study showed bioaccumulation of
most of the metalsin the body tissue of the fish
Puntius narayani. Heavy metalsreleased in the
water bodiesthrough the mining effluents may-
be at levelsbel ow their toxic thresholds. Though
the metals present in the water were in small
guantities, the consequence of it on the aquatic
organismsis of importance because of bioaccu-
mulation. In the aguatic environment, these met-
als may exist as complex, diverse mixtures of
soluble/insolubleforms. Therespiratory and the
integumentary systems become the main sites
for entry of these metals from the water. Since
these metals are non-degradable, even sub-le-
thal concentrations may pose ahigh risk of dam-
age via uptake and subsequent bioaccumula-
tion in the organisms. Earlier reports by Muru-
gan et a. (2008) supports the findings of the
present study, inferring that fishes exposed to
high concentrations of trace metalsin their hab-
itat may take up substantial quantities of these
metals. The bioaccumulation levelsobservedin
any organism reflects the quantity of heavy
metals ingested by them and also taken up
through the body surface. It also depends on
the manner in which the metal aredistributed in
the different tissues and the extent to which it
gets deposited or retained in the body tissues
of the organisms. Metal bioaccumulation and
distribution in tissues of the fish is species spe-
cific. Biological factors such as age, size, feed-
ing habits and reproductive cycle a so influence
metal uptake (Zhao et al. 2012). Environmental
factors too, affect the uptake and accumulation
of metals in aguatic organisms (Maurya et a.

J Hum Ecol, 68(1-3): 195-202 (2019)

2019). The altered physicochemical properties
of water bodies also influence the rate of metal
bioaccumulation infish tissues(Fernandes 2015).
The present study showed specificity of bioac-
cumulation of different metalsinthedgills, liver,
and muscletissue. Various metals may accumu-
late in fish body in different amounts, due to
differential uptake, deposition and excretionrates
(Taneeet a. 2013).

As compared to the liver and muscles, the
gills are considered to be the main site of entry
for the dissolved metals through surface expo-
sure in an aquatic habitat. Thus, gills represent
the target for the toxic action of most metals.
Observations of the present study indicate that
metal s tend to not only get concentrated in the
gill tissue, but also that gill isthe preferred tis-
sue for bioaccumulation of Zn, Cu, Ni and Fe.
Findings of thisstudy isin agreement with study
of Shuklaet a. (2007), which stated that gillsare
metabolically active sites, and therefore have
the ability to accumulate higher concentration
of specific metals ascompared to the other body
tissues. High concentration of metalsin the gill
tissue can also be because of excretion of mu-
cous by this organ, which has affinity to be
bound with metal ions. Surface of thegillsserve
asmajor pathways of metal ion exchange from
water (Qadir and Malik 2011). Largesurface area
of thegillsenablesrapid meta uptake (Dhaneesh
et a. 2012). From the present study it can be
concluded that Zn, Cu, Ni and Fe have tenden-
cy to bioaccumulate in the gills, and that the
entry of these metals may be mainly through the
surface exposure.

The liver of the fish brings about not only
storage of the metals, but al so redistribution and
subsequent detoxification of the metals. This
study showed a higher rate of bioaccumulation
of Ni, Cu, Znand Mnin theliver tissue of Pun-
tius narayani. Liver seems to be the preferred
target organ for bioaccumulation of most heavy
metals (Bawuro et al. 2018). Bioaccumulation of
metalsin the liver of the fish is of significance
becauseit can bring about abroad range of phys-
iological, biochemical, and behavioral dysfunc-
tions through induction of oxidative stress in
the fishes (Basha and Rani 2003). High Zn and
Cuintheliver of fisheswere recorded by Zhao
etd. (2012) and M’ Kandawireet a. (2017). How-
ever, the present study showed a higher rate of
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bioaccumulation of Ni in the liver besides Zn,
Cu, and Mn. High Ni accumulation in the liver
tissue of fishes was also reported in the studies
of Ghosh et al. (2018). Accumulationintheliver
tissue may be dueto thetransfer of these metals
from phytoplanktonsin the food chain and sub-
sequent biomagnifications. Phytoplanktons
readily incorporate metalsin them and transfer it
to the fishes through various trophic levels.
Natural protein binding component, such as
Metallothioneins are associated with increased
levelsof Zn, Cuand Ni intheliver (Gorur et al.
2012; Ghosh et al. 2018). Puntiusnarayani isa
foraging omnivore feeding on worms, insects
and other small invertebrates, as well as plant
material, and organic detritus. In the present
study, bioaccumulation of metals observed in
these fishes may be attributed to: a) The cumu-
lative effect of the amount of these metals in-
gested by the fishes through the food chain, b)
The ability of the fishes to digest these metals
or transport it to the liver for detoxification c)
Adsorption through permeable membranes of
the body.

Bioaccumulation in fish muscleisamatter of
grave concern, as it is consumed as food by
humans. These heavy metals which reach the
humans through the food chain can have seri-
ous consequences of renal failure, liver damage,
cardiovascular diseases, and in severe cases
even death in humans (Busaidi et a. 2011; Rah-
man et al. 2012). Metalsinduce oxidative stress
in the humans by initiating series of physiolog-
ical changes, biochemical aterations, and be-
havioural dysfunctions. This oxidative stress
developedin responseto the heavy metals needs
to be viewed serioudly as it leads to damage to
biomolecules and disrupts the signalling path-
ways. Asaresult, it leadsto the pathogenesis of
multiple human diseases (Arif et al. 2015). The
muscle tissue of fishesis reported to accumu-
late significantly fewer metals as compared to
other tissuessuch asgillsand liver (Yilmaz et al.
2010). The present study also shows a similar
effect. However, an interesting observation of
the present study isthe preference for Cu accu-
mulation by muscle tissue of Puntius narayani.
BAF of muscles for Cu was 745 folds higher.
However, therewas no significant accumulation
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of Fe, Mn and Cd in the muscl e tissue. Accumu-
lation of specific metalsin the muscle of fishes
may be a major health concern for humans in
genera. The high affinity of Cu(l) and Cu(ll) for
protein sites having cysteine, methionine, and
histidine side chains act as potential ligandsis
the cause of misfolding of proteins due to dis-
placement of essential metal ionsfrom their ac-
tive sites. Hence, uptake, distribution and utili-
zation of Cu and finally its excretion from the
body needs to be tightly regulated (Rae et al.
1999; Halloran and Cul otta 2000). Bioaccumula-
tion of Cu facilitates the generation of highly
reactive oxidative species (such ashydroxyl rad-
icals), which can cause DNA damage and oxida
tion of proteins and lipids (Halliwell 1990). Ni
induced DNA damagein gill cellsand erythro-
cytes of Prochilodus lineatus was indicated in
the studies of Palermo et al. (2015). Study by
Fernandes (2018) showed 11.1 percent DNA
damagein the fisheswhich was attributed to the
synergistic effect of multiple heavy metals, and
alteration of water quality due to mining efflu-
ents. Thiswarrants source control and treatment
measures of effluents released by minesto pre-
vent and reduce the discharge of metals and
other pollutants into the water bodies. If thisis
regulated, it will help prevent heavy metal risks
to human health. We need proper implementa-
tion of laws and changein attitude to safeguard
the purity and quality of our water bodies from
being polluted by mining effluents. Besides, as-
sessing water quality, DNA damage studiesand
bioaccumulation studies should be used as an
index to estimate the level of aguatic pollution.

CONCLUSION

Constant exposure of the fishes to the met-
als on account of the continuous leaching of
the metalsfrom mining effluentsleadsto signif-
icantly high levels of these metals which can
have achronic effect on fishes. Sincefishisone
of the major components of the human diet, bio-
accumulation of metals observed in thefish tis-
sueisamatter of grave concern. In humans, the
presence of even trace heavy metalsin dietscan
cause serious health problemsif ingested over a
long period of time. The present study infers
that bioaccumulation studies in aquatic organ-
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isms should be mandatory besides physicochem-
ical evaluation of water in determining water safe-
ty and preventing health hazards in humans.

RECOMMENDATIONS

For evaluation of water quality, assessment
of physicochemical parameters should be sup-
plemented by bioaccumulation studiesin aquat-
ic organisms, preferably fish. Thisis because,
even if water samples are detected with heavy
metals within permissible limits in the aquatic
environment, they have a high risk of getting
accumulated in body tissues of fishes due to
bioaccumulation. Therefore, to declare awater
body as safe assessing BAF isessential .Werec-
ommend that mining effluents should be treated
specially to remove metals even if they are in
traces and bioremediation need to be adopted
before releasing it into the water bodies as it
may lead to health hazards on account of bioac-
cumulation and biomagnifications. The environ-
mental impact assessment should include bio-
accumulation studies and DNA damage studies
for renewal of mining licences.
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