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ABSTRACT

The bioaccumulation of alkali and alkaline earthtate such as sodium, potassium, calcium and magmesiere
estimated in five different organs i.e., tissudnkly, qills, liver, and testis/ovary of rohu, Lalbrehita (Ham.). The
samples were collected from three study areas nakehdrapada (KPD), Keonjhar (KEO) and Central Ihge of
Freshwater Aquaculture (CIFA) in Odisha. There wasorded a large variation in accumulation of metéh
different tissues. The content of metals in goneas estimated lower compared to other tissues.pbloded data
for all the stations revealed that, in differentgans the content of sodium (102+2.190 to 64+1.3@®tassium
(3.640.031 to 2.314#0.572), calcium (17.4240.618 #88+1.406) and magnesium (20+1.095 to 10+l) ppm
respectively in wet wt. But in water medium theteots of sodium, potassium, calcium and magnesiene w
7.610.712 to 7.242.002, 14.341.463 to 12.8+2.037,.240.494 to 17.06+3.495 and 20+1.233 to 18.3+22fpm
respectively. The content of calcium, magnesiumpantdssium in different organs were low in compamiso the
water medium. But the content of sodium in diffeoegans was higher in comparison to that of watexdium. The
content of calcium, magnesium and sodium were dezbhigher in body tissue than other organs, batdbntent
of potassium was nearly equal in all tissues.
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INTRODUCTION

Bio-accumulation measurements refer to studies ethaus monitoring the uptake and retention of paiits like
metals or biocides in organs and/or tissues ofrosgas, such as fish [1]. It means an increasedrctincentration
of a chemical substance in a biological organiser dvne. Bioaccumulation of metals reflects the antongested
by the animal, the way in which the metals arerithsted among different tissues and the extenthizlwthe metals
remained in each tissue type.

Water that is transported actively (marine fishjpassively (freshwater fish) into the body duelte dlifference in
osmotic concentration between the external andintieenal environment may also contribute to thealptof metal
ions from water during lifetime of a fish. It is Welocumented that pollutants, such as metals am@nic
compounds can be accumulated by aquatic biotaBiBrccumulation measurements refer to studies dhaods
monitoring the uptake and retention of these palitg in organs and/or tissues of organisms, sudistag3]. This
can only take place if the rate of uptake by ttganoism exceeds the rate of elimination [4].
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The term bio-uptake describes the processes byhwihi substance is actually taken into the bodheffish. The
amount that is actually accumulated will depencdtion balance between uptake rate, metabolism othkenical
and excretion rate [5]. [6] further indicated thd-uptake kinetics gives information on how fakemicals are
taken up. It is generally recognized that theretliree possible routes for a substance to entishadills, food and
skin. Owing to direct contact with ambient wateitlsgare proposed to be the first and most impdrtargets of
waterborne metals [7, 8, 9]. Several studies alsimed that the major route of bio-uptake for metthat
concentrate in fish is across the gill epitheliu@,[11].

Freshwater fish can and do accumulate calcium tiréom the water by absorption across the gilg,[13, 14]
and in at least some species of fish this modealeium accumulation is sufficient to maintain nofrgeowth, even
when the fish are fed a calcium-deficient diet [16, 17, 18]. In fact, even when calcium is sugpliéth the food,
direct absorption of calcium from the watga the gills prevails [19]. Fish accumulate metaldgtintissue from
polluted environment. Metal distribution betweeffatient tissues of fish varies depending on thesiof uptake,

diet and\ or water borne exposure [20]. Among Bplecies, considerable differences in sensitivitynitals have
been reported.

MATERIALSAND METHODS

Collection of tissue samplesfrom field

Four surveys were conducted in Kenrdpara (KPD),iflesr (KEO) and Central Institute of Freshwater Acuiture
(CIFA) during July, October, January and April ¢f0Z-08. Five ponds were selected from each stuelysaThey
are in Kendrapada, Keonjhar and Khurda District®Odiisha (Fig 1). Five matured fish from each ponerev
collected during each survey. They were stored @o@er packed with ice box in order to maintaie fheshness
and latter transported to the laboratory for disea®f the organs.
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Figure: 1 Map showing study locations

Sample digestion and estimation

One gram of each organ (tissue, kidney, gillsrliamd testis/ovary) ware taken and placed intestign flasks and
predetermined amount of concentrated nitric acid aa@ded to the sample. The flasks were kept irditpestion
chamber at 12 until the vapor and the acid fluids inside thasK turned clear. After completion of the digestion
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process, the samples were cooled and filtered (Wfingtman filter paper No 42, and the final volumade up to 25
ml with distilled water. The samples were keptiitight amber colored glass bottles for determmatbf the metal
concentrations. The concentration of metals wagrdehed using Systronics Flame Photometer (Modd).12
Initially the Flame Photometer was calibrated ustepdard concentrations of sodium, potassium afuilien metal
solution then reading was taken. Magnesium wamastid by EDTA titration methods [21].

RESULTSAND DISCUSSION

In this work, we also observed the trend that déffié metals are accumulated at different concéotran various
organs (Fig. 2-5).The difference in the levels afutanulation in different organs of a fish can prityabe attributed
to the differences in the physiological role of kargan. Other factors such as regulatory abibhaviour and
feeding habits may play a significant role in tleewamnulation differences in the different organs][Z2e result of
each metal is explained individually.

Sodium

Accumulation of sodium was determined in differergans like tissue, liver, gill, kidney and gonadsohu from
the experimental ponds. In case of CIFA fish tisheecontent of sodium was (102+2.190) Kendrap&6al.140)
and Keonjhar (65+0.547). In case of gill the coht@ihsodium of CIFA was (74+14.060), Kendrapada+6581)
and Keonjhar (65+0.447). In case of kidney the eohbf sodium in CIFA fish (91+31.004) Keonjharhfisvas
(67+2.302) and Kendrapada fish was (65+1.095). dsecof liver the content of sodium of CIFA fish was
(101+54.765), Kendrapada (66+1.949) and Keonjh&t@@®36). In case of testies/ ovary the contergaafium in
CIFA fish (101+29.125), Kendrapada fish was (658B¢¥and Keonjhar fish was (64+1.303).

In case of Content of sodium in respective expentadepond water of CIFA was (7.6£0.712), Kendrapada
(7.6+0.712) and Keonjhar (7.2+2.002) pond watennfirithe above result | found that there was no iceglatvas
found with the content of pond water and fish bodyans. The present results agree with the wofR3jfwho has
reported that the concentration of sodium in fishue varied in different test concentrations amd &finite relation
was obtained.
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Figure: 2 Bioaccumulation of sodium in different organsof fish
Potassium

Accumulation of potassium was determined in différergans like tissue, liver, gill, kidney and gdeaof rohu
from the experimental ponds.

In case of CIFA fish tissue the content of potassiwas less (2.9+0.170) than Kendrapada (3.17+0.2n8)
Keonjhar (3.18+0.169). But in case of gill the cmt of potassium was more (3.1+0.162) than Kendlapa

58
Pelagia Research Library



A. Mallick et al Adv. Appl. Sci. Res., 2014, 5(4):56-62

(2.39+0.638) and Keonjhar (3.49+0.197). In casdivar the content of potassium was (3.55+0.02), &tapada
(3.1840.170) and Keonjhar (3.06+0.275). In casetesties/ovary the CIFA fish (2.42+0.375), Kendrapad
(2.31+0.572) and Keonjhar was (2.66+393).

The potassium content in respective experimentaldpovare nearly equal. The CIFA pond the contdnt o
potassium was (14.3+1.451), Kendrapada (12.8+2.@8d) Keonjhar (14.3+1.463) pond water. From thevabo
result | found that there was no relation was fowith the content of pond water and fish body omjarThe
accumulation value of potassium in rohu fry wageased with increase of concentration, higher threeentration
value lower the accumulation [23].
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Figure: 3 Bioaccumulation of potassium in different organs of fish

Calcium

Accumulation of calcium was determined in differengans like tissue, liver, gill, kidney and gonadsohu from
the experimental ponds. In case of CIFA pond Cdnténcalcium was higher (21.92+0.494) than Kendrapa
(18.96+2.360) and Keonjhar (17.06+£3.495) pond wdtet accumulation of Calcium in different orgarisahu did
not follow the water content. Content of calciumdHi-A pond water was more, but in case of tisseectintent of
calcium was less (10.56+0.219) than Kendrapareb@tD.268) and Keonjhar (15.54+3.605). Higher thksiogen
content in water results lower the accumulation #&mder the calcium content in water results highlee
accumulation. But in case of gill accumulation@A fish the content of calcium was less (9.8886)than
Kendrapara (11.46+0.328) and Keonjhar (16.08+3.758yher the calcium content in water results lcsvére
accumulation and lower the calcium content in wassults higher the accumulatioe (Keonjhar). In case of
kidney the content of calcium of CIFA fish was |¢34.34+3.100) than Kendrapada (12.24+3.667) anonier
(16.04+3.831). Higher the calcium content in watssults lower the accumulation (CIFA) and lower taécium
content in water results higher the accumulatioegi§har). In case of liver the content of calciwas less
(13.7845.714) than Kendrapara (11.46+0.801) andnikews (17.3+0.212). Higher the calcium content iatev
results lower the accumulation (CIFA) and lower tt@cium content in water results higher the acdation
(Keonjhar). In case of testies/ovary the contentatium was less (11.66+£3.216) than Kendrapadal(land
Keonjhar (17.42+0.618).

In case of CIFA and Kendrapada the calcium coritenearly equal but in case if Keonjhar the calcicontent is
more. Bioaccumulation has shown trend in fry ofuofihe lowest bioaccumulation (150 + 8.66ppm) wamtl in
0.2 ppm and highest accumulation of 360 + 8.60ppas Wound in 2 ppm of calcium solution. The calcium
accumulation of advanced fry of rohu increases fB&&183 + 4.91 to 72.62 + 1.76 in lower concentrafiom 0.015

to 150 ppm [23]. There are no available reportevefeere to compare the present findings.
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Figure: 4 Bioaccumulation of calcium in different organsof fish

Magnesium

Accumulation of magnesium was determined in difier@rgans like tissue, liver, gill, kidney and gdeaof rohu
from the experimental ponds. In case of CIFA pomdité€nt of magnesium was higher (20+1.233) than Kagreitla
(13.245.129) and Keonjhar (18.3+2.202) pond wdiat,accumulation of magnesium in different orgahsobu did
not follow the water content. Content of magnesiar€IFA pond water was more, but in case of tisthgecontent
of magnesium was less (14+1.673) than Kendrapa@#al(295) and Keonjhar (17+1.625). Higher the magmes
content in water lower the accumulation and lover thagnesium content in water higher the accunoumaBut in
case of gill the content of magnesium was more Q1884) than Kendrapada (12+2.280) and Keonjhar41127).

In case of Kendrapada and Keonjhar the magnesiutterbis nearly equal but in case if CIFA the majma
content is more. In case of kidney the content agnesium was more (10£1.788) than Kendrapada (28@2and
Keonjhar (10+0.894). In case of CIFA and Keonjhhe tmagnesium content is nearly equal but in case if
Kendrapada the magnesium content is more. In chkeeo the content of magnesium was more (10+1)7#88n
Kendrapada (10+1) and Keonjhar (12+0.894). In azfs€IFA and Kendrapada the magnesium content islynea
equal but in case if Keonjhar the magnesium congemtore. In case of testies/ovary the content afmesium was
more (10+1.788) than Kendrapada (10+3.464) and Keor(10+1.414). The magnesium content was neajlyake
in each case.

Magnesium bioaccumulation in rohu was maximum & ldwest concentration of NaCé., 0.01 ppm in medium.
In case of advanced fry bioaccumulation was in@eéasom lower concentration to higher one in tharirg
medium [23].

When fish are exposed to elevated levels of matathe aquatic environment, they can absorb theuaiibable
metals directly from the environmewia., gills and skin, or through the ingestion of conitaated water and food.
Metals in the fish are then transported by the ddd@am, which brings it into contact with the vas organs and
tissues [24]. Fish can regulate metal concentratiora certain extent. The ability of each tissueither regulate or
accumulate metals can be directly related to theusrtnof the metal accumulated in the specific ts$wurthermore,
physiological differences and the position of etissue in the fish can also influence the bioacdatian of a
particular metal [25]. Metal distribution and acauation in different tissues of fish varies depewgdon the sources,
uptake, diet and or water borne exposure [22].

During early life, the yolk sac stage is considetteel most sensitive one, followed by the embryatage prior to
completion of gastrulation [26]. Calcium deficignmcludes swelling and poor match ability of egged slow
development; lack of resistance and low survivaka€ fry. Higher calcium concentration protects fityefrom
ammonia and metal ecotoxicosis. Magnesium is atsergial in skeletal tissue metabolism and neurouoias
transmission [27]. Freshwater fish derive magnesioms by active uptake from the environment or frdietary
sources.
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Magnesium is an essential nutrient for fish anthaalgh adult fish take up magnesium from the waithe gills
[28], intestinal magnesium uptake is of primary ortance for growth and homeostasis [29]. A sigaifitty higher
content of Mg was observed in the muscle of piky.[3

25
= CIFA
20 - m KEO
O KPD

Megnesium (ppm)

(0] 0\\ 6\@,\ 'S f

& ¢ )
< 4\"5? & \§0 ée,éo
KY

Organ

Figure: 5 Bioaccumulation of magnesium in different organs of fish
CONCLUSION

This conforms to the previous studies which rewt#hat Alkali and alkaline earth metals accumulaiio different
organs ware varied in different concentration did follow the water content [23]. These resultsi¢ate that the
gill is the primary source of metal exposure so thetals were more concentrated in the gills whilénkly
accumulates least in comparison to the other mdrtse fish. The levels of the metals in the oyah fish were
different at the different sample stations. Calcignessential for strong bones and teeth and itlages the heart
rate and nerve impulses. It is an important compbieé blood clotting. Magnesium assists in theization of
calcium and potassium, and functions in enzyme tiwa to produce energy. Sodium and potassium are
electrolytes that must be balanced in the bodya$doim important for a healthy nervous system asteéady heart
rate and sodium, is critical in maintaining fluidlénce. The study clearly indicated significantuscalation of
alkali and alkaline earth metals (sodium, potassicaicium and magnesium) in the organs of the gjsécies from
different locations (Kendrapada (KPD), Keonjhar (Eand Central Institute of Freshwater Aquacul{@d-A) of
Odisha were acceptable. The content of sodiumasgatm, calcium and magnesium in the selected afdah is
safe for health, because the metal content is mvitié advisable limits.
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