International Journal of Agriculture Innovations an d Research

Volume 5, Issue 1ISSN (Online) 231-1473

Manuscript Processing Details (dd/mm/yyy
Received : 15/08/2016 | Accepted on : 8/2016 | Published : 31/08/2016

Metal Pollutants Distribution and Bioaccumulationin
Two Ecological Important Fisheries Resourceg;
Chrysichthys nigrodigitatus and Callinectes latimanus
From Porto-Novo Lagoon Ecosystel, Benin Republic
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Abstract — Quantitative distribution of metal pollutants and
bio-accumulation in  Chrysichthys nigrodigitatus and
Callinectes latimanus from Porto-Novo Lagoon ecosyster
was investigated during rainy and dry seasons. Meta
pollutants including Hg, Cd, Cu, Zn, Cr, Fe, Mn, Pd, Ni, Va,
and Methyl mercury were found in measurable quantities ir
the tissues/organs of testramals using AAS equipmen and
was above permissible limits of WHOUSFAD, EU and NRS.
The metal pollutants (mg/kg) found in Chrysichthys
nigrodigitatus were as follows: Hg = (0.0024+0.002,
0.001440.001), Cd = {.10640.16, 0.042+0.09), Cu =
(3.69+£7.6 0.986+1.14), Zn = @6.64+15.1, 2.736+4.25),
Cr=(46.64+15.1, 2.736%4.25), Fe = (81.43+44.6,
50.14364.9), Mn=(10.6#7.6 3.87#3.17), Pd = (39.71#22.2,
0.1230.14 ), Ni=(9.5@2.5, 17.78%29.7), Va=0.02+0.004,
0.0040.001), Methyl mercury=(0.00150.001,
0.00030.0001). While the one found inCallinectes latimanus
were as follows Hg = (0.004#0.00], 0.00%0.0005),
Cd=(7.8#7.31, 0.4%#1.04), Cu = (8.12#5.98, 2.5&1.93),
Zn=(45.8223.02, 5.06&4.46), Cr = (45.8223.02, 5.0%4.46 ),
Fe=(69.5%#63.19, 236.63294.68), Mn=(20.87+10.61,
55.32:91.02), Pd=(47.5250.67, 79.66:126.42),
Ni=(12.093.28 0.86t1.65), Va=(0.0040.00z, 0.001:0.0009),
Methyl mercury = (0.001+0.0005, 0.000£0.0002). There is a
significant difference in the metalspollutants in the tissue
and organs of Chrysichthys nigrodigitatus and Callinectes
latimanus from Porto-Novo Lagoon ecosyste during rainy
and dry seasons at 5% level of significance. The fiings
showed that Chrysichthys nigrodigitatus and Callinectes
latimanus from Porto-Novo Lagoon bic-accumulate metal
pollutants, which might affect human health as wellas the
physiology of the fin and shell fishes in the ecostem.
Regulatory bodies on environmental pollution ar hereby
enjoined to wake up to their statutory duties on
environmental protection in order to stem the tide of these
metal pollutants in the PortoNovo Lagoon ecosyste.

Keywords — Bio-accumulation, Chrysichthys nigrodigitatus,
Callinectes latimanus, Metal Pollutants, Portc-Novo lagoon.

. INTRODUCTION

The world industrial andechnological adwncement in
the face of world populatiomxplosionhas opened the
floodgate of pollution into our environme, and our
water bodies havéeen one of the maj recipients of
these pollutants. Coastglollution has been increasil
significantly over the recent years and found exiyam
environmental problems in many developing count
Urban and industrial activities in coastal aredsoituce
significant amount of trace metals into the ma
environment, causing permanenstdrbances in marir

ecosystemsleading to environmental and ecologi
degradation and constitute a potential risk to mlmer of
flora and fauna species, inclng humans, through food
chains [1].

Heavy metals were chosen witable pollutants because
they are widespread environmental contaminantan
either natural or anthropogenic sources, and agelw
believed to be a threat to the health and surafahany
marine or aquatic animals, including crustac [1]. The
biological effect of trace metals in the lagoon ranfyjem
beneficial stimulation to harmful retardation andath.
Some trace metals including Cu, Mn, Fe and Zn
essential for good héh and normal growth playin
important roles in key metabolic acties in plants and
animals such essential elements only become tokien
their concentration exceed the trace amounts redor
normal metabolism [18].

The rate of bicaccumulation of heavy metals in aquz
organisms depends on the ability of torganisms to
digest the metals and the concentration of suclalnie
the river. Also it has to do with the concentratiointhe
heavy metal in the surrounding soil sediments al ae
the feeding habits of the organism. Aquatic anir
(including fish) bioaccumulate trace metals in
considerable amounts and stay over a long peFishes
have been recognized as gamtumulatcs of organic and
inorganic pollutants [15Moreover, since most organist
lack the ability to metabolize and excrete tracdals on
absorption, these metals accumulate in the cetigiasues
of exposed organisms and may be magnified alond
chains [9].

Anthropogenic activities, such as mining, fossiklf
combustion or industrial processes, have greatgred
the biogeochemical cycles of trace metals and enha
their bioavailability [11]. At elevated concentrations
availability, certain trace metals maybe toxic iedemany
metals are required by organisms but can havealilas
effects at highconcentration: Standards and guidelines
for metal pollutants in the environment are aimeic
protecting human health and aquatic

Porto Novo Lagoon, an arm of Gulf of Guinea is teck
at the capital of Republic of Benin. The estim@eain
elevaton above sea level is 0 me. Latitude: 6°28'0.01"
Longitude: 2°36'0” [21] In Benin, the complex Por
Novo Lagoon is one of the largelakes in West Africa
with high productivities and exploitatio[21]. With the
sea, and run parallel to the coashind the dune. There
are about 72 species of both fin and shell fisimeshe
Porto Novo Lagoon [16] - [17]

Copyright © 2016 1JAIR, All right reserwvi
162



The catfish, Chrysichthys nigrodigitatus(Lacépéde),
asiluroid fish of the family Bagridae is widely tlibuted
in fresh and brackiskvaters in West Africe[19] - [14].
Chrysichthys nigrodigitatuis important both in ecologici
and economical terms, playing salient role in dairing
the dynamics and structure of aquatic ecosystemis
valued as food for man; serving as delicacymany low
income earners as it is cherished for its taste
affordable price [4].Callinectes latimanu: belong to
family Potunidae. They are bottom dwelling aquatiabs
which are common constituents of tropical and syfital
estuarine system.Callinectes latimanu: known as
swimming crabs are one of the edible crabs in B
Republic. Because of thele Chrysichthys nigrodigitatt
and Callinectes latimanus plays in trophic chain, thi
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makes them importanin pollution study especially i
bioaccumulation of metal pollutants in their tiss.

[Il. MATERIALS AND METHODS

A. Description of Study Site

The Lagoon of Porttdovo is a basin of up to 6mete
located in the Soutkast of the Republic of Benin (
27'N, 2° 36'E), PortdNovo lagoon has a surface ¢ of
17.52 kni and maximum length of 6km and maximi
width of 4km (Figure 1). Por-Novo lagoon is linked to
Nokoue lagoon in the east through tatche whereo-
Novo lagoon receives themajor inflow which
characterizethe main hydrological regime of Po-Novo
lagoon seasonal tidal and salinity rai
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Fig. 1.Goe-Referenced Map of Porto-Novo Lagoon

B. Sampling Duration

Data were collected for 12 months, between July4:
and June 2015 representinganplete hydrological cycle
These data were analyzed basedrairy and dry seasons
respectfully.
C. Collection of FinFish and Shell Fish Samp

A stratified random samplingnethod was adopted
collection of mixed sexes dEhrysichthy nigrodigitatus
and Callinectes latimanu®f uniform sizes of45.5g and
7.5 g respectively from “ Djassirthain fish landing siti
cum market.Fin and Shell fish samples were kept
polythenebags respectively and stored in and cooler
(<4°c) for the analyses of selectattal pollutants as cite

by [2]. Metal pollutants that were investigated during
period in view are Hg, Cd, Cu, Zn, Cr, Fe, Mn, Rd,Va,
and methy mercuty All chain of custody was duly
observed as cited by [8].
D. Analytical Methods

The methods of [13] werased to determine levels
(Hg, Cd, Cu, Zn, Cr, Fe, Mn, Pd, Ni, Va, and md
mercury) trace metals in fish tiss. Digestions of test
animal for metalpollutants were carried out separat
using Atomic Absorption Spectrhotometer (Model
Thermo Electron Corporation, S series AA Spectremr
with Gravities funace, UK) as described I[5]. Twelve
samples each of Chrysichthy nigrodigitatus and
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Callinectes latimanusof average weight « 45.5g and
7 .59 respectivelyvere collected from commercial landi
site and transported in icdzbx cooler for digestion ar
AAS laboratory procedures. Tissues/organs of istesee
weighed. 5g each of tissue/organ sai from all the
samples were weighethd put in a conical flask of abol
250ml capacitythen added 25mlof digesting reager
(Nitric acid and Hydrogen peroxide) in ratio and place
on a hot plate under the fume cupbc and heat at a
temperature not more than f20When the sample
about 5ml in the conical flask bring it down antbal to
cool Filter the sample using the wotmafilter paper intc
a 50ml standard volumetric flagken make up to ma
and Set the sample for AAS (calibrated) for Trace Me
reading.
E. Statistical Analyses

To evaluate the significant d¢erence in the
bioaccumulation of metadollutants in the test animals f
a complete hydrological cycle, tweay ANOVA and
Duncan multiple test were used.

Ill. R ESULTS AND DISCUSSION

The quantitative distribution ofmetal pollutantsin
Chrysichthys nigrodigitatus andCallinecte: latimanus
confirmed that all tested metpbllutants were present
guantifiable concentrations speckladthe organs/tissue
of the test aquatic animals. THetecte concentrations of
metal pollutants in test aquatignimas are discussed

International Journal of Agriculture Innovations an d Research

Volume 5, Issue 1ISSN (Online) 231-1473

according to internathal standard values of WHO a
EEC [21], EU regulations anaccording to USEPA [20].
The roles Chrysichthysnigrodigitatus and Callinectes
latimanus plays in trophicchain make it important in
pollution study especially the study of bio-
accumulationof metal pollutants in their tiss.. The
analysis of Chrysichthysnigrodigitatus and Callinectes
latimanus for metal pollutants showed that all me
pollutants investigated were present in measul
concentrations that varied betweerthe two seasons and
within the organs and tissue (Gill, LivHepatopancreas
bones/Carapace Gut and Muscle) of Chrysichthys
nigrodigitatus and Callinecte: latimanus respectively
(Tables 1 and 2).

Quantitative bioaccumulation ¢ metal pollutants in the
tissue ofChrysichthysnigrodigitatus are stated below in
the order of magnituddrom highest to lowe. In rainy
season, Fe =407.17, €R33.18, Zn =227, Pd =198.58,
Mn =53.37, Ni=47.5, Cu18.46, Cd =5.53, Va =0.112,
Hg =0.012, MHHg=0.0077. n dry season it follows this
trend, Fe =250.717, Ni 88.947, Zn =37.84, Mn
=19.387, Cr=13.682, Cw4.93, Cd =0.209, Pd =0.616,
Va =0.019, Hg =0.007, MitHg=0.0014. This shows that
metal pollutants concentration i the organs of
Chrysichthysnigrodigitatus from Port-Novo lagoon is
higher in the rainyseason than dry season with
exception of Nickeland also varies withirthe organs
(Table. 1)

Table 1. Total andMean (+ SD) of metal pollutants (mg-1 wet weight) in Chrysichthysigrodigitatus from Porto
Novo lagoonPL Permissible limit (dry wt) according to FAO/WH®999) **Lig/c

Hydrological Period| Tissue Type Hg Cd Cu Zn Cr Fe Mn Pd Ni Va MH;Hg
JULY-DEC 2014 |GILL 0001 | 133 | 04 [47.27] 5476 | 78.38 10.90 26.80 10.80 | 0.028 | 0.001
(Rainy season) LIVER 0.002 | 1.23 | 17.30 | 44.70 | 61.36 | 140.16 2.23 42.97 8.24 | 0.025 | 0.0012
BONE 0001 | 1.04 | 015 [90.41]| 487 39.28 22.12 35.47 10.00 | 0.023 | 0.0011
GUT 0.006 | 096 | 0.11 |38.65| 21.62 | 110.83 | 12.30 17.70 5.89 | 0.017 | 0.0031
MUSCLE 0.002 | 097 | 050 | 597 | 46.74 | 3852 5.82 75.61 12.57 | 0.019 | 0.0013
Total 0.012 | 553 | 18.46| 227| 233.18 407.1f 53.37 198.5¢ 475 | 0.112] 0.0077
Mean 0.0024+ [1.106+| 3.69+ [46.64+|46.64+1| 81.43+ | 10.67+ | 39.71+ | 9.50+ |0.02+ | 0.0015+
(+ SD) 0.00% | 0.16°| 7.6 | 15.P | 51° 44.6 7.6° 22.2 25 |0.004| 0.00F
JAN-JUNE 2015 |GILL 0.001 |0001| 1.21 | 7.88 | 0.26 13.68 5.925 0.086 0.185 | 0.005 | 0.0003
(Dry season) LIVER 0.001 |0204| 288 | 7.45 | 1023 | 23.36 0.372 0.372 1.373 | 0.004 | 0.0002
BONE 0.001 |0.002| 013 |15.07| 0.86 39.46 2.487 0.054 | 17.579 | 0.004 | 0.0002
GUT 0.003 |0001| 052 | 6.44 | 0.326 | 9.797 2328 0.037 0.528 | 0.003 | 0.0005
MUSCLE 0.001 |0001| 019 | 1.00 | 2.006 | 164.42 | 8.275 0.067 | 69.282 | 0.003 | 0.0002
Total 0.007 | 0.209] 493 | 37.84 13.68p 250.717 19.387 0.6[1688.947 | 0.019 0.0014
'\(/'fg%) Ogg%)‘if 0.042+| 0.986+ |2.736+(2.73624/50.143¢6| 3877+ | 0.123+ | 17.789+ 0.004x| 0.0003
0.09° | 1.14° | 4.25°| 25 4.9 3.17 0.14 29.7° |0.001°| 0.000%"
WHO /FAO (mg/day) 05 01| 30 60.0 50 43.0 2.0-90 0214 245 0.5 | 0.0033
USFDA Limit (mg kg-1) 0.5 0.5 70 30 N/A N/A 5.4 0.5 N/A N/A | 0.001
EU regulation(mg kg-1) 05 | 005] NA | NNA| NA N/A N/A 0.4 N/A N/A | 0.0016
NRS (mg kg-1) 05 | NNA | 05 N/A | N/A N/A N/A 0.5 N/A N/A | 0.0005
N/A=Not Available
Concentration of metal pollutantio-accumulation in it follows this trend, Fe=1183.0!, Pd = 398.29, Mn

the tissue ofCallinectes latimanugarepresented below
the order of magnituddrom highest to lowest. In rail
season, Fe =347.53, Pd =237.6Lr =229.08, Zn
=134.53, Mn =104., Ni=60.44, Gu40.5¢ Cd =39.332,
Va =0.01805, Hg =0.007, MjHg=0.003: In dry season

=276.62, Cr =25.31, Zm23.8¢, Cu =12.78, Ni=4.3, Cd
=2.374, Va =0.0045, Hg0.004! MH;3Hg=0.001. This
shows that metal pollutants concentration in thgaons ol

Callinectes latimanuffom Portc-Novo lagoon is higher in
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the rainy season than dry sea with the exception of
and also varies within the orgafisable. 2.

Table 2.Total and Mean (= SD) of metal pollutants (m¢-1 wet weight) in Callinectelsatimanu: from  Porto Novo

lagoon
Hydrological Period| Tissue Type Hg Cd Cu Zn Cr Fe Mn Pd| Ni Va MHzHg
JULY-DEC 2014 [GILL 0.002 | 0.032 | 10.46] 16,500 61.96 150.41  13.30 13}.3®.18 | 0.0037§  0.001
(Rainy season)  [Hepatop- 0.002 | 1396 | 17.58) 19.63 6177 115.67 12. 22/822.96 | 0.0065 0.001
ancreas
Carapace ND 10.70 | 3.33] 17.73] 6358 3.21 22.6D 36|707.45 ND ND
GUT 0.002 | 14.63 | 4.09| 37.64] 1590 62.07 17.1f  18[8®.44 | 0.0038 0.001
MUSCLE 0.001 | 0.01 | 5.12] 43.03] 25.9p 16.17 38.§ 21/930.41 | 0.004 0.0003
Total 0.007 | 39.332 | 40.58 134.58 229.08347.53 | 104.37| 237.6260.44 | 0.0185] 0.0033
0.0010.0] 7.87% |[8.12+| 4582 |45.82| 69.51 | 20.8% |47.52¢(12.0%3.] 0.004 | 0.00
Mean (+ SD) | 01 7.3 | 5.989|23.02™ +23.02 63.19* | 10.6* [50.67*| 28 | 0.002 | 0.000%
abc
JAN-JUNE 2015 [GILL 0.001 | 0.0007 | 1.00] 275 181 16458 9.86  70[3B.80 | 0.0009] 0.0003
(Dry season) Hepatop- 0.0012 | 233 | 2.93| 3.27| 1028 19.28 2.13 2.160.32 | 0.00011] 0.0002¢
ancreas
Carapace ND 0.02 | 042] 443] 031 12.88 9.98 540003 ND ND
GUT 0.0011] 0.01 | 315 6.27| 370 25521 216.35 19]97.13 | 0.00192] 0.000271
MUSCLE 0.001 | 0.013 | 528] 7.17] 924 7311 38.40 300.46ND | 0.00217| 0.00015
Total 0.0043 | 2.3737 | 12.79 23.89 25.31 1183.05 276.52 398.28.3 [ 0.00439] 0.001011
Mean (+ SD) [0.00#0.0] 0.47% | 2.56t | 5.06: | 5.06 | 236.6% | 55.32 |79.66:| 0.86 | 0.00% | 0.0002
007’ 1.048 | 193 | 446 | 4.46 | 294.68 | 91.02 [126.42| 1.68 | 0.0009 | 0.0002
WHO/FAQ Limit (mg/day) 0.5 0.1* | 30 [ 60.0 50 430 | 2.0-9. 0.214 0.5 0.0033
USEPA Limit (mg kg-1) 0.5 0.5 70 30 NA]  N/A 5.4 0.5] N/A 0.4 0.001
EEC(mg kg-1) 0.5 0.05 NA| NA [ NAT NA N/A 04 [ NA 0.5 0.0016
NRS (mg kg-1) 0.5 N/A 05 [ NNA | NA T NA N/A 05 | NA N/A 0.0005
N/A= Not Available
The concentration fo trace metal pollutants i latimanusin Porto-Novo lagoon comple ecosystem with

Chrysichthys nigrodigitatus and Callinecte: latimanus
may be due to position theccupied il the food web and
their habitat in theaquatic environmer Chrysichthys
nigrodigitatus, and Callinecteslatimanu: are demersal
species that spend most of their time in benthic

the attendant assorted natuiEsthe sediments that are
metal pollutants sedimentatiaelective [7] could also be
responsible for the inconsistel. The seasonal variation
of salinity in the complex of Porto-Novo Lagoon

ecosystem, beinthe freshwate brackish aquatic habitat

sedimentation zones of lagoon ecosy: and the assorted could encourage the abdanct or scarcity of some

natures of lagoon sediments givegyieaterpenchant to
trap and settled a wide rangeroétal pollutant. However,

Chrysichthysnigrodigitatusand Callinecte: latimanusare

omnivorous finfish and shellfish thi feed on seeds,
insects, bivalves (maciiovertebrates) ar detritus this

reiterate the findings of [10dn blue swimming crab ar

that of [14] onChrysichthysnigrodigitatus. Feasting on
these metal pollutants- laden maongertebrates and
detritus biomagnified the metal pollutanconcentrations
in the finfish and shellfish orgarend tissue this is in

agreement with the citation of [3]The gate way throug

which metal pollutantsget settled and tpped in the
sediments is through the flow t#goon wate with point

source and non-point source pollutiand since finfish
and shell fish are aquatic animals that obtaoxygen for

respiration through gills from dissolved oxygenwater,

this perhaps may contribute to source of metalupeits

in their tissues and organs.

The inconsistency in the disttiion of metal pollutant
in the organs of Chrysichthys nigrodigitatts and
Callinectes latimanus throughout the seasc can be
attributed to sand mininy the local sanminers which
cause upwelling of the sediment thate constantly re-
distributing the metal pollutant® sediment. This is in
agreement with the work of11]. Also, spatial
distribution ofChrysichthysiigrodigitatus andCallinectes

salinity- sensitive macrotvertebates that form major
food basis forChrysichthyshigrodigitatus and Callinectes
latimanus.The ingestion of these metal pollute- laden
macroinvertebrates during theseasonal period of
abundance would biaecumulat metal pollutants in
higher concentration in the tissues (e finfish and
shellfish thanduring the seasonal period of scar.
However, different macrovertebrate bio-accumulate
different metal pollutantsThis agrees with the finding
[10]. The concentratiorof any metal pollutants in tt
tissue may be a result tie type of maci-invertebrates
and detritusChrysichthysnigrodigitatus and Callinectes
latimanusfeed on, the sizeage and the physiologicneed
of the fish could also beesponsible for varying degree
metal pollutants concentrations in different ti¢ of fish
as published by [16].

Biomineralization of different organs/ tisss in finfish
and shellfish inwhich living organisms producminerals
often to harden or stiffen existing tiss [12] could also
be responsible for the disparity and inconsistesfcyetal
pollutants detected in the tiues and organs of
Chrysichthys nigrodigitatusand Callinectes latimanus
This also dependsn the physiological need of the sk
and fin fishes. Some metals are essential for Bpe
dynamic activities in the body of animals but whibe
concentratiorexceeds the trace amout becomes toxic
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for the animals and human consumptiThe biological
effect of metal pollutants in Portdevo Lagoon range
from beneficial stimulation to harmful retardat and
death in aquatic animalshis could be manifest in a
number of ways as stated by .[@ioc-accumulation of
these metal pollutants can also pdemlth problems i
human society in a recognizable food chains. Pexhihe
most celebrated case of metal pollutants poisonin
human population that led fdinamata disease outbre
was in Japan as cited by [6].

The recommended dailyintake of all the mete
pollutants investigated for human consumptic above
FAO/ WHO limit for finfish and shellfish (Tables and
2). The concentrations of metal pollutants in théblec
parts of Chrysichthys nigrodigitatusand Callinectes
latimanusin PortoNovo lagoon ecosystem i not safe for
consumption basedn USFDA and EU regulation lim
The sources of these metal pollutaate from gutter,
sewage, waste water from surrounding cities suc
Cotonou, Abomey-Calavi, SAva; Also, urbar
concentrations of population due to increa
urbanization, anthropogenic activities and gark
deposits along the Portdevo lagoon bank{21].

IV. CONCLUSION AND RECOMMENDATION

Analytical Laboratory Aalysis using AAS an
Exploratory Data Aalysis revealed that all test
metal pollutants are preseint quantifiable measuremer
in Chrysichthysnigrodigitatus and Callinecte: latimanus
from PortoNovo lagoon ecosystem and they are at
International standard permissible limits that doblve
lethal effect on Chrysichthys nigrodigitatus and
Callinectes latimanusand human beings. It is therefc
recommendation that Porto-iw Lagoon should be p
on National Priority List (NPL for adequate
environmental revamping and protec.
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