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ABSTRACT

A survey into the concentration and distribution of arsenic (As), lead (Pb), nickel (Ni), copper (Cu), cadmium (Cd),
calcium (Ca), sodium (Na) and manganese (Mn) in tissues of crab (Cardisoma guanhumi) was investigated. Crab
samples were collected from three sites for the period of three months. The samples were prepared by acid digestion
and analyzed by Atomic Absor ption Spectrophotometer model F7102. The results obtained revealed that in location
1 edements had the following mean concentrations: As (0.333t+0.124/4/9), Pb(0.095+0.072.0/q),
Ni(1.42+1.0310/g), Cu(2.61+1.2144/g), Cd(0.055+0.0014/g), Ca(1141+1021.4/g), Na(1289.00+1102.40/9),
Mn(3.36+2.1410/g), location 2:  As  (0.253+0.21140/9), Pb(0.074+0.152140/9),  Ni(2.45+105.40/9),
Cu(2.51+2.0319/g), Cd(0.001+0.0014/g), Ca(1663+117210/g), Na(1384+1240.0/g), Mn(3.836+2.116.0/g) and
location 3, As (0.234+0.121;4/g), Pb(0.01+0.00140/g),  Ni(2.08+1.09x9/g), Cd(0.01+0.000/9),
Ca(1140.3+1021.140/g), Na(1715.6+1502.310/g), and Mn(2.68+2.72,10/g). The levels of trace metals were
significant at p<0.05 levels in tissues of shore crabs from the three sites. The results showed that the essential
elements occurred more abundantly than the non-essential trace elements and the main source of the element was
domestic rather than industrial activities. BCFs was determined for all the element and Mn had the highest
bioconcentration factors. The results also showed that mean levels of trace metals Pb, Cu and Cd were below WHO
and US standards set for food and drugs administration. Hence consumption of crabs (Cardisoma guanhumi) from
the study area will not pose any health threat except for As, Ni and Mn.
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INTRODUCTION

The natural ecosystem is adversely affected by rhanyan activities such as road construction, minitigcharged
of waste and garbage from domestic and industfifllemts. These wastes may contain substances ctrat
bioaccumulate in the tissue of plants and animadvea desired levels [1,2,3]. According to [4] waskéers emanate
from four primary sources including municipal sewagndustrial, agricultural runoff, storm-water amdoan
runoffs. These sources of waste terminate in thiase and ground water and pollute the water witfanic, toxic
materials, heavy metals, and plant nutrients sgahiteogen and phosphorus from farmland. The irrcisffluents
also changes the color, temperature, pH, alkalirgglinity of the affected water body [5,6,7]. Wdi other
pollutants trace metals accumulates in the enviemmnnoticed until the effects is seen either wihenaffected
plants or animal is consumed. This type of incideaturred in Japan where many people died as dt refsu
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consumption of fish contaminated with methylmerc{8y10]. Most metals have important industrial apgion
such as in the manufacture of pesticides, battedlsys, electroplated metal parts, textiles, dyasd steel.
However, some are nutritionally essential for althgdife examples are iron, copper, zinc and maega. These
elements, or some form of them are commonly fouatdnally in food stuff meat, fish , poultry, graiaad cereals,
in fruits and vegetables, and in commercially aai multivitamin products [11].

According to [12], arsenic compounds were useddattwood to prevent rot. The arsenic leachesraatdoil and

rubs off the wood on to people or animals. Arsexlgo occurs in soil from smelters and some pests;igpecial
glass, semi-conductors, some paint, dye, soap augs$.din humans, arsenic is known to cause lungs&imdcancer,

nausea, diarrhea, vomiting, peripheral nervousesygiroblem [12,13]. In the Niger Delta area of Nigeseveral

studies have been carried out on fauna and fladatenresults revealed low concentrations of trevpenetals such
as Pb, Hg and Cd [2,8,14]. Aquatic organism suctrals, oyster, shrimps and periwinkle are sourégsaiein and

essential elements such as calcium, sodium, masgaaad iron. However, studies have shown thatthgsatic

organisms contained elevated levels of trace matalscontinuous consumption by human may leadswadies and
sickness. It is in this regard that this studyasried out on crab to determine the levels of tnaetals in various
tissues of crab from the coastal area of Port Hatd@ity where lots of human activities occurs.

MATERIALS AND METHODS

Study Area: Port Harcourt City is located in the Niger Delieea south-south Nigeria. The city habour many
companies such as Eleme Petrochemical, Port Hdrdeefinery, Indomie, Plastic, brewery, oil andasgfree zone
Onne, oil location owned by shell British Petrateand Agip and the giant Liquefied Natural Gakl@) Bonny.

In the coastal area of Port Harcourt, there areyndatties that ships, and cargo oil tankers loatiathload crude

oil and other petroleum products. Some commonegkefiti the coastal area of Port Harcourt are Mabase,
Abonnema Wharf, Aker base, and Iwofe. These Jettrescommonly contaminated with petroleum products,
industrial effluents and debris carried in draimeni hinterland. Aquatic organisms such as mudskigpe
periwinkles, oysters and crabs are found aroundethetties and are caught by fishermen and consumetie
inhabitants of the area.

Sampling: Some crabscérdisoma guanhumi) of similar sizes were caught with local trap aed while others were
caught in holes by the shore of the coast. The kmpere caught from April 2014 to August 2014hat interval of

two months from three sites namely: lwofe, Abonné&iffaarf and Marine base jetties. To avoid crab litey were

killed, washed with water at each site and werequlan a cooler packed with ice blocks. On the ottend, the

surface water were collected from each site asmewended by[15] and few drops of 2ml Hh@ere added
immediately, this was done to prevent precipitattdnmetal ions. The samples were labeled accortiingach

location and were taken to the laboratory and dtore refrigerator.

Sample Preparation: The legs and gills were removed by hand whilestiells were opened and the muscles were
removed with the aid of a sharp stainless knifee $amples were dried separately &05fbr 2h and homogenized
with mortar and pestle. This procedure was repefatethe three samples. Precisely 5.0g of groumdpses were
digested according to the method recommended Hy¢t@0 minutes in a fume cupboard.

The water samples were preconcentrated by solwergicion using ammonia pyrolydine dithiocarbam@eDC)
and methyl isobutyl ketone (MIBK) as the organidveat. The prepared crabs and water samples wealgzaa
using atomic absorption spectrophotometer modeDE7Bioconcentration factors (BCF) were calculeaedording
to [17], using the formula.

BCF = metal concentration in organism/metal cornediain in water
RESULTS AND DISCUSSION

The mean levels of trace elements in the tissueshofe crabs are shown in Tables 1, 2 and 3 régelgctThe
mean concentration of all the trace elements wigmngfeant at P<0.05 probability levels. The resuilh table 1
revealed that all the elements had variable conatgms in different tissues examined. Elevated mlezels of
sodium (Na), calcium (Ca) and manganese (Mn) wecerded in the gills when compared to Cu, Ni, Pt, &d
As. In any aquatic organism gills are used for ir@sipn and filtering of water to obtained food aindthe process
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particulate materials are adsorbed on the surfatcsite 1 (lwofe Jetty), sodium (Na) recorded thghlest mean
levels of the trace metals. The relative abundafdke trace elements at site 1 (Table 1) occumdle order Na>

Ca> Mn> Cu> Ni> Pb> As > Cd which were 1167+14fd/g, 1135+1128, 373+28®/g, 2.73+2.3Rg/g,
1.450+1.32ug/g, 0.143+0.031ug/g, 0.01+0.01 and 0.001 +0.0@8g/g respectively.

Table 1 (Site 1): Mean levels of trace metals ingsue of shore crab@ardisoma guanhumi) from Iwofe Jetty in ug/g

Metal Gills Muscles Carapace

As 0.34+0.21 0.32+0.27  0.33+0.302
Pb 0.143+0.03  0.02+0.01  0.120+0.103
Ni 1.450+1.32 1.42+1.07 1.40+1.09
Cu 2.72542.333 2.711+2.44  2.40+2.35
Cd 0.001+0.001 0.003+0.03  0.001+0.001
Ca 11351128  1132+1301 156+1421
Na 11671451  1512+1432 11881741
Mn 3.73+2.82 3.11+2.90 3.25+3.05

Table 2 (Site 2): Mean levels of trace metals inssue of shore crabQardisoma guanhumi) from Abonnema Wharf Jetty in pg/g

Metal Gills Muscles Carapace
As 0.42+0.39  0.22+0.21  0.12+0.08
Pb 0.102+0.02  0.02+0.01  0.1040.21
Ni 241+1.43  1.72+1.22  3.24+1.80
Cu 2.84+262 1.94+0.88  2.84+1.77
Cd 0.01+0.12  0.01+0.01  0.01+0.01
Ca 1390+1340 1702+1320 1807+1705
Na 129041632 1190+1182 1972+1163
Mn 3.94+2.95 3.35+1.43  4.22+3.08

Table 3 (Site 3): Mean levels of trace metals inssue of shore crabQardisoma guanhumi) from Marine base Jetty inpg/g

Metal Gills Muscles Carapace
As 0.011+0.20 0.25+0.11  0.34+0.13
Pb 0.01+0.02 0.01+0.01  0.02+0.01
Ni 2.02+2.00 2.3242.11 1.92+0.24
Cu 2.84+2.37 3.24+2.05 2.93+3.01
Cd BDL 0.01+0.01 BDL
Ca 1145+1156 1138+1121 1802+1711
Na 1743+1521 1602+1325 1138+1121
Mn 3.84+2.54 4.11+3.42 3.11+3.01

Table 4: Mean levels of trace metals in water fronthree sites in mg/L

Metal Site )
lwofe Abonnema Wharf Marine Base
Pb 0.11+0.10 0.010.11 0.01+0.10
Ni 1.20t1.09 0.2A#0.08 1.65:0.11
Cu 0.25t0.15 1.05t0.12 1.21+0.97
Cd BDL BDL BDL
Ca 1142+1340 11041512 13491095
Na 1298t1132 10911087 1972£1802
Mn 2.95:1.45 2.11+2.01 5.3(3.45
As 0.01+0.01 0.10t0.01 0.12+0.15
BDL = Below detection limit
Table 5: Bioaccumulation factors for trace elements
Site Pb Ni Cu Cd Ca Na Mn As
Iwofe 289 380 7.22 BDL 310 341 5000 7.7
Abonnema Wharf 6.91 0.01 625 001 378 364 752 7.6
Marine base 30 200 449 BDL 280 274 914 52

Similar trend of trace metals occurred in the diissue at sites 2 (Abonnema Wharf) and 3 (Mariasep. The
results showed that essential elements Mn, Na,n@aCa occurred more abundant than the non-esseidialents,
Ni, Cd, As, and Pb in the gills samples from site® ,3 which corresponds to Table 1,2, and Paetvely.
Similar result was obtained by[18] in the studysoime metals in a polyculture freshwater pond. Titeported
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higher levels of sodium when compared to potassiusome fish parts fo€. Carpio andO. niloticus, however, a
different trend was observed . gariepines. The results obtained in this study agreed witts¢hreported by
[14,17,19]. However, values lower than those regubhlty [3,20] in shore organisms were observedigstudy.

The mean levels of trace metals in the gills wéighy higher than the levels obtained in wateblEal, and Table
4 respectively. The higher concentrations recoridetthe gills when compared to the levels in wateyrnbe as a
result of bioaccumulation of these metals overrgylperiod. Aquatic organisms are always in contéth water
and in this process food and other particulate enatte absorbed through the gills and more metabbtained in
the process [21,22,23]. The mean levels of tractalmén the muscles are shown in Table 1, 2, andlaBle 1
revealed that there was variation in the levelthefvarious metals in the different tissues exardhifidnere was no
significant difference at p<0.05 in the mean Is\@ trace metals Pb, Ni, Cu, Cd, Na, Ca, As, Mithe muscles
tissue in Table 1, 2, and 3 respectively. At sit@éble 1), Na recorded the highest mean concémraf 1512.00
+144219/g while Cd had the least mean concentration@d10.00Jug/g. Similar trend of results were obtained in
table 2. Elevated levels of Na were obtained bseahe element occurs naturally in the environnzen is
required by every living organism. However, Pb, A, and Hg are often distributed in crude oil, bayt
agriculture and in pesticide [12,18]. At site 3gllihe base) the non-essential trace elements strébdied because
this site is closest to the Port Harcourt refinevipere crude oil pipe line transverse. Similar kssof trace metal
levels were reported in earlier studies in two ggeof crabs from intertidal flat of New Calabav&i, [24] and
from other aquatic organisms [6,8,10,11]. Howehagher results were reported by[3,20], from Taivean Turkey
Rivers respectively. At site 2 (Abonnema Wharf)tlie site of industrial activities, where dredgingmpanies
operate to enable ship and cargo to anchor. Thigssite had the highest mean levels of trace métahe carapace
of the organism. There was a strong correlationflefpveen the levels of trace metals in the gillsapace and
muscles at p<0.05 at this site.

Table 6: International standards set by WHO & USFDA

Metal WHO USFDA
Water(mg/L) Food (p/g) Water(mg/L) Food(pg/g)

Asenic (As) 0.01 6.0 0.05 6.0

Lead (Pb) 0.01 - 6.0

Nickel (Ni) 0.15 NA -
Copper (Cu) 0.05 NA 1.00 NA
Cadmium (Cd) 0.05 NA 0.05 2.0
Calcium (Ca) NA NA NA NA
Sodium (Na) 200 NA NA NA
Manganese (Mn) 0.05 NA 0.05 NA

NA = not available

The results obtained revealed that carapace frerthiiee (sites) Table 1, 2, and 3 respectivelythadighest mean
levels of trace metals when compared to the leivethe gills and muscles. From the three sites I@ab 2, 3) the
elements occurred in the order Na>Ca>Mn>Cu>Ni>Pls&k The results reveals that the distributionrate
elements in the crab€érdisoma guahumi) occurred in the order carapace>gills> musclesil&i results of higher
concentrations of trace elements in the shell thahe muscles were also reported [14,19,26], wihagher levels
of Pb was recorded in the shell of fish than int sisfues. The results in carapace revealed thate€arded the
fourth highest mean levels of trace metals in Tdhl@, and 3 respectively. Fish muscles normaliytaios low
concentration of Cu even at high levels of Cu expesmuscles do not reflect increases in the eatemvironment.
In contrast, the gills tissue of fish tends to camtcate Cu from the water. However, the resultaiokd in this study
were lower than those obtained by [20]. They regmbthe following mean range, Cu (18.7 — 40/§), Pb (1.01-
1.12u9/g), Ni (1.46-5.9Rg/g). Low levels of some of these metals are dubddact that some aquatic animals can
regulate their body burden [27]. CrafSarcinus maenus) can regulate its body level of Zn after exposuwre t
seawater containing 500 times the normal conceéoitratf Zn, with the concentration by 2 and 4 fastmespectively
[28]. Bioconcentration factors (BCFs) for all thetal where determined using the mean concentrafitimee metals
in the muscles and in the water (environment) ahesite. The highest BCFs of Mn (50.00) was obtaiaelwofe
Jetty and the order of BCFs from this site (Iwoétty) was Mn>Ni>Pb>Cu>Na>Ca>As>Cd Table 5. Mn relear
the highest bioaccumulation factor at the threessénd Cd had the lowest. It was expected thdettads of trace
metals in the study area would have been highedine area is prone to pollution by natural and &umctivities.
On the contrary, low levels of trace metals weriioked at all the sites. There are many sourcémoé metals that
would have polluted the area and these includetpaimaterials from preserved word and batteriesdtmwashed
from hinterland to the creeks and shores of thdystwea. The mean levels of trace elements obtam#ds study
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were below the maximum permissible levels (MPL)sethe US food and drug. Administration and WH&els.
This showeds that the levels of trace metals obthin shore crabQardsoma Guanhumi) will not constitute any
health hazard at the moment.

CONCLUSION

The results revealed that low levels of trace msetedre obtained in all the shore crabs and wateples. The

relative abundance of the elements in the studigdmsm shore craliCérdisoma guahumi) occurred in the order
Na>Ca>Mn>Cu>Ni>As>Pb>Cd in all the sites while threler of bioaccumulation of trace elements in iksue

was carapace > gill > muscles. However, low ledlsion-essentials metals were obtained when cordp@are
essential elements, this showed that the main safrpollution is domestic instead of industriatiéties. Shore

crabs have great potential for the biomonitoringtrace metals levels in the shore of lwofe, Marbase and
Abonnema Wharf jetties of the coast of Port Hartdlity which is under pressure of activities of aitd gas
companies operating around the area. In order {otaia the present status of trace metals levethénstudy area
the following procedures should be strictly adhdred

(i) Inhabitants of the area should minimize dumpingftiients and waste directly into the creeks armteslof Port
Harcourt City.

(i) The Oil companies operating in the area should meowaged to adopt low and non-waste technologies
(LNWT).

(iif) More studies on the levels of trace metals andrgthButants should be conducted on other aguatiardasm
found commonly within the shores of Port HarcolityyC
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