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ABSTRACT

Some heavy metal®n, Pb, Cr, As and Zn) analysis and their seasdisstibution between in the sediment samples ofolsagagoon were
studied during the dry and wet seasons in Noven#idr2 to June, 2013 using Atomic Absorption Spgttadometer (AAS). Contamination
Factor (G), Degree of Contamination {Cand Pollution Load Index (PLI) were the pollutiomdices employed to ascertain whether the
contamination is anthropogenic or natural. Six dargpstations (Iddo, ljora, Five cowries’ creek, aga port, Tincan creek, Commodore
channel) were identified due to some anthropogentivities observed in each station. Pb concepmatin all stations were within the
permissible limits of 40 mg/kg of USEPA and Depatof Petroleum Resources (DPR) of Nigeria exaeptations 4 and 6 in wet season.
Mn levels in all the analyzed sediments were alseeded USEPA and DPR values of 46 mg/kg duringwleeseasons. Cr and Zn are
within the permissible limits in all the stationgrohg the wet and dry season hence, reflecting tratural background levels in the sediment.
The concentration of As in all the analyzed sediimiemere exceeded the USEPA value of 9.8 mg/kg. Goisyn between the results
obtained from the sediment analyzed during drywatiseasons for metal concentration indicatesathdihe contaminants are significant at
P< 0.05 level during the dry and wet seasons exipepPb and Cr that are significantRg 0.01 level while As and Mn are not significantly
correlated between the two seasons. The metaleotations decrease in order of Mn > As > Pb> Zor3n the study areas during dry and
wet seasons. The mean concentration of metalsdimeat for the two seasons is significantly cotediaatP=0.05 and 0.01 which implied
that the metals increase within the seasons isdékdénent. Sediment contamination by heavy metadas the above indices showed that
the study area have very high degree of metal atnttions.

Keywords: Heavy metals, sediment, wet and dry seasons, USBPR, Contamination Factor, Degree of Contaminatailution load Index.

1. INTRODUCTION

The Lagos Lagoon is vastly impacted by numerougesabat posed a stern threat to the communitegslahgely depends on
it for the source of income especially the massead along the waters’ edge. Wastes of anthropmgerigin often
contaminate the Lagoon and creeks in Lagos [1]okitgjof the debris are largely plastics, nylon §agmpty cans of food and
drinks, glass bottles, used needles and syringeb,uaed car tyres etc. Marine sediment is frequamed as indicator for
spatial and temporal trends in monitoring of thaiair ecosystem. The contamination of sedimentnie of the main
environmental problems that are often require feeqstudy and monitoring in order to maintain gbedlth and sustenance of
aquatic biota since about 70 % of Lagos Lagoonrisarvoir for surface runoffs, industrial and dstieedischarge as well as
input from several rivers [2]. Heavy metals suchcasimium, mercury, lead, copper, arsenic, coppen and zinc are
considered the most important pollutants of aquatimsystems owing to their persistence, toxicity ahility to be integrated
into food chains [3]. Globally, metals generallyrgist and bio-accumulate in the living organismgha natural ecosystem
when they exceed their permissible level [4]. Qignbf wastes discharge to the aquatic environmeftén lead to
bioaccumulation of heavy metal in the aquatic estesy, consequently leading to decline of the playsichemical and

biological change of the aquatic environment [5 ].



50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

65
66
67
68
69

70
71

72
73
74
75
76
77

78
79
80

81
82
83

84
85
86

87
88
89
90
91

The amount of heavy metals in water are majorlgninute quantities whereas excessive concentradarbe identified in the
sediment sample thereby, affecting aquatic biotd @ausing risk to consumers of aquatic seafood TG assessment of
sediments developed recently into a foremost isguggnificance that can reveal the existing qyadif the environment as
well as provide vital information on the anthropomeactivities within the aquatic biota. Sedimeande defined as loose
sand, clay, silt and other soil particles thatleeit the bottom of body of water [7]. Corrosionbedrock and soils leads to
accumulation of sediment of current natural andhtamtogenic activities as well as their componehtT8e major contributing
factor to metal contamination in the sedimentthreugh numerous pathway such as industrial digpafséquid effluents,
surface runoff, domestic discharge and leachateging chemicals originating from numerous urbad agricultural activities
as well as atmospheric deposition [9]. Consequeittia from sediment can provide series informatanthe impact of
anthropogenic on the broader environment sincensdi is the final sink for metals accumulation. &tnte of sediment
progression present the most efficient naturalimeshof current environmental changes within theadig biota. Universally,
sediments are significant medium of assessment ntfirgpogenic inputs in the aquatic ecosystem. Toere metal
concentration and distribution in sediment can Ipeevide current information about spatial extestvweell as magnitude of
anthropogenic induced chemical change of the enmiemt thereby leading to useful indicators of comtent in aquatic

ecosystems.

The objectives of this study were to evaluate {hetial and seasonal distributions of heavy metalthé sediment of Lagos
Lagoon and compare with sediments quality guidslifiehe ecological risk deduction was also made ftieenresults using
contamination factor, degree of contamination asitliion load index tools.

These pollution indices are powerful tools to as$e=savy metals contamination in sediments, whicludes;

1.1 Contamination factor (Cf): The extent of contamination of sediment by a mistaften expressed mathematically in terms

. . Metal tent in th di t .
of a contamination factor calculated 6§ = ——— L e ST L. Equation [}

Background level of metal
Where CF < 1 refers to low contaminationz1CF > 3 means moderate contamination> £F > 6 indicates considerable
contamination, and CF > 6 indicates very high canation.

1.2 Degree of contamination (Cd) This is used to evaluate the extreme values ofitmed elements in soil sediment
samples. It is express mathematically as giverguaion 3. CiF is the contamination factor for thie element.
Ca =5 cip +vnmeer viveernenEquation [2]

Where (Cd) <6 refer to Low degree of contaminati®rCd >12 mean moderate degree of contaminati@xCd>24 refer to
high degree of contamination and Cd>24 refer ty Wgh degree of contamination

1.3 Pollution Load Index (PLI): This is used to evaluate specific sampling sitepeding to the method proposed by [11] and
it is expressed as:
PLI = [CF1xCF2x ... ... e ce. ... xCFn]1/n ....... Equation [3]

Where, n is the number of metals in the presewntystind CF is the contamination factor.

2. MATERIALS AND METHODS

2.1 Study Area Description:Lagos Lagoon is one of the largest Lagoon systeftke Gulf of Guinea. The Lagos Lagoon
receives a number of important large rivers inalgdDsun, Yewa, Ogun and Ona rivers. This Lagooptiesidirectly into the
Atlantic Ocean at Lagos Harbor. It lies betweergitrde 3° 10and 3° 4E and latitude 6°'Jnd 6° 36N (Fig. 1).
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93 Fig 1: Map of the study area showing the samplaugdions
94
95 Table 1: Description of sampling stations and lacdivities
Station Longitude Latitude Sampling area des@ipti Location Waste Type
Based on the visitation of itinerant tankers to jitey Iddo Sewage
1 3°23'5.602" 6°28'02.7" to discharge raw faeces.
Wastes are majorly from seafood, cement bag ljora Industrial
washing, as well as influx of sewage dischargethfro
2 3°22'37.8" 6° 27'54.7" Iddo all find their way into ljora.
Receives wastes from Ikoyi, Lagos Island andFive cowries  Domestic
Victoria Island. and
3 3°23'48.6" 6°26'17.9" industrial
Seaport activities with various effluents from tea  Apapa Port Industrial
4 3°22'42.4" 6° 26' 48.5" well as ship discharge from the passing vessel.
It houses most of the oil port and tank farms ia thTin can Creek Industrial
Lagos Lagoon as well as effluents from the Portonov and
5 3°21'37.44"  6°25'46.8" creek, Badagry Creek and the commodore channel. domestic
Characterized by different types of wastes fronp shiCommodore  Industrial
discharged as well influx of others domestic wastes Channel and
6 3°24' 26.0" 6° 25'14.1" from Victoria Island. domestic
96
97 2.2 Sample Collection:Sediment samples were collected with the aid of Vaen grab at each station within the month of
98 November, 2012 to June, 2013 and stored immediatdbjack polythene bags. The samples were stardd@ in an ice-box
99 and transported to the laboratory. The entire sasnplere separately air-dried in the laboratoryeAftrying the sediments, it
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was homogenized and sieved to remove big partesildiomogenized sediment samples were then digastéallows: 1g of
the powdered sediment samples were weighed in@0ari beaker. 25 ml of freshly prepared mixtureagfia regia (HNQ@
/HCI in ratio 1:3) were added to each sample angeid with a watch glass. It was allowed to staovd30 minutes during
which initial reaction subsided [10].

Digestion was carried out on hot plate whose teatpee was allowed to rise gradually until it reattlBemaximum temperature
of 160°C in a fume cupboard. Heating was continued fouaBohours, reducing the volume in the beaker wua — 5 ml.
The beaker and its contents were allowed to codlthae content was transferred through whatmartarfpaper into a 50 ml
volumetric flask and made up to mark with distilledter. The digested samples were then analyzeBbdpZn, Mn and Cr
using a Flame Atomic Absorption Spectrophotometedeh Varian SpectAA 400. While As was detected wiik aid of
Varian AA240 hydride generated Atomic AbsorptioreSpophotometer (AAS).

2.3 Statistical Analysis: The metals were evaluated using the One-way ArmlgtiVariance (ANOVA) and means were

compared using Duncan multiple range test. P vatu@€5 were considered significant.

3. RESULTS AND DISCUSSION

The mean concentration of each metal examinedérséidiment from each sampling station is shownalbld 2 and figs. 2-6.
Mean metal concentrations ranged within the follayvintervals during the dry season: Mn: 124.42360g/kg, As: 70.46-
11.3 mg/kg, Pb: 28.6-9.73 mg/kg, Cr: 14.19-2.43kg@nd Zn:29.8-6.4 mg/kg while their mean conceiung during the wet
season were Mn: 219.13-139.07 mg/kg, As:90.26-2ykg, Pb: 41.89-21.17 mg/kg, Cr: 19.7-4.92 mg/kd @n: 35.21-6.5
mg/kg. The metals concentrations are arrangedderasf their distributions in the sampling statiahging the dry season as
follows: Mn>As>Zn>Pb>Cr while the mean metal cortcations arrangement for wet season as follows: MysPb>Zn>Cr.
The high levels of heavy metals obtained in thersedts of the Lagos Lagoon could probably be assediwith the following
activities such as sewage, cement bags washingestamand industrial wastes that took place wititid around the Lagoon.
The highest mean metal concentration values foravith Zn were recorded at station 6 while statiomd a recorded the
highest mean metal concentrations for Pb, As anth@ne dry season. These were expected due te largber of fishing
vessel and fuel dispensing points that are heavthede sampling stations. In the wet season thbhehigmean metal
concentrations value for Mn and As were detectetthénstation 5 while the highest mean metal comatahs were recorded
for Pb, Zn and Cr in station 4 and 6. The resudtsegally signified that mean concentrations ohakivy metals in the sediment
samples analyzed during wet season were higherctiragentrations of all heavy metals during dry seas

ANOVA was used to establish whether cluster ofalsleés have the same means on data that are camdinligtributed and
with homogeneous variance using Duncan multiplgeafurthermore, it was used to evaluate the ogiship between heavy
metal concentrations and their elemental interadbietween sections of the stream. There was signifidifference #<0.05)

between the level of heavy metals during the tvessas except for Mn (Table 3).



138  Table 2. Mean Concentration of heavy metals SD (mg/kg) and their standard geochemical backgroundalue
Dry season Wet season
Station Mn As Pb Cr zn Mn As Pb Cr zn
ljora 82.194.92 61.520.28 13.54.56 2.436.08 13+1.47 176.724+37 55.46%.37 21.174.46 5.184.56 10.47+.88
Iddo 104.054.24 11.39¢.98 17.09.19 2.934.63 14.19¢.23 139.072.58 62.48+1.49 24.18497 4.926.90 18.81+.83
Five cowries
creek 109.666.93 25.781.67 9.734.22 2.484.05 3.574.73 159.358.91 25.991.60 25.92.36 6.10.91 13.78.74
Apapa port 60.3+.73 15.49.63 28.611.78 13.96.69 17.39¢.49 108.263.42 22.54.59 40.642.01 19.716.71 23.041.80
Tincan creek 114.014.77 15.491.84 22.96%.67 14.741.07 6.44.82 219.132.21 90.264.54 31.7+2.34 17.04+24 6.54.02
Commodore
channel 124.428.52 15.49%.65 25.341.58 11.84.05 29.8+1.29 179.3Bt76 29.741.46 41.89%.47 17.64.32 35.214.63
World
surface rock
value 720 13 20 97 129 720 13 20 97 129
139 SD = standard deviation
140  Table 3. The mean of heavy metal and Duncan's mutie range tests using One way-ANOVA
Dry season Wet seaon
Station Mn As Pb Cr Zn Mn As Pb Cr Zn
8219 61.52% 13.50% 243 13.06% 176.73%° 55.46%F 21.1F 518 10.47F
ljora '
11.39" 17.094 2% 2.93" 14.19 139.07%  62.48% 24.18% 4.9 18.87%
ddo 104.0%
Five cowries 109 ggt 25.78" 9.73 2.48" 357 159.3% 2% 25.99" 25.90% 6.10" 13.78%*
creek '
60.30" 15.49" 28.61" 13.96 17.3¢ 108.26 22.50" 40.64 19.7¢ 23.04"
Apapa port '
h 70.46" 22,9638 14.74% 6.40% 219.13 90.26" 31.76° 17.04 6.50"
) 114.01
Tincan creek
Commodore 154 4ot 16.34 25.34%% 11.86¢" 29.80" 179.37%3 29.74 41.89" 17.66" 35.21"
channel )
141 Values are the means of metals per station. Meaasow with the same superscript are not sigaitily different from each othet’Means in a row with different superscript are digant (P <0.05)
142
143
144
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3.1 Pearson’s correlation coefficient

Pearson's correlation coefficient matrix among $keécted heavy metals is presented in Table 4.iflsgm correlations

between the contaminants during the dry seasorbetgeen Pb and Cr (r=0.865), Pb and Zn (r=0.692prd Pb (r=0.865),
which probably indicate the related source inputrduthe dry season while for wet season, the Bagmit correlation between
the metal concentration is between Mn and Pb {31, Pb and Mn (r=0.731), Pb and Cr (r=0.809)aRt Zn(r=0.802), Cr
and Pb (r=0.809), Zn and Pb (r=0.802) may posssigyify the similar source. Lagos Lagoon is suraeoh by very old

buildings with galvanized (zinc coated) roofing steeand with the walls painted with lead-containpaints. So the high
correlation between Zn and Pb in sediment couldtbéuted to roofing sheets and paints from theé® located along the
shore of the Lagos Lagoon. The availability of Asaalocation has been attributed to the unsuitaidposal of electronic
waste, industrial effluents, fertilizers in agricuhl surface runoff and atmospheric depositior®y.[By comparing the result
obtain from metal concentrations during the dry amet season respectively, it could be shown thbth& metals are
significant at P>0.05 level during the dry and wet seasons exeeptFb and Cr that are significant at 0.01 levdiilev As is

not significantly correlated between the two season

Table 4. Pearson correlation matrix for heavy metatoncentration during the dry and wet Season

station Mn.Dry As.Dry Pb.Dry Cr.Dry Zn.Dry Mn.Wet As.Wet Pb. .Wet Cr.Wet Zn. .Wet

station

1
Mn.Dry

0.245 1
As.Dry -0.113 0.291 1
Pb.Dry 565 0.316  0.027 1
Cr.Dry . .
747 0.199 0.133 841 1
Zn.Dry 0399 0233 0321  .631° 0.388 1
Mn.Wet 0.225 .699" 673" 0.12 0.226  -0.094 1
As.Wet
-0.079 0.234 627" -0.059 0.071 -0.25 0.408 1
Pb.Wet 786" 0.215  -0.219 854" .805" 665" -0.043  -0.307 1
Cr.Wet 843" -0.024  -0.044 764" 891" 0.431 0.031 -0.143 845" 1
Zn Wet .469 0.062  -.605 0.44 0.216 .829" -0.379 -0.44 .683" 0.367 1

*. Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 leveH&iled).



172

173 Evaluations of the metal contaminations in the rmedit were estimated by comparison with the sedimeatity guideline
174 proposed by [13] and [14]. These criteria are shawihable 5. The Mean concentration of metals & phesent study shows
175 that all the sites according to the USEPA scalécatdd a heavy pollution level for Mn and As white Pb in station 4 is
176 moderately polluted during the wet season. For 1@ Zn are within the permissible limits for the tweasons in all the
177  stations, hence, not polluted.

178

179 Table 5: Comparison with USEPA Guidelines for Sedirant

180

USEPA Pollution Level (mg/kg) Present_study(mg/kg)
Metal Not Moderately Heavily Dry season Wet season
polluted | polluted polluted
Mn <46 >46 55.17 — 137.56 105.25 - 194.7
Pb <40 40-60 >60 9.62 - 27.59 15.65 - 89.65
Cr <25 25-75 >75 2.09 -12.07 3.89 - 19.65
As <9.8 >9.8 10.94 - 72.86 44.18 - 18.98
Zn <90 90-200 >200 3.88 - 29.06 6.05 34.56
181

182 3.2 Contamination Factor (G) and Degree of Contamination (G)
183 The values of the studied metals from all six samgp$tations are shown in Table 6. This presemtystthe highest Evalue

184 was obtained for As and therefore give a very hlightamination factor while low contamination fast@re being registered
185 for Cr and Zn. Based on the meap ¥&lues, the sediments sampled analyzed in duliagwo season may probably be
186 considered to be enriched by the examined metatlserfollowing order: As > Mn > Pb > Cr > Zn. Chlwes for metals
187 analyzed in the sediment shows higher (>1) valugstd the influence of anthropogenic inputs exdéepZn during the dry
188 season. The cumulative effect of each mean metetepts in the sediment sample at each of th@ssasignify that station 5
189 has the highest degree of contamination while®tai record the lowest contamination during the sggson and station 4
190 has the lowest degree of contamination during teessason.
191
192
193 Table 6: Contamination Factor (G) and Degree of contamination (Cd) values for Sedlients of Lagos Lagoon
Degree of Degree of
Contamination (g Contamination
Contamination Factor ¢Zduring dry season Contamination Factor (Fduringwet season ()
station Mn As Pb Cr Zn Mn As Pb Cr Zn
1 1.79 6.3 0.3 0.1 0.14 8.65(p 3.84 5.66 0.53 0.21 0.12 10.36(8
2 2.26 12 0.4 0.12 0.16 4.1816 3.02 6.38 0.6 0.2 0.21 10.4182
3 2.38 2.6 0.2 0.1 0.04 5.39(% 3.46 2.65 0.65 0.24 0.15 7.18(p
4 1.31 16 0.7 0.56 0.19 4.38(5 2.35 2.3 1.02 0.79 0.26 6.79(p
5 2.48 7.2 0.6 0.59 0.07 10.91 4.76 9.21 0.79 0.68 0.07 15.5%(1
6 2.7 1.7 0.6 0.47 0.33 5.8(8 3.9 3.03 1.05 0.7 0.39 9.074
Total per metal
Ce 12.92 20.51 2.93 1.94 0.93 39.23 21.33 29.23 4.64 822 1.2 59.22
194
195

196 3.3 Pollution Load Index (PLI) The values of Pollution Load Index (fig. 7) weoaifid to be generally higher (<1) in all the
197  studied stations except in Zn which is 0.93 dutimg dry season. The variation in index resultsiobthwas probably due to
198  the disparity in sensitivity of this index towardlse sediment contamination [15]. This confirmedtthagos Lagoon is
199 currently undergoing possible environmental contetibn especially with hazardous metals Pb and As.

200
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Fig 7. Pollution load index of heavy metals in egliment of Lagos Lagoon

Heavy metals contamination in sediment is of majoncern particularly in many modern countries doehieir toxicity,
persistence and bioaccumulative nature [16]. Ithesen reported that the high level of metal corregion observed in all the
stations during the wet season may be due to irdfuwaste which influences their concentration ametals mobility which
depends directly on the environment and some mgtaperties such as pH, organic matter concentrasdt and clay
concentration, salinity, dissolved oxygen concditra[17]. However, it has been reported that mghibf heavy metals
depends not only on the total concentration ingthié and sediment but also on the sediment praserthetal properties and
environmental factors. Occurrence and spatialidigion patterns of Mn, As, Cr, Zn and Pb in Lad@goon sediments were
illustrated in Figs. 2- 6. The mean concentratioh®b in the sediments are within 40 mg/kg in USEB&diment Quality
Guidelines except in station 4 and 6 that exceedntaximum permissible level. The results indicétat urbanization has
contributed to the elevation of Pb content in thdiment. Domestic and industrial effluents, muratiunoffs and atmospheric
deposition may be the major sources. The contobutif Pb from the use of leaded petrol in ship apeled boat operator is
possibly significant. [18] reported that low contrations of Pb still might pose a threat to lifeanmarine environment in
comparison with other heavy metals. As mean canaon exceeds the permissible level of 9.8 mgrkall the sampling
stations during the dry and wet season accordingSBPA and DPR sediment quality guideline and haotential damage to
the ecological communities according to the envitental protection agency of USA .The relatively l@ancentration
detected in chromium and zinc in the sediment cedléheir natural background levels in the sedim@®] reported that Zn is
a micronutrient for aquatic life in all natural watand sediments, even at low concentration Zin lsacome toxic to aquatic
organisms at higher concentration level than lineshold required contents.

Mn in sediment during the wet season was higher that of the dry season. This agrees with tharimdf [20]. Mn has been
found to occur at high concentrations in Lagos laagf21]. Previous studies also have indicated édevdevels of heavy
metals in aquatic systems receiving effluents fnatinan areas and the disposal of untreated sewagydden reported to
contribute significantly to the level of heavy mstan the aquatic environment [22]. The findingliis study shows that metals
concentration is higher in the wet season thahendry season in all the stations which are probdbé to urban surface run-
off or influx of heavy metals containing waste dalnges and other anthropogenic activities withenghmpling stations in the
Lagoon. The chromium and zinc at sampling statameswithin the permissible limit of USEPA for se@in quality guideline
of 25 mg/kg and 40 mg/kg respectively while for Mnd As exceeded their permissible level in all $hdiment sampled
analyzed expect for Pb that exceed the permissiiviel in station 4. Generally, the pollution loatéx value significant
increased as anthropogenic activities increasedetisas dispersion of metal content with increasiligtance from point of
discharged. The relative low value of pollutiondoimdex in Zn indicates no significant input fromtlaropogenic sources.
Table 6 shows the contamination factor of each efegnand the degree of contamination in each ofsdmapling stations.
According to [23], the contamination factor for #ile sampling stations fall within the high contaation factor and the values
of contamination degree indicates high degree oftasnination. The degree of contamination for théividual metal are
within the range of 4.13-10.9 during the dry seasbiie degree of contamination during the wet seas®@ within the range of
6.72-15.51 which are more than 1.5, indicating/vegh . The degree of contaminatidiata signifies anthropogenic impact

in all the sampling stations. Pollution load inde&re found to increase in sediments upstream alaggs Lagoon (Fig. 7).
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This may be attributed to domestic and industritdients such as sewage discharges, cement badsngamd influx from the

nearby rivers loaded with various wastes that absequently deposited into the Lagos Lagoon sedanen

4. CONCLUSION

The results obtained in this study indicate higkels of Mn, As and Pb at the sampling stations tvhi@s linked with the
deleterious effect of anthropogenic activities tie t.agos Lagoon. The pollution indices are alsoy weseful tools for
identification of sediment contamination. Contantim@s in the sediments were further evaluated kplyéipg contamination
factor, degree of contamination and pollution Idadex. The results of contamination factor, degoféecontamination
illustrated that the sampling station falls wittiiigh to very high contamination. Calculation of latbn load Index the study
area is regarded as polluted. Based on this sthdyframework for mandatory action should be itétibfor regular assessment
of Lagos Lagoon to ensure conservation of Lagoedagcoastal resources. There should be strict aégab to control the
dumping of chemical contaminants into the lagoothwenforcement of penalties imposed on defaultErdightenment

programs for the public on the dangers of Lagosdagpollution are very necessary.
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