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Case study
Evaluation of Heavy metals occurrences in Sedimméhfaigos Lagoon using
Environmental Indices

Abstract

Occurrence of five heavy metalin, Pb, Cr, As and Zn) and their seasonal distidmubetween 2012 to 2013 in the sediment of Lagos
Lagoon using index analysis toofSontamination Factor (g, Degree of Contamination {Cand Pollution load Index (PLIjvas studied.
Six sampling stations were established based oadtidgties within the sampling stations which mgé industrial effluents, domestic waste
and sewage discharges. Stations 4 and 5 have bigtentration of Pb above the permissible levelmduthe wet season while the Pb
concentrations in the remaining four stations weitbin the permissible limit of 40mg/kg of USEPAGBPR. Mn level in all the sediments
sampling station analyzed during the two seasoreded USEPA and DPR of 40 mg/kg. Cr and Zn aremitie permissible limit in all the
stations during the wet and dry season hencectigftetheir natural background levels in the seditnelhe concentration of As detected in
all the sediment analyzed exceeded USEPA of 9.&gnghile station 5 had the highest concentratio@286 mg/kg in the dry and 89.65
mg/kg in wet seasons respectively. Comparison lewike results obtained from the sediment analydedng dry and wet seasons for
metal concentration, indicated that all the contemts are significant at (p< 0.05) level during dimg and wet seasons except for Pb and Cr
that are significant at (P< 0.01 ) level while Axlavin are not significantly correlated between tthe seasons. The metals concentrations
are arranged in increasing order in this area dutie dry and wet seasons were: Mn > As > Pb> Zmn.The mean concentration of metals
in sediment for the two seasons is significantlrelated at ¢ level=0.05 and 0.01) which implied that the metatsease within the season
in the matrix of sediment. Assessments of heavyamebntamination in sediment require knowledge oé anthropogenic metal
concentrations to act as a reference against whigdisured values can be compared. Sediment contanify heavy metal based on the
above index showed that the study area have verglégree of metal contamination.

Keywords: Heavy metal, sediment, USEPA, DPR, Contaminatiaitdfg Degree of Contamination, Pollution load kde

Introduction

The Lagos Lagoon is vastly impacted by numeroudesashich posed a stern threat to the communitgrge depends on it
for the source of income especially for the madsgsg along the water's edge. Wastes of anthrepay origin often
contaminate the Lagoon and creek in Lagos [1]. Migjof the debris are largely plastics, nylon hagsipty cans of food and
drinks, glass bottles, used needles and syringdsuard car tyregtc Marine sediment is frequently used as sensitive
foundation of indicator for both spatial and tenaddrends in monitoring of the aquatic ecosysterithe contamination of
sediment is one of the main environmental probléms are often mandatory for frequent evaluatioorder to maintain the
aquatic biota and 70% of Lagos Lagoon is a reseffeoiindustrial, surface runoffs, and domesticci@rge as well as input
from several rivers [2]. Heavy metals such as cadmimercury, lead, copper, Arsenic, Copper, Iroth Znc are consider the
most important pollutants of aquatic ecosystemsiguo their persistence, toxicity and ability toibgegrated into food chains
[3]. Globally, metals generally persist and bioanalate in the living organisms in the natural estsyn when they exceed
their permissible level [4]. Quantity of wastessaliarge to the aquatic environment often lead ¢aduumulation of heavy
metal in the aquatic ecosystem, consequently lgamirdecline of the physical, chemical and biolagithange of the aquatic
environment [5 ].

The amount of heavy metals in water are majorlgninute quantities whereas excessive concentraiarbe 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 is§usggnificance that can revealed the existing igpalf the environment as

well as provide vital information on the anthropnigeactivities within the aquatic biota. Sedimeande defined as loose
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sand, clay, silt and other soil particles thatlsedt the bottom of body of water [7]. Corrosionbadrock and soils leads to
accumulation of sediment of current natural andhamtogenic activities as well as their componehtT8e major contributing
factor to metal contamination in the sediment threugh 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]. Consequeitifa from sediment can provide series informatianthe impact of
anthropogenic on the broader environment sincensadi is the final sink for metals accumulation. &tinte 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 extestweell as magnitude of
anthropogenic induced chemical change of the enmient thereby leading to useful indicators of comtent in aquatic
ecosystems

The objective of this study was to evaluate theuoemce of heavy metal in the sediment of Lagosobagenvironment and the
ecological deduction that can be made from theltessing contamination factor, degree of contatimaand pollution load
index tools.

Materialsand M ethods

Study Area: Lagos lagoon is one of the largest Lagoon systefitise Gulf of Guinea. The Lagos Lagoon rece&esimber
of important large rivers including: Oshun, Yewgud and Ona rivers. This Lagoon empties dirdatiy the Atlantic Ocean
at Lagos Harbor; it is with between longitude 30dtd 30 4SE and latitude 60" &and 60 36N[Fig 1].
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Fig 1: Map of the study area showing the samplogations

Table1: Description of sampling station



70
71

72
73
74
75
76
77
78
79
80
81
82
83
84
85

86
87

88
89
90
91
92
93
94

95
96
97

Station Longitude Latitude Sampling area description L ocation Waste
Type
Based on the visitation of itinerant tankers to jtey Iddo Sewage
1 3° 23'5.602" 6° 28' 02.7"| to discharge raw faeces.
Wastes are majorly from sea food, cement bag ljora Industrial
washing, as well as influx of sewage dischargethfio
2 3°22'37.8" 6° 27' 54.7" | Iddo all find their way into ljora.
Receives wastes from Ikoyi, Lagos Island gndFive cowries Domestics
Victoria Island. and
3 3°23'48.6" 6°26'17.9" industrial.
4 Seaport activities with various effluents from #ea| Apapa Port Industrial
3°22'42.4" 6° 26' 48.5" | well as ship discharge from the passing vessel.
5 It houses most of the oil port and tank farms ia thTincan Creek Industrial
Lagos Lagoon as well as effluents from the Portonpv and
3°21' 37.44" 6° 25' 46.8" | creek, Badagry Creek and the commodore channej. domestic
Characterized by different types of wastes fronp ghiCommodore | Industrial
discharged as well influx of others domestics’ wagt Channel and
6 3° 24' 26.0" 6° 25'14.1" | from Victoria Island. domestic

Sampling Collection: Sediments were collected with the aid of Van Veeabgat each station and stored immediately in
polythene bag. Sediments collected were storedGitrdan ice-box and transported to the laboraf®hg entire samples were
separately air dried in a laboratory. After dryitige sediment, it was homogenized and sieved to verbig particulates.
Homogenized sediment samples were then digestédlass: 1g of the powdered sediment samples wezighed into a 100
ml beaker. 25ml of freshly prepared mixture of agegia (HNQ /HCI) ratio 1:3 were added to each sample andreaveith a
wash glass. It was allowed to stand for 30 mindtag$ng which initial reaction subsided [10].

Digestion was carried out on hot plate whose teatpez was allowed to rise gradually until it reattlaemaximum temperature
of 160°C in a fume cupboard. Heating was continued fouaBdours, reducing the volume in the beaker twtB - 5ml. The
beaker and its contents were allowed to cool ardctintent was transferred with whatman filtratiotoia 50ml volumetric
flask and made up to mark with distilled water. Thgested samples were then analyzed for Pb, ZnahdhCr using a Flame
Atomic Absorption Spectrophotometer model Variare@BA 400. While As was detected with the aid ofrida AA240
hydride generation atomic absorption spectrophotern{@AS).

Statistical Analysis: The Metals were evaluated using the one-way arsabfsiariance (ANOVA) and means were compared

using Duncan multiple range test. P values < 0.8fewonsidered significant.

1. Contamination factor: The extent of contamination of sediment by a mistaften expressed mathematically in terms of a
. . Metal content in the sediment .
contamination factor calculated b = ————— ............ Equation []
Background level of metal

Where CF < 1 refers to low contaminatiors CF> 3 means moderate contaminatiory; @F> 6 indicates considerable
contamination, and CF > 6 indicates very high canitation.

2. Degree of contamination (Cd) :This is used to evaluate the extreme values dfitmed elements in soil sediment
samples.16it is express mathematically, it is expressed asrgin Equation 3. CiF is the contamination fadtwrthe i-th
element.

Ca=s Cip +verrremnenennenssannnns . EQUAtionp]

Where(Cd) <6 refer to Low degree of contaminatior(8l >12 mean moderate degree of contaminati@xCd>24 refer to
high degree of contamination a@d> 24 refer to very high degree of contamination



98 3. Pollution Load Index (PLI): this is used to evaluate specific sampling sitepeding to the method proposed by Tomilson
99 et al.[11] and it is expressed as:

100 PLI = [CF1xCF2x ... ... o0 ceo e .. xCFn]1/n ....... Equation [3]

101

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

103 Results

104 1 Evaluation of Heavy Metal Concentrations according to Mean and one way-ANOVA using Duncan multiple

105 rangestest.

106  The mean concentration of each metal examineddrsédiment from each sampling station is shownabld 2 and fig 2-6.
107 Mean metal concentrations ranged within the follayvintervals during the dry season: Mn: 124.42361y/kg , As: 70.46-
108 11.3mg/kg; Pb: 28.6-9.73mg/kg; Cr: 14.19-2.43mgdkgl Zn:29.8-6.4mg/kg, and their mean concentratouring the wet
109 season were: Mn: 219.13-139.07mg/kg; As:90.26-28/kgy Pb: 41.89-21.17mg/kg; Cr: 19.7-4.92mg/kg afmd 35.21-
110 6.5mg/kg. The metals are arranged in terms of theaurrence in the sampling station during the slemson as follows:
111 Mn>As>Zn>Pb>Cr. While the mean metal concentratiorangements for wet season as follows: Mn>As>PbtZn The
112 high levels of heavy metals obtained in the sedimen the Lagos Lagoon could probably be associati¢td the following
113 activities such as sewage, cement bags washingslesiand industrials waste that took place witnid around the Lagoon.
114  The highest mean metal concentration values foralh Zn were registered at Station 6, while Staficand 5, respectively,
115 recorded the highest mean metal concentrationBoAs and Cr in the dry season; these was expdaedo large number of
116  fishing vessel and fuel dispensing points concésdrat these sample stations. In the wet seasomigfiest mean metal
117 concentration value for Mn and As were detectethinstation 5 while the highest mean metal conadintr recorded for Pb,
118 Zn and Cr in Station 4 and 6. The results signifsttmean concentrations of all heavy metals insth@diments sampled
119 analyzed during dry season was higher than coraténis of all heavy metals during wet season wesbably due to dilution
120 by rainwater which influences concentration andvigemetal mobility. ANOVA was used to establish whet cluster of
121  variables have the same means on data that arnewoms distributed and with homogeneous variangeguduncan multiple
122 range. Furthermore, it was used to evaluate tlaioakhip between heavy metal concentrations agid ¢éhemental interaction
123 between sections of the stream. There was signtfiddference (p<0.05) between the level of heawtats during different
124  seasons except in the Manganese Mn (Table 3).

125
126  Table 2:Mean Concentration and Standard deviatibieavy Metals (mg/kg) from Each Sampling Statiod their standard
127 geochemical background value.

Mean and standard deviation of Metal concentratiang/kg in Dry Mean and standard deviation of Metal concentratiang/kg in Wet
season
Station Mn As Pb Cr Zn Mn As Pb Cr Zn
ljora 82.1940.92 61.526.28 13.54.56 2.436.08 13+1.47 176.73+37 55.46%.37 21.17%.46 5.184.56 10.474.88
Idoo 104.054.24 11.391.98 17.09+.19 2.934.63 14.194.23 139.072.58 62.48+1.49 24.18+97 4.926.90 18.81%.83
Five cowries
creek 109.66-0.93 25.78%.67 9.734.22 2.484.05 3.574.73 159.350.91 25.994.60 25.99.36 6.16.91 13.784.74
Apapa port 60.341.73 15.49%.63 28.611.78 13.9686.69 17.39%.49 108.2638.42 22.54.59 40.642.01 19.718.71 23.04%.80
Tincan creek 114.014.77 15.491.84 22.961.67 14.74%.07 6.44.82 219.132.21 90.26%.54 31.7+2.34 17.04+24 6.54.02
Commodore
channel 124.428.52 15.494.65 25.344.58 11.84.05 29.8+1.29 179.3B+76 29.74%.46 41.89%.47 17.64.32 35.21%.63
World
surface rock 720 13 20 a7 129 720 L3 20 97 129
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Table 3:shows the mean of heavy metal and Duncauiple range tests using One way-ANOVA

Mean Metal concentration in mg/kg in Dry season Mean Metal concentration in mg/kgin Wet
Station Mn As Pb Cr Zn Mn As Pb Cr Zn
8219 61.52” 13507 2.43 13.06%" | 176.73%3 | 55.46%* 2117 5.18" 10.47
ljora )
11.39" 17.09" 2% 2.93" 14.19 139.07% | 62.48% 24.18% 4.9% 18.81%Y
ldoo 104.083
Five cowries | 109 g6t 25.78" 9.7F 248 357 | 159.35°% | 2599 25.90% 6.10" 13.78%
creek )
60.30" 15.49" 28.61" 13.96 17.39 108.26 22.50" 40.64 19.7F 23.04"
Apapa port )
. 70468 | 22.96°%%% | 14.74% 6.40% 21913 | 90.26 3176 | 17.04 6.50"
) 114.01
Tincan creek
Commodore | 14 4ot 16.34 253487 11.86° 2080 | 179.37%% | 20.74 418§ | 17.60° 35.21"
channel )
Values are the means of metals per station. Meithshe same letter are not significantly differémm each othe:"Means in a row without a common superscript ledtéier (P <0.05), as analyzed by one-
way ANOVA.
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Fig 2: Manganese concentration in the sediment
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Fig 6: Zinc concentration in the sediment

2. Assessment According to the Correlation between the Elements

Pearson's correlation coefficient matrix among skéected heavy metals is presented in Tables 4ifisant correlations

between the contaminants during the dry seasorbetgeen Pb and Cr (r=0.865), Pb and Zn (r=0.692pard Pb (r=0.865),
which probably indicate the related source inputrduthe dry season while for wet season, the Sagmit correlation between
the metal concentration is between Mn and Pb {81, 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 possiiipify the similar source contribution. Lagos Lagads surrounded by
very old buildings roofed by means of zinc sheeith Vead paints. Hence, the high correlation betwge and Pb in sediment
could be attributable to roofing sheets and pdhat: the homes located along the shore of the Lhgg®on. The availability
of As at a location has been accredited to the itaida disposal of electronic waste, industrialllefiits, fertilizers in

agricultural surface runoff and atmospheric deparsit [12]. By comparing the result obtain from metal concemrs during

the Dry and Wet season respectively, it could eavshthat all the metals are significant at p> 0®&l during the dry and




154

wet seasons except for Pb and Cr that are signifiat 0.01 level while As is not significantlgreelated between the two

155 season.
156
157
158 Table 4: Pearson correlation matrix for heavy metal concentration in surface sediments from The Lagos Lagoon during the Dry and Wet Season
159
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 0113 0201 1
Pb.Dry 565 0316  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 0216  .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 level&iled).
160 3. Assessment according to USEPA sediment quality guideline
161 Evaluations of the chemical contaminations in theéiment were estimated by comparison with the sedirguality guideline
162 proposed by United States Environmental Protectigancy [13] and Department of Petroleum Resour¢ese criteria are
163 shown in Table 5. The Mean concentration of metathe present study shows that all the sites aiogrto the USEPA scale
164 indicated a heavy pollution level for Mn and As ighfior Pb in station 4 is moderately polluted dgrthe wet season. For Cr
165 and Zn are within the permissible limit for the tagasons in all the stations, hence, not polluted.
166
167 Table 5: Comparison with USEPA (2003) Guidelines for Sediment
168
USEPA Pollution Level (mg/kg) Present study(mg/kg)
Metal Not Moderately Heavily Dry Wet
polluted | polluted polluted
Mn <46 >46 56.17 — 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
169
170 4. Assessment According to the Contamination Factor (Cg) and Degree of Contamination (Cg) in the sediment of
171 Lagos Lagoon: The values of the metals studied from all five skmgpstations are shown in Table 6.In this prestudy, the
172 highestCF value was obtained for As, which registered a J@gh contamination factor with low contaminaticacfors
173 being registered for Cr and Zn. Based on the ngavalues, the sediments sampled analyzed in duriagwtb season may
174 probably be considered to be enriched by the metamined in the following order: As > Mn > Pb »XZn. CF values for
175 metals analyzed in the sediment shows higher (alijes due to the influence of anthropogenic ingutsept in Zn during
176 the dry season. The cumulative effect of each iddal mean metals presents in the sediment sam@ach of the stations
177 signify that station 5 has the highest degree otamination, while Station 2 record the lowest eomnation during the dry
178 season while station 5 also registered the highegtee of contamination and station 4 has the lodegree of contamination
179 during the wet season.
180
181
182 Table 6: Contamination Factor (Cg) and degree of contamination (Cd )Valuesfor Sediments of Lagos Lagoon
Degree of Degree of
Contamination (g Contamination
Contamination Factor (Cg) during Dry season Contamination Factor (Cg) duringWet 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(}2 3.84 5.66 0.53 0.21 0.1% 10.33()3
2 2.26 1.2 0.4 0.12 0.16 4.1816 3.02 6.38 0.6 0.2 0.2] 10.41{2
3 2.38 2.6 0.2 0.1 0.04 5.39(% 3.46 2.65 0.65 0.24 0.1 7.18(6
4 1.31 1.6 0.7 0.56] 0.19 4.38(5 2.35 2.3 1.02 0.79 0.24 6.79(p
5 2.48 7.2 0.6 0.59 0.01 10.8(1 4.76 9.21 0.79 0.68 0.07 15.53(1




6 2.7 1.7 0.6 0.47 0.33 5.808 3.9 3.03 1.05 0.7 0.39 9.07H

Total per metal

Ce 12.92 20.51 2.93 1.94 0.9 39.23 21.33 29.23 4164 .82 2 1.2 59.22
183
184
185 5. Assessment According to the Pollution Load Index in the sediment of Lagos Lagoon: The values of Pollution
186 Load Index (fig. 7) were found to be generally lgl1) in all the studied stations except in Zriolhis 0.93 during the dry
187 season. The variation in index results obtained pvabably due to the disparity in sensitivity oése indexes towards the
188 sediment contamination [14]. These confirmed thatgds Lagoon is currently undergoing possible emvirental
189 contamination especially with hazardous metalsritb/ss.
190
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Discussion

Heavy metals contamination in sediment is of majoncern particularly in many modern countries daeheir toxicity,
persistence and bioaccumulative nature [15]. Itheen reported that the high level of metal conegioh 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 concentrasidt and clay
concentration, salinity, dissolved oxygen concdmra[16]. However, it has been reported that migbibf heavy metals
depends not only on the total concentration inghié and sediment but also on the sediment praserinetal properties and
environmental factors. Occurrence and Spatialitigion patterns of Mn, As, Cr, Zn and Pb in Lag@goon sediments were
illustrated in Fig. 2- 6. The mean concentratiofidPb in the sediment are within 40mg/kg in USEPAdi8®nt Quality
Guidelines except in station 4 and 5 that exceedntaximum permissible level. The results indicdi&t urbanization has
contributed to the rise of Pb content in the sedimBomestic and industrial effluents, municipaheffs and atmospheric
deposition may be the major sources. The contobutif Pb from the use of leaded petrol in ship speed boat operator is
possibly significant. Sadipgt al, [17] reported that low concentrations of Pbl stiight pose a threat to life in a marine
environment in comparison with other heavy metals. mean concentration exceeds the permissiblé &\&8 mg/kg in all
the sampling stations during the dry and wet seasmording to USEPA and DPR sediment quality gingebnd have
potential damage to the ecological communities atiog to the environmental protection agency of USAe relatively low
concentration detected in chromium and Zinc ingddiment reflects their natural background levelthe sediment. Halbt
al.,[18] reported that Zn is a micronutrient for adadife in all natural water and sediments and earlow concentration ,

Zn can become toxic to aquatic organisms at higbecentration level than the threshold requiredtents.
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Mn in sediment during the wet season was highar that of the dry season and this may be due tdalhand run off. This
agrees with the findings of Lokeshwary and Chanpiaafi9]. Mn has been found to occur at high conegions in Lagos
Lagoon [20]. Previous studies also have indicatedated levels of heavy metals in aquatic systesueiving effluents from
urban areas and the disposal of untreated sewadeeka reported to contribute significantly to léheel of heavy metals in the
aquatic environment [21]. The finding in this stushows that metals concentration is higher in tbé season than in the dry
season in all the stations which are properly duaftux and other anthropogenic activities withire sampling station in the
Lagoon. The Chromium and Zinc detected within b# sampling station are within the permissible tiofi USEPA for
sediment quality guideline of 25 mg/kg and 40 mg#sgpectively while for Mn and As exceeded theimpssible level in all
the sediment sampled analyzed expect for Leadeketed the permissible level in station 4. Gengrdlle pollution load
index value significant increased as anthropogenttvity increased as well as dispersion of metaitent with increasing
distance from point of discharged. The relative lealue of pollution load index in Zn indicates nigrsficant input from
anthropogenic sources. Table 6 indicates the cdngdimn factor of each element and the degree pfasnination in each of
the sampling station. According to Hakanson classibn [22], the contamination factor for all teempling station fall within
the high contamination factor and the values oftmmmation degree indicates high degree of contatioin. The degree of
contamination for the individual metal recline withthe range of 4.13-10.9 during the dry seasonlewhdegree of
contamination during the wet season are withinrémge of 6.72-15.51 which are more than 1.5 ingtigavery high G. The
degree of contaminatiodata signifies anthropogenic impact in all the slamgpstation. Pollution load index were found to
increase in sediments upstream along Lagos Ladeign®). These is attributed to industrial emissiafomestic and industrial
effluents such as sewage discharge, cement bagsngaand influx from the nearby river loaded witarious waste are

subsequently deposited into the Lagos Lagoon sedime

CONCLUSION

The results obtained in this studying indicate deéeterious effect of anthropogenic activities be Lagos Lagoon which are
apparent in the high level of Mn, As and Pb at shepling station studied. Contaminations in thdireents were further
evaluated by applying contamination factor, degreeontamination and pollution load index. The fesof contamination

factor, degree of contamination illustrated that shmpling station falls within high to very higbntamination, Calculation of
Pollution load Index the study area is regardepakited. Based on the studied areas, the framefmrknandatory action

should be initiated for regular assessment of Ldgigoon and indexes are very useful tools for ifieation of sediment

contamination.
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