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ABSTRACT 

I nvestigation of the behavior of the 1 6  priority Polycyc lic aromatic h) drocarbons 

( PA l is) and n-alkanes in water and susp\!nded part iculate matter from the Cross R h \!r 

httWr) . South-l::.ast igt.:ria " as undertaken using gas chromatograph) - llume 

ion i;at ion detector (GC-FID) in order to characteri1c their sources. d istribution and 

a!'>sl:s� th�: i r  risl-. pot�:ntial'>. Total Polycycl ic Aromatic I I) drocarbon Cl PAl l ) 

concentrations in  water \\as in  the range 0.23 ng/L in Apri l sample (AprW4; 6 m) to 

3 .98 ngtL in December sample (DW4; 6 m; mean - 0.97±0.65 ng, L). '' ith higher 

concentrations found in the dr) season. lleav) prec ipitation (d i lution enect) coupled 

" ith the hydrophobic nature of PAHs was thought to be responsible for the lo\\ 

concentrations o f PAHs in the wet season. On the other hand. TPAH concentrations in 

suspended particulate matter (SPM) ranged bet"' een 5 . 1 6  ng/g dr) \\eight (d\\ ) in 

Fcbntar) sample ( FS P3: -l m) and 40.52 nglg dw in J une sample (J SP3; 4 m: mean = 

1 7.77,8.48 ng/g). l l ighcr concentrations of PAl l s  in PM recorded i n  the \\et season 

' 'ere linked to greater \\ash-in carr) ing h igher amount of terrigenous materials 

associated with intense rainfall events to the estuary. Lo" molecular weights PAlls 

(LPAI I )  (2-3 rings) were predominant, accounting for about 80 % of 'J  PAl l .  

l ttl ;ation o r  som�: PAl l  isomeric indices such as: �LPAII/HPAH, Ant (Ant-rPhe). 

�PAl ki\Rc. Flu/Flu 1- Pyr, and � co-.m P<\11 indicated a scenario dominated b) 

rctrogenic PA l l  with minor pyrogenic inputs. Total n-alkane concentrations i n  \\:Iter 

ranged between 0.04 ng/L in  Apri l sample (AprW3; 4 m) and 7.20 ng/L in June 

samples ( JW4W;  6 m and A W l: surface; mean= 2.99± 1 .97 ng/L). \\ hercas 

concentrations of n-alkanes in SPM with a minimum value of 4 1 .32 ng/g in April 

... amrk (AprSP3: -1 m) and a ma,imum value or 2502.9 1 ng, g i n  August sample 

( •\ �P2: 2 rn) e\.h ibitcd a mean \ aluc or 960. 1 2  t 644.08 ng/g. dominated b) long chain 

analogue�. Mean concentrations ol' n-alkanes in \\ater and SPM " ere h igher in the 
\\el season than the dr} season. this may be l inked to the eiTect or  d i lution. 

bamination of n-alkane diagnostic ind ices such as atural n-Aikanes ratio ( 1\R) . 

Terrestrial Aquatic Ratio (TAR), Carbon Preference Index (CPI), Proxy Aquatic Ratio 

(Pnq). ratio of LO\\ Molecular Wc ight/ l l igh Molecular Weight n-alkanes 

(I M� l lf\1\V) and 2:n-alkanes/C,6 re\ ealed the samples \\ere predominated b) 

' a�culnr plant '' axes ' '  ith minor-to-moderate i nputs from macrophytes and micro-

organisms. (Word count :  375). 
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CHAPTER ONE 

I NTRODUCTION 

1.1 Background of the Study 

Hydrocarbon contamination has become a matter of genuine environmental 

concern a l l  over the world because of its broad use as vital ity source in general ly 

industrial and creat ing nations. These hydrocarbons which are generated from human 

activities as well as industrial procedures i s  w idespread and are known to cause 

extreme env i ronmental problems because of their ingenuity, lethal, mutagenic. 

bioaccumulation, carcinogenic properties (Sakari et al., 2008). They have been seen 

as the most notable organic contaminants i n  organic waste (Commendatore and 

L:.tc' C/. 200-l ). These " astes, " h ich i ncorporate large quantities of sewage. dug 

ruins, storm water, and spi l led oi ls, industrial as well as city waste discharged to water 

bodies within thje coast with next to zero treatment measures, mostly regard ing 

creating nations (Wu et a/., 200 I ,  Muthukumar et a/., 20 1 3). Hydrocarbons were 

usually transported into the coastal areas as arrangements. but just a small bit 

eventual ly remains in arrangement. Its bulk is released with in water segments towards 

the bottom residue by coagulation, sedimentation, flocculation, and o ffering ascend to 

cone. regard ing si l t  h igher than that in the water section (Hatze el a/., 2003; O l iver, 

2008). Residue therefore remains the potential s ink for hydrocarbons and other 

organic conterminants (Farrington and Takada. 20 1-l) . 

1.2 Polycyclic Aromatic Hydrocarbons (PAlls) 

Among various h) drocarbons, the polycyc l ic  aromatic hydrocarbons (PAl Is) 

have gotten genuine attention since they have been perceived as hazardous 

environmental chemicals. Polycycl ic aromatic hydrocarbons are a class of combined 

1 
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ring aromatic and ubiquitous contaminants in  various environmental media which 

have been recorded by the US  Environmental Assurance Agency (US EPA) as need 

contam inants because of their carc inogenicity, mutagenic i ty and ingenuity 

(Christensen and Arora. 2007: Tsang et a/ .. 20 I I ; Oyo-lta et a/., 20 16). There are a 

thousand of PAHs i n  the earth but just a couple, for the most part 16 of them arc 

regarded as need m ixes (for example ·· aphthalene, Acenaphthylene, Acenaphthene, 

Fluorene, Phenanthrene. Anthracene, F luoranthene, Pyrene, Ben .. w [a]anthracene, 

Chrysene. Benzo[b ] fluoranthenc. Benzo[k ]fluoranthene. Benzo[a]pyrenc, 

lndeno[ 1 .2.3-cd]pyrene. Dibenzo[a,h]anthrcene and Benzo[ghi]perylene. see F IG . l  ). 

Pyrogenic PAHs from natural sources such as volcanic eruption and timberland shoot 

do not contribute significantly to the overall PAH outflow" (OgunfO\\Okan et a/., 

2003). These pollutants generally happen in coal, rav. petroleum and refined o i l  based 

commodities (Readman eta! .. 2002), can equally be shaped from inadequate burning 

of non-renewable energy sources, wood and other organic substances (El-Shahawi et 

a/ .. 20 I 0). Introduction to PA l ls have been accounted for to have adverse health 

impacts. which incorporate ··D A mutations, leukemia, cancer of the lungs, bladder, 

bone, brain, and scrotal and regenerative deformities'' ( adal el a/., 2004: Tune et a/., 

2006). 

These were usually gotten from land "' h ich i s  subsequently put away in 

worldwide oceans where riverine run-off is the significant pathway of their emptying 

into oceans (Zhang et a/., 20 1 2) .  PAHs are generally more resistant to biodegradation 

than other absorbed biomarkers and continue barometrical part iculate matter, 

contaminated water. sediments and marine organisms (Countway et a/., 2003; Guo et 

a/ . .  2007). 

2 
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Kaphthalcne Acenaphthylene Acen.�phthene 

ceo .& Anthraccll!' Phenanthrene Flouranthene 

�in __,_�_o�n� ClJ � ():JJ lU-l_) 
Cl cne Dcnzo(b]flowo.nthenc trys Benz[ a ]anthracene 

Flourene 

PyTene 

FIG. 1: The Chemical Structures of 16 Priority PAHs 
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PAHs could connect with particu late matter as wel l as sediments in  

perspective on their lo' ' \\ ate!) d issolvability and hydrophobic nature (Tolosa eta/., 

2005) Oue to the aforementioned qualities. man) examinations util iLes PAl ls to 

diffrenciated between \\ el lsprings of contaminants and their level of natural effect 

(l\1aio l i  et a/ .. 2010). Influx of PAHs in the ocean side env ironment has been on the 

increase in the earlier decades necessitating the identification of their occurrence, 

transportation and destiny (Van Meter eta/., 2000; Aichner eta/., 2007). 

General I) , anthropogenic wellsprings of PAHs can be named either 

"petrogenic or pyrogenic using individual PAH proportions" dependent on 

ccccntricit) in PJ\J I distribution and composition as a function of their emission 

source<> (Zhang er a/ . .  2004). A portion of the PAH isomeric proportions which are 

util ized to differentiate bet\\een petrogenic and p) rogenic inputs includes Ant/(Ant + 

Phen), l n fl uenza/(Fiu-t Phcn), Jnfluenza/(Jnflucnza -1 Pyr), BaA/(BaA + Phen) and 

JnP l n p  + BghiP amongst others. 

1.3 Aliphatic Hydrocarbons (n-Aikanes) 

A l iphatic hydrocarbons, for example, n-alkanes, isoprenoid hydrocarbons 

example pristine and ph) tane. st> rene and hopanes have been broadly utilized as 

biomarl-.ers for source correlation purposes, in d i fferentiating bet\\ een autochthonous 

and al lochthonous organic matter (OM). Lipid biomarkers have throughout the years 

proven to be the most solid strategy for source assessment of' OM 
. r. • rn water,ront 



I 

· .. 

.. 
.. 

PAHs could connect with particulate matter as wel l as sediments in 

perspective on their IO\\ " ater) dissoh abil ity and h) drophobic nature (Tolosa et a/., 

2005). Due to the aforementioned qual it ie!.. man) e:-..aminations util izes PAlls to 

dilTrenciated between \\ el lsprings of contaminants and their level of natural effect 

(Maioli et a/., 20 I 0). In !lux of PAl l s  in the ocean side environment has been on the 

increase in the earlier decades necessitating the identification of their occurrence, 

transportat ion and destiny (Van Meter eta/., 2000; Aichner eta/., 2007). 

Genera l ly, anthropogenic wellsprings of PAHs can be named either 

.. petrogenic or pyrogenic using individual PAH proportions" dependent on 

ccccntricit) in PA l l  d istribution and composition as a function of their emission 

sources (Zhang et a/ . . 2004). A portion of the PAH isomeric proportions " h ich are 

utilized to differentiate between petrogenic and pyrogenic inputs includes Anti(Ant + 

Phen), I n  lluenLa!(l·lu t Phcn), l n lluenza/{ lnlluenza + Pyr), BaA/( BaA + Ph en) and 

lnP/ lnp + BghiP amongst others. 

1.3 Aliphatic Hydrocarbons (n-Aika nes) 

A liphatic hydrocarbons, for example, n-alkanes, isoprenoid hydrocarbons 

example pristine and ph) tan e. styrene and hopanes have been broadly uti lized as 

biomarl-.cr!. lor source correlation purposes, in ditTerentiating bel\ ,een autochthonous 

and allochthonous organic matter (OM). L ipid biomarkers have throughout the years 

proven to be the most solid strategy for source assessment of OM in waterfront 

environments as a result of their resistance towards diagenesis and preservat ion 

during sediment deposition ( llernes and Supports, 200 I). The Carbon Preference 

Index (CPI ), "hich is the proportion of the concentrat ions of odd to e\ en carbon n

all-.anes. has been ut i l ized to indicate the wel lsprings of n-alkanes (\11aioli e1 a/., 

20 I 0). CPI  proport ions near unity indicates increasing!) prom inent input from oil, 

values under I indicates input from reused organic matter, and/or m icroorganisms 
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while those more prominent than I are reminiscent of inputs from vascular plants 

(Kcnnicutt e t a/., 1 987). Ficken e t a/. (2000) proposed a n-alkane intermediary (Paq) 

in request to evaluate organic matter input from d i fferent sources, the proportion 

explains that Paq esteems ranging between 0.0 I and 0.23 are a d i rect result of earthly 

rlant waxes. \\ hile \ alues ranging from 0.48 to 0.94 '' ere a result of 

submcrgedlnoating types of macrophytes. This was to distinguish between 

submergedlnoating macrophytes and emergent earthbound plants. The intermediary 

tries to explain the way that submerged/floating sources have abundant mid-chain n

alkanes comparative with earthbound higher plants vegetation enriched in long-chain 

n-alkanes. C27, C29 and C31 n-alkancs in tests represents contribution from land 

plants waxes. whi le C 1 5. C 1 7  and C 19 n-alkanes indicates input from green growth 

(Choudhat") et o/ . .  20 I 0). Short chain n-alkancs (C 15, C 1 7. C 1 9) got from green 

gro\\ th are more sensitive to biodegradation than the long chain (Meyers, 2003). 

The origin of n-alkanes in  organic matter can l ikewise be identified using 

diagnostic concentration proportions together with sub-atomic markers and 

mult i\ ariate strategies ( Kavouras et a/., 200 I ) .  A portion of the indices which have 

been ut i l ized throughout the years to identity and measure the wellsprings of n

alkanes in the environment are; the sign ificant hydrocarbons (MHs); low/high atomic 

weight hydrocarbons (LIH); Ln-alkanes/n-C 1 6: unresolved carbon mixture(UCM); 

, onnal Carbon Chain (leg tendon): n-C 1 7pristane: and % plant wax contribution 

(Wa:-.. Cn) amongst others (Zhu et a/., 2005). In rundown, n-alkanes from vascular 

plants origin display a predominance of odd/even carbon markers, higher CPI \\Orth 

and MH genera l ly around C27, C29, C31. in contrast with those from oi l  sources 

(Simmoneit et a/ . . 1 99 1  ) . 
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1.4 Hyd rology and Hydrogeology 

The Cross River estuary which has an expected region of 54,000 square 

ki lometers is shaped by the Calabar, Cross Waterway, Extraordinar) Kwa and 

different tributaries " h ich structure Oood plains and wetlands that void into it. The 

hydrogeology of the waterway basin includes the Pre-Cambrian Oban Massif. 

Cretaceous sediments of the Calabar nank and the recent iger Delta sedimcntal") 

basin (Eze and E rtiong., 20 I 0). Drainage is poor, hence liable to Oooding, landslides 

and chasm erosion. 

Wolanski e1 a/. (2004) defined an estuary as a zone of transition \ \  ithin 

sal in it) . sediment attributes, turbidity. and substance composition including nutrients, 

separated gases and fol low metals and in decent variety and profitabilit) of plants and 

animal species. Estuarine waters arc found to be commonly more organically 

beneficial than the oceanic \\aters. This explains why they arc vital locations for 

human development " ith O\ cr 69% of the biggest urban areas on the planet situated 

around them (Wolanski e/ a/., 2004). An estuar} is never static however continuously 

e\ olving. hence movement i s  constrained by tides, waves and stream in flows. The 

resultant physical and organic highl ights of an estuary and its env ironment \ \el l  being 

are determ ined when sizes of the different techniques contro l l ing the movements of 

water and sediments and the natural systems in the water and at the base. 

The water level and salinity rise and fal l  with the tides and the seasons. During 

the "ct seasons. waterways ma) nood the estuar) with new v. ater and during the dry 

!>cason. the outpouring from streams perhaps moderate. this makes the estuaries to 

shrink and become progressi\ el) sal inc. Estuaries are excellent locales for community 

l i ving the} offer freshwater to drinking and d ifferent uses and l ike\\ ise help the 

development of exchange and communication. The wetland and nood plains around 

the estuaries gh e rich wellspring of wi ld game and takes into account the 

dc'<elopment of irrigation and farming. 
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1.5 H u man Activities 

Estuaries are a portion of the coastal areas "hich are most I) in danger because 

of human activities. Development around the estuaries and the increasing population 

grm\ th has affected these spec ial areas in so many manners. Two signi ficant problems 

" h ich affect estuaries arc sedimentation and pollution from run-off. Sedimentation 

happens \\hen rains. stream� and rivers wash sed iments off the land into estuaries. 

I h i s  smothers the seabed ki l l ing mud-dwellers that cannot obtain up. fhi� ll:atb to 

loss of aquatic l i fe (Kenn i sh. 2002). 

Pol lution from industrial and agricultural run-off represents another d ifficult 

problem in estuarine em ironments (Kennish, 2002). Heavy metals and PAl ls from 

industrial and urban waste tend to stress the ecosystem. utrients are essential in 

supporting the productivity of the estuaries, but when i n  abundance it can lead to algal 

bloom or exorbitant growth of plants such as mangrove. Other human impacts 

affecting the estuarine em ironment include o i l  spi l l s  from ships. exorbitant han esting 

of lish. rec la iming land b) drainage. bui lding spans. sand extraction for construction. 

rubbish dumping, aquaculture, etc. These impacts on estuaries contribute to the 

reduction of habitats for plants and animals just as spo i l ing the recreational activities 

and the beaut) of the estuaries. 

Calabar Munic ipality and Calabar South which are located around the Cros� 

river estuary with a population of more than 400,000, have no squander treatment 

workplaces. Squander from humans and those around "bungalow industries are 

dumped i n  surface regions or into open drains, the torrential rains wash most bit of 

these losses into the cstllar� (Akpan et a/ . . 2006). studies ha\e sho" n that urban 

pollution and o i l  e:-.ploration practices in the zone both threaten the em ironment of 

the estuar�. along these I ines reducing the numbers and assorted variety of the species 

that offer nourishment to shrimps and fish" (Ekwu and S ikoki, 2005). 
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1.6 Study Area 

The Cross River estuary (FIG. 2) which lies between latitude 4°45 'N and 

4°55 '  and longitudes 8° 1 5'E and 8°25'E, i s  one of the estuaries in  the south-eastern 

bit of Niger-Delta, N igeria. I t  covers a region of 53,000 km2, of which 4,000km2 of 

the all out territory lies in Cameroon and 49,000km2 in N igeria. The estuary is made 

out of numerous tributaries which rise up out of the western slants of the Cameroon 

mountains and streams south-\\estbound into the Atlantic ocean with a release of 

bet\vecn 880-2533m3 sec- I (Lowenberg and Kunzel, 1 992). The structure is presented 

to transitory nooding which depends on the tides and the seasons (wet/dry). The 

region has a rainy season between April and October, which accounts for 80 % of the 

annual rainfalls. with tops between June and September. Normal temperature ranges 

from 24 °C in August to 30 °C in February and relative dampness is h igh at 80- 1 00 %  

(Eze et a/., 20 I 0). Changes in  the season and tides arc the central point that inHuence 

the hydrology of the Cross stream estuary (Oyo- lta et a/., 20 I 0). The watenvay basin 

" h ich is ''ealthy in mud materials is situated within the tropical ra inforest region. The 

territor) rich in m ineral in addition to dense \ cgetation as well as torrential rainfa l l  

qualities of the zone expect a tremendous activity in  the biogeochemical control of  

organic as  well as  inorganic nutrients within estuary (Asuquo et a/., 1 998). 

1.7 Signi ficance and Justification of Study 

Estuaries arc known as the transition territories between land and oceans and 

they assume an important job in the transportation as wel l  as future of hydrocarbons 

(Liu e1 a/., 20 1 4). These were influenced by both river area as well as oceanic 

d:>namics and are found to be sensitive to hydrological forms. Rivers have been found 

to sho\\ seasonal fluctuation ,.., ith hydrological forms. which brings about seasonal 

\ ariations in OM (Gao and Chen. 2008). 
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FIG. 2: Map of the Cross River Estuary Showing the Study Area 
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Ell\ ironmental factors in the estuar} l ike suspended particulate matter ( PM) . 

temperature and salinity in fluence the distribution and destiny of hydrocarbons within 

oceanic environment (Tremblay e t a/., 2005). ! Iuman e:..ercises l ike burning of \\ OOd 

and coal. vehicular and transport emissions and dumping of industrial and household 

squander l i kewise show seasonal pattern (Liu et a/., 2009) which can in fluence the 

composition and environmental conduct of hydrocarbons in the estuary. 

l l igh density in population as wel l as quick urbaniLation in addition 

indu�trialization in the Cros� R i \er cstuar) has come about to the abundant 

h� drocarbons discharged into the estuar) . Parrot Island. '' here sampl ing was 

completed, is situated in the central estuary and was so chosen because of the wa} that 

the h) drographic conditions no" represent a midpoint between the ocean water and 

the crisp " ater ( Lo\\ en berg and KunLel, 1 992 ) . I n  spite of the fact that there arc 

reports or concentrates on the sources, occurrence and d istribution of hydrocarbons, 

ketones and acetic acid derivations in sediments (Oyo- lta el a/., 20 I 0; 0) o-lta et a/., 

20 1 3) just as substantial metals in water of  the Cross River estuary (Asuquo et a/., 

1 998). e'am ines on the seasonal changes or h) drocarbons in  the estuary in response 

to hydrolog) and human acti\ itics arc scarce and the assessment of the potential 

dangers presented b) these h) drocarbons has not been accounted for. This work 

therefore, seeks to bridge the gap. In th is work along these l ines, a one-year field work 

regard ing variations in hydrocarbons within Cross River estuary were completed from 

2 0 1 6-20 1 7  i n  both '' et as well as dr) seasons. 

1.8 Aim/Objectives 

The aim of this stud) "as to assess the response of h) drocarbons (PAHs and 

n-alkancs) in the Cross River estuary to changes in hydrology and human activities. 

The main object i\es of the stud) include the fol lowing: 
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1 .  To determine the concentrations and compositions o f  hydrocarbons in water 

and suspended particulate matter from the Cross river estuary. 

1 1 .  To identifY the various sources of hydrocarbons in the estuary 

1 1 1 . To assess the combined impacts of  hydrology and human activities on the 

concentrations and compositions of  these hydrocarbons i n  the cstuar) . 

1v. To assess the potential risks posed by the hydrocarbons in the estuary. 

v. To utilize statistical models to understand the relationships that exists amongst 

variables in the estuar)' . 
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CHAPTER TWO 

LITERATURE REVlEW 

Studies regard ing effects of  hydrology and human activities in the d istribution 

of hydrocarbons in water as wel l  as surface sediments have been undertaken 

world\\ ide. 

2. 1 Distribution, Delivery and Wellsprings of Polycyclic Aromatic 

llyd rocarbons 

De Luca et at. (2005) examined the nature, distribution as wel l  as origin of 

polyC) c l ic aromatic hydrocarbons (PAHs) \\ ithin sediments at Olbia harbor ( orthern 

Sardinia, llal) ). The results obtained shO\\Cd PAH concentrations within sediments 

ranged from 0.16 to 0.77J.Igg- l ,  showing a reduced level of pollution, a prevalence of 

low molecular weight PAHs, including naphthalene, was found . Carcinogenic PAHs 

were present but in truly negl igible amount. The main wel lspring of PAl ls was 

petrogenic because of o i l  spi l l  from shipping. 

Oyo-lta et a/. (20 I I ) investigated '·the sources and distribution of polycyclic 

aromatic hydrocarbons in post flooded soil near Afam power station, South-East 

N iger Delta, Nigeria, they reported a blended source scenario with predominance of 

petro leum hydrocarbons input within top soil wh i le  at the lower so i l  horizons, PAHs 

of combustion origin \\ere predominant"·. 

Yunker and Mcdonald, (2003) investigated petroleum biomarker sources in 

suspended particulate matter and sediments from the Fraser River basin and Strait of 

Georgia, Canada. They found out that the absence of structurally rearranged hopanes 

rules out contamination from Cal ifornia o i ls, while the presence of the enhanced 
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Oleanane in samples from the lower Fraser River suggest a source in coal dust lost 

during railroad transportation to the Coast. 

A bo. source characterization and historical trend of sed imentar) PAl ls from 

lh:fomc Lake. South-South igcria was investigated b) Oyo-lta el ol. (20 1 7) in 

request to evaluate the sources and historical trends of deposition in the course of the 

last century. The total PAl l  concentrations ranged from 66.99ng/g dry weight to 

1 82.24ng/g dry weight at the near bottom layer of R.S Center with a mean of I 02.2 1 

24.32 ng/g. 

Distribution and ecological hazard assessment of polycyclic aromatic 

hydrocarbons in water, suspended particulate matter and sediment from Daliao River 

estuary and the adjacent area, Ch ina was done by Zheng el a/. (20 1 6). The result 

shows that the PAl l  pollution "'as identi fied as blended combustion and petroleum 

�ourccs. In " ie" of species scnsitivit) distribution (SSD). it was revealed that the 

hazard in suspended particulate matter was higher than in water. 

Charriau et a l .  (20 1 3 ) examined the contaminations levels and apportioned 

wellsprings of ··polycycl ic aromatic hydrocarbons and n-alkanes in sediments of the 

upper Scheidt river basin. the result obtained showed that total n-alkane and PAH 

concentrations in the sample centers ranged between 2,8 to 29mgkg- l and 49 to 

96mgkg- l respectively. the prevalence ofcombustion-inferred PAHs was indicated by 

the high concentration'' of 4 :  5-and 6-rings compounds, the authors explained that this 

could be as a resu lt of a signi li�.:ant hbtorical contamination from urban and industrial 

em iss ions. 
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2.2 Seasonal Variations of PAils in Response to Hyd rology and Human 

Activit ies 

Seasonal changes of PAl ls in  response towards hydrology as well as human 

acti\ ities in the Pearl River estuary, China; was evaluated by L i u  et al. (20 1 7). The 

stud) .. was completed to investigate the abundance of 1 6  priority PAHs and their 

rc�ponsc to the seasonal dynamics of h) drological C) cles and human acti\ itics, the 

result obtai ned sho\\ ed the mean month!) conct:ntrations of L 1 6  PA lis in " atcr and 

suspended particulate matter (SPM) as 88.3 1 ng/L and 252 1 ng/g, respective!}". 'I he 

PAlls shifted widely \\ ith reference to wet to dr} season having LMW PAHs 

dominating. Higher concentrations of PAl ls in the wet season were attributed to 

higher prec ipitation and strong washout effect of surface water. The biogeochemical 

procedures of organic matter within estuaries were sensitive to alteration with regards 

to hydrological cycles as well as human activities. 

2.3 Distribution, Delivery and Wellsprings of Aliphatic Hyd rocarbons (n
Aikanes) 

Maioli et a/. (20 1 1 )  tnvestigated the distribution and wel lsprings of a l iphatic 

hydrocarbons in suspended particulate matter in water from two Brazi l ian estuarine 

systems which are affected by sugarcane farming and urbanization. The total 

hydrocarbon concentration ranged between 1 2 .40-257.50ng/g. The n-alkane 

characteristics dependent on CPI values suggested wellsprings of higher plants for 

surface sediments \\hich could be associated with the sugarcane effluent. Ho\\e\er, n-

alkanes and petroleum biomarkers in the study areas were relatively IO\\. 

Assuncao et a/. (20 1 7) surveyed the aliphatic and polycyclic aromatic 

hydrocarbons in surface sediments collected from mangro\es '' ith d i fferent levels of 

urban ization in southern Braz i l .  In the results, the n-alkane concentration ranged from 

1 .9�g/g to 55 .6�g/g (dry wt). CPI ranged from 2. 1 to 7.9 '' hieh ind icated the 
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predominance of sediment of terrestrial origin mainly higher plants. Levels of  n

alkanes in the mangroves were relatively lo"" typical of uncontaminated surface 

sed imcnts. 

Ekpo et a/. (2005) studied the even n-alkane/alkene predominance within 

sediments atb surfaces gonen at Calabar River, South-East Niger-Delta, and Nigeria. 

The results obtained showed a special gathering of organic compound which \\ere 

pre' alent in the stud) area " ith several distinctive features that includes a high 

abundance of even numbered n-alkanes, n-alk-1-enes, giving ascent to Carbon 

Preference Indices (CPI) between 0. 1 5  and 0.82. A Complex M ixture (UCM) that is 

not assessed range was n-C 1 8-n-C35, and the presence of hopanes i ndicated 

petroleum contamination. 

Oyo-ha el a/. (20 1 6) investigated the distribution and wel l springs of 

hydrocarbons in recent sediments of  the lmo River, South-East Nigeria to determine 

the sources and fate of the hydrocarbons. The results obtained showed that "the 

aliphatic fraction was characterized by a far reach ing contribution ofh ighl) weathered 

biodegraded h) drocarbon bui ldup renected in the absence of prominent n-alkane tops 

coupled with the presence of 1 7  (II), 2 1  (H)- 25 norhopane" which is an indicator of 

heavy hydrocarbon biodegradation of>.Jigerian rough oi ls. 

Gogou et a!. ( 1 999) studied the Marine Organic Geochemistry of the eastern 

Mediterranean al iphatic in Cretan Ocean surficial sediments. The result indicated that 

the total concentration of al iphatic hydrocarbon was low (562-5697 ng/g) with respect 

to other coastal sediments worldwide. The composition of aliphatic hydrocarbons was 

dominated by Unresolved Complex Mixture (UCM) indicating the presence of 

petro leum-related hydrocarbon inputs as  con firmed by the detection of explicit, -

hopanes. 

15 



•• 

Oyo-lta e1 a/. (20 I 0) evaluated the distribution and wellsprings of al iphatic 

hydrocarbons and ketones in surface sed iments from the Cross River estuary, South

East Niger-Delta, N igeria. The result obtained ind icates that the concentration of 

hydrocarbons ( inc luding pristine and phytane) range was 0.02- 1 6 .84 mg/kg and, CPI 

nuctuated from 0.8 1 to 4.0 indicating both biogenic and residual petroleum origins. A 

portion of the samples exh ibited odd-to-even carbon number predom inance ind icating 

an input from terrestrial plant waxes and/or macrophytes. 

2.-t Hydrology 

Kouadio-Gu) et a/. (20 1 8) studied the Hydrolog) and Eutrophication state of 

Sassandra River estuary in Ivory Coast (Gulf of Gu inea). The result obtained 

indicated that the dynamics of the Sassandra River greatly influenced the variations in 

the chemical and physio-chemical parameters of the Sassandra estuarine zone. The 

estuarine is found to be heav i l )  loaded during the wet season and sal inity was found 

to be very low or zero during the nood but increased sl ightly to 0. 1 to 2.93 % in the 

dr) season. The physico-chemical parameters and those of the nutrient salts arc 

characteristics of \\ ater of good qual it) . 

The llydrology of a \\ el l-mixed estuar) at the semi-arid ortheastern 

Brazilian coast was investigated by Dias el a/. (2009). The result obtained showed 

that the average velocity of nood and ebb tides varied from 0. 1 1  to 0.24ms- l (flood) 

and 0 . 1 1  to 0.28ms- l (ebb). The estuary is an importer system of marine 

b iogeochemical processes in the estuary. 

Montagana e1 a/. (20 1 8 ) studied the effect of hydrological variab i l it) on the 

biogeochemistry of estuaries across a regional c l imatic gradient. The results obtained 

revealed that hydrological changes over spatial gradients are subject to cl imate change 

over time, which impl ies that c l imate change forecasts of higher temperatures and 
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Jecn.:a�ed prec ipitation can mah.e the biogeochcm istr) of fresh e�tllarie� change to the 

patterns of salt icr estuaries. 

A classification of U .S. estuaries based on physical and hydrologic attributes 

was investigated by Eagle er a/. (2007). The result obtained showed that the abil ity of 

an estuary to d i l ute or flush pol lutants can be estimated using physical and hydrologic 

propt:rt ies I ike volume, bath) metr) , freshwater in flow and rate o f t  ictal exchange. 

2.5 Human Activities 

Yang, et a/. (2004) studied the ··effects of human act i \ ities on the Yangtze 

River suspended sediments flux into the estuar) in the last century. the result obtained 

sho\\ed that the erosion of the surface area in the Yangtze River basin increased from 

364 :-. I 03km2 in the 1 950s to 707 x I 03 km2 in 200 I due to an increase in 

population, i t  also revealed that the annual suspended sediment flux i nto the estuary 

had increased drastical ly due to rapid increase in population and land use, human 

activities have gradually increased the suspended sediment flux into the estuary, 

Mol lusk's response to anthropogenic impacts, An example from Cross River estuary 

South-Eastern igeria was investigated by Asuquo er a/. (20 1 8) ,  the mol lush.s of the 

Cros� River estuary v.ere sampled monthly during the wet season and the dry season, 

the results obtained showed that the level of alteration of the ecosystem from 

anthropogenic activities could be deduced using variations in numerical strength and 

compositions of the sample in the environment". Lmv numerical strength was 

recorded wh ich was attributed to the impacts from s i l t  sedimentation caused b) 

dredging activities in the estuary. 

Day Jr. et a/. (20 1 2) studied the human impact and management of coastal and 

estuaries ecOS) stem. In h is  result, he identified four general categories of impacts on 

estuaries to include (a) enrichment " ith excessive le\ els of organic material. (b) 
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inorganic nutrients of  heat; physical alterations which includes channel ization of 

streams, dredging. drainage, and navigation, (c) introduction of toxic materials l ike 

hem y metal�. pesticides. etc. and (d )  direct changes in communit) structure through 

harvesting, or introduction of exotic species. 

Wu et a/. (20 1 6) evaluated the impact of human activities in the subaqueous 

topographic change in L i ngding Bay of the Pearl River estuary, China, during 1 955-

20 1 3 . The results obtained showed that the subaqueous topography of Lending Bay 

was strongly affected by human activities as a result of  land reclamation. which 

decreased the area covered by water from I 0 I 0 km2 to 833 km2, and the area of total 

tlat area decreased from 2 1 5  km2 to 1 59 km2. It also showed that the water volume 

from 1 955-20 I 0 decreased b) 6 1 5  x I 06 m3.  

L iu et a/. (20 1 2) studied the impact of human activities on nutrient transports 

in the 1-1 uanghe (Y c l io\\ River) estuary. The result obtained showed that the 

concentrations of nutrients in the Huanghe are characterized by h igh concentrations of 

nitrate and dissolved s i l icate but  low phosphate and DOP levels, and also seasonal 

variations with high DiN/P043- ratios, which results in nutrient imbalance, affecting 

phytoplankton production and composi tion. 

2.6 Risl< assessment 

A ly Salem et a/. (20 14)  examined ··rhe monitoring and risk assessment of 

al iphatic and aromatic hydrocarbons in sediments of the Red Sea, Egypt. he observed 

that the concentration levels of PAHs in the study, as compared to the E ffect Range 

Low (ERL) and Effect Range Medium (ERM) values were belov·l the ERL except for 

El-Quseir station which was higher than the ERL but lower than the ERM, this 

reveals that PAl-ls in the surface sediments of the studied area have no adverse e ffects 

except at EI-Quseir which may cause mi ld  adverse effects. to assess the potential 
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health risk factor, the BaP Equivalent (BaPE) and the Toxicit) Equi\ alent Factors 

" ere app l ied ... The result obtained indicated that values ranged betv. een 0-72.27 ng/g, 

'' ith the highe t value at f-:1-Quseir. showing high toxicity. 

Source and ecological risk characteristics of  PAHs in sediments from Qinhuai 

R i \ l.!r and Xuan\\ll La!-..<.:, Nanjing, China \v ere examined b) Lhao et lll. (20 1 7). The 

ERL and ERM ' a  lues from the study '' ere compared with the sediments qual it:r 

guidelines. and results obtained revealed that the low molecular weight PAl l s  were in 

the intermediate range (2:ERL and <ERM) indicating that occasional adverse eiTect 

were l ikely to occur. TEQ values varied from 54.6 to 558 .6 ng/g '' hich suggest that 

'' inter had larger impact on the ecological health and maximum potential toxicity. 

T he ecological risk as�essment suggested that the highest ben7o[alp) rene-equh alent 

\vas observed at the site of sewage d isposal and heavy traflic. 

2.7 Statistical analysis 

2.7. 1 Principal Component Analysis (PCA) 

Principal component anal)sis "is a statistical tool that uses an orthogonal 

transformation to convert a set of observations of possibl} correlated variables 

(entities each of which takes on various numerical values) into a set of values of 

l inear!) uncorrelated ' ariables called principal components, Mohamed e t  a/, (20 1 6 )  

i l1\ estigated a new record lor aliphatic and polycyclic aromatic hydrocarbon 

accumulat ion in the surficial sediments or El Mex Bay, A lexandria. Egypt a ller 1 9  

years from the first one, principal component analysis ( PCA) was used to d i fferentiate 

between the origins of al iphatic hydrocarbons and PAHs'·. Results obtained re\ eals 

that alter the rotation, Principal Component I (PC I )  accounted tor 26.27 % of the total 

\ariance, '' hich i nd icates moderate-to-long chain n-alkanes (C 1 7-C26), PC2 
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disp layed 2 1 .04 % of the total variance and had high loading of C 1 9, whi le PC3 had a 

covariance of 1 6.53 % and a high loading ofC29. 

PCA was also performed on the PAHs matrix in  sediments, and the resu lts 

ind icated that PC 1 \vas responsible for 26.27 % of the total variance revea l ing 

dom inance of 4.5 and 6 rings PA l l s; BkF, BaP and B(ghi)P related to petroleum 

combustion and refined products. PC2 accounted for 2 1 .07 % of the total variance and 

was dominated by Phenanthrene, Anthracene, Fluoranthene, Fluorene and Chrysene 

which are related to mixed sources of PAHs l ike incomplete combustion and 

petroleum pol lution. PC3 explained 1 6.53 % of the total variance, related to PAl ls 

with 5 rings associated with both gas and diesel engine emissions. 

2 .7.2 Cluster Analysis (CA) 

C l uster analysis is concerned with the grouping of a set of  objects in such a 

\\a) that objects in the same group (called a cluster) are more s i m i lar to each other 

than to those i n  other groups (clusters). 

Occurrence and transport of polycyclic aromatic hydrocarbons in the water 

bodies of the Baltic Sea was exam i n ed by Witt (2002). Cluster analysis was employed 

as pattern recognition technique and result obtained revealed four main c lusters 

associated with four  d i fferent water bodies identified in the month of February 

(Mecklemburg 13ight (Ml3), Pomeranian Bight (PB), the eastern (EZOS) and western 

central Balt ic Sea ( WLOS ) . 1\, o hot spots ''ere found that were characterized b) high 

naphthalene concentrations and a high L M W/H M W  values. This dominance m ight be 

due to the petroleum origin of the PAl-ls in both samples. 
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2.6.3 Analysis of Variance (A NOVA) 

The major work of ANOV A is to analyze d ifferences among the means of the 

populations by evaluating the level of variation in each of these samples, relative to 

the amount of variation between the samples. 

M�.:oughi et a/. (20 1 0) studied the ·'distribution and part itioning of al iphatic 

hydrocarbons and polycyclic aromatic hydrocarbons between water. suspended 

part iculate matter, and sediments in harbours of the West coastal of the Gulf of Tunis 

(l unisia)'·. Results obtained sho\\ed that PAH concentrat ions for water and SPM 

samples " ere higher in  ''inter than in  summer and d i ffered sign ificant I} (A OVA, p 

< 0.05). PAH group profi le showed the predominance of compounds with 2-3 rings in  

SPM as wel l  as water, in  addition to  compounds having 5-6 rings within sediments 

during summer and winter . 
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CHAPTER THREE 

MATERIALS AND M ETHODS 

This chapter examines the general procedure adopted 1n carrying out this 

v.ork . 

3 . 1  Sample collection, preparation and preservation 

Sampl ing is an essential step in  any research and i t  invohcs the col l ection ora 

representative portion or the material being examined. Sampl ing was carried out 

around Edik Ekpu area on Parrot Island (FIG. 2) within a period of ! year, from June 

20 1 6  to April 20 1 7, covering the wet (April, June. August) and the dry seasons 

(October, December. and f-'ebruary). 

3 . 1 . 1  Water 

The water samples was gotten from flood tide within five alternative levels or 

depths in the water column; that is, surface, 2 m, 4 m, 6 m and 8 m represented as W 1 , 

W:.. W:.. W 1 and Ws respect ively. using a stainless steel Nansen sampler fitted with a 

thermometer. 3 l itres of water sample were col lected at each depth, poured into a 

brown bottle of glass, ice cooled as well as being taking to laboratory, stored in  deep

freezer at -4 °C pending another analysis. 

3 . 1 .2 SPM 

The water samples collected per month was fi ltered with a glass fiber filter 

(Whatmann Grade G F/C: 47mm diameter and 1 .2�m porosity), which '"ere 

previously pre-combusted at 450 °C for 6 hours. pre-weighed, kept in a desiccator and 

post-,, eighcd towards determin ing the total SPM and stored in a dcssicator until 

runher analysis. 
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3.2 Physicochemical properties determination 

Temperature read ings were taken in situ, sal in ity was measured using a 

conductivity meter ( lwouha et a/., 20 1 2). whi le the pH was measured using a pH 

meter (Model: METTLER TOLEDO MP 220). 

3.3 Extraction of sample as well as clean-up 

3.3 . 1  Water 

I OOOml ( I  L) or the fi ltered water sample was transferred into a separating 

funnel and 60 ml of  red ist i l led dichloromethane was added to it .  The mixture was 

shaken v igorously with periodic venting for 2m ins to release vapor pressure, and then 

al lowed to stand for 1 0  mins. The lower layer was col lected and the aqueous layer re

extracted twice. The extracts were air-dried and subsequently, fractionated by open 

column adsorption chromatography using s i l ica gel activated at 450 °C, and alumina 

activated at 550 °C as adsorbents, and eluted with I Om I of hexane to obtain the 

a l iphatic fraction and hexane/dich loromethane (4: I v/v) to obtain the aromatic 

fraction (S i lver et a/., 2007). The fractions were ai r-dried, and then subjected to gas 

ch romatograph) - !lame ionization detector (GC-FI D) analysis. 

3 .3 .2 SPM 

The dried fi lters with their contents were extracted 3 times by ultrasonification 

using 50 ml dichloromethane for 1 5  minutes each. The extracts were stored in beakers 

which were pre-washed and heated in an oven. The extracts were concentrated in

vacuo and subsequently fract ionated by open column adsorption chromatography 

using s i l ica gel activated at 450 °C, and a lumina activated at 550 °C as adsorbent, and 

eluted with I Om I of hexane to obtain the a l iphatic fraction and 

hexane/dich loromethane (4: I v/v) to obtain the aromatic fraction (S i lver et a/ . . 2007). 
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3.-t Instrumental  a nalysis 

A .. Hewlen Packard model 5890 II series 1 11 a 30 m, 0,25mm fused s i l ica 

capi l lary column (U ltra 2, 5% d iphenyl-dimethyl-polysi loxane) connected with a 

name ionisation detector (fo lD) was used for analysis of  ind ividual a lkanes and PAH, 

a spl itless injection mode was used. N itrogen was used as the carrier gas with a no,, 

rate or I mL min- 1 , the injector was maintained at 290 °C, a l l  injection volumes were 

I mL  in the split less mode, the column temperature was in it ially held at 60 °C for 

2min, ramped to 290 °C at a rate of 3°C min- ' and then the temperature was held at 

300 °(' for I 0 min, identification and quantification were performed by using 

respectivcl) external and internal standards. respectively a standard mixture provided 

by International Atomic Energy Agency { IAEA) containing al iphatic ( n-C I 0 to n

C34) and polycyclic aromatic hydrocarbons (PAlls) (naphthalene, 1 -

methylnaphthalene, ethylnaphthalene, acenaphthylene, acenaphthene, n uorene, 

phenanthrene, anthracene, 2-methylphenanthrene, 1 -methylphenanthrene, 3,6-

d imethylphenanthrene, nuoranthene, pyrene, 1 -methylpyrene, benz(a)anthracene, 

chrysene, benzo(b )nuoranthene, benzo(k)ftuoranthene, benzo( e) pyrene, 

benzo(a)pyrene, perylene, indeno( I ,2,3-cd)pyrene) was used as external standard for 

the id�.!ntiflcation of each alkane and PAH peak i n  the samples, the internal standards 

(9. 1 0-dihydroanthracene, n-octadecene (C 1 8, I )  and n-dotriacontane (C32) were used 

to calculate the concentration of each individual compound in the sample 

confirmation analysis was performed by gas chromatography coupled with a h igh 

resolution mass spectrometer (GC-HRMS) Varian 4000) equipped with a CP-8400 

auto sampler, u CP-8-1 1 0 auto i njector and a 30 m, 0,25mm i .d .  DB-5ms fused si l ica 

capi l lary column, hel ium was used as the carrier gas with a now rate of I mL m in - I ,  

the injector and transfer l i nes were maintained at 290°C and 250°C, respectively, 
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injection volumes \vere I m L  in the split less mode, the same temperature program 

used b) GC-P ID \\as maintained. the mass Spectrometer \\ere emplo)ed '' ithin 

electron ionization mode as wel l  as al l spectra'" was gotten with mass range o lln/z 50-

400 . 

3.5 Statistical analysis 

rhc statistical analysis '�ere undertak ing with SPSS 2 1 .0 and heel \\ indows 

I 0. Multivariate analysis which includes Principal component analysis (PCA), Cluster 

analysis (CA), and Pearson correlation analysis were employed i n  the identification of 

the different components of samples and the interpretation of complex data sets . 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4 . 1  Seasonal variations i n  PAH concentrations 

fhc fo l lowing USA EPA 1 6  priorit) l isted PAH compounds were detected and 

quantified in  water and ' "SPM: Naphthalene (Naph), acenaphthylenc (J\cthy), 

acenaphthene (Ace), fluorene (FI), phenanthrene (Phe), anthracene (Ant), 

fluoranthene (F lu), pyrene (Pyr), benzo(a)anthracene (BaA), chrysene (Chr), 

lknzo(b)fluoranthcne (BbF). benzo(k)fluoranthenc (BkF), benzo(a)pyrene (BaP), 

d ibenzo[a,h]anthracenc (DBA), indeno( l ,2,3)pyrene ( l nP), benzo(ghi)perylene 

(Bghi)"P. 

4 . 1 . 1  Water 

The total PAH (TPAI I )  concentrations in water for the month of June ranged 

from 1 .22 ng/L to 1 .50 ng/L. m inim izing at 2 m in JW2 and maxim izing at 8 m in  

J\V5 with a mean of  1 .36±0. 1 0 ng/L and 0.69 ng/L to 0.9 1 ng/L i n  the month of 

August, m in im izing at the surface in  A W l  with a maximum at 8 m i n  A W5 (mean= 

0 .80±0.09 ng/L) for the month of August. TPAH levels for the month of october 

ranged from 0.59 ng/L at 4 m in OW3 to 0.93 ng/L at 6 m in OW4 with a mean of 

0.79±0. 1 5  ng/L and 0.5 1 ng/L to 3.98 ng/L in  December, m in imizing at 2 m  in DW2 

and maximizing at 6 m in DW4 (mean = 1 .45± 1 .45  ng/L). In the case of rebruary, a 

range from 0.66 ng/L at 2 m in  FW2 to 1 .0 I ng/L at 8 m in FW5 was found with a 

mean or 0.8 1 ±0. 1 3  ng/L. " hereas a range of  0.23 - 1 .2 1  ng/L was recorded for the 

month or April with a m in imum at 6 m in AprW4 and a maximum at 8 m in AprW5 

(mean = 0.62±0.38 ng/L; FIG.  3 a, Appendix I ) . TPAH levels (0.23-3.98 ng/L) in 

water from Cross River estuary were lower than other estuaries around the world such 

as the Pearl River estuary, China ( 1 .80 - 1 62.87 ng/L; Yang et a/., 2008), Gu lf  of  
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Tunis, Tunisia (378.4 - 703 . 1  ng/L; Mzoughi et a! . . 20 1 0) and the Yellow River 

estuary, China ( 1 44.3 - 236 1  ng/L; Sun eta/., 2009). 

The mean PAHs concentrations in water in the wet and dry seasons exhibited 

a remarkable seasonal variation (FIG. 3 b), reflected in the t-test analysis (p > 0.05) 

supporting the signi ficant di fTercncc in the concentrations of PAl l s  in the t\vO season� 

(1\ppendi�) .  This di fference ma) bl! associated " ith the effect o f  d i lution occasioned 

by wet prec ipitation. Correlation analysis (F lG.S) revealed a weak positive 

relationship between wet and dry season concentrations (r= 0.094), suggesting that 

PAI-ls in water in the t�o seasons were mainly from different source(s). 

Among the individual PAI-ls, Naph exhibited the highest concentration level 

consisting of 63.42 % (F IG . 4) relative to TPAH for the entire study, '' ith low 

molecular weight congeners dominating over their h igh molecular weight 

counrcrparts, m in im izing in Chr (0.034 %). 

4 . 1 .2 Suspended Particulate Matter (SPM) 

The TPAH concentrations in SPM ranged from 20.35 ng/g dr) weight 

(dw) at the surface in JSP  I to 40.52 ng/g at 4 m in JSP3 in the month of June with a 

mean of 29.68±8.56 ng/g, whereas 5 .60 ng/g at 8 m i n  ASPS to 1 6.52 ng/g at 4 m in 

ASP3 were found for the month of August with a mean of I 0.96±5 .22 ng/g. Also. the 

min imum of 1 1 .97 ng/g at the surface in OSP I to a maximum of 2 1 .06 ng/g at 6 m in 

0 P4 in the month of October were found (mean = 1 5 .88±3.47 ng/g). Furthermore, 

TPAI-1 levels ranged from 1 1 .7 1  ng/g at 8 m in DSPS to 25 .74 ng/g at 3 m  in 0 P2 in 

the month of December (mean = 1 8.27±5.24 ng/g). " hcreas a range of 5 . 1 6  - 2 1 .67 

ng/g was recorded for the month of february, min imizing at 2 m FSP2 and 

maximizing at 6 m in FSP4 with a mean of 1 3 .33±6.08 ng/g and 9.32 ng/g at 4 m in  

AprSP3 to  32.26 ng/g at  6 m in AprSP4 in  the month of April (mean = 1 8 .4 7±8.8 1 
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ng/g; FIG. 6 a). The h ighest mean concentration in  SPM was recorded in the month of 

June (29.68 ng/g). whi le the lowest mean concentration was recorded in the month of 

February ( 1 3 .33 ng/g: FIG.  6 b). SPM in the wet season recorded a mean 

concentration of 1 8 .47±42.96 ng/g, higher than that for the dry season ( 1 4 .84±37.97 

ng/g). Also, there was a remarkable seasonal variation in PAl ls concentrations in 

PM in  the two seasons (t-tcst, p>0.05) with again low molecular \�eight species 

dominating (e.g Naph 62.69 % relative to TPAI I )  among the individual PAl ls, whi le 

h igh molecular weight congeners such as BaA and Chr were not detected (F IG .  7). 

Correlation analysis of the concentration of PAHs in SPM in the wet and dry seasons 

revealed a poor positive relationship between these two variables (r1= 0.236 1 ,  

suggesting d ifferent PAHs source inputs i n  the two seasons. This seasonal variation in  

the mean concentrations in SPM in the wet and dry seasons could  be attributed to 

surface run-off carrying terrigenous materials from domestic and commercial waste as 

well as wet prec ipitation associated with fall-out from fish roasting activities and 

vehicular exhaust emissions. In the present study, TPAHs levels (5 . 1 6-40.53 ng/g) in 

SPM were low compared to other estuaries around the world. For instance, the El 

Max Bay. Egypt ( 1 1 23  - 8654 ng/g dw; Mohamed el a/., 20 1 6) and two Brazilian 

estuarine systems: the Paraiba do Sui and Mundai-Manguaba estuaries (228 - 1 8 1 4 

ng/g dw and 22 1 - 1 243 ng/g dw, respectively; Maile e1 a/., 20 I I ) . The considerabl) 

higher PAHs concentrations in SPM relative to water may be attributed to the high 

adsorption capacit) of PAH towards solid matrix associated with their h) drophobicit) 

(Oyo-lta and Oyo-lta, 20 1 2). 

28 



. , •  

I 4.50 

4.00 

3.50 

3.00 
:. 
� 2.50 
-

:X: � 2.00 

1.50 

1.00 

0.50 

0.00 

.371.221..311.3;.so 

I 
�..., �'),. �'? �t>. �<-, 'I 'I 'I 'I 'I 

0.8�.81J 0.91 O.Sg).87 0.93 

Il l il llifi 
�..., �'),. �'? �t>. �<-, �..., �'),. �'? �t>. �<-, � � � � � 0 0 0 0 0 

3.98 

1.05 1.14 

IJJ 0.55 

�..., �'),. �'? �t>. �<-, <:) <:> <:) <:) <:) 

SAMPLING POINTS (m) 

FIG. 3a: Total concentrations ofPAHs in water 

29 

1.01 

Iilil 
��\-P ��\ .. �\.�<-, 

• 

1.21 

0.690.56 I l fio 0.23 
• 

�..., �'),. �'? �t>. �<-, 
"'-�\ "1-q "1-q "1-q "1-q 



.. 

-. 

.. 

• 

1.6 
Qjj 1.4 
'Qa ,:_ 1 .2 
c .g 1 
111 
� 0.8 
ell u 5 0.6 
u 
; 0.4 
ell 
� 0.2 ----

0 ---� 
Wet 

season 

APR J U N E  AUG 

Months 

Dry 

season 

OCT 

FIG. 3b: Monthly mean concentrations ofTPAH in water 

30 

DEC FEB 



... 

.. 

.. 

• 

Acthy 

1% 

FIG. 4: Percentage composition of individual PAH relative to TPAH in water 

31 



.. 

• 

c: 
0 "' nl 

0.30 

0.25 

0.20 

5:: 0.15 
> 
... 

0 0.10 

0.05 

0.00 
0.00 0.02 0.04 0.06 0.08 0.10 

Wet season 

FIG. 5: Correlation between concentrations in PAH (water) in the wet and dry season 

32 



• ,• 

45.00 
40.52 

40.00 36.33 
35.oo I I • 32.26 
30.00 I 27.94 

iiii 
101 25.00 � 
.:. 0.35 :I: ct 20.00 
� 

15.00 

10.00 

5.00 

0.00 

23.27 

� "' � � h � � � � -&  

11.33 

16.82 1�.30 

l 'i' 5.60 

I 

21.06 

16.23 .16.58 
13.57 

II 
9...., 9."' 9.'? 9.� 9.<-, 9...., g_"\. g_'? 9.� 9.<-, 

.P .P .P .P .P o" o" o" o" o" 

25.74 

18.819.75 
15.36 

11.71 

�..., �"' �'? �� �
<-, 

� � � � � 

SAMPLING POINTS (m) 

FIG. 6a: Total concentration of PAH in SPM 

33 

• 

21.67 

15.70 
13.26 

5.16 

I II 
15.46 13.65 

9.32 

I 

21.66 

� � � � h � � � � h «.4 «.4 «.4 «.4 «.4 & & & & &  �� �� �� �� �� 

• 



.. 

35.00 

Qjj 30.00 
"Cia 
..:. 25.00 c 
0 
·� 20.00 ... -c 
fl 15.00 c 0 
� 10.00 
Ill 41 
� 5.00 

0.00 
Wet April June Aug 

season 

Months 

Dry 
sea on 

Oct 

FIG. 6b: Monthly mean concentrations of PAHs in SPM 

34 

Dec Feb 



.. 

DRY 
1.80 --

--------------------1.60 -,----------------.�---
1.40 --------.�---.y"==->Q"r.2"r3�2n�=+.,.0._.,7.,.03r.3r----

S uo +' ------ ��ur===; 
� 1.00 �� ! 0.80 .. • 0 0.60 -------

0.40 • 
0.20 �-

--------------------0.00 _;__-----------,r-------,----,------.., 
0.00 0.50 1.00 1.50 2.00 2.50 3.00 

Wet season 

FIG. 8 :  Correlation between concentrations of PAH (SPM) in the wet and dry 
seasons 

36 



.. 

.. 

.. 

4.2 Seasonal variations i n  PAil compositions by ring size 

4.2 . 1  Water 

FIG.  9 shows the monthly ring-size variation in water PAH, with the LPAH, 

2-3 rings dominating and accounting for 8 1 .07% of TPA H, fol lowed by I IPAH (5-6 

rings) accounting for 1 6 . 1 0  %. and the medium molecular weight (MPAH 4-rings) 

which accounted for 7.24 %. The 2 and 3 rings PAHs were relat ively higher i n  the dry 

season (October, December and February) than the wet season (April, June and 

August). " h i le  the HP/\ 1 1  \\as greater at rainy season than dry season. TP/\ 1 1 

composition b) ring siLc followed the sequence 2>3>5>4>6. The distribution or the 

d i fferent P/\H rings \\ as suggestive of d i fferent PAH source inputs, dom inated by 

petrogenic sources (eg. Petroleum and gasoline/diesel spi l l  and a minor pyrolytic 

input (vehicular exhaust emission and wood burning; (Kannan et al., 2005). 

4.2 .2 S PM 

r:' lG .  1 0  shows the monthly variat ion in PAH compositions by ring size in  SPM. 

The LPAi l were predominant throughout the period of stud) accounting for 85.58 %, 

foiiO\\ed b) HPA I I  which accounted for 8.73 %, and lastly, M PAH accounting for 

8.69 %. The TPAH composition by ring size fol lowed the sequence 2>3>4>5>6. The 

LPAH \\ere the dom inant specie (83 .20 %) which was s l ightly greater than that of dry 

season with 82 % probably due to surface run-off. 

4.3 Sou rce identification o f PAHs by isomeric ratios 

The major PAl l inputs in aquatic environment originate within pyrelytic or 

pdrcgcnk (Zakaria et a/, 2002; Stuut el a/., 2004). In order to characterize PAHs 

sources. some diagnostic ratios \\ ere considered. According to De Luca el a!., (2005). 

\ alues or LPAH/HPA i l less than I are indicative of pyrogen ic sources. whi le values 
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greater than I are petrogenic. Other PI\ I I  ratios such as Flu/(Fiut P) r) and /\nt/(1\nt t 

Phcn) " ere also used to distinguish b�:twcen petrogenic and p) rogenic sources and to 

discriminate amongst p) rogenic sources (Shi  et a/., 2007). According to Yunker et 

a/., (2002), Flu/(Flu+Pyr) values less than 0.40 sign i fy inputs from petrogenic source 

and values between 0.40-0.50 imply vehicular exhaust emission (gasol ine or diesel 

combust ion) .  whereas values greater than 0.50 ind icates a pyrogenic source from the 

combustion of grass. wood or coal. Brandhi et a/., (2007), stated that Ant/(Ant+Phen) 

rat ios less than 0 . 1  indicates petrogenic sources, " hi le ratios greater than 0. 1 ind icates 

p) rogenic sources. 

Another important ratio " h ich was considered in the source identification " as 

the "ratio or the sum or major combustion speci fie compounds (�Comb Bal\, Bbl· , 

BkF, BaP. Chr. Flu. Pyr, lnP and Bghi P) to the sum of PAH'' (�16 PAl l) ,  which can 

be expressed as (�Comb/�PAH). High values of the ratio ind icate extensive 

combustion activities of PAl l s  whi le low values indicate low combustion activities 

(EI Nemr et a/., 20 1 3 ). llowever, in the present study. some level or consistency \\aS 

found using four isomeric ratios. 

4 .3 . 1  Water 

LPAH/ H PAI I ratio as shown in TABLE I revealed that the PAl l s  in water 

were main ly of petrogcnic source as a l l  the stations recorded values greater than I 

m in imiLing at 3 .02 i n  the month or June and maximizing at 1 1 . 1 1 in the month of 

Februar) ( De Luca et a! . .  2005). Anti(Ant+Phen) ratios in a l l  the stations were less 

than 0. 1 0  implying extensive petroleum inputs (Brandhi e1 al., 2007) . 
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Also, Flu/(Fiu+Pyr) mean ratios ranged bet\\ een 0.3 1 and 0.'18 revealing a 

dominance of petrogenic input with a m inor pyrogenic input. rurthennore, 

rCOM B/r 1 6PAHs values obtained minim izes at 1 . 85 (February) and maxim izes at 

6 .2 1 (June). Th is may be attributed to the enhanced fish roasting activity involving 

burn ing of wood, and also the fact that April being the begi nning of the raining 

season, the rains may have washed all the waste from d ifferent point sources into the 

estuary. Nonetheless. the value is quite insignificant compared to other estuaries. 

-1 . 3 .2 SP t1 

Results obtained lor PAl l  distribution ratios in SPM (TABLE 2) revealed that 

the mean values for rLPA H/HPAH in al l  the stations were greater than I with the 

lowest value of 3.64 recorded in the month of April whi le December had the h ighest 

value of 1 1 .93. This ind icated that the PAl-ls SPM were mainly of petrogenic orig in .  

A lso, the result or  Ant/(Ant+Phe) indicated that this samples was predominantly of 

petrogenic origin as al l  the values recorded were mostly less than 0 . 1 .  F lu/(rlu+Pyr) 

ratios for almost a l l  the sampling points were less than 0.4, implying dominant 

in llut:nce b) petrogen ic Pt\1 1�. c�cept August which had a value of 0.46 (>0.50) 

indicating inputs from \ Chicular exhaust or wood/grass burning emission inputs 

(Yunker et at., 2002). The rCOMB/rPAH mean ratios in SPM ranged between 2.3 1 in 

December and 4.24 in June.  The values, although higher than those of water were 

considerably smaller than combustion input in SPM from other regions of the world. 

From Tables I and 2, it was observed that the SPM held on better to I IPAI I than 

\\ater, th is could be attributed to the hydrophobic nature of PAH and also the strong 

affinity o f PA H  to so l id matrix. 
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Months 

APR 

JU1\ 

AUG 

OCT 

DEC 

FEB 

Petrogcnic 

Pvro!!enic 

• 

TABLE I 

Distribution ratios of PAl Is in water from the Cro�� R i ver estuary 

% 

. 
• 

�PAl Is ILPAH �HPAII �LPAH/HPAH Ant/�nt• Phen) Flu/Flu-P; r �COV1B ICOMB/LPAH TEQcARC BaPI' 

0.62 0.43 0. 1 9  3.9 1 0.04 0.48 0. 1 9  3.47 0.06 0. 1 8  

1 .36 1 .0 I 0. 35 3.02 0.04 0.36 0.35 6.2 1 0. 1 0  0 . 1 0  

0.80 0.6 1 0. 1 9  4.85 0.07 0.38 0. 1 9  3.42 0. 1 1  0.:!0 

0.74 0.63 0. 1 1  6.2 1 0.02 0.36 0 . 1 1 2.52 0.04 0.08 

1 .45 1 .30 0. 1 4  I 0.4 I 0.04 0.36 0. 1 4  2.52 0.03 0.03 

0 . 8 1  0.70 0. 1 0  I I .  I I  0.08 0.3 1 0. 1 0  1 .85 0.06 0.07 

> I • 0. 1 0  < 0.40 

< I  > 0 . 1 0  > 0.40 
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Months I:PAHs n PAH 
APR 1 8.47 1 4.40 

J UN 29.68 25.50 

AUG 1 0.96 8.49 

OCT 1 5 .88 1 2.85 

DEC 1 8.27 1 5 .99 

FEB 1 3 .33  9.60 

Pctrogenic - -

Pvro!!enic - -

TABLE 2 

Distribution ratios o f  PAH in SPM from the Cross River estuar) 

- -
% 

rHPAII �LPAI I/H PAH Ant/{Ant+Phen} I lu/( Fiu+P�r} rCOMB LCOMB/I:PAH 
4.07 3.64 0.05 0.35 4.07 4. 1 2  

4 . 1 9  6.4 1 0.06 0.32 4. 1 9  4.24 

2.47 5.36 0.05 0.46 2.47 2.50 

3.03 4.84 0.08 0.35 3.03 3.07 

2.28 1 1 .93 0.05 0.2 1 2.28 2.3 1 

3 .73 3.77 0.07 0.39 3.73 3.77 
- > 1  < 0. 1 0  0.40 

- < 1  > 0. 1 0  > 0.40 
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4.4 Sou rce identification by Principal component analysis (PCA) 

The results from principal component analysis (PCA), as far as PAl l source 

idcnti fication is concerned arc more robust and reliable than those of  molecular ratios. 

PCA or PAl l concentrations in \\ater and SPM were expected to ident ify those 

compound� that co-\ al) . 

4.4 . 1  Water 

The first ·'principal components (PC I ,  PC2 and PC3) (TABLE 3) \vere 

ickntified through the use of eigenvalue > I ,  " h ich accounted for 63 % of the total 

' ariance. PC I accounted for 36 % of the total variance and was heavil) weighted b) 

LPAIIs (FIG. I I  a, b), inc luding fluorene, acenaphthylene, phenanthrene as well as 

pyrene and fluoranthene, according to Tolosa et a/ (2005), petroleum derived residues 

contains relati\ e ly greater amount or LPAl l s''. Therefore. PC I can be said to originate 

main!) from petroleum sources. PC2 made up 1 4 .53 % o f  total fi ffcrence as \veil as 

h ighly weighted b) H PAl l s  including benzo (k)fluoranthcne and bcnL.o(a)anthracene 

" h ich are l inked with vehicular exhaust emissions (Larser and Barker 2003). PC3 was 

'' eighted with HPAHs which included chrysene and benzo(b)fluoranthcne and 

accounted for 1 2 .46 % of the total variance. These w ere attributed to admi�ture of 

' chicular exhaust and wood combustion sources (Simcik el a/., 1 999: Larsen and 

13aker, 2003). 

4.-1.2 SPM 

f-or PAHs in SPM, the first three principal components ··(PC I ,  PC2 and PC3)" 

made up 65 .38 % of general d ifference (TABLE 6). PC ! (FIG. 1 2  a, b) \\hich 

accounted for 35 .80 % of the total variance was heavily weighted b) LPA II including 

fluorene, pyrene, fluoranthene, anthracene, acenaphthylene, naphthalene and 
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phenanthrene which are attributed to petrogenic sources. PC2 " as hea\ i l )  " cighted 

b) I I PA I I which includes ··benzo(b) fluoranthene and benzo(ghi)per) lene··, as \\ e l l  as 

accounted for 1 7.38 % of the total variance. These compounds are markers for 

vehicular exhaust emissions (Larser and Baker, 2003). PC3 accounted for 1 2 .20 % 

" ith a moderate loading or benzo(a)pyrcnc, acenaphthene and phenanthrene which 

" ere mi .\cd source regard ing petrogenic as well as combustion source!> . 

.t.S Relationship amongst sampling stations using cluster analysis of PAils 

Analysis using hierarchical c luster has to do with tool which complements 

other diagnostic indices towards identification of h)drocarbon sources. In the stud) , 

c luster analysis \\as employed to water and SPM samples to classif) the stud) area 

into specific regions with defined characteristics. 

4.5 . 1  Water 

The result or cluster analysis or water PAHs, as represented in the dcndogram 

( f· IG .  I 3) !>hO\\ed t\\ 0 distinguishable c lusters (a) OW3. 0\\ 5, DWS. A \\ I .  I· W2, 

FW-1, AprW I ,  OW2, AW3, AW2, FW I ,  OW4, FW3, DW I ,  A W5, FWS, OW l ,  

AprWS. J W2, DW3, J W3, J W4, J WS, J W  I ,  Aprw3, AprW4, DW2, AprW2. A W4 

and (b) J W4 and DW4. The first c luster (a) showed great s imi larity between them 

indicating a common source characteristic of hydrocarbons of petrogenic origin, " hi le 

the second c luster (b) showed great diss imi larity to the first group indicating that the 

media was impacted much through inputs from combustion sources in addition to the 

p�:trolcurn sources. 
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TABLE 3 

·- E igen\aluc, total variance and factorial \\eight matrix explained b) PCA for PAl l s  in 
water 

Components 

PC 1 PC 2 PC 3 

Eigenvalue 5 .76 2.32 1 .99 

Variance % 36.03 1 4.53 1 2 .46 

Sou rces Petroleum Vehicular Vehicular 
Sources emissions ern issions '' o 

od 
combustion 

P) r .875 .0 1 2  . 1 33 

Fl  .86 1 -. 1 27 .2 1 7  

Acthy .83 1 .096 .222 

Flu .806 .22 1 . 1 40 

Phc .783 -.038 . 1 69 

Ant .689 -. 1 47 .293 

Ace .655 .285 - .080 

l n P  .54 1 -.476 .408 

BaP .294 .266 -.025 

Bkf . 1 74 .902 -.00 I 

BaA .255 .876 -. I 06 

a ph .270 -.387 .202 

Chr -.546 .22 1 .730 

Bbf -.546 .22 1 .730 

Bgh iP  -.263 . 1 05 .503 

"' DahA -.433 .096 .449 
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-. TABLE 4 

Eigcn\alues. total variance and factorial weight matrix explained b) PCA for PAlls in 
SPM 

Components 

PC I PC 2 PC 3 

Eigenvalue 5 .37 2.6 1 1 .83 

Yadance % 35.80 1 7.38 1 2 .20 

Sources Petroleum Vehicular Petroleum/ 
sources emission combustion 

sources 
F l  .958 -.092 .057 

Pyr .94 1 .04 1 -.252 

Flu .864 .204 -.32 1 

Ant .769 . 1 03 -.068 

Ace) .758 -. 1 43 .4 1 6  

a ph .738 -.42 1 .400 

Phe .726 . 1 66 -.525 

Ace .580 -. 1 98 .566 

l n P  .4 1 2  .372 -.05 1 

BaA -. 1 79 -.053 -.0 1 6  

BbF .05 1 .878 .269 

B_ghi_P . 1 28 .856 . 1 1 4  

DahA -.056 .586 .45 1 

BkF -. 1 57 .5 1 0  . 1 08 

8ap -.020 -. 1 85 .65 1 

.. 

... 
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4 .5 .2 SPM 

Result of cluster analysis for SPM is as shown on the dendogram plot (FIG. l 4) 

showed three main c lusters. The first c l uster (a) with stations DSP I ,  FSP I ,  OSP2, 

OSP3, OSP4, OSPS, OSP I ,  DSPS, FSPS, FSP4, ASP I ,  and AprSP2 had the shortest 

distance between them and possible s imi lar source characteristics most likel) of 

petroleum origin, the distance increased s l ightly to ASP4 and FSP3. The second major 

c l uster ( b) \\ ith short d istance (great simi larit) ) was observed between /\SPS, r:SP2, 

/\SP2. /\prSP3 and /\prSP I ,  also JSP4 and AprSPS indicating 5-6 rings P/\1 Is related 

to vehicular exhaust emission, and the th ird cluster (c) which had stations DSP3. 

D P4. JSP I ,  ASP3,  DSP2 and JSP2 with the shortest d istance and great s imi larit) 

indicated 2 and 5 rings PAH related to mixed sources of petroleum and ''ood 

combustion inputs. 

4.6 E ffects of hydrological cycles on PAil distributions 

Hydrological cycles could be enhanced when deal in with changes within 

c�tuarine ccos) atcm. such as SC, salinity as well as temperature (L iu  el a/., 20 1 7). I n  

the study. the estuarine parameters showed remarkable seasonal variation ( f- IG.  1 5 ) .  

The monthly mean suspended sediment concentration (SSC) in the wet season ranged 

from 0. 1 2  ng/L to 0 .33 ng/L having .2 1 ±0.07 ng/L as value mean, and 0.0 I ng/L to 

0 . 1 4  ng/L in the dry season with a mean value of 0. 1 4±0.2 1 ng/L. Sal init) ranged 

bct\\een 5 .50 % to 23 .50% with a mean of 1 3 .43±6.23 % minimizing in the month of 

June and maximizing in the month of February. Temperature varied sign i ficantly with 

values ranging from 20 °C to 36 °C with a mean value of 27.25±6. 1 1 °C. and was 

found to be higher in the \\et season than in the dry season, several studies in the past 

on the . .  seasonal variation of PAHs in coastal env ironments such as the Gao-ping 

R iver, Taiwan (Doong and L in, 2004), and the Yel lov. River, Ch ina (Sun el a/, 2009) 
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hu\ e amibuted the seasonal variation in PAHs to changes in riverine discharges and 

rainfall, and have reported a relatively lower PAH concentration in the wet season 

( Doong and L in, 2004. Zhang et a/ .. 20 1 2), in the present study, PAl l s  recorded a 

signi ficant d i fference each month with the total concentrations in  SPM being higher in 

the wet season than in the dry season, this could be attributed to the heavy rain fal l  and 

surface run-off which discharges a l l  its waste from vehicular emissions, domestic and 

industrial sites into the estuary, and also due to the hydrophobic nature of  PI\Hs 

" h ich tends to adsorb onto SPM. estuaries which arc known as transition zones arc 

mi:-.ing zones lor fresh \\atcr del ivered b) rivers and saline water from oceans, the 

distribution. part ition and mobi l it) of PAHs derived from land \\ i l l  d i ffer due to 

changes in the physico-chemical properties of the estuaries··. Pearson correlation 

analysis was carried out to determine the seasonal impacts of hydrological parameters 

on PAl ls .  The result showed that for water (FIG. l 6  a-c), temperature revealed a weak 

negative correlation with concentration (i2= -0.0069), and a strong negative 

correlation with salinity (r2= -0.6797), also concentration showed a negative 

correlation " ith sal inity (r=O.O 1 72). Furthermore, SPM (F IG . I 7  a -c) indicated that 

tl!mperaturc �ho\\ed a "cal-. posit i \ c  correlation '' ith concentration (r= 0.0 145) .  and 

a strong negative correlation with salinity (r= -0.6797). Sal in it) sho\\ed a strong 

negative correlation with concentration (r2=0.3288). These seasonal variations 1n 

hydrological parameters greatly influenced the behavior of PI\Hs in the estuary. 
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4.7 E ffects of  anthropogenic activities on PAil distribution 

Previous studies have revealed that emissions have remained the major source 

of PAHs in  cities due to the in nux of people and vehicles (L i  et a/, 2006). These could 

be the cuuse or h igh ' eh icu lur em iss ion regard ing PA I t s " ith in samples anal) 1.ed . 

Particle-bound PAl l s  from \ eh icular emissions and other petroleum sources rna) have 

been dcl h.crcd into the estuat') as a re:.ult of strong wash-out " ithin urban wet season 

cit) run off, "' hich would resu l t  in higher concentrations in the wet season in SPM, 

Coal consumption has also been found to be another important source of energ) 

suppl) in some cities around the world like Guangzhou city, China '' here "coal 

powered stations provided about 70 % of the city power with in  the city'' (Li  et a/, 

2006). l lowever, in the present study, ships/ boats act iv i t ies and off-shore oi l  spil l  

may be responsible for the levels of petrogenic PAHs in  the estuary. Wood burning b) 

communities around the estuary for roasting of fish " h ich is the predom inant 

occupation or the catchments. ma) be the major contributors of P> rol) tic PAHs in the 

estuary. A lso, the dredging of the Calabar River which is one of the tributaries of the 

estuary and ploughing of land for farming by communities around the estuary arc 

other possible sources of P/\Hs in  the estuary . 

.t.8 Assessment of health risk 

The three main routes of PAH with regards to being exposed to humans were 

inge tion. breathing it in as wel l as contact to dermal pan of the body (Edokpayi et 

a/., 20 1 6) .  The health risk assessment " as calcu lated using three parameters name I) : 

13aPI:. Tf-Q,arl· and the E ffect Range La\\ (ERL) and Effect Range Medium (�RM). 

Results lor water and S PM PA l ls are recorded in TABLES 3 and 4, respect ively. 
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4.8. 1 BnP cqui\ a1ent (BaPE) 

!'he 1 6  priority PAHs are of great .. concern because of their carc inogcnicit) 

(Qiao e/ a/, 2006), the BaP equivalent (BaPE) \\aS used in the stud} to quantitati\CI) 

assess the PAH potential health risk" and this was obtained using the folio'' ing 

equation (L i u  et a!., 2009): 

l3aPl: BaA :-- 0.06 t Bbl ·  x 0.07 t Bkl ·  x 0.07 t BaP t- DahA x 0.06 1- l cdp x 

0.08, BaA Benzo(n)anthracene. BbF == Benzo(b) tluoranthenc, B{k)f· 

Benzo(k)tluoranthene. BaP = Benzo(a)pyrene, DahA = Dibenzo[a,h]anthracene and 

lcdp= I ndeno[ I ,2,3-cd]pyrene. 

BaPE calculated for water in the study ranged from 0.00 to 0.43 with a mean 

value of 0 . 1  I ±0. 1 2  and SPM ranged from 0.00 to 4 .6 1  with a mean of 0.69± 1 . 1 5 . The 

values recorded were low compared to other estuaries around the world I ike the Red 

sea with a value of45 .27ng/g (AI) Salem e/ a/., 20 1 4) .  

4.8.2 To:-- ic equi' alent factors Cl EFs) 

rhe To:'\ic equ i '  alent factors (1 CFs) ··of the seven carcinogenic PAl ls (BaA, 

BaP. BkF, BbF, Chr, DahP and lnP), were used to quantitatively assess their 

toxicological significance to human health, Toxicty is o ften e:...pressed relative to 

benzo[a)pyrene (BaP), the reference standard. The toxic equivalents (TEOcan:) can 

then be calcu lated thus, TEQcarc -= r(C , TEF1), where C is the concentration of 

individual PAH and TEf1 is the corresponding TEF, according to the USEPA, the 

rr:Fs tor Chr. BaA. 13bf. BkF, BaP. lnP and Dahp·· are 0.00 I ,  0 . 1 ,  0 . 1 ,  0. 1 .  I ,  0. 1 and 

I respective!) (Guo e1 a! . . 20 1 1 ) . rhe TEOcar• for water and SPM \\ crc7.2 1  ng fCQ g·1 

and 25.67ng TEQ g·1 " ith mean ' al ues of 0.06 ng TEQ g·1 and 0.86 ng ·1 EQ g·1 , 

respectively. The result obtained shows higher toxicity factor in SPM which may pose 

some threat to biota. 
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4.8.3 Effect range-low and effect range-medium 

To study the biological effects of PAHs of Cross River estuary, the effects 

range-10\\ (ERL)  and c fTcct range-medium (ERM) were used, (TAB LE 5) .  PAl l 

values above the recommended E RM ind icates the occurrence o f  increased toxic 

affects within the zone, moderate conterminated effects were recorded when PAH 

concentration "ere " ithin E R L  and ERM level, and no adverse innuence \\ ere 

required regarding PA l l  concentrations smaller than ERL level (Long et a/ . . 1 995). 

The result obtained in this study indicated that the concentrations of P/\Hs in SPM 

were below the ERL and E RM values except for Naphthalene which recorded a value 

greater than ERL but smaller than E RM, showing that PAHs with in SPM do not pose 

serious threats to resident flora and fauna, except aphthalene which would require 

more pub I ic concern in terms of its remediation. 

4.9 Seasonal variation in n-alkanc concentrations 

4.9 . 1  Water 

The total concentrations (�Cs - C4o) of n-alkancs in water (F IG . I 8  a) ranged 

between 1 .60 ng/L (JW5 = 8 m)  and 7.20 ng/L(JW4 = 6 m)  in the month of June. '' ith 

a mean value of4 .78±2.02 ng/L, and 3.76 ng/L to 7.20 ng/L in the month of August, 

min imizing at 6m in A W4 and maximizing at the surface in A W I  with a mean value 

of 4 .8 1  ± 1 .3 7 ng/L. Total n-at kane concentration level for the month of October 

ranged from 1 .54 ng/L at 8 m in OW5 to 3 .80 ng/L at the surface (OW I )  in the month 

of October with a mean value of2 .56±0.99 ng/L,and 1 .72 ng/L at 4 m (DW3) to 5.99 

ng/L at 6 m ( DW4) in December with a mean value of3. 14± 1 .75 ng/L. Furthermore, 

values for february ranged between 0.74 ng/L at 4 m (FW3)  and 3 .35 ng/L at 8 m 

(FW5) with a mean value of 1 .9 1 ± 1 .05 ng/L, w hereas a range of 0.04 ng/L to 1 .90 
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ng/L was recorded in the month of April with a m inimum at 4 m in /\prW3 and a 

maximum at the surface (Apr W I )  v. ith a mean value of 0.72±0.83 ng/L (F IG.  1 8  a). 

The highest mean concentration of n-alkanes in water was recorded in the month of 

August with a value of 4 . 8 1  ng/L, which could be said to be most polluted, while the 

lowest mean concentration of 0.72 ng/L was recorded in Apri l .  

The mean concentration of total n-alkanes in  the wet and dry seasons exhibited 

a remarkable seasonal variation (FIG. l 8  b) as the concentration was higher i n  the wet 

season than the dr) season with the L I IC dominating. Also, the correlation analysis 

(F IC. 20) revealed a positive correlation bet\\ ecn the wet and the dr) seasons ( r1= 

0.0777). Chaudhary et ol. (20 I 0) stated that aquatic algae (both micro and macro

algae) and photosynthetic bacteria are found to be dominated by C 1 s, C11 and C 1 9  n

alkanes, whereas vascular plants are found to be dominated by C21, C29 and C3 1 n

alkanes. The abundance of n-alkanes in them is a renection of the source of organic 

matter. Among the individual n-alkanes, C21, C29 and C31 exhibited higher percentage 

composition consisting of  8 %, 7 %  and 6 %, respectively (Fig. l 9) relative to C 1 s, C 1 1  

and C19  \\ ith 0.23 %,  0.48 % and 0.3 1 %, respectively, w h ich is suggestive or the 

predominance of terrestrial \ a�cular plants input. 

67 



.... 

TABLE 5 
.. 

PAHs in SPM Concentration (ng/g) and ERL and ERM toxicity guidelines 
(Long et a/., 1 995;  Mai er a/., 2002; Liu et al., 2009) 

This stud ' 

PAH ERL ERM SPM ERL ERM 
a ph 1 60.00 2 1 00.00 332.52 > < 

Acey 1 6.00 500.00 4.86 < < 
Ace 44.00 MO.OO 1 0.49 < < 
Fl 1 9.00 540.00 1 7.64 < < 
Phe 2·10.00 1 500.00 ·19.01 < < 
Ant 853 .00 1 1 00.00 1 9.64 < < 
P)-r 665.00 2600.00 25.4 1 < < 
Flu 600.00 5 1 00.00 1 2.59 < < 
BaA 261 .00 1 600.00 1 .32 < < 
Chr 384.00 2800.00 0.00 < < 
BkF 280.00 1 620.00 1 2 . 74 < < 
BbF 320.00 1 800.00 3.82 < < 
BaP 430.00 1 620.00 1 7.93 < < 
BghiP 430.00 1 600.00 5.49 < < 
DahA 63.40 260.00 4.44 < < 
lnP 1 5 . 1 0  < < 
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FIG. l 9: Percentage composition of individual n-alkanes relative to total n

alkane in water 
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FIG. 22: Percentage composition of individual n-alkanes relative to total n
alkanes in SPM 
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4 . 1 0  Source analysis of n-alkanes by calculated distribution indices 

n-Alkanes derive their sources within biogenic as wel l  as anthropogenic 

source (Aboul-Kasim & S imomeit, 1 995), in addition to being useful tools in 

assessing not only the sources, but also transport as well as safe storage of organ ic 

matter in the aquatic env ironments (S ikes et a/, 2009). Short-chain n-alkanes comes 

up within algae or plankton, whereas long chain n-alkanes originate from vascular 

plants (Me) crs. 1 997). The source analysb of n-alkanes for water and SPM samples 

\Vcre calcu lated using various distribution indices as indicated belov.'. 

4 . 1 0. 1  Water 

TABLE 6 shows the mean diagnostic ind ices used in identifying the "sources 

of n-alkanes in water, generally, the concentration of the long chain n-alkanes 

(LHC>C23) were found to be higher than the short-chain n-alkanes (SHC <C23)''. 

The LHC ranged between 0.0 I ng/L at AprW3 to 6.02 ng/L at JW4 with a mean value 

of 2.56± 1 .65 ng/L. whi le the SHC values varied between 0.03 ng/L at AprW3 and 

1 . 1 7ng/L at DW4. \\ ith a mean value of 0.35±0.30 ng/L. The LHC/SHC ratios was 

assesses towards determinining major grater p lants/macrophyte as well as 

phytoplankton derived organic matter, and result  obtained revealed values ranging 

from 3 .57 in Apri l to 1 2 .69 in August ind icating dominant inputs from higher plant 

'' axes/macrophytes (Commendatore et. at., 20 1 2 ;  Oyo-lta et a/., 20 I 0). 

The anthropogenic sources of n-alkanes in the study area were reflected in the 

d istribution of Carbon Preference Index (CPI) and unresolved complex mixture 

(UCM). CPI  values which are around unity are ind icative of inputs from petroleum, 

'' h i le values less than I are indicative of inputs from m icroorganisms and greater than 

I impl) contribution from higher plants (Oyo-lta et a/., 20 1 7) .  n-Alkanes which 

originates from land plant material indicated a constant odd-numbered carbon chain 
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while even numbered carbon chain predominance is ind icative of inputs from micro

organisms (Commedatore et a/., 20 1 2 ;  Kamzari et a/., 20 1 4). Although contributions 

fl·om petroleum sources \\ere evident. the CP1  values ind icated a predominance of 

higher plants inputs. 

In support of this source assignment, UCM values usually reflecting the 

contamination by petroleum hydrocarbon or extent of hydrocarbon biodegradation, 

\\ere '' idespread in the water samples except at AprW3 (4 m) (F IG.  24 d) which was 

relatively pristine with little or no influence by anthropogenic pressure. UCM. also 

known as ·hump', is a feature frequently observed in gas chromatographic (GC) data 

of crude oi ls and extracts from organisms exposed to oils and is composed of 

unresolved cyc l ic and branched hydrocarbons. The observed bimodal UCM 

distributions found in  J W2. DW4 and A W I  (F IG.  24 a-c, respectively) may indicate 

an additional source input from coal/wood uti l ization (Zhang et a/ . . 2004; Oyo-lta et 

a/., 20 1 7) .  

Other distribution ind ices which were calcu lated to  identify the hydrocarbon 

sources in the samples included: Terrestrial/Aquatic Ratio (TAR), Terrestrial Marine 

Discriminant (TMD), Proxy Aquatic Ratio (Paq) and n-alkane/C 1 6. 

TAR ''as used to investigate the terrigenous/aquatic mixture of hydrocarbons 

in a sample. In the study. TAR values were calcu lated using the expression: 

T 1\R = [(C27+C29+C3 1 )/(C 1 5+C 1 7+C 1 9) 

Values of  these ratio greater than I are suggest ive of dominant inputs from 

terrestrial OM, whi le values less than I imply major contribution from aquatic OM 

(Simoneit e t a/., 2002). l n  the study, TAR values ranged between 1 5 .66 in December 

to 34.64 in August, which is indicative of the predominance of terrestrial over aquatic 

OM inputs. 
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TMD is a powerful tool in d ifferent iating between terrestrial and marine OM. 

and it was computed thus: 

TM D = [(n-C25+ n-C27+n-C29+n-C3 1 +n-C33)/(n-C I S+n-C 1 7+n-C 1 9+n-

C2 1 1 n-C23) 

Value ofTMD=I ind icates terrestrial plants inputs; < 0.5 shows marine plants 

input, and values betv.een 0.5 and I for both terrestrial and marine inputs. The TMD 

values in water samples varied between 1 .96 at AprW3 and 2 1 .35  at FW I with a 

mean value of 8.05±3 .55 which supports the dominance of terrestrial OM. 

The n-alkane proxy (Paq) as proposed by Ficken et a/. (2000) was calcu lated 

as follows: 

[(C23+C25)/(C23+C25+C29+C3 1 )] 

According to these authors. ''Paq values ranging between 0,0 1 and 0,23 are 

due to terrestrial plant waxes, '' h i le values ranging between 0,48 and 0.94 are due to 

submerged/floating species of macrophytes". The results revealed intermediate Paq 

mean values (0.27-0.48) implying an almost equal proportions of terrestrial and 

macrophytes contributions to the water samples. 

The n-alkanes/C 1 6  rat io was also calculated to determi ne the relative 

propor1ion of biogenic and anthropogen ic sources of n-alkanes in the water sample. 

Syakti el a/. (20 1 3) stated that values of n-alkanes/C 1 6  greater than 50 suggest 

biogenic origin, whereas values less than 1 5  ind icate petrogenic origin. The result 

obtained in the present study showed mean values ranging from 90.40 to 637. 1 8  

which imply that the water samples were dominated by biogenic over anthropogenic 

inputs. 
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TABLE 6 

- • • 

Concentrations of n-alkanes (ng/L) and calculated distribution indices in  water col lected from the Cross River estuary 

Components 1: C8-C40 SHC LHC LHC/SHC CPI TAR Paq 1:n-alkanes/C 1 6  

JUNE 4.78 0.59 4.04 7.42 1 .05 2 1 .60 0.48 503.08 

AUG 4.8 1 0.45 4.23 1 2 .69 I .  I 5 34.64 0.39 637. 1 8  

OCT 2.56 0.27 2.23 8.54 1 .09 1 6.86 0.33 90.40 

DEC 3 . 1 4  0.46 2.60 6.75 1 . 1 2  1 5 .66 0.38 1 5 1 .32 

FEB 1 .9 1  0.24 1 .64 7.52 1 .2 1  1 7.28 0.38 1 65 .69 

APR 0.72 0. 1 1  0.59 3.57 1 .26 1 7.44 0.27 1 76.66 
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4. 1 0.2 SPM 

Res u l t  of n-alkane distribution indices as shown i n  TAB LE 7 ind icated LHC 

values ranging between 2 1 .22 at AprSP3 to 2252.65 ng/g at ASP2 with a mean value 

of 822.00±633 . 1  5 ng/g, and the SHC values varied between 1 9.88  ng/g at AprSP3 to 

479 . 1 8  ng/g at DSP4 with a mean value of 1 1 5 .96± 1 23 . 74 ng/g. LHC/SHC ratios 

ranged between I .06 ng/g at AprSP3 to 22.67ng/g at ASP4 with a mean of 8. I 0±5 . 12 .  

lhis shO\\S that SPM n-alkanes a t  the stations were dominated by h igher p l ants and 

macroph) tc \\ax sou rces . CPI  val ues in the study ranged between 0.23 at AprSP3 to 

1 .5 3  at J SP3 with a mean value of 1 . 1 1 ± 1 . 1 0, which suggested a dominance of higher 

p lan ts input. The TAR values ranged bet\\ een 1 . 87 at AprS P I  and 80.89 at ASP4 with 

a mean of' 20.79± 1 0.53 .  since a l l  the values arc greater than ! ,  it indicates that the n

a l kanes may have originated from h igher plants of terrestrial origin. The TMD values 

in SPM samples ranged between 1 .76 at AprSP3 and 1 3 .72 at FSP3 with a mean o f  

7.57±2.88 which ind icated higher plants dominance. Paq values from the Table ranged 

bet\\ecn 0. 1 8  at FSP5 and 0.45ng/g at ASP?. " ith a mean of 0.33±0 .-12, suggesti\ e of 

terrestrial plants input. 

Ratio of rn-alkanes/C I 6  was also determined for SPM, and results obtained 

ind icated values ranging between 28.47 at FSP4 and 897.55 at ASP4 \\ ith a mean 

value of 284. 1 5± 1 50.27. The resu lts revealed that the samples were dom inated by 

biogenic in plltS . 

4 . 1 1  Source identification of n-alkancs b y  PCA 

Source identification of n-alkanes was carried out using PCA as follows: 
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- L  1 1 . 1  Water 

The first principal components (PC I .  PC2 and PC3) (TABLI. 8) ''ere 

identi fied through the usc of cigenualue > I ,  that made up 84.23 % of general 

' ariancc. PC I accounted 65.23 % of general d iference and hard much ''aight with 

reference to LHC n-alkanes and m inor contribution from SIIC (TABLE 20, fiG. 35 

a), including C24, C23, C22, C34, C35, C26, C36, C37, C32, C28, C3 8, C2 1 ,  C27, 

C39. C30, C25, C29, C40, C3 1 ,  C 1 9, C 1 5, C 1 2 .  Therefore, PC I can be said to 

originate from a rni.'.turc of both input sources with the ' ascular plants input 

dominating. PC2 made up for I 0.94 °1o of general variance and high!) \\Cightcd b) 

SI IC including C 1 8, C 1 6. C 1 7  which are associated with inputs from aquatic algae 

and photosynthetic bacteria (Chaudhary e1 a/., 20 I 0). PC3 was moderately weighted 

" ith SIIC which included C I I , C 1 2  and C8 and accounted for 8.07 % of the total 

' ariance which are associated with aquatic algae and bacteria. 

4 . 1 1 .2 SPM 

The first three principal components (PC I ,  PC2 and PC3) were identified 

through the use of eigenvalut! > I  (TABLE I I , FIG. 26 a), "' h ich accounted for 84.42 

0'0 lll' the total ' ariancc. PC I made up for 52.32 % of the total d i  !Terence sho" ing 

medium to long chain n-alkancs (C2 1 -C39). \'v h i le the second factor (PC2) accounted 

for 20.40 % of the total variance and had high loading of SIIC (C I 5, C I S, C l 9, C l 6, 

C l 4. C20 and C l 7) .  PC3 rep. a co-variance of 1 1 .69 % o f  general d i ffcnercncc had a 

lo" loading of C20, C 1 7  and C 1 3 . PC I ,  PC2 and PC3 revealed contribution of n

alkancs from m ixed sources " ith inputs from vascular plants dominating . 
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TABL E  7 

Concentration� o f n-alkancs (ng/g dr) wt) and calcu lated distribution ind ices in SPM from Cross River cstuar·) 
- - -- -- - -- -

Components :EC8-C40 SHC LHC LHC/SHC CPI TAR Paq :En-alkanes/C 1 6  
- - --- ·- -

JU!'E 1 629. 7 1  1 1  1 . 1 5  1 475.37 1 3 .28 1 .28 30.99 0.37 4 1 3.29 

AUG 1 782.64 97.40 1 64 1 .27 1 8. 1 9  1 . 1 3 50. 1 5  0.39 7 1 4.29 

OCT 784.24 1 2 1 .38 647.39 5 . 7 1  1 .02 1 1 .84 0.32 1 39.66 

DEC 852.23 1 80.26 655. 1 8  5.25 1 . 1 2 1 2.58 0.33 1 84.34 

FEB 3 1 1 .08 76.79 228.49 3 . 1 1  1 . 1 6  1 3 . 1 2  0.27 1 4 1 .98 

APR 400.85 1 08.76 284.28 3.04 0.92 6.05 0.3 1 1 1 1 .3 1  
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TABLE 8 

Eigenvalues, total variance and factorial weight matrix explained b) PCA for 
n-alkanes in water 

. -
Com 12onen ts 

PC I PC 2 PC 3 
• Eigenvalues 2 1 .52 3 .6 1  2.66 

Variance % 65.22 1 0.94 8.07 
Sources Vascular Aquatic algae/ Aquatic algae/ 

plants 8act�ria Bacteria 
C24 .984 -.020 -.070 
C23 .980 -.083 - . I  08 
C22 .978 -.024 -. 1 1 2 
C34 .977 -.02 1 -. 1 3 5  
C35 .97 1 -.095 -. 1 72 

C26 .969 .047 -. 1 64 
C36 .968 - . 1 1 6  -. 1 78 
C37 .96 1 -. 1 1 8 -. 1 90 

C32 .960 .090 -. 1 34 
C28 .959 . 1 5 1  -.077 
C38 .953 -. 1 57 -. 1 76 

C2 1 .946 -. 1 3 8  -. 1 23 

C27 .942 . 1 08 -.029 

C39 .942 -. 1 24 -. 1 64 

C30 .924 . 1 87 -. 1 20 
C25 .923 -.035 .039 

C29 .92 1 .2 1 5  -.058 
C40 .9 1 4  -.267 -.083 
C3 1 .854 .247 .096 

C l 9  .784 .087 -.073 

C I S  .732 .284 -.035 

C l 2  .703 -. 1 85 .627 

C I O  .694 - .355 .5 1 1  
C l 3  .68 1 .028 .587 
C l l .655 -.263 .639 

.. C9 . 5 9 1  -.3 1 7  .428 

C33 .538 -.064 . 1 34 
... 

C l 8  .036 .934 . 1 45 

C l 6  . 1 03 .905 . 1 49 

C l 7  .229 .827 -.098 
C20 .436 .605 . 1 50 
C8 .503 -. 1 1 4 -.60 1 

C l 4  .487 .264 .553 

9 1  
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TABLE 9 

Eigemalues, total variance and factorial weight matrix explained by PCA for n-
alkanes in SPM 

--

Com�onents 

• PC 1 PC 2 PC 3 

Eigenvalues 1 7.27 6.73 3 .86 

Variance % 52.32 20.40 1 1 .69 

Sources 
Vascular A lgae/ bacteria/ Algae/ bacteria 

Qlants macroQh�tes 

C30 .986 -.04 1 .002 
C32 .986 -.078 .030 
C33 .985 -.072 -.020 
C3 1 .98 1 -.0 I 5 -.035 

C35 .979 - .064 .022 

C27 .977 -.058 -.040 

C23 .977 .006 -.065 

C28 .976 -.087 -.0 I I  
C29 .974 -.048 -.056 
C37 .972 -.070 .027 

C39 .969 -.049 .085 

C25 .955 -.089 -.036 

C26 .941 -.037 .0 1 4  

C38 . 9 1 1 -. 1 1 4 .062 

C34 .904 -. 1 49 .043 

C36 .876 -. 1 1 9 .07 1 

C2 1 .87 1 .353 -. 1 98 

C22 .75 I .227 -.264 

('40 .654 .03 1 . 1 38 
C24 .563 .005 -. 1 1 6 

C8 .479 .076 -.242 

C I S  . 1 53 .924 - .238 

C l 8  -. 1 9 1  .872 -.339 

C l 9  .223 .843 -.432 

C l 6  -.074 .8 1 9  -.378 

C l 4  . 1 1 3 .777 . 1 08 

• C20 .0 1 6  .773 -.556 

C 1 7  -.082 .722 -.5 1 5  

C 1 3  .23 1 .624 .592 

C l l  .060 .559 .776 

C I O  .033 .5 1 9  .769 

C9 .086 .605 .707 

C l 2  . 1 58  .63 1 .705 
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4 . 1 2  Relationship amongst sampling stations using cluster analysis o f  n

alkancs 

The measurement regard ing simi larities and or d ifferences within molecular 

composition in di fferent samples by cluster analysis was employed in the 

identi lication or point sources or n-alkanes. 

4 . 1 2 . 1  Water 

The resu lt of cluster analysis for water is as shown on the dendogram (FIG.27) 

with three distinguishable clusters observed. (a) Which comprises of stations Aprw3, 

AprW5, AprW2, and, F W3 combined first with the smallest d istance, and increased to 

stations OW5, DW3. JW5,  FW2, OW2, OW5, O W4, DW2 and AprW I ,  then finally 

to FW4 and AprW4. indicating moderate to long chain n-alkanes (C2 1 -C40) related to 

m i:-.. sources of algae/bacteria and vascular plants inputs. The second cl uster (b) as 

obscn ed at A W3 and A W4 with the shortest d istance which extended to OW3, FW5, 

0\\ I ,  and OW l .  tht.: distance fu rther increased to J W I .  A W2, AW5, and J W3 .  These, 

accord ing to the PCA ''as indicative of SHC (C 14 - C20) related to inputs from 

aquatic algae and bacteria. Final ly, the third cluster (c) comprised of A W I ,  DW4, 

J W2, with great s im i larity which increased to J W4 and F W i which were dominated by 

algae and bacteria source inputs. 

4 . 1 2.2 SPM 

Result of c luster analysis employed in  the SPM classification of the various 

stations into speci fie regions with defined characteristics is as shown in the 

dendogram below (FIG.  28). The complete l inkage method indicated that the first 

cluster (a) which comprised of stations FSP3, FSP5, AprSP3, FSP I ,  AprSP4, fSP4, 

and AprSP I were combined first with the smal lest d istance (or great s imilarity) 

between them and s imi lar source characteristics indicating moderate to long chain n-
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alkanes (C2 1 -C39) derived from vascular plants inputs with m inor contribution from 

aquatic algae and bacteria. The combining distances increased to stations OSP I .  

DSP2, OSP2. DSP I .  DSP3, AprSP2, OSP2, DSP3, AprSP2, OSP2, DSP5, OSP4, 

FSP2 and AprSP5.  Stations OSP5 and DSP4 combined at a great d i stance to the llr!>t 

c luster showing great d iss imi larity in source characteristics. The second cluster (b) 

comprised of JSP3 .  /\S P--1 . 
J SP2. JSP5, JSP4. /\SP5, A P I .  JSP I ,  !\ P3 and /\SP2 

indicating S I IC derived from aquatic microorganisms. 

4 . 1 3  Effects of hydrological cycles and anthropogenic activities on n-alkanc 

distribution 

The mean concentrations of n-alkanes in water and SPM throughout the period 

or study was found to be higher in the wet season with mean values of 1 .56± 1 .40 ng/L 

and 577.761.588. 1 6  ng/g respcct i \  cl> . compared to values in the dry season " hich 

" ere 1 . 1 5± 1 . 1 1 ng/L and 295.08±250.88 ng/g, respectively. A lso, LHC 

.. concentrations were higher in the wet season than in the dry season ... Cmax showed 

seasonal changes in the two seasons with water having C I 0 and C25 in the wet season 

and C 1 6, C 1 8  and C27 in  the dry season. SPM wet season showing Cmax at C I 0, C2 1 

and C27, " hi le Cmax in  the dry season were C I 0, C 1 8, C28 and C29 and Cma?>. for 

sediments wet season C8, C I 0 and C29, and dry season C I 0, C29 and C3 1 

(APPENDIX 5) .  Yandav et a/. (20 1 3) stated that higher levels of  C29 n-alkanes can 

be ascribed to im:rca!>ed Crcquenc) of dust storms since C29 is ind icative or n-alkane:. 

ari:.ing from road dust " ith surface deposited plant l itter and accumulated 

\ Chic le/industrial emissions. The prevalence of C29 in the dry season in water, SPM 

and sediments is suggestive of inputs from harmattan dust carrying debris of 

terrestrial plants into the estuary. The seasonal variation of n-alkanes in the samples 

with the LHC showing a dominant trend could be attributed to input of terrigenous 
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plant " a�es due to large amounts of green leaves and also \ egetation debris been 

'' ashed off from the land into the estuary in the wet season. 

U nresolved complex mi�ture (UCM) represents components resistant to 

" emhcring and bacterial breakdown and its presence in chromatograms has frequently 

been taken as strong ev idence for petroleum pollution (rrysinger et a/., 2003). The 

anthropogenic contribution of n-alkanes is evident from the presence of UCM in most 

of the samples anal) sed (FIG. 29 a and b). CP I  values of n-alkanes in \\ater and SPM 

had ' aluc'> greater than I dominating " ith the h ighest values of 1 .75 (Apr\V3} and 

1 . 53 (JSP3 ), respective!) , in the wet season. This is indicative of greater inputs from 

higher plants sources entering the estuary \ ia surface run-off from land. CPI ' alucs 

less than I and around unit)' was also observed indicating m inor contribution from 

micro-organisms and petroleum sources indicating impact of anthropogenic activities 

resulting from boallsh ip  traffic. oil transportation and spil lage etc. Kang e/ a/. (20 1 6) 

'>tall:d that lo\\ molecular n-alkancs arc usuall) related to anthropogenic acti\ itics 

such as fossi l  fuel combustion. B iomass burning have also been found to generate 

large amounts of n-alkanes especial ly IIM W  alkanes (Yandav et al . ,  20 1 3). The large 

amount or  LHC n-alkanes in the samples may be as a result or  the heav) roasting 

acti' it) im,oh ing burning of wood around the Parrot Island, and also boat and 

shipping activities in the estuary . 
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5 . 1  

CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

This study invest igated the estuarine beha\ ior o r· U .S .  EPA 1 6  priorit) P/\Hs 

and n-alkanes as wel l  as their risk potentials and association with hydrological as well 

as anthro-pogenic actions from estuary within Cross River. There was a remarkable 

seasonal variation in PAH concentrations within wet as wel l  as dry seasons, as the 

concentrations in the wet season were higher than that of the dry season during the 

sampling period. For instance, the TPAH concentrations for water were found to be 

higher in the dry season than in the wet season, which could be as a result of di lution 

effect. The TPAH concentrations in SPM were higher in the wet season than the dry 

�l.!a!>on. most l ikel) attributable to the increased input !'rom domestic and industrial 

" astcs entering the estuar) through torrential rain fal l  and surface run-offs. P 1\ H 

compositions in water and SPM revealed the following trends according to the 

number of rings: 2>3>5>4>6 rings and 2>3>4>5>6 rings, respectively. LPAH (2-3 

rings) were predom inant, accounting for over 80% of TPAH concentrations v. hich is 

an indication of major inputs from petroleum products to the estuary. Furthermore, 

there were moderate levels of 5-ring PAHs in water and SPM, accounting for over 8 

%, with BaP dominating. These levels could be attributed to wood burning as a result 

of roasting activities by the Edik-Ekpu community located around the Parrot Island, 

" h ich is noted for roasted fish business, and also fumes from automobile exhaust, 

which were released into the environment from boat/sh ip  transport. I n  terms of 

individual PAH species, Naph, usually found in coal tar and petroleum recorded the 

highest concentration in water and SPM throughout the period under study. 
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Some isomeric rat ios such LPAH/HPAH, F lu/(Fiu+Pyr), Ant/(Ant+Phe) and 

% rCOM 8/rPA J I were employed in source identification of PAHs. The results 

obtained ind icated a predominance of petrogenic PAHs over Pyrogenic PA l ls in the 

estuary. The low to moderate values of rCOMB/rPA H  showed moderate combustion 

processes ef!ected the PA Hs concentration in the study area. Changes in 

en\ ironmcntal !'actors such as !>U!>pended sediments concentration. salinity as well as 

temperature great ly i n fluenced the distribution of PAHs within estuary. The health 

risk assessments carried out on SPM using environmental thresholds such as BaPE 

and TEQs were considerably low. indicating no adverse effects on resident flora and 

fauna. furthermore, ' aluc!> recorded for ERL and ERM revealed that a l l  the PAl ls 

values in  S PM were less than ERL values except Naphthalene which had a value 

greater than ERL but less than ERM. 

The total concentrations of n-alkanes in water and SPM were h igher in  the wet 

season than the dry season. '' ith the inputs from vascular plants (Cmax C:n C�9 and 

C31)  dominating. Some n-alkane distribution indices such as: L I IC/SI IC, Paq, TAR, 

rn-alkanes/C16 and CPl .  were calculated and the results obtained indicated that the n

alkanes originated from both marine and terrestrial origin with inputs from terrestrial 

sources dominating. UCM profiles (JW2. ASP2, A W l ,  DW4 and F W I )  recorded in 

some samples were higher in the v.et season samples, indicating the presence of 

petroleum inputs to the area, whereas samples with l ittle or no UCM profiles (AprW3) 

are indicative of a pristine environment. 

A more robust PCA for PAHs in water and S PM accounted for 63 % and 

65.38 % of the total variance respectively, heav i ly weighted by 2-3 rings PAl l s. PCA 

of n-alkancs in water and SPM explained 84.24 % and 84.42 % of the total variance, 
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respectively, with high load ing of LHC. Pearson correlation and t-test were used to 

determ ine the relationships bet\\een the concentrations of hydrocarbon in the wet and 

dry seasons. The resu lts showed a signi ficant d i fference between the 2 seasons. 

Finally, seasonal variation in suspended sediment concentration (SSC) with 

temperature and salanity alterations, and also human activities example bush/wood 

burning. fish roasting and emissions from ships and boats, has been found to influence 

the concentrations of h) drocarbons in the estuar) . The biogeochemical processes in 

the estuary has affinity towards changes within hydrology as well as activit ies of 

human. that cou ld require another with reference to global climate change. 

5.2 Reco m mendations 

These recommendations below were made for further studies: 

I .  Research on impact of human activities and hydrology should be carried out 

on other areas of the estuary, especially locations around the banks '"here 

these activities are severe. 

2. The stud) of biota from the cstuar) , to assess the risk potential posed by PAl Is 

is  h ighly recommended. 

3. Government should step-up awareness campaigns through health and safety 

agencies on dangers of prolonged exposure to PAl-Is and possible means of 

remediating them . 
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Total concentrations of PAHs (ng/L) in water in the \\Ct season 
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0.00 0.00 0.00 0.00 (l.03 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.0 I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.04 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.08 0.00 0. 1 4  0. 1 7  0.00 0.08 0. 1 8  0.00 0.00 

0.00 0.09 0.00 0.00 0.00 0 . 1 8  0.00 0.00 0.00 0.00 0.00 

0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 

0.08 0.0 I 0.00 0.02 0.00 0.07 0.24 0. 1 6  0. 1 1  0.21 0.00 

�\\ � AW3 AW-l A\\ 5  rota� 

0.62 0.54 0 . 1 9  0.56 7.76 

0.0 I 
0.02 

0.03 

0.05 

0.0() 

o.cu 
0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.0\ 

0.00 0.01 0.01 0. 1 7  

0.0 I 0.02 O.o2 0.22 

0.02 0.03 0.03 0.50 

0.03 0.05 0.04 0.92 

0.02 0.04 0.05 0.65 

0.02 0.03 0.02 0.43 

0.0 I 0.02 0.0 I 0.25 

0.00 0.00 0.00 0.03 

0.00 0.00 0.00 0.0 I 

0.00 0.00 0.00 0.3 1 

0.00 0.00 0.00 0.03 

0.00 0.26 0. 1 7  1 .08 

0. 1 0  0.05 0.00 0.42 

0.05 0.00 0.00 0. 1 3  

0.0 I 0.03 0.00 0.98 

BghiP 

Daht\ 

lnP 

Total(ng/1 . )  

Mean (ng/1. )  

S ID  

0.69 0.56 0.40 0.23 1 .2 1  1 .3 7  1 .22 1 .3 1  1 .38 1 .50 0.69 0.87 0.83 0.72 0.91 1 3 .90 

0.87 

1 .87 

0.04 0.04 0.03 0.0 I 0.08 

0. 1 2  0.07 0.05 0.04 0. 1 3  

0.09 0.08 0.08 0.09 0.09 0.04 0.05 0.05 

0 . 1 7  0. 1 6  0. 1 8  0.20 0.23 0. 1 1  0. 1 5 0. 1 3  

117 

0.04 0.06 

0.07 0 . 1 4  



� • 

---

MO:"THS O W l  OW2 
:--Japh 0.42 0.52 

Acthy 0.0 1 0.01  

Ace 0.01 0.0 1 

I· I 0.03 0.03 

Phe 0. 1 1  0.08 

Ant 0.06 0.06 

Pyr 0.05 0.04 

Flu 0.03 0.02 

BaA 0.00 0.0 1 

Chr 0.00 0.00 

BkF 0.00 0. 1 0  

BbF 0.00 0.00 

BaP 0 . 1 3  0.00 

BghiP 0.00 0.00 

DahA 0.00 0.00 

lnP 0.00 0.00 

Total(ng/L) 0.85 0.87 

Mean (ng/L) 0.05 0.05 

STD 0. 1 1  0. 1 3  

Total concentrations o f P A i h  (ng/L) i n  \\ater in the dr� season 

-

OW3 OW4 OW5 DW I DW2 DW3 DW4 DW:'i ! W I FW2 
--

0.43 0.57 0.46 0.67 0.33 0.66 3.54 0.39 0.59 0.52 

0.00 0.0 1 0.00 0.0 1 0.00 0.02 0.0 1 0.01 0 . 0 1  0.0 1 

0.0 1 0.02 0.0 1 0.02 0.0 1 0.02 0.0 1 0.01 0.02 0.0 1 

0.02 0.03 0.02 0.04 0.02 0.04 0.04 0.02 0.03 0.03 

0.03 0 . 1 0  0.06 0. 1 1  0.08 0. 1 7  0.08 0.05 0.05 0.05 

0.03 0.07 0.02 0.05 0.00 0.04 0.04 0.03 0.02 0.01  

0.02 0.05 0.03 0.04 0.02 0.05 0.02 0.02 0.02 0.02 

0.0 1 0.03 0.02 0.02 0.01 0.03 0.01 0.0 1 0.0 I 0.0 1 

0.00 0.00 0:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0:00 0.08 0.03 0.00 0.00 0.00 0.00 0.00 

0.02 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 . 0 1  0.03 0.01  0.00 0.00 0. 1 1  0.22 0.00 0.00 0.01  

0.59 0.93 0.68 1 .05 0.5 1 1 . 1 4  3.98 0.55 0.74 0.66 

0.04 0.06 0.04 0.07 0.03 0.07 0.25 0.03 0.05 0.04 

0. 1 1  0 . 1 4  0. 1 1  0 . 1 6  0.08 0 . 1 6  0.88 0. 1 0  0 . 1 5  0. 1 3  
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FW3 FW4 
0.58 0.50 
0.00 0.0 1 

0 .01  0.02 

0.02 0.03 

0.07 0 . 1 2  

0.03 0.03 

0.03 0.03 

0.0 1 0.02 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.07 0.00 

0.01 0.00 

0.0 1 0.00 

0.00 0.03 

0.84 0.77 

0.05 0.05 

0 . 1 4  0 . 1 2  

. • 

FW5 

0.5 1 

0.0 1 

0.02 

0.06 

0 . 1 3  

0.05 

0.03 

0 . 0 1  

0.00 

0.00 

0.00 

0.00 

0.20 

0.00 

0.00 

0.00 

1 .0 I 
0.06 

0. 1 3  

Total(ng/L) 
1 0.6'-J 

0 . 1 2  

0.2 1 

0.44 

1 .28 

0.53 

0.47 

0.26 

0.0 1 

0.00 

0 . 1 0  

0.00 

0.5 1 

0. 1 0  

0.04 

0.43 

1 5. 1 9  

0.95 

2.62 



• 

.. 

�13tiOih 

JSI'I 

JSP2 

JSP3 

JSP4 

JSP5 

r01 \I 
\II.\\ 

SIU 

.\\PI 

ASI'2 

\�1'4 
\SP5 

T01·\L 

\IE;\' 

OS'I 

0�1'2 

osr• 

mP4 

()�1'5 

101 \I 

\IL \\ 

DSI'I 

DSP2 

DSP3 

DSI'4 

0'\PS 

TOTAL 

\II:A\ 

1\PI 

I Sl'2 

ISI'i 

1\1'1 
FSP5 

TOTAL. 

�lEA' 

AprSI'I 

'1""'2 
•\prSP' 

AprSP4 

-\prSI'S 

roT,\1 

\11:\\ 

A P P E N D I X  2 

Concentrations of PAl ls (ng/g) in SPM from the Cross River estuar) 

'"1>11 

1 3  09 

1 9 72 

28 58 

12 16 

26 34 

'l<l SQ 

1 9 'l 8  

747 
1 n  
3 57 

1 2  <)() 
7 05 

3 71 

34 ()() 

6 93 

8.0·1 

t) "" lii 
12 I }  

I I  76 

51 66 

10 31 

1 13 3  

1 6  44 

1 4 %  

15 54 

8 51 
b6 8 1  

I I  0� 

7 67 

8 59 

.1 8 2 7  

7 65 

5 35 

'IIKI 

4 8 1 

12 65 

8 25 

0 20 

0 24 

0 58 

0 1 7 

0 29 

I 18 

0 30 

0 16 

0 1 2 
006 

0 1 7 

008 

0 09 

0 52 

0 10 

0 OS 

u 07 

()()0 

0 I ()  

0.08 

0 40 

008 

0 19 

0 29 

0.19 

0 4 1  
0 10 

I 19 

O N  

0 1 5  

0 06 

0 07 

0 09 

0 63 

0 1 3 

0 09 

0 0' 

0 09 

0.23 

0 II> 

0 64 

o n  

\cc Fl 

0 49 0 72 

0.48 0 85 

0 39 1 5 1  

0.46 0 97 

0.56 0 70 

2 37 I 76 

0 47 0 95 

0 ()() 0 33 

0 26 0.46 

0 02 0 22 

0 5 1  0 69 

0 2 1  0 35 

0 02 0.22 

I 03 I 94 

0 2 1  0 39 

0 2() 0 42 

0 ) I  (j 44 
o <o o n  
0 45 0 57 

0 36 0 49 

I 89 2 65 

0 38 0 53 

0 43 0 52 

0 71 0 69 

0 ss 0.62 
0 83 0 76 

0 30 0 15 

2 83 1 04 
0 57 0 b l  

o n  o 54 

0 02 0 25 

u 57 u 71 

0 �() 0 '\:; 

0 27 0 45 

I 39 231 

0 28 0 ·16 

0 09 0 10 

u )I> o I I  
0 04 o n  
0 48 I 08 

0 I I  O b& 

0 98 2 9-1 

0.20 0 59 

Pho 
I 25 

2 47 
4.25 

3.67 

1 27 

\nl l')r 

I 20 I l l 

I 1 8 I 6 1  

I 48 2 12 

I 15 2 33 

I OS I 04 

Flu BAA 
0 4 1  0.00 

0.79 0.00 

1 1 0  0.00 

I 1 5  0 00 

0 48 0 00 

1 1 9? 6 00 8 2 1  HI 0 00 

2.58 1 2 1 1.()4 0 79 0 00 

I 37 0.10 0 58 0.34 0 00 

0 <>4 0 44 O.H 0 25 0.00 

0 32 0 38 0 02 0.02 0 00 

0 78 0.47 0 83 0 46 0 00 

0 43 0 25 0 33 0 34 0 00 

0 32 0.25 0 OS 0.08 0.00 

2 SO I 80 I 69 I 16 0 00 

0 50 0 36 0 34 0. 23 0 00 

0 71 0 82 0 1>3 0 37 0 00 

0 5 1  0 32 O oO 0 2'1 000 

I QQ O <ll 1)70 0 4 1  000 

1 00 1 10 0 94 0 58 000 

0 74 0.37 0 84 0 42 0 00 

4 I 3 1 52 3 7 1  2 OS 0 00 

0 83 0 70 0 74 0 4 I 0.00 

0 56 0. 18 o ss 0.25 000 

0 55 0 64 0 82 0 16 0.00 

0 68 0.97 0.83 0.00 0 00 

I 1 1  0 00 0 77 0.34 0.00 

0 77 0 64 0 66 0 24 0 00 

3.67 2 43 3.64 0.99 0.00 

0 73 0.49 0 73 0 20 0 00 

o 76 o 40 a 43 o 20 o 26 

0 22 0 1 5 0 02 0 0.1 0 08 

1 20 () 97 1 03 0 <>4 0 00 

0 18 0 25 0 26 0 1(1 0 00 

0 49 u 57 0 38 0 21> 0 98 

3 OS 2 35 2 12 I 22 I 32 
0 6 1  0 47 G 42 0.24 0 26 

3 45 0 <>4  070 0 45 000 

0 <8 0 12 0 I I  0 20 0 00 

I 97 0 25 0 54 0 32 0 00 

10 19 2 25 2 4 1 I 20 0 00 

o 35 0 00 I 95 I 05 0 00 

22 74 3A7 6OS 3 23 0 00 

4 55 0 69 I 21  0 65 0 00 
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Chr Okf 
0 00 0 00 

0 00 0 00 

0 00 0 00 

0 00 0.00 

0 00 000 

llbf UaP 

0 00 0 00 

0 00 0 00 

0 00 0 00 

0 00 0 00 

0 00 4 6 1  

0 00 0 0 0  0 00 1 6 1 

0 00 0.00 0 00 0 92 

0 00 0 00  0 00 2.0o 

0.00 0 00 0 00 0 00 

0.00 0 00 0 00 0.00 

0 00 0 00 000 0 00 

0 00 3 IJ 0 00 2 53 

0 00 0 39 0 24 0 00 

000 3 D  0 �  2 53 

0 00 0 70 0 05 0.5 1 

0 00 0 00 0 00 0 00 

0 00 0 63 0 00 0 00 

O IJO 1 88 0 00 0 00 

0 00 2 37 I 18 0 00 

0 00 I 52 0 00 0 00 

0 00 6 4 1  I 1 8 0 00 

0.00 I 28 0 24 0 00 

0 00 0.00 0.00 I 19 
0 00 0 00  0 0 0  345 

0.00 0.00 0 00 0 00 

0.00 0 00 0.00 0 00 

000 0 00 000 0 00 

0 00 0 00 0 00 4 ()4 
000 0.00 0 00 0 93 

0 00 0 00 0 00 I II 

0 00 0 02 0 00 0 46 

0 00 l t:l I W  1 06 

0 00 0 00 0 uo 0 �8 
000 0 00 0 00 0 00 

0 00 I 14 1.39 3 54 

0 00 0.23 0 28 0 71 

000 1 67 1 01 0 00  

000 0 00 0 00 1 79 

0 00 0 00 0 00 0 83 

0 00 0 00 0.00 0.00 

0 00 0 00 0 00 0 00 

0 00 I o 7 I 0 I 262 

0 00 0.33 0 20 0 52 

ll(glu)P 

0 00 

0 00 

0.52 

0 00 

0 00 

0 52 

0.10 

0 23 

0.00 

0.00 

0.00 

0 00 

0 1 0  

0 1 0 

0 02 

0 00 

0 42 

0 00  

0 49 

0 00  

0 91 

0.18 

0 00  

0.00 

0 00 

0 00 

0 00 

0.00 

0 00 

0 00 

0 28 

I 4 1  

0.35 

0 00 

2 04  

0 4 1 

I 28 

) 00  

000 

0 00 

0 64  
1 92  
0 38 

llahA 
0 00 

0 00 

0 00  

0.00 

0.00 

0.00 

0 00 

0.00 

0 00 

I 03 

0 00 

0 00 

0 00 

I 0.1 

0 2 1  

0 00 

0 00 

000 

0 00 

0 00 

0 00 

0 00  

0 00  

0 57 

0 00 

0 00 

0 00 

0 57 

0 I I  
0 1 2  

O i l  

I �o 
0 2 1  

0 54 

2 84 

0 5' 
0()0 

0 00  

000 

0 00 

0 00 

0 00 

0 00 

lnP Total(nl!-'l!l 

I 88 20 35 

0 60 27 94 
0 00 40 52 

1 19 23 27 

0 00 36.33 

3 1>7 

0 73 

0 8 1  
132 

0.09 

0 00 

0.60 

0 00 

2 07 

041 

0 6 2  

0 00  

0 27 

0.02 

0 00  

0 90  

0 18 

0 15 

1 4 1  
0 00 

000 

0 0 0  

156 

0 3 1  

0 35 

0 00 

l ls8 

0 17 

0 61 

3 04 

O t> l  
0 33 

0 57 

0 10 

I 56 

I 29 

HI> 
0 77 

118 1 1  

29 68 

8 50 

I I  33 

5 74 

16.82 

1530 

5 60 

5•1.79 

1 0 %  

I I  97 

n 57 

16 23 

21 ()() 

16.58 

79 4 1  

15.88 

1 5 36 

25.7·1 

1 H 8 1  

19.75 

I I  7 1  

91 3() 

1 8 27 

1 5 70 

5 1 6 

21 67 

10 8<> 

13 2<> 

0666 

13 33 

15 46 
13 1>5 

9 32 

32 2<> 

21 66 

92.16 

IM  47 



StJtiom. 
'\aph 

\prSPI 
5.35 

1\cc� ().09 

/l.cc 0.09 

I I  0.40 

Phc 3.45 

/l.nl 0.6-t 

P�r 0.70 
rlu 0.45 

Bai\ 0.00 

Chr 0.00 

Bkl' 1 .67 

BbF 1 .0 1  

BaP 0.00 

B(ghi)P 1 .2!l 

Dah/1. 0.00 

l n P  0.33 

Total(ng/g) 1 5.46 

Mcan(ng/g) 0.97 

S I D  1 .47 

/l.prSP2 
9.00 

0.07 

0.26 

0.41 

0.58 

0.32 

0.44 

0.20 

0.00 

0.00 

0.00 

0.00 

1 .79 

0.00 

0.00 

0.57 

1 3.65 

0.85 

2.22 

' • 
• 

Total concentrations o f PA i h  (ng/g dw) in SPM in the '"et ':>Cason 

1\j1rSP> 
-t R l  

(1.09 

<LO-t 
0.37 

1 .97 

0.25 

0.54 

0.32 

0 00 

0.00 

0.00 

0.00 

0.83 

0.00 
0.00 

0. 1 0  

9.32 

0.58 

1 .24 

\e_rSP4 
1 2.65 

0.23 

0.48 

1 .08 

10.39 

2.25 

2.4 1 

1 .20 

0.00 

0.00 

0 00 

0.00 

0.00 

0.00 

0.00 

1 .56 

32.26 

2.02 

3.82 

/l.prSP5 
9.42 

JSP I 
1 1 .09 

.1'-)P� JSP3 .ISI'-t JSP5 - --

1 9  n 28.58 1 2  16 26.34 
/I.SP I ASP2 /I.SP3 I\SI'4 
7 . .17 3.57 1 2.90 7.0.'i 

/I.SP5 
3.77 

0. 1 6  0.20 0.24 0.58 0.1  7 0.�9 0. 1 2  0.06 0. 1 7  Cl.OX Cl.09 

0. 1 1  0.49 0.48 0.39 0.46 0.56 0.26 0.02 0.51 0.� I O.Q2 

0.68 0.72 0.85 1 . 5 1  0.97 0.70 0.46 0.22 0.69 O.J'i 0.22 

6.35 1 .25 �.47 4.25 3.67 1 .21 o.M 0.32 0.78 ox; 0.32 

0.00 1 .20 1 . 1 8  1 .48 1 . 1 5 1 .05 0.44 0.38 0.4 7 0.2) 0.25 

1 .95 I I I  1 .6 1  2. 1 2  2.13 1 .04 0.45 0.02 0.83 0.33 0.05 

1 .05 0.41 0. 79 I I 0 1 . 1 5  0.48 0.25 0.02 0.46 Cl.34 Cl.08 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 . 1 3  0.39 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 

0.00 0.00 0.00 0.00 0.00 4.61 0.00 0.00 0.00 2.53 0.00 

0.64 0.00 0.00 0.52 0.00 0.00 0.00 0.00 0.00 0.00 (). ) 0 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 .03 0.00 0.00 Cl.OO 

1 .29 1 .88 0.60 0.00 I .  19 0.00 1 .32 0.09 0.00 0.60 0.06 

2 1 .66 20.35 27.94 40.52 23.27 36.33 1 1 .33 5. 74 1 6.82 1 5.30 5.60 

1 .35 1 .27 1 .75 2.53 1 .45 2.27 0.7 1  0.36 1 .05 0.96 0.35 

2.67 3.21 4.84 7.04 :un 6.52 1 .8 1  o.9o 3 . 1 8  1 .87 o.n 
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Iota I�& 
1 7'i . 7!! 

2.64 

4.38 

9.64 

38. 1 5  

1 1 .33 

1 5.95 

8.32 

0.00 

0.00 

5 . 1 9  

1 .25 

9.76 

2.54 

1 .03 

9.59 

295.56 

1 8.47 

42.96 



Stations OSPI OSP:! OSP> 

'Ia ph 8.04 9.98 9.75 

Ace) 0.08 0.07 0.00 

Ace 0.26 0.3 1 0.50 

Fl 0.42 0.44 0.73 

Phe 0.73 0.5 1 1 .09 

Ant 0.82 0.32 0 . 9 1  

Pyr 0.63 0.60 0.70 

Flu 0.37 0.27 0.4 1 

BaA 0.00 0.00 0.00 

Chr 0.00 0.00 0.00 

BkF 0.00 0.63 1 .88 

BbF 0.00 0.00 0.00 

BaP 0.00 0.00 0.00 

B(ghi)P 0.00 0.42 0.00 

DahA 0.00 0.00 0.00 

!nP 0.62 0.00 0.27 

Tota!(ng/g) 1 1 .97 1 3 .57 1 6.23 

Mean( ng/g) 0.75 0.85 1 .0 I 
STD 1 .97 2.45 2.39 

Total concentrat ions of P \Hs (ng/g d" ) in S P M  in the dry season 

OSP4 OSP5 DSP I  DSP2 DSP3 DSP4 DSP5 FSP I F S P2 

1 2. 1 3  1 1 .76 1 1 .33 1 6.44 1 4.96 1 5.54 8.54 1 1 .02 3.46 

0 . 1 6  0.08 0 . 1 9  0.29 0. 1 9  0.41 0. 1 0  0 . 1 5  0.06 

0.45 0.36 0.43 0.7 1 0.55 0.83 0.30 0.32 0.02 

0.57 0.49 0.52 0.69 0.62 0.76 0.45 0.54 0.25 

1 .06 0.74 0.56 0.55 0.68 I .  I I  0.77 0.76 0.22 

1 . 1 0  0.37 0. 1 8  0.64 0.97 0.00 0.64 0.40 0 . 1 5  

0.94 0.84 0.55 0.82 0.83 0.77 0.66 0.43 0.02 

0.58 0.42 0.25 0 . 1 6  0.00 0.34 0.24 0.20 0.03 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.08 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2.37 1 .5 2  0.00 0.00 0.00 0.00 0.00 0.00 0.02 

1 . 1 8  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 1 . 1 9  3.45 0.00 0.00 0.00 1 . 1 4  0.46 

0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 

0.00 0.00 0.00 0.57 0.00 0.00 0.00 0. 1 2  0. 1 1  

0.02 0.00 0. 1 5  1 .4 1  0.00 0.00 0.00 0.35 0.00 

2 1 .06 1 6.58 1 5 .36 25.74 1 8.8 1 1 9.75 1 1 . 7 1  1 5.70 5 . 1 6  

1 .32 1 .04 0.96 1 .6 1  1 . 1 8  1 .23 0.73 0.98 0.32 

2.95 2.89 2.78 4.05 3.69 3.83 2. 1 0  2.69 0.85 
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Total 
FSP3 _ FSP4 FSP5 _(ng/g) 
7.53 

0.27 

0.57 

0.74 

1 .20 

0.97 

1 .03 

0.64 

0.00 

0.00 

1 . 1 3  

1 .39 

1 .06 

1 .4 1  

1 .86 

1 .88 

2 1 .67 

1 .35 

1 .74 

7.67 8.59 

0.07 0.09 

0.20 0.27 

0.33 0.45 

0.38 0.49 

0.25 0.57 

0.26 0.38 

0. 1 0  0.26 

0.00 0.98 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.88 0.00 

0.35 0.00 

0.2 1 0.54 

0. 1 7  0.64 

1 0.86 1 3 .26 

0.68 0.83 

1 .88 2.09 ----

1 56.74 

2.23 

6 . 1 0  

8.00 

1 0.86 

8.30 

9.46 

4.26 

1 .32 

0.00 

7.55 

2.57 

8. 1 8  

2.95 

3.4 1 

5.50 

237.43 

1 4.84 

37.97 
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APPE D I X  3 

Relat ionshi p  between concentrations of PAH in water i n  the \\et and dry season 

Wet 
Dry 

0.04 
0.05 

0.04 
0.05 

0.03 
0.04 

0.0 1 
0.06 

0.08 
0.04 

0.09 
0.07 

0.08 
0.03 

0.08 
0.07 

0.09 
0.25 

0.09 
0.03 

0.04 
0.05 

0.05 
0.04 

0.05 
0.05 

0.04 
0.05 

0.06 
0.06 

Relationship between Concentration. Temperature and Salinity of water from the Cross River 
estuary 

Months Cone 
Temp 

Salinir� 

Jun 6.78 
32.00 

5.50 

Aug 4.02 
36.00 

1 0.70 

Oct 3.93 
28.00 

1 1 .70 

Dec 7.23 
2 1 .50 

1 7.50 

Feb 4.03 
20.00 

23.50 

A(2r 3. 1 0  
26.00 

1 1 .70 
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Relationship between concentration of PAH in SPM in the wet and dry season 

Wet Dry 
0.97 0.75 

· �  0.85 0.85 

0.58 1 .0 I 
• 

2.02 1 .32 

1 .35  1 .04 

1 .27 0.96 

1 .75 1 .6 1  

2.53 1 . 1 8  

1 .45 1 .23 

2.27 0.73 

0.7 1 0.98 

0.36 0.32 

1 .05 1 .35  

0.96 0.68 

0.35 0.83 

Relationship between Concentration, Temperature and Sa l in ity of PAH in SPM from 
the Cross River estuary 

Temp Cone Salin it� 
32.00 1 48.4 1 5 .50 

36.00 54.79 1 0 .70 

28.00 79.4 1 1 1 .70 

2 1 .50 9 1 .36 1 7.50 

20.00 66.66 23.50 

26.00 92.36 1 1 .70 
• 
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APPENDIX .t 

Comparative analysis of the concentration of PAHs in water in the wet (April , June 
and August) and dry season (February, October and December) using t-test 

Variable T or P-value Wet Dry 

Wet-dry season -0.452 239 0.652 

Mean concentration 0.0577 0.0633 

Comparative analysis of the concentration of PAHs in S PM in the wet (Apri l ,  June 
and August) and dr) season (February, October and December) using t-test 

Variable T Of P-value Wet 

Wet-dry season 1 .945 239 0.053 

Mean concentration 1 .232 0.989 
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APPENDIX 7 

Relationship between concentrations of n-alkanes in water in the wet and dry seasons 

Wet Dry 
!.. 

0.06 0 . 1 2  
. 

• 0.0 1 0.06 

0.00 0. 1 0  

0.04 0.06 

0.00 0.05 

0. 1 5  0 . 1 1 

0. 1 6  0.06 

0 . 1 4  0.05 

0.22 0. 1 8  

0.05 0.07 

0.22 0.08 

0 . 1 4  0.05 

0. 1 3  0.02 

0 . 1 1  0.04 

0 . 1 3  0. 1 0  

Relationship between Concentration, Temperature and Sal init) of n-alkanes i n  SPM 
from the Cross R iver estuary 

Months Cone Temp Sal in ity 

Jun 23 .89 32.00 5 .50 

Aug 24.06 36.00 1 0.70 

Oct 1 2.78 28.00 1 1 . 70 

Dec 1 5 .72 2 1 .50 1 7.50 

Feb 9.55 20.00 23 .50 

Apr 3 .59 26.00 1 1 .70 
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APPENDIX 8 

C'o'nparmh e anal� sis of  the concentrations of n-alkanes (ng/L) in " ater i n  the " et 
season (1\pril. J une and 1\ugust) and dr) season ( l'ebruar) . October and December) 

Variable T Of P-valuc Wet Dry 

Wet-dry season 5,389 494 0.000 

Mean �on�entration 0. 1 04 0.077 

-----

Comparative anal) sis of the concentrations of n-alkanes (ng/g dry wt) in SPM in the 
" ct season (Apri I . J une and A ugust) and dr) season (February. October and 

December) using t-test 

Variable Df P-value Wet Dry 

Wet-dry season 9.020 239 0.652 

1ean concentration 0.0577 0.0633 
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