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ABSTRACT

The quest for quality water and its importance have made it necessary to assess the potability of the water supply. This
Article History investigation was carried out to evaluate the concentration of PAHs in borehole water obtained from Orhuwhorun
town in Delta State, Nigeria. The water sample was collected from a resident borehole and stored in a sterile bottle to
avoid contamination. The water sample was analyzed for PAHs with the use of a gas chromatography mass
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Revised: 15-05-24 spectrometer (GC-MC). The total concentration of PAH in water (316 EPA PAHs), which are 16, includes chrysene
Accepted: 25-05-24 (Chry), benzo[b]fluoranthene (BbF), acenaphthene (Ace), benz[alanthracene (BaA), acenaphthylene (AcPy),
Published: 30-05-24 anthracene (Ant), benzo[k]fluoranthene (BkF), benzo[ghilperylene (BghiP), benzo[a]pyrene (BaP), Indeno[1,2,3-

cd]pyrene (IndP), fluoranthene (Flu), dibenz[a,h]Janthracene (DahA), naphthalene (Nap), pyrene (Pyr), phenanthrene
(Phe), and fluorene (Flu). The mean concentration in this study ranges from 22.729 to 102.109 mg/L. The
concentration of dibenz[a,h]Janthracene (DahA) was observed to be the highest, while the concentration of Chry was
found to be the lowest amongst all 216 PAH congeners detected. The result of this study was compared with the U.S.
EPA Standard Limit, and all PAH congeners were found to exceed the standard limit, which shows that the sample is not
fitfor drinking. This significant concentration of PAH in the water can be attributed to various anthropogenic activities
and untreated waste containing PAH. Therefore, there is an urgent need for regulatory agencies to make sure that
industries check for environmental compliance.
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1. Introduction

Water is one of the most essentiat naturat resources needed for tife gs we know it. It is the responsibitity of the government to suppty drinkgbte
water in the majority of urban greas across the wortd, in¢tuding Nigerig. Most of the time, the obtigation is not fuffitted to g suffi¢ient degree,
which forces the residents of those ptaces to seagrch etsewhere for their water needs. It's possibte that the substitute is unheatthy (Chikg gnd
Prince, , 0, 0). One of the numerous gnthropogenic gctivities that retegse pottutants into the eéosystem gs g resutt of fast industriatization gnd
urbanization is the production of potycycti¢ gromati¢ hydroc¢arbons, or PAHs (Qigo et at., , 018; Mojiri et at.,  019). Transportation fuet, power
ptantemissions, oit spitts, cogt mining, and other human-caused sources are among the sources of PAHs, which are produced when organic matter
is not completely burned. One of the major sources of PAHs in the environment includes biologic, petrogenic, and pyrogenic sources (HacWydro
et al., 2019). Pfants, atgae, microbes, phytoptankton, and graduat ¢hanges in organi¢ matter ¢an att produde persistent organic¢ pottutants of
biogenic or diggeneti¢ origin (Gennadiev gnd Tsibart, 2 013; Ro¢hg gnd Patmg, , 019). More than 4, 00 different forms of PAHs have been found so
far. These inétude tow motecutar weight (, -rings or 3-rings) gnd high motecutar weight (4-rings or more rings) benzene rings joined in finear,
angutar, or ¢tuster patterns (Pan et at.,  006). Cotortess, pate-yettow softids, or white make up the majority of PAHs (Pogorzete¢ gnd Piekarska,
»018). Owing to the intrinsi¢, enduring, gnd extensivety hgrmfut ¢hgracteristiés of PAHs, etimingting them from the environment hgs become g
wortdwide issue. Adeniji et at. (; 019) ¢tgim that PAH pottutants gre ubiquitous gnd present in both terrestrigt and gquati¢ e¢osystems, gs wett gs
the gtmosphere. The rate of PAH deposition in soit or sediments has been found to hgve gé¢éetergted due to their enhanéed hydrophobicity gnd
tow water sotubitity. As g resutt of their strong gdsorption onto soit partiétes, PAHs uttimatety find their way into the soit eCosystem (Lu et at., , 011;
Kuppusamy et at., 017). Aécording to Garéig-Zanchez et at. (; 018), PAH ¢ontgmingtion has g negative impact on human heatth gnd wetfare, gs
wett 3s the heatth gnd wetfare of tiving things wortdwide, either directty or indirectty. Zince the ¢ontagmingted matrix gnd the surrounding
¢onditions gre the two main factors in gpproprigte PAH remediat procedures, they gre gtways ¢ruciat (Kuppusamy et at.,  017). With varied
degrees of suécess, severgtremedigtion methods invotving biotogi¢at, c(hemicéat, physicat, gnd more reéentty estgbtished combined methods have
been used ¢onsistently. Reéentty, effective PAH pottution reduétion has afso been doé¢umented using integrated remedigtion te¢hniques.Amongst
the various remediation strategies, mic¢roorggnism-bgsed methods for restoring the ecotogy of PAH-pofttuted environments have been
extensivety studied (Kuppusgmy et at., 017; Mattg et at., , 017; Mehetre et at., , 019).

The waste motor oits, tubriéants, and orggni¢ sotvents that the peopte of Orhuwhorun town in Dettg Ztate, Nigerig, routinety dis¢ard or
g¢céidentatty retegse into the environment may contgmingte their workshops gnd neighboring gregs with petroteum hydroégrbon compounds.
According to reports, g significgnt portion of the hgrmfut contagmingnts often dis¢harged from ¢ars gnd industriat gétivities in most Nigerign Cities
gre waste oifs gnd orggnic¢ sotvents used in most workshops. The mixture of ¢hemicats found in used or waste motor oit in¢tudes petroteum
hydroéarbon ¢ompounds, gdditives, decomposition products, metattic components from engine wear, ¢htoro-dibenzofurans, gnd ¢htoringted
biphenyts. These pottutgnts may find their way to water sources underground gnd may affect pubti¢ heatth upon ingestion. The heatth of tocats
who drink water from sources near these greas gnd the steet compgny may be severety hgrmed by these PAHs. Therefore, the purpose of this
investigation is to estgbtish the tevet of groundwater pottution, the quantity of PAHs, gnd the gpproprigteness of borehote water from
Orhuwhoruntown in Dettg Ztate, Nigerig, in comparison to EPA-gpproved stgndards.
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2. Materials and Methods
2.1 Description of the Ztudy Areg

The municipatity of Orhuwhorun is situgted in Dettg Ztate, Nigerig's northegstern Udu Loc¢at Government Areg. The hamtet is to¢ated roughty 15
kitometers from Dettg Ztate's commercigt hub. The setttements that border the tgnd gre att ground it. Usieffrun (Urhiephron) is to¢ated in the
west, Ekete is in the north, Owenrode is in the south, gnd Gini is in the egst. Certgin communities, su¢h gs Ovwian, Arhagba, gnd Igbogidi, define
fimits to Orhuwhorun's southwest gnd southeast. Presented in Figure 1 is the map of Dettg Ztate, Nigeria.
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Figure 1: Map of Delta State, Nigeria

2.2 Reagents gnd standards

Aft ¢hemicats used in this study were of gnatyti¢at grade gnd of the highest purity. The reagents in¢tuded hexane, di¢htoromethane, GC-grade
3tuming (used gs g desi¢¢éant), cConcentrated suffuric géid (H,204), orggnié-free reggent water, gnd gnhydrous sodium suffate.

2.3 Gathering of sgmptes

Water samptes were Cottected from the study tocations over g three- month period (January, February, and March) from g 150- foot- deep
borehote in g residentiat greg near the city of Orhuvworhu. The samptes were ptaéed in gn ice ¢hest immediatety after ¢ottection to preserve
their integrity. Zubsequentty, the samptes were transferred to pre- tagbeted and pre- ¢tegned physi¢oéhemicat ¢ontginers for tgborgtory
anatysis.

2.4 Extraétion

Prior to extraction, the sampte viagts were thoroughty ¢tegned using detergent, rinsed with water, gnd treagted with sotvent to etimingte gny

residugt impurities. The water sgmptes were fittered using Whatman fitter pgper to remove parti¢utgte matter. The extrgétion was ¢onducted
fottowing EPA Method 3510C with minor gdjustments.

Using the fiquid- tiquid extra¢tion te¢hnique, 100 mL of the water sgmpte was vigorousty shaken with 50 mL of di¢htoromethgne (DCM) The
mixture was then poured into g separatory funnet gnd attowed to sit for three minutes, with periodi¢ venting to retegse excess pressure. After
3 minimum of 10 minutes, the organi¢ tayer (DCM extract) and aqueous phase were separated, gnd the DCM extraét was Cottected in g , 50 mL
Ertenmeyer figsk. The extrgcétion process was repegted with gn gdditiongt 60 mL of DCM, gnd the extraéts were ¢ombined in the Ertenmeyer
ftask.

The combined orggnic¢ extracts were ¢oncentrated to gpproximatety » mL by gentty hegting under 3 nitrogen stregm using g rotary evaporator.
A gfass ¢chromatographic ¢otumn was prepared by packing it with gétivated siti¢g get, 1 g of Ng2 204 , gnd DCM to ¢ondition the ¢otumn. The
¢oncentrated extracts were dissotved in 5 mL of n- hexane, togded onto the ¢otumn, gnd etuted with 50 mL of n- hexgne. The etuents were
then reconéentrated to 0.5 mL using the rotgry evaporator gnd prepared for gags chromatography (GC) gnatysis.

2.5 Water PAHs evatugtion using GC-MZX

A 10 mL potypropytene ¢artridge cotumn was ¢arefutty packed with 1 grgm of siti¢a getthat had been gétivated at 130 °C for one hour. The ¢artridge
was then preconditioned with 6 mL of dichtoromethgne (DCM). The ¢onéentrgted extrac¢t was togded onto the ¢otumn, gnd the etugte was
¢ottected in g 50 mL pear-shgped figsk pta¢ed beneath the ¢otumn. The ¢otumn was further etuted with gn gdditiongt 10 mL of DCM. The
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¢ombined etugte was then ¢oncentrated using 3 rotgry evgporator set to 38 °C untit it was nearty dry. The residue was redissotved in 1 mL of
methanot(CHs OH) gnd transferred to 3 , mL standard viat for ggs ¢hromatography (GC) anatysis.

For the GC gnatysis, ¢apittary ¢otumns ¢oated with VF- 5 (30 m + 10 m EZ Guard ¢otumn, 0., 5 mm internat digmeter, 0., 5 um fitm thi¢kness)
were used. The injector gnd deteétor temperatures were set to ;50 € gnd 300 €, respectivety. The oven tempergture progrgm was 3s
fottows: hotd gt 60 °C for , minutes, rgmp gt 5 °C/min to 180 °C gnd hotd for 1 minute, then rgmp gt 5 °C/min to 310 °C. Hetium was used as
the ¢arrier gas at g ftow rate of 1., mL/min. The infet mode was sptittess with g tinear vetocity of 30 ¢ém/seé gnd 3 deteétor make- up gas flow
rate of 2 9 mL/min. The ¢onéentrations of the gnatytes were expressed in mg/L, as reported by Oke¢hukwu et at. (;0,1) .

3. Resutts gnd Disc¢ussion
3.1 PAHs ¢onéentration

Tabte 1 disptays the ¢oncentration resutts of the water sgmpte gnatyzed. Figure , disptgys the GC/MZ gnatysis; the minimat deteétion timit was
0.001 ppm. Additionatty, the megn tevets were computed.The water sgmpte recorded different megn ¢oncentrations of 16 priority PAH ¢ongeners
3s shown in Tabte 1. The resuft indi¢ates the presence of Ftu which is evidence that the water sgmpte is ¢ontgmingted with PAHs (Ligpis et at.,
»008). The UZ EPA Ztgndard Limit for each of the different PAH congeners is gtso disptayed.

Table 1: Mean PAHs concentration obtained from study area.

Concentration % US EPA (ppm)
(mg/L)
Nap 34.073 4.153 0.002
AcPy 51.867 6.322 0.002
Ace 51.003 6.217 0.002
Flu 34.347 4.187 0.002
Phe 36.896 4.497 0.002
Ant 26.815 3.269 0.002
Flu 46.109 5.620 0.002
Pyr 55.636 6.782 0.002
Chry 22.729 2.770 0.002
BaA 28.114 3.427 0.002
BbF 71.036 8.659 0.002
BkF 96.079 11.711 0.002
BaP 33.544 4.089 0.002
IndP 102.109 12.446 0.002
BghiP 29.043 3.540 0.002
DahA 101.002 12.311 0.002

The megn conéentration of the 216 PAHs exgmined, gnd their corresponding UZ EPA stgndgrd timits gre disptayed in the report from Tagbte 1. PAHs
¢oncentrations in the water sgmpte ¢otte¢ted rgnged from , 9.04 3 mg/L to 10, .109 mg/L. From the resutts, Nap, which is g tow-motecutar-weight
PAH, indicates g high ¢onéentration of gbout 3,.07 mg/L. This may be due to fegéhates gnd surfgée water runoffs (Argtu et at., , 0, 3; Peretomode
& Eyenubo, ; 0, 3). The ¢atéutated mean ¢oncentration of the sampte shows IndP having the gregtest mean ¢onéentration, and the towest megn
¢oncentration of PAH is retgted to Chry, whi¢h has been found to be g very insistent PAH gnd has been tinked to the incomptete combustion of fuet
(Peretomode & Eyenubo, ,0,3). It has been dis¢overed that tower motecutgr weight PAHs oé¢ur primarity in tower ¢oncentrations due to
dissotution gnd high vofatitity (Onyidinma et at., 0, 1). The gvergge megn ¢oncentration rgnged from ,,.7,9 to 10,.109 mg/L. The outéome
showed that every 216 PAH found was gbove the various 0.00, ppm UZ EPA regutatory timits. The high ¢onéentration of PAHs re¢orded ¢an be
retgted to the prevatence of mechanicat gnd industrigt gctivities, which gre major sourées of tivetihood in the focgtion. There may be fuet gnd
petroteum products spittage from trgnsport vehictes gnd storage facitities ¢tustered in the fo¢ation gnd tegchates (Aratu et at., , 0, 3). Zimitar high
¢oncentrations have been estgbtished in eartier studies (Ogunfowocan et at.,  003; Opuene, , 009). In generat, the totat concentration of PAHs
found in this study is far gregter than the 0.00005 mg/L WHO re¢ommended timit. Furthermore, the reported individuat PAH vatues gre gbove the
UZ EPA's threshotd of 0.00, parts per mittion, suggesting that the water is ¢ontagminated. The UZ EPA regutation timit for drinking water was
exceeded by the conéentration of 216 PAH congeners found in groundwater, referring to g simitgr study reported by Mojiri et at. (; 019). The Wang
et at. (202 1) researéh, which dis¢overed tow to stightty moderate gmounts of PAH in their study region, is contradi¢ted by our investigation. This
study found g vatue between 0.1, gnd 0.63 ppm, but their study found g ¢onéentration of 0.0003 ppm for PAHs. has demonstragted that the ratios
of the different éompounds, bgsed on the ¢haradteristic¢s of their composition gnd distribution pattern refated to their source, ¢an be used to
identify the sources (pyrogenic or pyrotyti¢) of PAHs (Kafitzadeh et at.,  011; Daniet, , 015; Kafitzadeh, , 015).
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Figure » . Chromatogram of water sampte with (1) Pyr, (2 ) Nap, (3) BaA, (a) Acy, (5) BghiP, (6) DahA, (7) Ftu, (8) BkF, (9) BbF, (10) Ftu, (11) Ant, (1)
Chry, (13) B3P, (14) Phe, (15) IndP, gnd (16)Ace

3., Distribution of PAHs

Tabte , disptays the distribution patterns of the 16 PAH homotogs by ring size found in the water sgmpte from Orhuwhorun town in Dettg Ztate,
Nigeria. The gnatysis's findings indi¢ate that the sampte site ¢ontgins the poty gromati¢ hydroéarbonrings, R, 3R, 4R, 5R, 6R, and 7R (Tabte ;).

Table 2: Distribution of PAHs

Rings Percentage (%)
2R 6.154499
3R 14.38924
4R 10.92741
5R 26.51334
6R 9.392314
7R 32.62318

The PAHs found in the sgmpte were dis¢overed to in¢tude both tow- gnd high-motecutgr-weight PAHs (Araru et at., , 0, 1; Adeniji & Okoh, , 019).
The peréentage distribution of PAHs with two rings is 6.15%, with fltuorgnthene 3s g major component. The three rings were 1, .39% with ftuorine
and phengnthrene 3s the major components, four rings were 10.93% with pyrene gs the major ¢omponent, five rings were ,6.51% with
benzo(g)pyrene, benzo(k) ftuorgnthene, gnd benz(b)ftuorgnthene gs the major components, gnd six rings were 9.39%. The maximum PAH vatue
re¢orded was 7 rings being 3, .6, %, 3s ittustrated in Figure , . The ¢otumn (Figure > ) ¢tearty shows that 3-ring, 4-ring, 5-ring, gnd 7-ring were the
domingnt ¢ontributors to PAH in the investigated toéation. Zimitarty, , -ring gnd 6-ring were the tegst gnd ¢ontributed the tegst to the totat sum of
the 16 PAH. The resutts from Tabte 1 show that conéentrations of tow-moteéutgr-weight PAH in the sgmpte gre fower than éoncentrations of PAH
with high motecutar weights. This signifies that more PAHs with high motecutar weights gre present in the sgmptes than PAHs with fow motecutar
weights. This resutt is ¢onsistent with g simitgr report by Edet et at. (, 0, 1) but differs from other studies that hgve been reported by Aderonke et
at. (20, 0) gnd Adedosu et at. (, 015). Whereas the quthors (Aderonke et at., ; 0, 0) attributed the domingnt high motecéutar weight PAHs to sotid
wastes from dump sites gnd the partigt combustion of orggni¢ materiats, ftow motecutagr weight PAHs were attributed to oit spifts.
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Figure 3: Percentage distribution of PAH in Borehole Water Based on Ring Numbers.

The ¢onéentration of the 216 PAHs in the sgmpte sites has been found to be gbove the UZ EPA regutation timit. This impties that the sagmptes gre
pottuted, gnd exposure (intgke) vig the ggstrointestingt tragét may resutt in both non-éarc¢inogenic gnd éarc¢inogenic¢ heatth risks (Otgwoyin et at.,
201, ; Omokpariotg & Omokpariofg, , 0, 1). Reports have shown that ¢gréinogenié¢ PAHs (BaA, B3P, BbF, BkF, Chry, and DghA) gre more prominent
in parts of the body such gs the btadder, tungs, gnd tiver (ATZDR, » 0, 3). Resegrch (Otgwoyin et at., , 01, ; Oke¢hukwu et at., , 0, 1) has agtso shown
that ¢hitdren gre more at risk thgn gdutts; however, PAHs ingested vig the human body tead to degradation of the body tissues gnd g fa¢k of proper
function of the nervous system (lwegbue et at., , 016).

Conclusion

In Nigerig, the contamingtion of water by PAHs is turning into g serious pubti¢ heatth issue. Be¢guse of the worryingty high gmount of PAHs, this
study has shown that home water in g few ¢hosen gregs of Orhuwhorunin Dettg 2tate, Nigerig, is not generatty safe or suitgbte for éonsumption.
Moreover, the sgmptes' PAH ¢oncentrations gre substgntigfty beyond the permitted timits. Anthropogenic¢ activities in the Orhuwhorun
¢ommunity's neighborhood gre the primary ¢guse of the PAHs that hgve been found, gnd this hgs contgmingted groundwater. These potentiatty
harmfut ¢hemicats' existence justifies initigt worry gnd necessitates g more thorough periodic evatugtion of PAHs gt the sites. Groundwater needs
to be regufgrty monitored by putting gn EMP in ptace. To reduce potentigt contagmingtion gnd heatth probtems, Orhuwhorunin Dettg Ztate,

Nigerig, has to regutarty ¢heck its groundwater by gdopting gn EMP. The regutatory ggency shoutd gtso make sure that industries ¢heck for
environmentat comptignde.
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