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ABSTRACT: Wastewater samples from Warri Refinery and Petrotbal Company (WRPC) were collected from the
discharge point and 500m away from the point otliisge and analysed for physicochemical parametsirsy standard
methods. Serially prepared effluent concentratimese subjected to aceto-orcein squash chromosoeasibn Allium cepa
assay for genotoxic evaluations. Superoxide disseu{&OD), catalase (CAT) and glutathione peroxid&®H-Px) enzyme
activities were assessed on root-tipsAofcepal. exposed to the wastewater samples. Physicocaémnalysis showed that
levels of lead, chromium, zinc, manganese, cadmiton,and copper exceeded SON permissible limitswaare higher at the
discharge point than downstream. There was a r@gidease in mitotic index and statistically sigrafit (p<0.05) increase in
chromosome aberrations in the root tip cells wittréasing effluent concentration. SOD, CAT and G8Henzyme activities
decreased in the common onion root tip cells irtdigahigh rate of genotoxicity. The findings revélaat the toxic chemicals in
the wastewater are responsible for the observedtgeio effects by oxidative damage on the oniort tigocells.
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Introduction

Refinery and petrochemical plants generat&tevevater characterised by chemicals including yheeetals and
organic compounds which are assimilated by agsacies, pass through the food chain, and bioadetenupon
long-term exposure (Sang and Li, 2004). The wastéch arise as a result of ineffective purificatisystems,
contain environmental mutagens including heavy medad could be an important risk factor for huntealth
(Cernaet al, 1991, Bakaret al, 2007). Besides the direct health effects, they tme mutagenic or carcinogenic
and could lead to several human afflictions likeag and cardiovascular diseases (Hallenbeck, 1986)

Although the mechanism of metal carcinogéwiis largely unknown, several lines of experimémtadence
suggest that a genotoxic effect may be involvedo¢§nl992, Bologneset al, 1999). It has been asserted that
determination of the chemical composition and teeajoxic potential of wastewaters are crucial fovienmental
protection and public health (Durgo al, 2009).
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Biological tests, especially short-perioddsisays have been found detect a wide range ofaswest that can
cause genetic damage and enable quantificationutdigenic hazard even when there are no sufficiate dbout
identity and physico-chemical properties of comptsupresent in wastewater (Valled al, 2006, Ganeet al,
2008). In recent times there is a clamour for thefgrential use of higher plangs sensors of environmental
pollution because they are ethically more acceptaht aesthetically more appealing than animalsygiKbuk and
Kovalchuk, 2008). As a matter of fa&llium cepalL. (2n=16) has been used to as genotoxic endpofintsfinery
wastewaters to reflect DNA damage or biomarkersxpiosure (Hoshina & Marin-Morales, 2009, Rodrigaeal,
2009). This assay is low cost and easy to use.affley of plants to activate promutagens furthdds to their
suitability as test organisms (Plewa, 1978, Vig,789 Furthermore, there is a strong correlationwbeh
chromosomal aberrations induced by the same chémipéant cells and in cultured mammalian cellsaa®sult of
similarity in their genetic compositions (Grant,78). The use ofA. cepabioassay for environmental mutagen
monitoring has been endorsed by the Royal Swedishdémy of Sciences and the WHO (Fiskesjo, 1985).
Similarly, the activities of SOD, CAT, and GSH-Preaecently used to monitor the development andrexof
damage due to oxidative stress (Fatima and Ahn@@h,2lorunfemi and Lolodi, 2011).

Built in 1978, the Warri Refinery and Petreafical Company (WRPC) is the first Nigerian goveemtwholly
owned and largest oil refinery in Nigeria. Origiydbuilt to process 100,000 barrels of crude oil gay, it was later
de-bottlenecked to process 125,000 barrels peroflayude oil in 1987 (Nduka and Orisakwe, 2009)e Thost
recent reports on WRPC wastewater assessment waswith physicochemical analysis which showed serio
pollution burden on the potable water quality froime effect of the refinery effluent (Nduka & Oriseds 2009,
Uzoekwe & Oghosanine, 2011). To the best of ourwkadge, no investigations have been carried out for
evaluating the genetic and oxidative effects of VIRWastewaters. This study was aimed at elucidatind
evaluating the genetic and oxidative effects indulog different concentrations WRPC wastewatersguéincepa
bioassay and the activities of antioxidant enzymes as SOD, CAT and GSH-Px respectively.

Materials and M ethods

Collection of Refinery Effluents: WRPC effluent samples were collected in Februatyl2@om point of discharge
and 500m downstream in Ubeji community locatedatitude 5° 34' 4.57"N and longitude 5° 42' 24.07'UBeji is
Delta State and has an average elevation of alfome2ers above sea level. The composite wastewatapling
method was employed in collecting the samples. Beatpre, pH and DO were determiniedsitu. The samples
were collected with clean plastic containers angt ke an ice chest. These were eventually storgdeamefrigerator
at 4°C and analysed within 24 h of collection.

Metal Analysis. Refinery effluent samples, together with contrelere analysed for a number of standard
physicochemical properties, including TDS, chlosideitrates, and phosphates, according to methesizribed by
APHA (2005). Eleven metalsamely lead, copper, cadmium, chromium, iron, zaleminium, nickel, magnesium,
mercury and manganese were analysed in the watgsles according to standard analytical methods R/SE
1996; APHA, 2005) using an atomic absorption spectter (AAS) (PerkinElmer A Analyst 100). The metal
standards were prepared to known concentratiobg)léal, and kept inside plastic bottles that were-gleansed
with concentrated nitric acid and distilled water.

Allium cepa Test: Onion bulbg(Allium cepal., 2n=16) of the purple variety of average siz8-g2 mm diameter)
were purchased locally in Benin City’(&' N and %25' E), Edo State, Nigeria. The bulbs were sundried8for
weeks before use, to ensure that bulbs that wetenrand or mouldy were all discarded. Within 6 isoaf the
experimental set up, the outer scales of the batiolsbrownish bottom plates were carefully cut lgffving the ring
of root primordia untouched. The bulbs were setaipest for root growth toxicity and chromosomakahtion
(cytogenetics).

M acr oscopic Evaluation: To determine the root growth toxicity, 21 oniodldsuof good quality were selected were
planted in group of 7 bulbs directly into dechlatied tap water of good quality with pH 7.3 and treéahardness
(Fiskesjo, 1985). The base of each of the bulbsplasted directly in 100 ml beakers containing wager at room
temperature in the dark for 96 hours with the tagiew changed daily. After 96 hours, 5 bulbs witlodygrowth
were selected and the length of each root from batthmeasured (cm).
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Microscopic Evaluation: For the evaluation of induction of chromosomal redi#on, five onion bulbs were
suspended in the tap water for 48 hours at theadnahich root tips from these bulbs were cut andedi in

ethanol:glacial acetic acid (3:1, v/v) for 24 hoafter which the root tips were hydrolyzed with HCI at 6500 for

3 minutes. They were rinsed in distilled water &nd root tips squashed on a slide, stained witliogaemine for
10 minutes and cover slips carefully lowered ondlites to exclude air bubble. The cover slips vwealed on the
slides with clear fingernail polish as suggested3gnt (1982). This is to prevent drying out of fireparation by
the heat of the microscope (Sharma, 1983). Sixslidere prepared and were analyzed at x1000 meegiofi for
the induction of chromosomal aberrations. The ndtandex and the frequency of aberrant cells (Y%)yewe
determined as in previous study (Olorunfenal., 2011).

Estimation of Peroxidation and Antioxidant Enzyme Activities: The onion bulbs were prepared for total protein
and peroxidation determination and enzymatic asaays previous studies (Olorunfemi and Lolodi, 20IThe
outer scales of onion bulbs were carefully remosed the brownish bottoms were scraped away wittestroying
the root primordia. The peeled bulbs were placedajm water during the cleansing procedure to ptotiee
primordia from drying, were randomly placed on beak(4.5 cm diameter, 5 cm length) filled with thet liquids
such that the bases were constantly moistened lzseheed for 48 hours. The experiments were perfdratéoom
temperature (27 = 2°C) and in the dark. The tekttisms were replaced daily. The bulbs with the nesb growth
were discarded in each group. On day two when moitattivity is presumed optimal (Fiskesjo, 1985 toot tips
were excised from each bulb and prepared for détetion of total protein and peroxidation and enagimassays.
The concentrations used were 0 (control), 5, 1032040 and 5% of each of the WRPC effluents.

For the estimation of peroxidation, the lewéllipid peroxidation products in samples was esged as 2-
thiobarbituric acid reactive materials, aldehydesinly malondialdehyde (MDA) and endoperoxides (@uand
Aust, 1978). 2-Thiobarbituric acid-reactive matksim samples were assayed according to the mddifiethod of
Heath and Packer (1968). Total protein estimated modified method of Lowrgt al, (1951). SOD activity was
determined by measuring its ability to inhibit thgto-oxidation of adrenaline in aqueous solutioadoenochrome
in the presence of the superoxide anions (Misra fmdovich, 1972). The amount of enzyme produci®§e5
inhibition is defined as one unit of the enzymedigt Catalase determination is based on the niethfaCohenet
al., (1970). It hinges on the measurement of the ohitdecomposition of hydrogen peroxide,(d) after the
addition of the material containing the enzyme bwgating it with excess potassium tetraoxomanga(\aii,
(KMnO,) and then measuring the residual KMn€pectrophotometrically at 480 nm. GSH-Px activitgs
measured using hydrogen peroxide as substrateb@griand Mannervik, 1972). Potassium azide was chtlale
inhibit CAT activity. Conversion of NADPH was moaitd continuously spectrophotometrically at 340 fom3
min at 25°C.

Statistical Analysis: The results of the root inhibition and chromosoai®rrations are presented as mean
standard error for five onion bulbs per concentratand One-Way ANOVA was used for testing signifioa
Statistical significant differences between conaind the different concentrations of the effluanése determined
using Tukey post-hoc test. All statistical analysese carried out using SPSS®14.0 statistical pgeka

I+

Results and Discussion

The values obtained from the analysis of WReffluents collected from the discharge point ar@iDrB
downstream are presented in Table 1. The heavylsn&a, Fe, Zn, Mg, and Cr were comparatively higiethe
effluent from the discharge point than downstre8imilarly, total dissolved solids, alkalinity, shigtes and nitrates
were also higher in the effluent from the dischgogent, however, the pH of both effluents were significantly
different from each other (8.01 and 7.79 respebtjve

89



NISEB Journal Volume 12, No. 2 (2012)

Table 1: Water quality parameters and chemical charactesisti refinery effluent samples from WRPC

Parameters Discharge 500m from SON FEPA USEPA
Point Discharge Point  (2007) (1991) (1999)
Limit Limit Limit
Temperature 28.0 25.2 Ambient 30 NS
pH 8.01 7.79 6.5-8.5 6-9 6.5-8.5
BOD,s @ 20C 7.7 531 NS 50 NS
TDS 0.13 0.11 500 2000 500
Alkalinity 3.17 1.67 NS NS NS
Hardness 236.67 303.33 150 NS NS
Sulphates 925 67 100 500 250
Nitrate 83.5 64 50 20 10
Nickel ND ND 0.02 <1 0.05
Copper 0.3 0.1 1.0 <1 0.009
Iron 7.1 1.3 0.3 20 0.30
Cadmium 0.1 0.1 0.003 <1 0.002
Mercury ND ND NS 0.05 NS
Manganese 0.4 0.2 0.2 5 0.05
Zinc 9.3 55 0.3 <1 0.12
Aluminium ND ND NS NS NS
Chromium 0.2 0.1 0.05 0.05 NS
Lead 0.1 0.1 0.01 <1 0.003
Magnesium 110.7 109.5 NS 200 NS

All values are means of 3 replicates for each tneat. Values are in mg/l except temperature (°&)with no unit.
TDS: Total dissolved solids

BOD: Biochemical oxygen demand

ND: Less than determined limit

The physicochemical properties of WRPC waatewshow that most of the parameters were wittiP A
limits but exceeded USEPA limits. In particulare thoncentrations of Zn, Cr and Pd the wastewatereegled
FEPA limits. Although some metals like Zn, Mn, NidaCu may act as micronutrients, capable of enhgngiant
growth at lower concentrations, they become toxibigher concentrations posing health risk to tkefs in the
environment and consumers alike (Satagugl.,, 2000; Eriyamremet al, 2005; Muchuwetet al., 2006).

The onion bulbs grown in effluents 500m awaym the discharge point had higher root growthaih
concentrations (Fig. 1) than those grown in efftaseinom the discharge point. Highest root growtborded was
3.95cm at 5% effluent concentration 500m downstrednifie the lowest was 1.96cm at 50% effluent cotedion
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at the discharge point. Compared to the onion bgtbs/n in the control, the root tips of onion bulip®wn in the
refinery effluents were shorter and characterisetbbt malformations.

M Discharge Point B 500m away from Discharge Point
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Fig. 1: Root growth of onion bulb cultivated in WRPC efflie at discharge point and 500m downstream at
different concentrations.

Table 2: Effects of WRPC effluents on mitotic indexes anéPérrant cells il\. ceparoot tips

. Mitotic Index % Aberrant
Effluent concentration
(%) (MN£SE cellszSE*
Discharge Point 500m Discharge Point 500m
Downstream Downstream

Control 65.2 +0.70 65.2 £0.70 0.0 £0.00 0.0 £0.00
5 59.8 £+0.81 61.0+£0.81 5.0 £0.52 45 +0.52
10 548 +0.78 55.6 +0.78 7.7+0.55 6.8 +0.55
20 53.6 +0.74 54.4 +0.74 8.9 +0.45 7.7+0.45
30 50.2 £ 0.70* 51.6 +0.70* 10.7 £ 0.53 9.3 £0.53
40 48.6 £0.73* 49.8+0.73* 12.3+0.51 10.8 £10.5
50 46.0 £0.71* 47.0+£0.71* 14.3 £0.52 1268.52

Values are expressed as MeanzS.E.
*Means are statistically different from the congralt P<0.05
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The types of chromosomal aberrations indugedhe refinery wastewaters were sticky chromosgmes
disoriented chromosomes, vagrants, bridges andomictei, the most frequent aberrations being sticky
chromosomes. The mean values of the mitotic indék#} and percentage aberrations obtained from WRPC
effluents at the discharge point and 500m downstratvarious concentrations are presented in Tablée results
showed that, compared to the control, 30, 40 aldd BIRPC effluents at the point of discharge cauggficantly
lower MI while significantly higher % aberrant celivere recorded at all effluent concentrations.il8@ity, the
mitotic indexes of the effluent at the dischargenpwere lower than those downstream at each caratem. In the
same vein, % aberrant cells of effluents at thehdisge point were higher than those downstreamttzeske were
concentration dependent.

The results of this study have also estabtisthat the wastewaters caused the onset of geacibyoxXThe
effluents inhibited root growth indicating toxicit{fSwierengaet al, 1991). The presence of heavy metals in
industrial wastewaters have been analysed. ioepagenotoxicity test and found to induce significahtamosome
aberrations (Nelson and Rank, 1998). Chromoson&tatiions are changes in chromosome structuretirggfiiom
a break or exchange of chromosomal material. Abens induced were stickiness, vagrants, breakisigbs.
Stickiness reflects high toxicity of a substancewad| as irreversibility of the change (Turkoglud@?) while
acentric fragments in anaphase is the result afmsbsome or chromatids interruptions indicating riieteence with
DNA while bridges probably occur by the interruptiand joining chromosomes or chromatids or as altre$
chromosome stickiness, or it may be ascribed toqualetranslocation or inversion of chromosome sedme
(Turkoglu, 2007, Gémurgen, 2005). Bridges and fragts are clastogenic effects, both resulting frbmomosomal
and chromatid breaks (Kovalchek al 1998). Vagrants arise as a result of irregulpasgion and dislocation of
chromosomes; thereby constituting a risk of anadpl@Maluszynska and Juchimiuk, 2005).

The results of antioxidative enzyme respomséise WRPC wastewater at different concentratinespresented
in Figs. 1 — 4. The activities of SOD, CAT and G8K-were all found to decrease in the wastewatdn hbthe
point of discharge and 500 m downstream and these statistically significant (P<0.05).
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Fig. 2. Changes in SOD activity iAllium roots cultivated in WRPE€ffluents at different concentrations
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Fig. 3: Changes in Catalase activityAflium roots grown WRP@ffluents at different concentrations
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Fig. 4. Changes in GSH-Px activity lllium roots grown WRP@ffluents at different concentrations

The activities of SOD, CAT, and GSH-Px haeeib extensively used to monitor the developmentexteht of
damage due to oxidative stress (Spronck and Kikl@&902, Fatima and Ahmad, 2005, Olorunfemi ancbdil
2011). The decreased activities of main antioxidartymes in this study are consistent with theperts. These
have been attributed to high levels of and intévast of some heavy metals like Pb, Fe, Cd, Ni, €C€o which
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could lead to the formation of DNA strand breaksofMaki et al., 2007). Such increases in oxidative stress have
been repoted to cause DNA damage (Netggl., 2005).

In conclusion, the results obtained from Alleum cepaassay shows that it is a reliable tool for fiiet-trapid
environmental risk assessment monitoring. Decreastdities of SOD, CAT, and GSH-Px also show tW&RPC
wastewater induced oxidative stress and chromosab®@atations ifA. cepamodel and needs to be properly treated.
The relevant regulatory bodies should take urgtsqssto safeguard the inhabitants of Ubeji commyunito are
presently exposed to WRPC effluents which are ordignately discharged into the environment as sxpe of the
wastewater could lead to adverse health effecteXposed human and animal populations.
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