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Abstract

The toxic effects oWigna subterraneglants grown for 12 weeks in a simulated petroléum

to 100ml/2kg soil) contaminated soil was invesighatThe soil samples in which the plants were
established were either un-amended, or amended\iky or Urea, or Poultry manure. The rate
of metal uptake, plant growth and fruition, whichswbest with poultry manure amendment were
measured. Phytoextraction of metals was effectikgvested fruits were fed whister albino rats
for 28 days to trace the inherent biomagnificatiddazard characterization revealed negative
effects of potentially toxic metals on organ wejdgPrtotein Efficiency Ratio and weight change.
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Introduction

Petroleum is a complex mixture of hydrocarbons that from the partial decomposition of
biogenic materials [1]. Elemental analysis reveapectra due to trace elements such as Ca, Fe,
Mg, Cu, Zn, Na, Ni, K and Mo in crude oil were reded using Laser induced breakdown
spectroscopy (LIBS) technique [2]. The environmkitgacts associated with the exploration
and exploitation of crude oil have been a poputaa@f experimental research in Nigeria in the
last three decades, therefore, literature tredkirsgsubject is quite prolific. Over the last deesd
there has been an increasing interest in biologwathodologies, collectively indicated as
bioremediation that may help reduce the risk ofaaig pollutants in soil and effectively restore
polluted sites [3]. These methodologies, and tipdant-assisted variants, phytoremediation
usually considered environment-friendly treatmentsnstitute essentially a managed or
spontaneous process mediated by living organisnag(ynmicroorganisms) or plant-associated
types, which degrade or transform contaminantsess |toxic or nontoxic products, with
mitigation or elimination of environmental contamiion. Grain legumes of Bambara
groundnuts serve as a cheap source of proteinlaoga proportion of the population in poor
countries of the tropics and are called ‘Okpa’gbdland in Nigeria. Bambara groundnuigna
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subterranegL.) Verdc), an indigenous African legume, playsieportant socio-economic role

in the semi-arid regions of Africa [4]. The dry deamay be roasted and eaten with palm kernel
as snacks. Protein functionality tests on the giloseed indicate that it can compete with or
replace other conventional flours in a range ofcpssed products [5]. The seed makes a
complete food, as it contains sufficient quantitiésproteins, carbohydrates and lipid [6] [5].
Bambara groundnut is a drought resistant crop griommarginal, low-input, environments. At
this time, there is insufficient information on iagied field produce, physiology and behavior of
the flora and exposure implications for a reasoassessment. Research on rats is to validate
preliminary findings and points towards potentiehhh risks.

Materials and Methods

Cultivation: The surface (0-15cm) soil used in thiady was collected from an agricultural
grassland lying fallow (with no history of pollutip in Choba, a typical Niger Delta Region,
Rivers State of Nigeria using a stainless steedhaunger in a randomized sampling quadrat
design. The soil samples were air-dried, gentlysloed, sieved to < 2mm, and used for basic
characterization analysis using the method of Akgnal. [7]. The zero treatment (control)
included in the design was exposed to same cond#® other treatment groups but was not
spiked with crude oil. Fresh poultry manure, PMduseas characterized with composition as
follows: Total Nitrogen, 1.09; Phosphorus af©#§1.01; Potassium O, 0.55; and Calcium,
3.62. Spiking with Bonny light crude oil in the a@amntrations of 2, 4, 6, 8, and 10% (v/w) in a 45
x 45cm polyethylene bag after conducting toxiciigls to arrive at these concentrations were
done. All amendments were added by top-dressinge@ksy after contamination and before
planting. Bambara beans were seeded into soil grafier 2 weeks of soil preparation while
watering. Up to 3 — 4 holes per bag were made lowdlor free drain and adequate aeration.
Three replicateger treatment were prepared. Growth indices wer@sored biweekly and plants
were harvested at 6 and 12 weeks for comparisoshedathoroughly with deionized water, and
sun-dried to constant weight and the shoot dry iateigs recorded. Dried plants materials and
harvested seeds (roasted) of Bambara beans, gnayd, acid — digested using HNO3 and HCI
in the ratio of 3:1 respectively and the concerdret of Cd, Fe, Cu, Mg, and Na in the seeds and
leaves weredetermined by graphite furnace atomic absorptioacspphotometry (GTA —
110/SpectrAA50, Varian, Inc., Palo Alto, CA, USA)e limit of detection for this equipment is
0.001. Every sample was taken, labeled and preservedoppately. Transportation to the
laboratory was made using ice chest coolers. Amalyss conducted using scientifically
accepted methodology (APHA and ASTM) and high dquatandard non — expired reagents.
There was no deviation whatsoever from the quat@yndard prescribed for this experiment.

Rat feeding study: A total of 13-diet groups otli3ease-free female, weaned, mature albino
rats, weight range between 100 and 126g of theawstrain were designed in this 28-day
feeding study in three replicates. The rats weréghesl and acclimatized for 7 days and
reweighed. The weight after 7 days acclimatizatemmed the initial weight. Apart from CTRL

1 diet group, which was wholly commercial feed grdther groups, had their diets formed from
6:1 industrial feed to Beans flour from the varialist groups. Unsuitable animals were culled
and daily heath monitoring (posture, vitality, comgtion, elimination, hydration), use of PPEs,
minimal noise, vibration, stress, disturbance, peshagement program and general cleanliness
of the cage and environment were some QA/QC siesteg Topfeeds Grower mash of
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composition: Crude Protein, 16%; Fats/oil, 5%; ud& fibre (kcal/kg), 7%; Calcium, 1%,;
Methionine, 0.36, Salt(min), 0.3; Metabolisable Eyymin), 11.1MJ; Available Phosphorus,
0.70%; Lysine, 0.75% ; and Net weight/kg, 25Kg) veasployed for rats feeding. Animals had
continuous free access to clean tap water and Rexflorated wire-meshed cages with facilities
for feed, water and fecal collection were used. bleédings are kept clean and changed at very
regular and frequent intervals. One of the clearestironmentally - friendly and easiest to use
beddings [8] [9], shredded cardboard paper was @&mepl Hay was put underneath to support
rats with a semblance of environmental enrichmaunt @ means of following natural instincts.
The rats were weighed at the end of the feedingeraxgent and sacrificed by a careful
dislocation of the neck after a careful exposittonAnesthesia Induction Chamber (Havard
Apparatus). All national and local regulations candlling of animals were adhered to. The
carcasses were weighed, labeled and incisions me&aéhe skull, thoracic and body cavities to
expose the organs (liver, kidney, heart, spleemcig@s and lungs), which were excised,
trimmed of fat tissues, weighed, inspected for grgss pathological changes and returned into
individual carcasses. The carcasses were finalgddn an oven at 8C for 48 hours, weighed,
crushed and stored in desiccators for further gérodetermination.

Statistical analysis: Statistical Package for Sdsaences for Windows version 10.0 (SPSS Inc.,
Chicago, IL) was used to perform one — or two — waglyses of variance and the pearson
correlation. Pairs of treatment means were compévedsignificant differences using least
significant difference (LSD) at the 5% level.

Results and Discussion

Brown patches (Fig I) on the leaves in contaminaitedi unamended treatment showed a toxicity
symptom.

Studies showed decreasing phytomass with increagifigconcentration though Bambara beans
basically were crude oil spill - induced droughtetant as rare death cases were recorded.
Application of amendments to contaminated soil h&gmificantly increased the soil pH, and
promoted better growth and yields in bans. HoweBambara beans showed little response to
applications of Urea which stuntedness could be tweBiuret in Urea fertilizer. The
concentration of cadmium in the soil solution &tnificantly when poultry manure was applied
to contaminated soil whereas comparable levels eveeen in the produced fruits (Tables | and
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II) and these constitute safety concerns [10].tlmiiwas not supported within the 12 weeks of

study for NPK group though bunch and radiant growéis evident (Tables | and ).

Tablel: Mean levels of Cd (mg/kg) in Bambar a beans harvested

TRMT CNTRL CON NPK UREA PM
V20 NA NA 14.38d+4.11 4.381+6.78
V40 11.88b+5.44 NA 16.25e+4.33 13.75€+9.04
V60 13.13b+6.01 NA 18.13e+4.51 14.38e+5.99
V80 16.88c+6.22 NA NA 16.25ge+7.11
V100 0.63a+5.21 16.25cd+6.50 NA NA NA

Values are means + SE (n = 3). Means in the sarherohaving the same letters are not significadifferent at p

< 0.005. NA = Not applicable as fruits were not podd with these regimes. CTRL = Control experimiiftiK =
NPK-amended treatment; PM = Poultry manure- ameniedtment; UREA = Urea- amended treatment; 20, 40,
60, 80, and 100 represent different spill volunig soil simulated.

Tablell: Mean levelsof Cu (mg/kg) in Bambara beans harvested

TRMT CTRL CON NPK UREA PM

V20 NA NA <0.001 <0.001
V40 <0.001 NA <0.001 <0.001
V60 <0.001 NA <0.001 <0.001
V80 <0.001 <0.001 NA NA <0.001

Observed low magnesium and potassium levels (aatahown) for NPK could account for non-
fruit yield in that regime. The contaminant pladbd plant/microbe community under stress as
evident in above ground- level-fruition seen for-amended group at the highest spill
concentration adopted (Fig Il).

Figll: Stressinduced early fruition at 100ml/2kg soil contamination above soil as opposed
to below soil fruition taken by plant normally at eleven weeks after ger mination, 11WAG.
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Nutrient elements analysed were affected by splS analysis revealed Urea- 30.9%, NPK-
30.71%, PM- 49.03%, Un-amended- 33% for Cd; UBR78%, NPK- 19.13%, PM-37.39%,
Un-amended- 17.17% for Mg (data not shown); Urda2@%, NPK- 20.9%, PM- 32.84%, Un-
amended- 19.34% for Na; Urea- 20.77%, NPK- 18.8P%; 28.32, Un-amended- 24.54% for
Cu; and Urea- 34.23%, NPK- 41.53%, PM- 47.69%, theladed- 18.46% for Fe (data not
shown) at the highest spill concentration (Table Il

Tablelll % Shoot Performance (extraction) of Bambara bean plant at the end of
experiment at the highest contaminant dose

Metals CON NPK UREA PM

Cd 33.00 30.71 30.90 49.03
Mg 17.17 19.13 34.78 37.39
Na 19.34 20.90 31.28 32.84
Cu 24.54 18.87 20.77 28.32
Fe 18.46 41.53 34.23 47.69

Soil mineral availability and plant mineral uptakeas affected by crude oil and effects were
ameliorated by biostimulants. Increased Cd leuelgrain for UREA (Table I) treatment group
could be due to fertilizer components. Cu was netected in all grains analyzed. Soll
characteristic geology and manure components tonéd to high Fe content recorded for all
samples. Animal body weight gain was highest in CPRliet group followed by rats fed CTRL
1, then PM diet group in which a systematic bodygivedecrease was observed with increased
spill concentration. Increase in body weight wagificantly (p < 0.05) higher in CTRL 2
followed by CTRL 1 and PM.

The interaction between the rhizosphere microbiethmunity and the contaminant left some
contaminants in the fruits which were formed undewgd. Generally, adequate feed
consumption rate recorded revealed that roastiregcese carried out on the Bambara beans
before administration; not only inactivated toxiactors especially trypsin inhibitors and
hemagglutinins but also improved the taste of #exls. Rats fed un-amended contaminated diet
at higher spill concentrations suffered enlargesnsich wall after 10 days of feeding trials. The
un-amended contaminated diet group recorded theeporelative growth rate, body weight gain
as well as feed conversion ratio and protein efficy ratio. Inhibition of trypsin by trypsin
inhibitors in raw soya flour had been thought teufein a continuous release of the stimulant
hormone cholecystokinin from the mucosa of the snmaéstine bringing about an adaptive
response in the pancreas [11].

PER was highest for rats fed Control > PM > UREAC®N diets. There was significant
difference (p< 0.05) among the weights of dry carcass for ameagedun-amended diet groups
(Table 1). PER for rats fed Nutrend was 1.67 [I14]is compared well with PER found for
control and PM diet groups. The rats fed diet C@Megleast relative growth rate (Table V).
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TablelV Performance characteristics of albino ratsfed different dietsfor 28 days

Diet group 1(g) | F(g) BWC (g) PER | FCR WDC RGR

CTRL 1 100 | 170.7 | 70.7 1.67| 0.98| 38.22 0.93
CTRL?2 100 | 197 82 1.94| 1.03| 4577 1.07
40 CON 118 | 173 55 1.30| 0.75| 32.08 0.68
60 CON 125 | 180 55 1.30| 0.75| 3217 0.68
80 CON 126 | 181 55 1.30| 0.76] 32.05 0.68
100 CON 125 | 175 50 1.18| 0.69| 3150 0.58
20 PM 115 | 188 73 1.73| 1.00| 44.26 0.96
40 PM 100 | 170 70 1.66| 0.95| 43.34 0.92
60 PM 100 | 170 70 1.66| 0.95| 42.96 0.92
80 PM 110 | 180 70 1.66| 0.95| 37.56 0.92
20 UREA 100 | 167 67 159 | 0.85| 42.19 0.87
40 UREA 125 | 190 65 154 | 0.83] 4127 0.84
60 UREA 125 | 189 64 159 | 0.86| 41.05 0.83

Values are means + SE for 3 rats per dietary gréus 3). Means in the same column having the satiers are
not significantly different at g 0.005. BWC = Body weight change; CTRL 1 = Group demmercial feed only,
CTRL 2 = Group Fed commercial feed + control sedds; Final weight; | = Initial weight; CON = Diet goup fed
seeds harvested from contaminated and un-amendathtent; NPK = Diet group fed seeds harvested fixiPi-
amended treatment; PM = Diet group fed seeds héedesom Poultry manure- amended treatment; UREDiet
group fed seeds harvested from Urea- amended tegdatrd/DC = Weight of dry carcass; Protein EfficigriRatio,
PER = Body weight change at the end of the feegdaripd/Protein consumed; Feed Conversion Ratio, FCR
Body weight change at the end of the feeding péeriQdantity of feed consumed; Relative Growth RRtBR =
2.303log (increase in mass/time interval in day$), 40, 60, 80, and 100 represent different sgilumes/ 2kg soil
simulated.

Carcass crude protein decreased with increasechroomdnt dose while fecal crude protein
increased with decreased contaminant dose (datasimown). Also, there was no marked
variation between carcass crude protein betweeraRMUREA diet groups. Low FCR in CON
diet group could be related to their high fecaderprotein.

The effect of feeding these diets on the organ ltsigf rats is shown in table V.

The increment in most organ weight with increasedtaminant concentration could be due to
increased hepatic enzyme activity [13], though irpment was recorded with contaminant
removal. Pancreatic enlargement was evident wiimals-fed with significant contaminated
formulations and is in conformity with the finding$ Tudor and Dayan [11]. Visual inspection
of their lungs at autopsy revealed gross pathoddgohanges. This could be due to some
physiological variations. The significant differenimn pancreas weight obtained for rats fed CON
diets over those of other groups was indicativparicreatic enlargement. This was also visible
at autopsy.
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TableV Organ weight (g) of Animal

Diet group Liver Heart Kidney Lungs Spleen Pancreas

CTRL 1 4.15¢+0.02 0.60a+0.08 0.57a+0.04 0.60a+011 0.56&t0 0.22a+0.09
CTRL?2 5.70d+0.04 0.35b+0.08 0.54a+0.06 0.62a+0.08 0.50#+0 0.22a+0.05
40 CON 5.81e+0.04 0.40c+0.04 0.80b+0.04 0.50b+0.p9 0.58%+0 0.49b+0.10
60 CON 5.98e+0.03 0.50d+0.09 0.81b+0.04 0.51b+0.15 0.5%#+0 0.50bx0.10
80 CON 6.02e+0.01 0.51d+0.04 0.81b+0.05 0.51b+0.07 0.61E#Qd 0.52b+0.13
100 CON 8.11f+0.01 0.47d+0.05 0.55c¢+0.05 0.53b+0.07 0.830&0| 0.53b+0.16
20 PM 5.34c+0.02 0.38b+0.09 0.81b+0.07 0.70c+0.07 0.496:Q 0.35c+0.07
40 PM 7.11g+0.05 0.44b+0.09 0.82b+0.01] 0.85c+0.11 0.48#Q 0.35c+0.05
60 PM 6.02g+0.03 0.50d+0.06 1.00b+0.01 0.74c+0.11  0.6(&-Q 0.35c+0.06
80 PM 6.309+0.03 0.52d+0.07 0.65b+0.04 0.75¢+0.14 0.57&0 0.30c+0.14
20 UREA 6.31g+0.03 0.32e+0.07 0.66b+0.04 0.57d+0.13  0.470aQ 0.30c+0.13
40 UREA 6.349+0.04 0.47d+0.07 0.93b+0.02 0.94c+0.11  0.7Z5#Q 0.30c+0.09
60 UREA 6.349+0.04 0.50d+0.09 0.94b+0.04 0.96c+0.09 0.745#Q 0.31c#0.11

Values are means + SE for 3 rats per dietary grug 3). Means in the same column having the satterk are
not significantly different at g 0.005.

The implications for the biotechnology industryrealdy suffering from a generic backlash
against food grown in Niger Delta — could be sev@tds implies that the industries need do
rigorous hazard assessment, do it repeatedly amdtondt. Further sensory evaluation on
humans, shell life and microbial studies shoulcc@eied out if natives or industries must make
use of such produce. Also, Bambara beans couldséfiluat phytoextraction of Cd, Cu and Fe
into its harvestable portion and could be explonetthe area of phytoremediation.

Conclusion

The ability of the amendment in reducing the phytatity and the measurable plant uptake of
contaminants were key findings. Also, the earlyition with high (10% v/w) dose of
contaminant is indicative of stress-response. Bouttanure compared well with control
experiment especially at lower dose of the contamts and is therefore recommended for such
management practices. Rats fed un-amended contmahidzet at higher spill concentrations
suffered enlarged stomach wall after 10 days oflifeg trials. The un-amended contaminated
diet group recorded the poorest relative growth,aody weight gain as well as feed conversion
ratio and protein efficiency ratio. Pancreatic egégment was evident with animals-fed with
significant contaminated formulations due to sonmgsplogical variations. Poultry manure
amendments however, reduced the inherent phytatpxic
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