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Introduction 

ncreases in petroleum and heavy metal pollution 

are serious problem in the environment; claiming 

soil, water and food speedily due to negligence 

particularly at the southern region of Nigeria. 

Farmers are irrigating their crop plants with 

petroleum contaminated wastewater due to the non-

availability of alternative sources of irrigation water 

(Fawole et al., 2021; Vander-Oost, 2007). Petroleum 

wastewater irrigation may lead to the deposit of 

heavy metals and other ecological contaminants in 

agricultural soils. Food safety issues and potential 

health risks of petroleum wastewater have made it as 

one of the most serious environmental concerns. At 

global level, crude oil productions are estimated to be 

more than twelve million metric tons annually and 

about 1.7 to 8.8 million metric tons of petroleum are 

released into the aquatic environment and soil  
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ABSTRACT 
A surrogated 

fraction of the 

total petroleum 

hydrocarbons 

(TPHs) of soil 

that was 

impacted with 

petroleum 

wastewater 

gave an 

elevated 

extended diesel 

range organics 

(EDRO) (C29 – 

C40) value of 

496.30 ± 0.0 

kg/mg. 

Chromium (Cr) 

concentration of 

the raw soil 

sample was 

mg/kg and 21.25 

± 0.02 mg/kg. 
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respectively per annum causing hydrocarbons contamination (US. EPA, 
1993).  Exposure to EDROs compounds are suspected to cause cancer, lung 
inflammation or difficulty breathing, decreased liver and kidney function, 
neurological system effects, eye damage and EDROs soil may cause irritated 
skin (US. EPA, 1986). However, petroleum refining and activities produce 
huge volumes of waste water as effluent that contains heavy metals and 
other discharged toxicants (Wong & Chai, 1999). Being non-degradable, 
heavy metals (Cr, Pb, Cd, Ni, As, Hg, Cu and TI) stay persistently in the 
environment, accumulating at toxic levels in soil, water and the food chain.  
Although some of the heavy metals such as Zn, Mn, Ni and Cu act as micro-
nutrients in lower concentrations, they become toxic at higher 
concentrations. Apart from discharges from several industrial areas, heavy 
metals and persistent organic pollutants (POPs) continuously enter into the 
water source consumed by human beings and animals, endangering growth 
and health of biodiversity (Singh et al., 2010; Fawole et al., 2021). In many 
areas, a number of studies from developing countries have reported heavy 
metals contamination in untreated petroleum wastewater, polluting 

Rhizodegradation and phytostabilisation of petroleum polluted soil by 

the Nigerian native Cyperus odoratus, indicated reduced EDRO value of 

160.55 ± 0.00 mg/kg with 67.65% removal efficiency while Cr gave 11.80 ± 

0.17 mg/kg with 44.47% removal efficiency at week 5. The EDRO values 

were identified and quantified by Gas chromatograph with Mass 

spectrometric detection (GC/MSD) in accordance with standard 

analytical method of United States Environmental Protection Agency 

(US EPA) 8015C and manufacturer’s operational specifications of Agilent 

Technologies 7890A. Atomic Absorption Spectrophotometer (AAS) Buck 

Scientific 210VGP was employed for Cr determination while the obtained 

values were compared with international certified reference data from 

relevant regulatory agencies.  

 

Keywords: Soil, Chromium (Cr), Extended Diesel Range Organics 

(EDROs), Cyperus odoratus. 
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surface water and groundwater use for irrigation of crops or fish farming 
(Bieniek, &  Lusiak, 2012; Singh et al., 2010). Chromium exposure can irritate 
the nose, throat, skin and lungs. Repeated or prolonged exposure can 
damage the mucous membranes of the nasal passages and result in ulcers. 
In severe cases, exposure causes perforation of the septum [the wall 
separating the nasal passages] (Wong, & Chai, 1999).  Several researchers 
have been acknowledged on the application of untreated industrial 
effluents in crop farms and domestic usages constantly degrading soil 
health, animal and food chain.  
Thus, phytoremediation has been a potential remediation technology that 

offers tremendous advantage in terms of either risk reduction or cost 

savings over excavation and land filling of contaminated material or other 

traditional techniques to be implemented at a site (Onwurah et al., 2007; 

Wong, & Chai, 1999). Phytoremediation is a broad term use to describe the 

use of plants to reduce the volume, mobility, or toxicity of contaminants in 

soil, ground water, surface water or other contaminated media (Cerqueira 

et al., 2014; Onwurah et al., 2007). Researchers have identified mechanisms 

by which plants can affect contaminant mass in soil, sediments, and water. 

Although overlap or similarities can be observed between some of these 

mechanisms, and the nomenclature varies, this study made reference to 

two phytoremediation mechanisms, rhizodegradation and 

phytostabilization (Cerqueira et al., 2014). Rhizodegradation refers to the 

breakdown of contaminants within the plant root zone. However, the 

localized nature of rhizodegradation means that it is primarily useful in 

contaminated soil, and it has been investigated and found to have at least 

some success in treating a wide variety of mostly organic chemicals, 

including petroleum hydrocarbons, polycyclic aromatic hydrocarbons 

(PAHs), chlorinated solvents, pesticides, polychlorinated biphenyls (PCBs), 

and benzene, toluene, ethylbenzene, and xylenes [BTEX] (Abdulrahman et 

al., 2012; US. EPA, 1993; Vander-Oost, 2007). Phytostabilization takes 

advantage of the changes that the presence of the plant induces in soil 

chemistry and environment. These changes in soil chemistry may induce 

adsorption of contaminants onto the plant roots or soil or cause metals 

precipitation onto the plant root. The physical presence of the plants may 
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also reduce contaminant mobility by reducing the potential for water and 

wind erosion. Phytostabilization has been successful in addressing metals 

and other inorganic contaminants in soil and sediments (Cerqueira et al., 

2014; Abdulrahman et al., 2012; US. EPA, 1993). The processes of pollutants 

or contaminants accumulation by different plants or crops depend on the 

concentration of available pollutants or contaminants in soils, solubility 

sequences and the plant species growing on these soils.  

Therefore, the aim of this ex-situ study is employing the applications of 

rhizodegradation and phytostabilisation using Nigerian native plant specie 

of Cyperus odoratus to reduce the values of extended diesel range organics 

(EDRO) (C29 – C40) from TPHs and chromium (Cr) soil contamination that was 

impacted with petroleum wastewater.  

 

Materials and Methods   

Construction of Wetland Reactors: An artificial wetland system was 

constructed for the pilot scale experiments to decontaminate EDRO and Cr 

contaminant indicators of the petroleum-contaminated soil samples. The 

wetland reactors with humidty (40 - 45%), temperature (20 – 30%) and pH 

(6.5 – 7.0) consisted of (2) mesocosms (clean 20,000 cm3 plastic vessel, size: 

28.30 X 25.50 X 33.60 cm) (length X width X height), hydraulically equipped 

and placed in the greenhouse (properly sheltered from the rain) of Federal 

College of Forestry, Jos. The reactors made of plastics had components such 

as organically rich humus top-soil, cow-dung (manure), sharp-sand and 

gravels were well layered to operate according to the vertical subsurface-

flow principle (VSF). Cyperus odoratus  were planted in the control and 

treatment wetland reactors accordingly.  

Sampling of Petroleum-contaminated Wastewater: Grab samples of 

petroleum-contaminated wastewater were taken from the study site 

(Okpoka Creek, Niger Delta, Port-Harcourt with the geographical location 

N04° 46ʹ 38ʹʹ E007° 03ʹ 55ʹʹ and 4.94 km from the heart of the Pipelines and 

Product Marketing Company (PPMC) Oil Company, Port-Harcourt) using a 

glass cup and amber bottles of 1000 cm3 volume with telflon lined caps 

previously washed and dried in a laboratory oven at 105°C. Collection of 
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samples was obtained at different depths (2, 5 and 10 cm) of a selected 

location at the study site. The samples were pooled together to obtain 

60,000 cm3 of a representative sample. The homogenised and 

representative sample was filtered and preserved (acidified) on the site 

with 120cm3 concentrated H2SO4 to bring the pH to ≤ 2 (APHA/AWWA & 

WEF, 2005).  

A volume of 5000 cm3 from the 60,000 cm3 preserved petroleum-

contaminated wastewater sample was impacted into each of the 2 wetland 

reactors (control and treatment units) after the incubation period of 90 

days with the observation of dehydration period of 7 days was duly 

observed.  

Plant Sampling: Fresh plants of Cyperus odoratus were carefully uprooted 

individually from the different wetland reactors (control and treatment 

units) at the greenhouse on the week 5. The plant were washed carefully 

and systematically using tap water, then with distilled water to eliminate 

sand particles, dust, mud and any airborne pollutants that may be present. 

The samples were dried at room temperature, afterwards they were sliced 

using clean stainless steel knife, drying continued to constant. The dried 

samples were analytically sorted individually from their leaves, shoots and 

roots. Subsequently, powdered homogenously using clean pestle and 

mortar, sieved through 2mm mesh size, kept inside labelled sealed 

transparent polyethylene bags and stored in a cool and dark room until 

needed. 

Sampling of Soils: Soils from the different wetland mesocosms (reactors) 

were collected (after the detention period of 5 weeks) and dried at room 

temperature to constant weight, ground homogenously with clean mortar, 

sieved through a 2mm sieve to remove debris and stones and stored in 

transparent polythene bags at room temperature for characterisation of 

EDRO and Cr (IAEA, 2004). 

Extraction of Soil and Plants Samples for the Determination of EDRO: The 

dried soils and  powdered plant samples of Cyperus odoratus roots were 

differently weighed (1g) sorted and homogenously mixed with 30cm3 of 

acetone and hexane (1:1, v/v) by a mechanical shaker at 120 oscillations per 
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minute for 4hours. The mixtures of each sample were poured into different 

separatory funnels and allowed to stand for the organic layer to separate 

clearly from the aqueous phase. The organic (extract) layers were collected 

and stored in different amber bottles with Teflon-lined caps and 

refrigerated at 4°C.   

Analysis of EDRO: The representative extracts of soils and Cyperus odoratus 

roots from different wetland reactors were characterised prioritising EDRO 

values from the TPHs. The TPHs values were classified into surrogated 

fraction of C29 – C40 with similar adverse health effects, toxicological 

information, chemical and physical properties as categorised by Total 

Petroleum Hydrocarbons Criteria Working Group (TPHCWG), Department of 

Environmental Quality (DEQ) and Agency for Toxic Substances and Diseases 

Registry (ATSDR) for ease of quantification and interpretation by gas 

chromatograph with mass spectrometric detection (GC/MSD) Agilent 

Technologies 7890A. 

Digestion of Plants and Soils for the Determination of Cr: The pulverised 1g 

of each representative plant roots and soils samples from different wetland 

reactors were digested with mixtures of 12cm3 of freshly prepared aqua 

regia (3cm3 HNO3 and 9cm3 HCl) separately in 100cm3 standard Pyrex 

breakers. The samples were heated on steam bath for 30mins until cleared 

solutions were obtained in the laboratory fume hood and then cooled. The 

digests were filtered independently with Whatman number 41 filter papers 

and the filtrates were made up to 50cm3 standard volumetric flasks with 

deionised water. The different solutions were transferred into their 

properly labelled plastics bottles and refrigerated at 4°C.  

Preparation of Chromium (Cr) Stock Solution: Solution 1000 mg/L Cr was 

prepared by dissolving 0.77g of Chromium nitrate (Cr(NO3]3)  in 100cm3 

deionised water and the volume made up to the mark of 1000 cm3 

volumetric flask. Working standards (2, 4, 6, 8 mg/L) were made and the 

diluted solutions were stored in air tight Teflon sample bottles kept in cool, 

dark room until needed. 

Determination of Cr in Samples: The digested samples of petroleum-

contaminated soils and Cyperus odoratus roots were characterised for 
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concentrations of Cr using Atomic Absorption Spectrophotometer (AAS, 

Buck Scientific Model 210 VGP) with a Cr hollow cathode lamp operated at 

25mA. The wavelength was set at 357.9 nm resonance line and the slit at 

0.7nm, time constant of 0.2 second was used for peak height evaluation. 

The instrument’s setting and operational conditions were done in 

accordance with the manufacturer’s specifications. The calibration curve 

prepared for the element was used to extrapolate its concentration.  

 

Result: Table 1 

Rhizodegradation and Phytostabilisation Values of EDRO and Cr Soil using 

C. odoratus 

Parameter  EDRO  Cr  

Raw (R) (mg/kg) 496.30a ± 0.00b 21.25a ± 0.02b 

Control Unit (mg/kg) 82.15a ± 0.00b 5.60a ± 0.08b  

Treatment Unit (T) (mg/kg) 160.55a ± 0.00b 11.80a ± 0.17b 

Treatment Performance (%) 67.65 44.47 

WHO/FAO 2001 (MPL)  * 100 

API 2002  TPHs (MPL)  300 - 1000 * 

DPR 2002 TPHs (MCL) 1000 * 

+DPR 2002 (MAC)  Target Value * 100 

+DPR 2002 (MAC)  Intervention Value * 380 

NESREA 2009 (MAC) * 100 

 

a±b = mean ± standard deviation, n = 4, Treatment Performance = (R-T/R) 

100% 

DPR = Department of Petroleum Resources/ Environmental Guidelines and 

Standards for the Petroleum Industry in Nigeria  

WHO/FAO = World Health Organisation / Food and Agricultural 

Organisation, Maximum Permissible Limit for Agricultural Soil. 

+Department of Petroleum Resources/ Environmental Guidelines and 

Standards for the Petroleum Industry in  

Nigeria, Maximum Allowed Concentrations for Heavy Metals in Soil 
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NESREA = National Environmental Standards and Regulations Enforcement 

Agency, Soil Quality Standards within Industry 

MAC = Maximum Allowed Concentrations 

 
Discussion 
The result of this study as shown in Table 1 indicated treatment 

performances of C. odoratus to rhizodegrade and phytostabilise EDRO and 

Cr soil pollution with 67.65 and 44.47% respectively within week 5 of 

biological engineering. The EDRO pollutant of the raw soil sample showed 

value (496.30 ± 0.00 mg/kg) within maximum permissible limit range of 300 

-1000 and 1000 mg/kg by the international certified regulatory agencies of 

API and DPR respectively. The raw Cr soil polluted value (21.25 ± 0.02 mg/kg) 

was below the maximum permissible limit of agricultural soil by WHO/FAO, 

maximum allowed concentration of soil quality standards within industry by 

NESERA and maximum allowed concentration for heavy metals in soil by 

DPR (Target and Intervention values) but further degraded to give 11.80 ± 

0.17 mg/kg. The rapid industrialisation and poor practices of petrogenic 

activities have led to increase of petroleum hydrocarbons and heavy metals 

deposit into our environment. Major effect of these pollutants and 

recurrences of poor petrogenic activities have given way to gross loss of 

biodiversity and are considered as the most toxic pollutants in the world due 

to their toxicological persistence in the environment. However, recent 

concerns regarding the environmental contamination have initiated the 

development of clean and biological remediation technology to remove or 

degrade or cleanup the environment.  

 
Conclusion 
The clean, viable, sustainable and cost effective of rhizodegradation and 

phytostabilisation applications of  Nigerian native Cyperus odoratus 

degraded toxic extended diesel range organics (EDRO) (C29 – C40) and 

chromium (Cr) soil pollution with treatment efficiency of  67.65 and 44.47% 

at week 5. The C. odoratus showed ability to tolerate stress and survived 
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unhealthy environmental conditions as an efficient approach and candidate 

of phytoremediation.  
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