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Abstract
Sponge-gourds, the fruit of Luffa cylindrica, are widely used throughout the
world. It is an annual climbing crop which produces fruit containing fibrous
vascular system. Produced water is any water that is present in a reservoir
with the hydrocarbon resource and is produced to the surface with the crude
oil or natural gas. The residual metallic ion concentrations were determined
using an Atomic Absorption Spectrophotometer (AAS). The physico-
chemical properties of Produced water before discharge or reinjection into the
waterways and reservoir and after treatment with luffa cylindrica were also
determined. The percent removal of metal ions present in the produced water
under study were 92.31%, 88.64%, 85.71% and 66.67% for Cr’*, Zn**, Pb**
and Cd** respectively. There were also reduction of Sulphate ions, THC,
salinity and conductivity. Luffa cylindrica is an effective biosorbent for the
removal of heavy metal ions; offering a cheap option for primary treatment of
produced water.
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Introduction

Production of oil and gas is usually accompanied by the production of water. This
produced water consists of formation water, or flood water previously injected in the
formation. As exploited reservoir mature, the quantity of water produced increases [1].
Produced water is not a single commodity. The physical and chemical properties of produced
water vary considerably depending on the geographic location of the field, the geological
formation with which the produced water has been in contact for thousands of years, and the
type of hydrocarbon product being produced [2].

Most produced waters are more saline than seawater [3]. They may also include
chemical additives used in drilling and producing operations and in the oil/water separation
process while produced water from gas operations includes condensed water and has higher
contents of low molecular-weight aromatic hydrocarbons such as benzene, toluene,
ethylbenzene, and xylene (BTEX) than those from oil operations; hence they are relatively
more toxic than produced waters from oil production. Studies indicate that the produced
waters discharged from gas/condensate platforms are about 10 times more toxic than the
produced waters discharged from oil platforms [4].

Imparts of produced water constituents in altering habitat integrity of the natural
bodies have been reported in previous studies [5]. It explains that, if untreated produced water
is discharge or allowed to accumulate, the decomposition of organic materials it contains can
lead to production of large quantities of malodorous gases. All these causes damage to human
health, fisheries, and agriculture and results in associated health and economic costs [6]. For
these reasons, the immediate treatment and disposal, is not only desirable but also necessary
in an industrialized society. This is mandatory by numerous federal and state laws. The
ultimate goal of produced water management is the protection of the environment in a manner
commensurate with public health, economic, social and political concerns.

OSPAR convention for the protection of the marine environment of the North-East
Atlantic requires from the offshore oil industry to develop a “zero discharge strategy” when

evaluating the treatment options for produced water [7].

58



@ Leonardo Electronic Journal of Practices and Technologies Issue 14, January-June 2009
ISSN 1583-1078 p. 57-64

Luffa (Luffa cylindrica (L.) Roem syn L. aegyptiaca Mill) commonly called sponge
gourd, loofa, vegetable sponge, bath sponge or dish cloth gourd, is a member of
cucurbitaceous family. The number of species in the genus Luffa varies from 5 to 7. Only two
species L. cylindrica and ribbed or ridge gourd (L. acutangula (L.) Roxb) are domesticated.
Two wild species are L. graveolens and L. echinata. Luffa is diploid species with 26
chromosomes and a cross-pollinated crop [8].

The fruits of Luffa cylindrica are smooth and cylindrical shaped, it is a lignocellulosic
material which composed of 60% cellulose, 30% hemicellulose, and 10% lignin [9].

Luffa cylindrica has alternate and palmate leaves comprising petiole. The leaf is 13
and 30 cm in length and width respectively and has the acute-end lobe. It is hairless and has
serrated edges. The flower of Luffa cylindrica is yellow and blooms on August-September.
Luffa cylindrica is monoecious and the inflorescence of the male flower is a raceme and one
female flower exists. Its fruit, a gourd, is green and has a large cylinder-like shape. The
outside of the fruit has vertical lines and a reticulate develops inside of the flesh. Luffa
cylindrica grows about 12 cm long. The stem is green and pentagonal and grows climbing
other physical solid [10].

They have a long history of cultivation in the tropical countries of Asia and Africa.
Indo-Burma is reported to be the center of diversity for sponge gourd. The main commercial
production countries are China, Korea, India, Japan and Central America [8].

The aim of this study is to use Luffa cylindrica as a bioadsorbent to further treat produced

water before discharge or reinjection into the waterways and reservoir as the case may be.

Material and Method

Collection of materials
The Produced water sample was collected from oil mining lease (OML) 58, Obagi
Flow Station, Total Onshore Operation, in Rivers State, Nigeria at a point before
discharge or reinjection (Wash Tank). Luffa cylindrica was collected from the bush at

Obot Akara in Uyo, Akwa Ibom State, Nigeria.
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Preparation of Samples
The sponges-like sample were gathered into a clean bowl and the coat (covering) were
removed and put in a furnace at a temperature of 200°C and allowed to dry for 25 minutes. At
the expiration of the time, it was removed and cooled in a desiccator for 30 minutes. Finally it

was remove and ground to powder.

Experimental Procedures
Produced water collected was stored in corked bottles for immediate analysis in the
laboratory. The pH, conductivity, salinity and redox potentials of the produced water samples
were measured at the point of sampling using WTW meters. The determination of Zn**, Cd*,
Cr**, and Pb** ions were done using Atomic absorption spectrophotometer (AAS UNICAM
939/959) and sulphate, TOC and THC by the method of AOAC [11].

Adsorption Experiment
5 g of the adsorbent was poured into 50ml of the produced water. The solution was
stirred using magnetic pellets for 20 minutes. The separation of the adsorbents and solutions
was carried out by filtration with 5897 Ashless white filter papers and the filtrate stored in
sample cans in a refrigerator prior to analysis. The residual of the metallic ion were
determined using atomic absorption spectrophotometer (AAS UNICAM 939/959) while THC,

TOC, and Sulphate were determined using the procedures stated above.

Results and Discussions

The results of the analysis performed are presented below.

The results of the performance of luffa cylindrica in the post treatment of pre-treated
Produced water before discharge or reinjection are shown in Table 1. Before the treatment
with luffa cylindrica it was observed that the pre-treated Produced water on analysis showed
that the metal ions present were lower than those obtained with the petroleum industry’s BPT

(Best Practicable Technology) and BAT (Best Available Technology) (12).
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Table 1. Physico-chemical properties of BTWLC and ATWLC Produced water

Parameters BBTWLC Produced | “ATWLC Produced | %Removal | EPA limits
Water Water
Zn”*(mg/L) 0.044 0.005 88.64 2-5
Cd** (mg/L) 0.003 0.001 66.67 0.03 -
0.1
crt (mg/L) 0.052 0.004 92.31 2
Pb™* (mg/L) 0.007 0.001 85.71 0.1
Sulphate (mg) 72 71.05 1.32 10
THC (mg/L) 13.13 12.17 7.31 42
*TOC (mg/L) 78.4 398.4 - -
“pH 7.53 8.69 - 5-9
Conductivity 24.01 23.03 4.08 -
(us/cm)
Salinity 14.6 13.9 4.79 -

A Table note: Increased after treatment
B Table note: Before Treatment with Luffa Cylindrica
¢ Table note: After Treatment with Luffa Cylindrica

From the results obtained, it was observed that luffa cylindrica as an adsorbent was
able to further reduce the amount of metal ions present in the pre-treated produced water
under study. The percent removal of metal ions present were 92.31%, 88.64%, 85.71% and
66.67% for Cr’*, Zn**, Pb>* and Cd** respectively. This could be as a result of adsorption
capacity and average BET surface area of fibers of luffa cylindrica (13). There were also
reduction of Sulphate ions, THC, salinity and conductivity but these reductions were less
when compared to that of the metal ions present in the pre-treated produced water under
study. The pH and TOC increased after the treatment with luffa cylindrica with TOC
increasing to a value of 408%. For the pH a close relationship between the surface basicity of
the adsorbents and the anions is evident. The increase in TOC may be due to the adsorbent
dose of the ground luffa cylindrica under study. This is similar to the findings of others, where
the interaction between oxygen-free Lewis basic sites and the free electrons of the anions, as
well as the electrostatic interactions between the anions and the protonated sites of the
adsorbent are the main adsorption mechanism (14, 15, 16). It was observed that though there
was a reduction of sulphate ions present in the produced water after treatment with luffa
cylindrica (1.32%) the amount of sulphate ions that remained was still above the EPA limit of
10 mg [12], acceptable before discharge or reinjection into the waterways and reservoir

respectively.
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Conclusions

Growing environmental awareness and stricter regulations are putting exerting
demands on industrial produced water. It is not enough to analyzed contaminants; the effluent
must meet certain standard of purity before discharge or reinjection into the waterways and
reservoir respectively.

This research has also shown that the use of Luffa cylindrica as a secondary treatment for
produced water is appropriate for the removal of Zn**, Cr’*, Pb** and Cd**. With the high
percent removal of metal ions present in the produced water before discharge it showed
the potential of luffa cylindrica (which is readily available) as an adsorbent for the

primary treatment of produced water from the reservoir.
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