Performance of tubular reverse osmosis for the desalination/
concentration of a municipal solid waste leachate
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Abstract
Municipal solid waste leachate (MSWL) has the potential to pollute the water environment and to affect biological treatment
processes adversely if not properly handled. Reverse osmosis (RO) has the ability to remove both organics and inorganics
effectively from effluents. Therefore, RO was evaluated for the treatment of MSWL. It was found that both cellulose acetate
and polyamide RO membranes should function effectively for the treatment of the leachate and that it should be possible to
control membrane fouling with chemical cleaning. The polyamide membranes, however, performed somewhat better than
the cellulose acetate membranes for the treatment of the leachate. The quality of the treated leachate with the exception of
ammonia-nitrogen and COD should comply with the quality requirements for discharge into the water environment. Biological treatment processes are effective in complete removal (to only traceable levels) of ammonia-nitrogen and biodegradable
COD. The quality of the treated effluent further complies with the quality requirements (chloride and heavy metals) for discharge into the municipal biological treatment system. The capital and operational cost of a 250 m 3/d tubular reverse osmosis
(TRO) plant is estimated at R1.95 m. and R11.45/m3, respectively.
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Introduction
Municipal solid waste (MSW) generation is increasing with
industrial and commercial growth (Lin and Chang, 2000). Landfilling is at present the most popular and economical way of solid
waste disposal and leachate generated from a landfill site poses
a major problem of landfill disposal of MSW due to potential
ground- and surface water pollution (Usher et al., 2004). Proper
treatment of the leachate is therefore a challenging problem confronting the authorities.
Landfill leachate has been generally known as a highstrength wastewater that is most difficult to deal with. This is
due primarily to its large variability of organic and inorganic
and heavy metals contents, strongly depending on the age and
type of solid waste of a landfill site (Knok and Jones, 1979).
Satisfactory treatment of leachate is thus no easy task.
The most popular treatment of landfill leachate in the past
was anaerobic digestion or the aerobic sludge method (Lema
et al., 1988). These methods were known to be inadequate in
handling such a difficult treatment task. In the more recent decades, a search for alternative treatment methods had focused on
various sophisticated technologies. These included advanced
biological, chemical and physical treatment methods. Robinson
(2000), Strachan et al. (2000; 2004) and Laitinen et al. (2006)
studied leachate treatment using the sequencing batch reactor
(SBR) method. Percival et al. (1997) studied aerobic treatment
of a high-strength leachate preceded by ion-exchange and lime
addition to effect inorganic removal prior to biological treatment.
Imai et al. (1998) developed an efficient biological activated
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carbon fluidised bed process and Lim et al. (2009) studied
treatment of landfill leachate using palm-shell activated carbon. Chemical oxidation using strong oxidising agents such as
Fenton’s reagent, photo-assisted H2O2, ozone or UV-VIS light
was reported by Gau and Chang (1996) and Rivas et al. (2005).
Membrane processes have received considerable attention in the
past decades, as reported by many investigators (Rautenbach
and Linn, 1996; Peters, 1998; Ushikoshi et al., 2002; Hurd et al.,
2001; Wintgens et al., 2006; Belkhouche et al., 2009). In fact,
Gierlich and Kolbach (1998) indicated that membrane technology has been widely practised in many European countries in
dealing with leachate treatment. The biggest problem encountered with membrane treatment of leachate is membrane fouling while an advantage is that salts and heavy metals can be
removed from the leachate.
Review of the literature has indicated that physical (membrane) and chemical methods appear to offer quite good alternatives to biological treatment. Tubular reverse osmosis (TRO)
should be a very suitable technology for the treatment of hazardous leachate with a high suspended solids and a relatively low
TDS concentration. This type of leachate is produced by many
landfill sites in South Africa and has the potential to pollute the
water environment and to adversely affect biological treatment
processes. However, very little information is available in South
Africa regarding the performance of TRO for the treatment of
leachate. The objectives of this investigation were therefore to
evaluate the performance of TRO for the treatment of a leachate
and to determine the preliminary economics of the process.

Experimental
Cellulose acetate membranes
Approximately 100 ℓ MSWL (pH adjusted to 6.5 with H2SO4)
were treated in the batch mode (4 000 kPa inlet pressure) in
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