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ABSTRACT

Slow sand filters (SSFs) are probably the most effective, simplest and least expensive
water treatment process. Micro-organisms and other particulate materials are effectively
removed by SSFs. Considerable development has been done on SSFs with respect to
particle removal, but only a few works have been reported in the context of the removal
of heavy metals which are a severely toxic pollutant of surface waters. No extensive
laboratory or pilot studies have been carried out to determine the performance or the
mechanisms of removal of heavy metals by SSFs. This research 1s concerned with an

experimental investigation of the removal of heavy metals from surface water by SSFis.

Four laboratory scale SSFs were built and run according to standard design criteria.
Removal of four common heavy metals [copper (Cu), chromium (Cr), lead (Pb) and
cadmium (Cd)] were monitored. The filters were fed synthetic water made from tap
water mixed with settled sewage, and each filter was dosed with one of the heavy metal
salts. The concentrations of Cu, Cr, Pb and Cd 1n the influent were selected as 10 mg/l,
100 ng/l, 60 png/l, and 100 ng/l respectively considering their relative toxicity and
WHO guidelines 1n drinking water. Settled sewage was added to vary the total organic
carbon (TOC) of the feed water. The reduction of heavy metal concentrations were
monitored at various TOCs, filtration rates and filter bed depths. The results showed
that SSFs succeeded in removing heavy metals from water. The removals of Cu, Cr, Pb
and Cd at the conventional flow rate and filter depth are 99.6, 97.2, 100 and 96.6 %
respectively. The results also showed that an increase in TOC 1n the feed water
improved metal removal while increases of flow rates caused a decrease of the removal

of metals. The removal of heavy metals also decreased with a reduction 1in sand bed

depth.

The optimisation of design parameters for SSFs for the removal of heavy metals
depends on the individual heavy metal and on the TOC content of the feed water.

Model equations were developed for, and linear correlation was observed between each
of the three control parameters and the removal of the selected metal. The removal of
heavy metal by SSFs was achieved through the combination of a number of

mechanisms. Settlement, adsorption to both sand and organic matter and microbial

11



uptake were found to be the main mechanisms of removal. Batch tests were carried out
to 1investigate these mechanisms. Speciation of heavy metals in the SSF bed was also
carried out to further investigate the mechanisms of removal and to find their relative
importance. The results showed that apart from the previously mentioned mechanisms,
a small portion of heavy metals was removed through the formation of metal sulphide

and 1t 1s postulated that these compounds are formed from the presence of sulphur

compounds 1n the feed water.

The relative importance varied with the individual heavy metals and depth of the filter
bed. Adsorption of heavy metals at the top of the filter bed onto organic matter was
found to be the most significant mechanism. The other mechanisms mentioned above

are associated with the removal of heavy metals but are relatively less significant.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND TO THE STUDY

Water 1s essential to life, and as some water pollution can have serious health effects
(particularly 1f the pollution contains pathogenic materials) considerable effort is put into
wastewater treatment. There are a number of possible sources of wastewaters. These
include domestic sewage, industrial wastewaters, agricultural run-off, and storm water
run-off. However, the most complex pollution is from industrial wastewaters which
include many chemical contaminants and heavy metals. Heavy metals are present in
abundance naturally and enter the water cycle through a variety of geochemical
processes. Many metals are also added to water by man-induced activities such as
manufacturing, construction, agriculture and transportation. High concentrations of
heavy metals 1n water supplies are undesirable because of the potential adverse effects on
health, environmental toxicity, corrosion of pipeworks and the aesthetic quality of the

water environment.

The most toxic metals are arsenic (As), copper (Cu), cadmium (Cd), lead (Pb) and
mercury (Hg). They are used in many industrial processing and manufacturing processes.
Significant concentrations of these metals are present in solid wastes, municipal sewage
sludges and landfill leachate (Pradhan and Levine, 1992 and Marquis et al, 1976).
Disposal of untreated wastes, surface run off and highway run off can cause extreme
pollution of surface water. Percolation of leachate through the ground also causes
pollution of ground water. These heavy metals are very toxic to human beings. Muscular
and cardiovascular disorders, brain, liver and kidney damage are all caused by heavy
metals in water (Sawyer and McCarty, 1987). The research reported in this volume

concentrates on four of the more serious metal pollutants, which occur particularly often;

namely copper, chromium, lead and cadmium.



Various processes can be employed to remove heavy metals from waste streams. There
are two points which always concern water pollution control experts, the first one is the
cost of any treatment system and the second one considers environmental problems
including operation and disposal. Research work is going on in different countries in
various situations to find the probable mechanisms of toxicity as well as suitable
technology for the removal of heavy metals from water. Metal uptake by
microorganisms, development of biomass, adsorption by activated carbon, coal and peat,
the use of chemical pretreatment and sand filtration have been proved effective to some
extent in removing heavy metals from water. Details of the work done in this context are
included in a det<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>