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A B S T R AC T

The effect of temperature, hydraulics and pollutant loading on a full-scale trickling fi lter perfor-
mance for simultaneous ammonium, iron, and manganese removal was studied. Pollutant con-
centrations fl uctuate sharply in raw well water, exceeding many times the maximum permitted 
limits. Measurements taken during the one-year continuous operation of the fi lter, as well as 
the 24 h experiments performed in various seasons, have shown a dependence of the pollutant 
removal effi ciencies on temperature (8–28°C) and hydraulic loading (5–12 m3/h) shocks. How-
ever, in all environmental and operating conditions, high removal effi ciencies were achieved for 
ammonium, iron and manganese maintaining fi nal concentrations at the fi lter outlet to below 
EC parametric values.
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1. Introduction

Groundwater generally contains one or more con-
taminants such as hydrogen sulphide, ammonium, iron 
and manganese. For drinking water supply purposes, 
these contaminants need to be reduced to acceptable lev-
els as they may cause health and aesthetical problems.

Hydrogen sulphide gas occurs naturally in some 
groundwaters. It is not a health risk at low concentra-
tions but produces an offensive “rotten egg” or “sulphur 
water” odour and taste in the water [1,2].

Ammonia, in the form of ammonium, is commonly 
used in fertilizers and often exceeds the upper permitted 
limit of 0.5 mg NH3–N/l [3]. Ammonia in drinking water is 
a potential cause of pipe corrosion and can complicate chlo-
rination processes due to the creation of chloramines [4].

Removal of iron and manganese compounds is partic-
ularly important for septic reasons. They cause unpleas-
ant taste of water and in aerobic conditions they form dark 
brown (manganese) or brown-red (iron) sediments [5]. In 
addition manganese has been found to affect the central 
nervous system [6]. The upper permitted limit (UPL) 
for iron and manganese in water is 0.2 and 0.05 mg/l
respectively, according to the EC Directive [3].

The above pollutants may be removed chemically 
or biologically from a water supply. Physicochemical
treatment methods include chemical oxidations, ion 
exchange, reverse osmosis or catalytic fi ltration. These 
methods are costly and in most cases satisfactory 
removal rates cannot be achieved [7].

Simultaneous biological removal of ammonium, iron 
and manganese is a diffi cult task since different redox 
potential conditions are necessary to activate biological 
oxidation of the three pollutants [8]. Various studies have 
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