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INTRODUCTION

The technical and technological solutions for 
water treatment have to dynamically meet the in-
creasing requirements for water quality. Current-
ly, there are many innovative technological solu-
tions, for the treatment of both groundwater and 
surface waters. The self-cleaning suction sieves 
used for the treatment of surface waters or new fil-
ter solutions for deep wells used for the treatment 
of groundwater constitute the examples [Gromiec 
et al. 2014]. Significant progress has been made 
with water treatment devices used in particular 
for filtration, demineralization, coagulation, sorp-
tion and physical disinfection with UV rays.

Two examples of the most modern water 
treatment technologies are certainly membrane 
technologies, supported by aquaprions and nano-
technologies [Gromiec et al., 2014]. Ultrafiltra-
tion removes not only manganese and iron com-
pounds but also dangerous bacteria and colloids 
that are retained on the membrane. However, the 
use of membrane water treatment technologies 
may not be economically viable. Therefore, for 
the treatment of water for domestic and economic 

purposes, both traditional technologies based on 
filtration through a gravel-sand bed and modern 
membrane separation technologies can be used 
[Makowska and Krause 2017].

The water from underground intakes is usu-
ally the cleanest. Water treatment does not require 
the use of complicated methods and consists of 
three main stages: aeration, filtering on a filter 
bed (a layer of gravel and sand), and disinfection. 
The expectations for the filtration process relate 
to both the efficiency of the process and its stabil-
ity. The main disadvantage of filtration with fast 
filters is the change in the quality of treated water 
during the operational cycle of a filter. The poor 
quality of treated water at the beginning of the 
filtration process is related to the phenomenon 
of Mn and Fe oxides accumulation in the filter 
bed [Toczyłowska, 2005]. With the passage of the 
cycle, the filter beds display a decrease in poros-
ity, which decreases the number of suspensions 
in the bed and causes water quality to deteriorate. 
One solution to this problem is the use of a tech-
nology based on gravity contact filters working 
in a pressure system with the filter bed rinsed 
continuously during the working cycle. Such 
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filter operation allows for the treatment of surface 
waters or a contact/surface coagulation process, 
as well as for iron and manganese removal from 
underground water [Toczyłowska, 2005].

The legal system of the European Union does 
not specify the provisions for recirculating water 
after its use for rinsing the filter bed (hereafter, re-
ferred to as following water) by returning this fol-
lowing water to the treatment technological line. 
In the United States, in contrast, there are specific 
legal provisions for this process. The amount of 
following water produced as a result of rinsing the 
filter bed in traditional filters ranges from 2% to 
8% of the raw water volume. The following water 
may constitute an additional stream of water sup-
plying the technological line of water treatment, if 
it is disinfected to prevent the growth of psychro-
philic bacteria, which is particularly important in 
the summer months. The reuse of following water 
is a method of protecting natural water resources 
in the event of unfavorable weather phenomena, 
e.g., a drought lasting several months [Zimoch, 
Lasocka-Gomuła, 2015].

The aim of the study was to evaluate the ef-
fect of modernization of an existing water treat-
ment plant using technology based on fast contact 
filters with continuous bed rinsing.

MATERIALS AND METHODS

The research was carried out on the water 
intake in Mirów, which is based on groundwater 
resources from three aquifers of Pleistocene for-
mations [Water and Law Operations, 2009]. The 
water permit is maximum hour flow 300.0 m3/h 
and the average daily flow 5,300.0 m3/d (deci-
sion of the Przasnysz Staroste no. ROŚ.6223 / 
13–1 / 09/2010 of 11/01/2010, Hydrogeological 
Expertise, 2014).

Before the modernization, water treatment 
was based on aeration, followed by a two-stage 
filtration through iron removal filters (8 units) and 
manganese removal filters (8 units). Closed filters 
with a diameter of 2400 mm, area of   4.38 m2, 
bed grain size 0.5–1.2 mm, filter layer height of 
1 m and a maximum filtration velocity of 15 m3/h 
were used. After filtration, the treated water was 
chlorinated. After modernization, the first stage 
of the technological line consists of contact tanks 
(each 36 m3), ensuring the contact of air with wa-
ter before filtration. Raw water is fed to the first 
contact tank (ZKT1). The top of this tank is aer-
ated by three automatic mixers. Raw water flows 

from the top down through the ZKT1 tank, and 
then it flows from the bottom up in the second 
contact tank (ZKT2),   owing to which it is aerated. 
In order to increase the efficiency of the oxida-
tion process, the KMnO4 solution with a concen-
tration of 2% is added to the ZKT2. Water with 
precipitated iron and manganese compounds is 
introduced to six DynaSand vertical contact fil-
ters [type DS5000AD-STD, Balter and Feldthus-
ten, 2013]. The filters are operated at water flow 
velocity of 9.5 m/h and each has a filtration area 
of 5 m². The water flows through an inlet pipe and 
down to the distribution grate located at the foot 
of the cylindrical part of the tank. From there, the 
water is treated in a countercurrent flow in a mov-
ing filter bed with a height of about 2 m. A sand 
bed with a grain diameter of 0.71 ÷ 1.25 mm re-
tains a layer of oxidized and coagulated iron and 
manganese compounds on its surface. In the fil-
ters, gravity water flow is forced by the difference 
in the water level in filters and contact tanks.

In the center of the filter, vertically in the 
guide pipe, there is a Mamut pump. The com-
pressed air fed to the Mamut pump lifts the con-
taminated bed with water from the conical, bot-
tom part of the filter to the labyrinth washer in the 
upper part of the tank. In the pump, turbulence 
causes initial separation of contaminants from 
the bed grains. The contaminated sand is fed into 
a wash maze and washed in a small volume of 
filtrate. The cleaned grains of the bed are reused 
in the filtration process. PRAESTOL 2540 TR 
coagulant is continuously dosed to the following 
water in a concentration of 0.05% (ABT User’s 
Manual, 2005) to increase the efficiency of pol-
lutant removal. About 90% of the following wa-
ter is returned to the system. The filtered water is 
deaerated in the deaeration tank. If necessary, dis-
infection of water can be carried out with sodium 
hypochlorite or UV lamps (400 J/m2).

In the research, iron, manganese, nitrates(III), 
nitrates(V) and ammonium nitrogen concentra-
tions as well water turbidity and pH in raw wa-
ter and water after treatment were determined 
(PN-ISO 6332:2001, PN-92/C-04590/03, PN-
EN 26777:1999, PN-82/C-04576.08, PN-ISO 
7150–1:2002, PN-EN ISO 7027–1:2016–09, PN-
EN ISO 10523:2012, respectively). The results 
were statistically analyzed in the Statistica 13.1 
(StatSoft) software package, with p <0.05 using 
the Student’s t-test. The measurement data from 
2003 (before modernization) and 2017 and 2018 
(after modernization) were compared.
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RESULTS AND DISCUSSION

Contamination indicators in raw and treated 
water before and after modernization are summa-
rized in Table 1.

The average efficiency of iron removal from 
water in the technology with two-stage filtra-
tion was 96.53 ± 4.25%, which was significantly 
lower than the iron removal efficiency in the cur-
rently used technology (by nearly 2%) (Tab. 1). 
The efficiency of total iron removal after mod-
ernization was stable: in 2018, a minimal reduc-
tion in the efficiency of iron removal from water 
to about 96.0% was observed only three times 
(Fig. 1b). Before the modernization, the iron re-
moval stability was much lower and the iron re-
moval efficiency periodically dropped as low as 
69.9% (Fig. 1a).

The effectiveness of manganese removal 
before modernization averaged 49.18 ± 16.0%, 
which was significantly lower than after modern-
ization (by nearly 36%) (Tab. 1). The lowest man-
ganese removal efficiency was recorded in May 
2003 (18.2%) and the highest (94.3%) in August 
2003 (Fig 1a). The average manganese removal 
efficiency after modernization was 85.07 ± 2.66% 
with a minimum in September 2018 (76.6%) and 
a maximum in May 2018 (90.6%) (Fig. 1b). The 
effectiveness of manganese removal did not de-
crease in winter periods. For comparison, in the 
water treatment plant in Słupsk that treats un-
derground water in a technological line based on 
fast filters (www.wodociagi.slupsk.pl), the aver-
age efficiency of manganese removal is 76.1%, 
i.e., about 9% lower than in the modernized line 
at the plant in Mirów. The removal of iron and 

manganese from waters on slow sand filters has 
been reported to range from 90 to 95%; however, 
this has been achieved with raw water of fairly good 
quality [Marsidi et al. 2018]. Hasan et al. [2013] 
used BAF (Biological Aerated Filters) for the 
treatment of simulated drinking water, and found 
that Mn2+ oxidation occurred simultaneously with 
ammonia nitrogen removal, but the key was to 
ensure an appropriate concentration of dissolved 
oxygen. Mn2+ at a concentration of 5.9 mg/L was 
removed with 99.1% efficiency when the aera-
tion rate was 0.3 L/min. Increasing the aeration 
rate to a range from 0.6 to 2.0 L/min raised the 
concentration of Mn2+ in the treated water.

The effectiveness of water treatment depends 
on the type of filter bed material. Skoczko et al. 
[2015] compared the effectiveness of water re-
moval and manganese removal under laboratory 
conditions using filters with beds made of man-
ganese zeolite, amorphous quartz activated with 
MnO2 sand, zeolite and natural crystalline alumi-
nosilicate. The best results were observed with 
manganese zeolite, which removed 82.5–97.05% 
of the iron. Manganese removal was not so ef-
fective. Guo et al. [2017] treated groundwater on 
the filters filled to a height of 1.5 m with quartz 
sand. A lack of manganese in the bed filling was 
compensated for by dosing potassium permanga-
nate, which allowed the bed start-up time to be 
shortened below 30 days. MeOx dosing enabled 
stable removal of ammonia and manganese, and 
MeOx showed high oxidation activity at a wa-
ter temperature of 6.6°C. Those authors showed 
that chemical catalytic oxidation, rather than 
biological degradation, played an important role 
in removing ammonium and manganese from 

Tab. 1. Contamination indicators in raw and treated water before and after modernization
before modernization after modernization

raw water treated water efficiency raw water treated water efficiency
mg/L % mg/L %

Fe 1.99 ± 0.31
(n=98)

0.07 ± 0.07
(n=98) 96.53 ± 4.25 2.13 ± 0.19

(n=188)
0.04 ± 0.01

(n=188) 98.26± 0.34

Mn 0.23 ± 0.02
(n=98)

0.12 ± 0.04
(n=98) 49.18 ± 16.0 0.22 ± 0.02

(n=188)
0.03 ± 0.01

(n=188) 85.07 ± 2.66

Turbidity
(NTU)

12.00 ± 2.29
(n=23)

0.77 ± 0.26
(n=23) 93.49 ± 2.02 5.71± 2.50

(n=188)
0.77 ± 0.26

(n=188) 92.62 ± 4.55

NO3 
0.58 ± 0.49

(n=9)
0.74 ± 0.43

(n=9) - 0.27 ± 0.1
(n=20)

0.89 ± 0.36
(n=20) -

NH4
0.92 ± 0.22

(n=9)
0.24 ± 0.35

(n=9) 80.44 ± 22.46 0.64 ± 0.18
(n=20)

0.17 ± 0.08
(n=20) 72.59 ± 13.05

pH - - - 7.5 ± 0.1
(n=20)

7.6 ± 0.06
(n=20) -

 – not calculated/not measured
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groundwater. The results obtained in the modern-
ized plant in Mirów are comparable to the results 
observed at a water treatment plant in the Zoolog-
ical Garden in Poznań. In the zoological garden, 
the treatment line consisted of a water-air mixer, 
two filters and UV lamps. Filters for one-stage fil-
tration were filled with active material, consisting 
of GreenSand and anthracite, placed on a gravel 
bed [Granops, 2005]. Apart from air, potassium 
permanganate was also dosed to the water to im-
prove the iron and manganese removal. Disinfec-
tion was carried out with UV lamps, mainly due 
to the animals’ sensitivity to chlorine compounds. 
The iron removal efficiency was 97.3%, while 
the manganese removal efficiency was 88.9%. 
The use of the GreenSand catalytic bed enabled 
simple and effective treatment [Granops, 2005].

The efficiency of turbidity removal was high 
both before and after modernization, averaging 
93.49 ± 2.02 and 92.6 ± 4.5%, respectively (Tab. 1). 
A similar water treatment technology (DynaSand 
contact filters) has been successfully implemented 
in Nowy Sącz. After modernization, the efficiency 
of pollutant removal improved significantly. The 
turbidity index in 90% of the samples in the ana-
lyzed period was not more than 0.55 NTU. The 
iron removal process on pressure filters before 
modernization was unstable and the iron removal 
efficiency varied from 29% to 96%, with an aver-
age of 62%. After modernization to the DynaSand 

filter technology, the average iron removal ef-
ficiency increased to 95.8% [Bergel, Kudlik, 2011].

The water treatment technology at the facil-
ity in Mirów is not fully adapted for the removal 
of ammonia and its derivatives. The content of 
nitrates(V) in the purified water was higher than 
that in the raw water (by 0.27 ± 0.10 mg/L) and 
averaged 0.89 ± 0.36 mg/L. In the presented re-
search, a significant increase in the concentration 
of nitrates(V) and (III) in the treated water was 
observed after the disinfection of the treatment 
line (data not shown), which destroyed the bac-
terial microbiota on the filter bed grains. After 
disinfection, it took a month for the indicators to 
return to their normal values. In the studies by Liu 
et al. [2017] on the use of BAF technology on a 
pilot scale for river water treatment, the efficiency 
of nitrogen compounds removal was highly de-
pendent on the process temperature. In summer, 
the nitrate(III) removal efficiency was the highest 
(97.9%), while a drop in temperature below 7°C 
resulted in an increase in nitrate(III) concentra-
tion during water treatment. The temperature also 
influenced the removal of ammoniacal nitrogen, 
which reached a minimum (77.5%) in winter. 
In the present studies, the average efficiency of 
ammoniacal nitrogen removal was lower (up to 
72.6%), but there was no influence of tempera-
ture on the process and the treated water met the 
required value.

Fig. 1. Efficiency of iron and manganese removal a) before modernization and b) after modernization.
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CONCLUSIONS

The use of modern, properly selected water 
treatment technologies allows the requirements 
for the quality of treated water to be met. After 
modernization, water treatment at the plant in 
Mirów, which was based on contact filters with 
continuous rinsing of the bed, was very stable. 
The modernization significantly improved the 
efficiency of water treatment. The efficiency of 
manganese removal averaged 85.1% (an im-
provement of about 36%), while the average ef-
ficiency of iron removal was 98.3%.
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