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INTRODUCTION

The presence of natural organic matter in wa-
ters utilized for communal purposes is a problem 
faced by many treatment plants. The quality of 
underground water depends on the circulation of 
geochemical and biological materials, soil prop-
erties, mobility of elements, biological sorption, 
and can be modified by anthropogenic activity 
[Pisarek i Głowacki 2015]. In many cases, tech-
nological systems have to be extended with co-
agulation, chemical oxidation, sorption on active 
carbons, or sorption combined with biodegrada-
tion [Kaleta and Elektorowicz, 2009; Krupińska, 
2012]. Due to the level of water pollution and the 
imperfection of applied processes, sorption and 

biodegradation on active carbons have become 
necessary supplements to water purification sys-
tems. Initially, active carbon was used as a sor-
bent, and for over twenty years as a biological 
filing for active carbon beds. 

In classic biological beds, the processes of re-
moval of dissolved impurities take place only by 
means biochemical and assimilation processes, 
involving biological membrane, but without a 
carrier. In biosorption beds the carrier – the bio-
filter filling – plays a special role, depending on 
its characteristics – it may serve as an adsorbent, 
molecular sieve, ion exchanger and a substance 
for nutrition and buffering the biochemical reac-
tion of the environment [Papciak 2007]. What is 
important is not only its granulation or actual sur-
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ABSTRACT
The article describes the research on the removal of organic matter from natural un-
derground water using biofiltration process. The study was carried out in semi-techni-
cal scale on a model filter composed of activated carbon WD-extra. The development 
of biological activity in a biosorption bed, as well as observations on the relationship 
between the processes of sorption and biodegradation was evaluated based on the 
Eberhardt, Madsen, Sontheimer (EMS) test. Leading operation control parameters 
of biologically active carbon filter BAF included: change of TOC content, dissolved 
oxygen and permanganate index. To evaluate the colonization of granular carbon de-
termination of ATP value was used. The presence of the biofilm was found by observa-
tion using light and scanning microscopes. The organic compounds in the water taken 
were adsorbed 100% and 70% biodegradable. The combination of sorption process 
with biodegradation until depletion of activated carbon adsorption capacity allowed in 
the initial phase of coalbed work for the removal of organic matter in approx. 100%. 
Formation of biofilm at the right time allowed to extend the filtration cycle and helped 
lower the TOC by 70%, i.e. from 10 mg C/l to 3–4 mg C/l. 
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face, but also its capability for producing stable 
connections between it and the microorganisms 
[Papciak et al 2013, Papciak 2013]. When choos-
ing the biofilter filling, its price is taken into ac-
count as much as its effectiveness. Presently, 
the most commonly used, and thus the most re-
searched, are carbon beds [Wilmański and Gan-
carz 1997, Matuszewski et al 1999, Wolborska et 
al 2003, Kiedryńska 2004, Pruss at al 2009]. The 
effectiveness of biologically active carbon filters 
in removal of various impurities is very high. Due 
to susceptibility to decomposition and capability 
for adsorption on carbon, the organic substanc-
es brought to the filter can be divided into four 
groups [Papciak et al 2011]:
•• non-adsorbent substances – not subject to 

biodegradation,
•• non-adsorbent substances – subject to bio-

degradation,
•• adsorbent substances – not subject to biodegra-

dation,
•• adsorbent substances – subject to biodegra-

dation.

The substances in the first group cannot be 
removed from water by filtration in carbon beds. 
The second group substances are removed dur-
ing travel through carbon filter, and the third and 
fourth group can be eliminated in the filter. Many 
micro-impurities are very hard to remove in con-
ventional processes, applied in water-treatment 
technology. This is why attempts are made to 
develop a biosorption filter, based on WD-extra 

granulated active carbon, in order to test the pos-
sibilities of creating a biofilm and determining 
the level of biodegradability of the organic matter 
present in water. 

METHODS

The research was conducted at semi-technical 
scale, on a model filter with gravitational flow, 
filled with an active WD-extra carbon bed. Bio-
filter working parameters:
•• carbon deposit height: H = 1.12 m;
•• diameter: D = 55 mm;
•• filtration speed: v = 3– 2 m/h
•• analyzed duration of work: 8 months.

The biofilter was supplied with natural un-
derground water, with parameters described in 
Table1. The underground water fed to the filter 
was previously purified in a technological sys-
tem: aeration – chemical oxidation – coagulation 
– sedimentation – filtration by a two-layer bed 
(quartz sand – anthracite).

The analysis was performed for the incoming 
water and for the post-biofiltration process water. 
The following water parameters were controlled:
•• Total Organic Carbon (TOC) content – with 

organic carbon analyzer Sievers 53100C (once 
a week).

•• Oxygen content – with a Hach-Lange oxygen 
probe, in accordance to device instruction 
manual, with special attention to choice of 

Table 1. Physicochemical parameters of the bio-filtered water

Parameter Unit
Value required for 

drinking water
The range of values

Untreated water Treated water

Color Hazen acceptable 40–100 10–16

Turbidity NTU 1.0 8.0–14.0 1

pH    - 6.5–9.5 6.4–7.0 7.8–8.1

Temperature oC – 10.8–12.1 -

Total hardness
val/m3

gCaCO3/m3

1.2–10.0
60–500

4.0–9.4
200–470

280–380

Sulfates gSO4
2-/m3 250 60–240 60–124

Conductivity mS/cm – 430–1016 648–891

Alkalinity val/m3 – 2.5–4.5 -

Iron gFe/m3 0.2 14.0–44.0 <0.02

Manganese gMn/m3 0.05 0.74–2.58 <0.02

Ammonium gNH4
+/m3 0.5 1.20–1.98 0.09–0.28

Permanganate index gO2/m3 5.0 11.0–18.1 4.7–5.0

Total Organic Carbon (TOC) gC/m3 no abnormal change 11.0–20.0 7.0–16.8

Humic substances g/m3 – 6.5–14.0 2.2–3.0
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samples, so as to avoid water oxygenation 
(once a week after 3 months of biofilter 
operation).

•• Permanganate index in accordance with PN-
EN ISO 8467:2001 (once a week).

•• Total number of bacteria in accordance with 
PN-EN ISO 6222:2002 (once a week after 3 
months of biofilter operation).

The development of activity inside the bio-
sorption bed and the observations regarding the 
relationships between the sorption and biodeg-
radation processes were evaluated based on the 
Eberhardt, Madsen, Sontheimer (EMS) test. ATP 
(adenosine triphosphate) determination was used 
for the evaluation of the settlement of granulated 
carbon, whose content is proportional to the num-
ber of microorganisms. The presence of the bio-
film was confirmed by observation, using a light 
microscope and an electron scanning microscope 
JOEL SEM 5500 LV.

Evaluation of work of model filter – test EMS

The development of activity within biosorp-
tion beds, and the observations regarding the re-
lationships between sorption and biodegradation 
processes, were recorded based on the Eberhardt, 
Madsen, Sontheimer (EMS) test [Wolborska 
and Cyran 2004,. The EMS test is based on the 
value of the indicator, described by the relation 
between the change in COD or permanganate in-
dex and the loss of dissolved oxygen, taking place 
during filtration.

2O
ChZTS



  (1)

where:	ΔChZT – loss of COD (with K2Cr2O7 or 
with KMnO4)

	 ΔO2 – loss of dissolved oxygen,

when	 S = 1 – adsorption and biodegradation 
happen with identical intensiveness,

	 S>1 – adsorption dominates,
	 S<1 – biodegradation dominates,
	 S = 0, ΔChZT=0, ΔO2>0 – sorption and 

biodegradation processes stopped,
	 S undetermined, ΔChZT >0, ΔO2= 0 – 

sorption present, biodegradation absent,
	 ΔChZT = 0, ΔO2 = 0 – sorption and bio-

degradation absent. 

Evaluation of effectiveness of GAC settlement 
by microorganisms

ATP content determination was used for the 
evaluation of settlement of granulated carbon. 
Methodology was based on photometric mea-
surement of bioluminescence in accordance with 
standard curve after ATP extraction. The biolumi-
nescence readings, obtained in RLU units were 
finally calculated for the cATP content stated in 
picograms, proportionally to the activity of lu-
minase used and the quantity of filtered sample. 
Assuming that one cell contains 10-16 g ATP, with 
1 ng of ATP being equal to a 1000 bacteria cells, 
the number of microorganisms in a determined 
sample was calculated [Aqua-tools Script, Siebel 
et al 2008]. For this purpose, 10g of coal deposit 
was taken from the bottom part of the biofilter 
and shaken from 90 ml of Ringer fluid for about 3 
min. This extract was used for ATP analysis with 
procedures recommended by the manufacturer of 
Quench - Gone Aqueous (QGA) set.

RESULTS AND DISCUSSION 

The tested water did not meet the sanitary re-
quirements in terms of turbidity, color, oxidisabil-
ity, ammonium ion, iron and manganese content. 
The high water color, correlating with above-norm 
oxidisability and the content of humus substances 
indicate the presence of natural organic matter in 
the water, which may appear in complex connec-
tions with manganese and iron compounds. In the 
subject water, large, seldom found in communal 
water intakes quantities of iron were found. Due 
to general hardness, the intake water is consid-
ered averagely hard, with 48–65% of the hardness 
being carbonate hardness. The raw water is also 
characterized by high sulphates concentration. 
The physicochemical composition of water in-
take points to possible issues in the process of its 
treatment. The existing water treatment station is 
very effective in removing iron and manganese. 
Only trace quantities of those elements may be 
found in the treated water. On the other hand, the 
color parameter is kept on a 10–15 Hazen level, 
with permissible quantity of 15 Hazen. In the 
discussed example, the color was influenced by 
organic substances – the TOC content in water 
was 7–12 mgC/dm3, over recommended content 
of 5 mgC/dm3. The actions taken towards more 
effective decreasing of their content by using the 
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process of second-level filtration through a filter, 
filled with granulated active carbon, turned out to 
be successful. The TOC content at the outlet of 
the filter, in a period of six months (184 days), 
was within the range of 0–1 mg/l (Figure 1).

From the 170th day of filter operation, the 
TOC content after filtration process was increased 
to about 3 mg C/l. For the next two months of 
filter operation, the TOC content of the filtered 
water stabilized at the level of 3–4 mgC/l. This 
was still a value lower than 5 mgC/l – recom-
mended by Ministry of Health and lower than 
presently obtained in water treatment plants. Re-
moval of organic matter causes a growth in the 
biological stability of water. However, there are 
no unambiguous criteria, and the border concen-
trations of nutrients depend on the type of micro-
organisms and the type and concentration of the 
disinfectant used. It is thought that the biological 
stability of water is decided by the presence of as-
similable organic carbon AOC and biodegradable 

dissolved organic carbon BDOC, the content of 
nitrogen and phosphorus. In the case of AOC its 
content should not be over 0,15 mg/l and BDOC 
0,5 mg/l. Threshold values of the content of non-
organic nitrogen and phosphorus ions are consid-
ered as no more than 0,2 mgN/l and 0,01 mgP/l 
[Świderska-Bróż 2010]. Systematic research of 
the filtration bed has confirmed the development 
of microorganisms, which gradually joined in the 
cycle of organic matter changes. The growing 
number of microorganisms was proved by ATP 
measurements (Table 2), changes of the S fac-
tor (Figure 2) and microscopic observation of the 
bed (Photo 1 and Photo 2). Photo 1A shows the 
creased edge of the carbon grain, which proves 
the presence of biofilm (a grain without the bio-
film has smooth edges). The photo 1B allows to 
observe the biological film, washed out from the 
deposit. More detailed photos from a scanning 
microscope (Photo 2) allow to compare the po-
rous structure of a new grain with the structure of 

Figure 2. WD-extra Changes in S indicator during 
water filtration on WD-extra granulated active carbon

Figure 1. Changes in organic matter content in water 
subjected to biofiltration process on model filter (ver-

tical line marks biofilter rinsing)

Photo 1. Biofilm (photos from light microscope): a) edge of carbon grain covered with biofilm, 
b) fragments of severed biofilm

a) b)
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carbon coated by a tight biofilm. The removal of 
TOC in the biodegradation process additionally 
confirms the determined S indicator. Its value, 
since the 170th day of filter operation, took up val-
ues lower than 1, which indicated the domination 
of biodegradation over sorption (Figure 2). Bio-
logical changes are often slow, but due to the ad-
sorption qualities of carbon, particles of organic 
compound may function on the coal surface for 
long periods of time. Along with gradual deple-
tion of carbon sorption capacity, the microorgan-
ism biomass takes over its function, sorbing the 
substances present in water. The organic com-
pounds cumulated in the biomass are used for 
growth and breathing. Also a systematic growth 
of the number of bacteria populating the biofil-
ter filling has been observed (Table 2.). The total 
number of bacteria in water after the biofiltration 
process did not exceed 5 fcu/ml. A small number 
of bacteria in the water after biofiltration and the 
fluid transition from sorption to biodegradation is 
a proof of well – chosen parameters for the op-
eration of the bioactive filter. Rinsing the biofilter 
after 210 days of operation had no fundamental 
effect on its effectiveness (it was done for experi-
mental purposes, not out of necessity). One day 
was enough for it to return to the level of pre-
rinsing effectiveness. Because clean water is fed 
to carbon filters, containing only organic matter, 
frequent rinsing is not necessary. Rinsing should 
be done with clear, but not disinfected water, and 
a short term of decrease in filter effectiveness is to 
be expected, as a part of the active, accumulated 
biomass is removed along with the slops.

Photo 2. Grains of active carbon taken from the biofilter – photos from a scanning microscope:
a) WD-extra – before biosorption, b) WD-extra carbon from biosorption bed after 8 months of operation (×90)

Table 2. Monitoring of operation of biosorption filter 

Day

ATP
[RLU]

for 1 g of 
WD-extra

Total number of 
bacteria
on 1 g of 
WD-extra
[fcu/1 g]

Total number 
of bacteria in 
water after 
biofiltration
[fcu/1 ml]

1 15 334 25
23 22 488 4
40 22 488 4
62 26 578 4
96 28 622 5

108 30 666 5
138 36 800 0
144 40 888 0
145 40 888 4
150 41 910 0
151 48 1064 0
155 44 976 4
160 59 1312 0
163 157 488 0
164 400 8888 4
168 870 1934 0
170 890 19778 4
172 1100 24444 0
179 3155 70112 5
180 3012 66 934 0
184 3012 66 934 0
186 3017 67 044 4
190 3006 66 800 0
194 2907 64 600 0
200 2980 66 222 0
204 3050 67 778 4
206 3100 68 888 0
209 3100 68 888 0
210 3200 71 112 0
211 1471 32 688 2
218 2890 64 222 0
225 4565 101 444 2
227 4700 104 444 0
232 4300 95 556 4
240 4500 100 000 4

a) b)
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CONCLUSIONS

Underground water may be successfully 
cleansed of organic matter in a process of 2nd 
degree filtration on biologically active carbon 
filters. Organic compounds in the purified water 
are 100% adsorbable and 70% biodegradable. 
The combination of sorption process with bio-
degradation, to the point of depletion of adsorp-
tion capacity of active carbon, allow for removal 
of about 100% of organic matter in the initial 
phase of carbon bed operation. The water color 
after biofiltration did not exceed the value of 5 
Hazen. Other water parameters, like turbidity and 
permanganate index, were below the determina-
tion threshold. Despite the temperature of water 
(110C) led to the biofilter being unfavorable to 
develop a biofilm, fluid transition from sorption 
to biosorption still took place. The timely devel-
opment of biofilm allowed for prolonging the fil-
tration cycle and decreasing the TOC content by 
70%, that is from 10 mgC/l to 3–4 mgC/l. The re-
maining organic carbon was non-biodegradable. 
It cannot be unambiguously determined how long 
a biologically active carbon filter will work effec-
tively. Its time of operation is mainly influenced 
by the activity of microorganisms populating 
the bed. However, considering that we are deal-
ing with underground water with stable chemical 
composition and temperature, we may risk saying 
that it would be a long time. Research is going to 
be continued.
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