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1. Introduction

Organic substances present in all natural waters are most often re-
ferred to as natural organic matter (NOM). NOM is a heterogeneous mix-
ture of compounds, still largely unexplored from a chemical point of
view. Due to its heterogeneity, it is not possible to characterise NOM
according to individual components. The standard water quality indica-
tors, such as chemical oxygen demand (COD), dissolved organic carbon
(DOC), UV3s4, pH and other do not offer information on the nature of
NOM, such as molar mass or hydrophobicity (Matilainen et al. 2010,
Gibert et al. 2013). This complex mixture is often characterised accord-
ing to chemical groups with similar properties which are identified on the
basis of concentration and fractionation data (Huber et al. 2011, Pruss
2015). The methods, however, require considerable effort, as well as pre-
treatment of samples which may affect the form of the compounds. In the
pursuit of NOM characterisation, analytical techniques which require
minimum preparation of samples are gaining popularity, including the
high-performance size exclusion chromatography (HPSEC) and the fluo-
rescence excitation-emission matrix (F-EEM) spectroscopy (Baghoth
2011) which allow for the determination of the molecular mass distribu-
tion and the hydrophilic or hydrophobic nature of the organic compounds
(Matilainen et al. 2010, Huber et al. 2011).
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Removal of organic micropollutants from water requires the use
of advanced methods of water treatment, including sorption and biologi-
cal processes which take place in biological activated carbon filters
(BAF) (Pruss 2009, Holc et al. 2016a, b, Pruss et al. 2018, Madrecka et
al. 2018). The activity of BAF is based on the combination of two proc-
esses: biodegradation and adsorption. In the initial stage of BAF opera-
tion, the predominant process is sorption. When an adequate amount of
pollutants is absorbed and biological film develops, biodegradation be-
comes predominant. Activated carbon is an adsorbent with a very high
porosity and specific surface area (600-1000 m?/g). During the operation
of the filter bed, the bacteria naturally occurring in water begin to settle
on the porous surface of the grain. They are mainly heterotrophic bacteria
for which the environmental conditions in the bed are suitable. After
about 2-3 months, biofilm forms on the grain surface (Simpson 2008,
Madrecka et al. 2018).

The degradation of pollutants due to the activity of microorgan-
isms is a very effective process. Microorganisms are useful in the biodeg-
radation of substances which are difficult to eliminate using traditional
methods (Simpson 2008, Olesiak & Stepniak 2014, Holc et al. 2016b).
Thanks to high efficiency of dissolved organic matter removal by bio-
logical activated carbon filters, the demand for disinfectants from the
treated water is much lower (Kotaski et al. 2017). In the case of such
water, there is a lower probability of the development of undesirable by-
products and of secondary bacterial load growth in the water supply net-
work that could cause degradation of water quality supplied to the con-
sumers (Wolska 2014, Gibert et al. 2015, Szuster-Janiaczyk 2016, Wio-
dyka-Bergier et al. 2016).

An indirect method for determining biological activity in BAF is
the Eberhardt, Madsen and Sontheimer (EMS) test. It is based on the
determination of the coefficient S, which is calculated as the quotient
A[COD] by A[O;], where A[COD] denotes the reduction of the chemical
oxygen demand of water and A[O,] is the loss of dissolved oxygen in
water. The test is helpful in determining the relationship between the
adsorption and the biodegradation process on the BAF bed, assuming that
organic compounds are removed both by way of sorption and biodegra-
dation, and oxygen is consumed by aerobic microorganisms to oxidize
carbon. If S = 1, both adsorption and biodegradation proceed with the
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same intensity in the filter bed. If S > 1, adsorption predominates, and if
S<1, biodegradation is predominant. When S and A[COD] equal 0, the
sorption and biodegradation processes are stopped. If A{COD] > 0 and
A[O,] = 0, sorption is present and biodegradation does not occur. In turn,
when both A[COD] and A[O;] are equal 0, neither of the processes takes
place (Wolborska et al. 2003, Papciak et al. 2016, Madrecka et al. 2018).

UV absorption is a popular and relatively simple indicator used to
determine the content of organic pollutants in water. The functional groups
of organic compounds which absorb UV and VIS radiation are chromo-
phores. Most chromophore groups are found in humic acid particles. Water
which contains organic compounds with chromophores demonstrates ab-
sorbance within the range of 200 to 350 nm. To track UV absorption
changes, the 254 nm wavelength was considered most suitable and is
widely used in drinking water analysis. Based on absorbance, it is possible
to determine the total dissolved organic carbon fraction and organic com-
pounds with a high content of aromatic rings which are precursors of disin-
fection or oxidation by-products. Its value is often interpreted as an indica-
tor of the degree of aromatic rings activation which serves as the basis for
predicting the reactivity of aromatic components during chlorination
(Mofczan et al. 2006, Nowacka et al. 2012, Szerzyna et al. 2017). The dif-
ferent wavelengths are believed to identify different chromophores: ab-
sorbance at 220 nm is associated with both the carboxylic and aromatic
chromophores, whereas absorbance at 254 nm is typical for aromatic
groups with varying degrees of activation (Korshin et al. 2009). The corre-
lation of the UV absorbance in the range 251-256 nm to values in the
range 202-205 nm is used as an indicator of the relative proportion of aro-
matic to aliphatic groups present in NOM. UV,s4 has been identified as
a potential surrogate measure for DOC despite its tendency to represent
only the aromatic character. The absorbance at 436 nm is represents func-
tional groups contributing to the color of water, from yellow to brown.
Ratios between two different wavelengths, such as 254 nm/204 nm,
254 nm/436 nm or 250 nm/365 nm have also been reported to aid NOM
characterization (Hur et al. 2006, Valencia et al. 2012). For example,
the ratio of 253 nm/203 nm correlates with the formation of disinfection
by-products (DBPg). The value of the 254 nm/436 nm correlation is
higher, when the functional groups causing color of water are removed
from the water (Kim & Yu 2007, Valencia et al. 2012).
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This article, present the results of research on the use of different
wavelengths UV absorbance and their rations to interpret the transforma-
tions of organic compounds in biologically active filters. The analysis of
these results is a supplement to the information published in 2016 (Holc
etal. 2016a, b).

2. Methods

The technological investigation was conducted on a pilot scale.
The experimental stand consisted of two filtration columns with the di-
ameter of 100 mm and the height of 300 cm (Fig. 1). The columns were
filled with WG-12 granulated activated carbon with parameters: iodine
number 1100 mg/g, methylene blue adsorption 30 g/100 g, total surface
area B.E.T 1100 m”/g, particle size 0.75-1.5 mm. Stable temperature was
maintained across the entire filter bed height thanks to a water jacket —
a pipe with the inner diameter of 140 mm filled with water. The water
flowing through the pipe had a temperature equal to the filtered water
temperature. In order to prevent the growth of algae, the filters were cov-
ered with black geotextile. The water supplied to the filters was dechlori-
nated tap water. The filtration rate was 2.5 m/h and the contact time was
50 minutes, respectively. Across the entire filter height, stub pipes were
located for the sampling of water and the filter bed. Samples were taken
at the beginning of filters exploitation in April 2015. The system is still
operated.

The filtration columns differed with regard to the method of the fil-
ter bed activation (Holc et al. 2016a) and the microorganisms found there
(Holc et al. 2016b). In the first filtration column (F1), the microorganisms
residing in the filter bed came from the water passing through the filter i.e.
from the network water. The filter bed of the other filtration column (F2)
was inoculated with the wastewater from the backwashing of carbon filters
operated in a selected water treatment plant. Detailed information about
this water treatment plant technology and technical BAF exploitation are
presented in other publication (Kotaski et al. 2017, 2018).

The samples of water for analysis were collected on the supply
line from the filtration columns and from the filter bed cross-section, at
the depth of 45 cm, 85 cm, 125 cm, 165 cm and 205 cm. BAF were
backwashed with a one-day shift according to a predetermined schedule.
A detailed method of BAF backwashing was presented in another publi-
cation (Komorowska-Kaufman et al. 2018).
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1 — filtration column, 2 — WG-12 activated carbon filter bed, 3 — gravel support
layer, 4 — piezometers W1-W5 — water sampling points, Z1-Z5 — filter bed sam-

pling points
Fig. 1. The experimental station consisting of two identical filtration columns
Rys. 1. Model badawczy zlozony z dwoch identycznych kolumn filtracyjnych
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The effectiveness of organic substances elimination from water
was assessed using the following parameters: chemical oxygen demand
(COD KMnOQy), dissolved oxygen (DO) concentration, total organic car-
bon (TOC), pH, alkalinity and UV absorbance for the following wave-
lengths: 204 nm, 254 nm, 365 nm and 436 nm.

Absorbance measurements were made using a Merck Spectro-
quant Pharo 300 spectrophotometer. Water samples before the measure-
ment were not filtered.

3. Results and discussion

The analysis of the EMS value shows that biodegradation proc-
esses took place (EMS<I) from the twenty third day of Filter 1 operation
and essentially throughout the entire period of Filter 2 operation. The
reduction of COD (KMnQOy), TOC and UV;s4 absorbance proceeded with
a very high efficiency in both analysed filters, although higher effective-
ness in terms of the change in COD (KMnOQOy) (by 74% on average), TOC
(by 80% on average) and UV;s4 absorbance (by 81% on average) was
observed in the case of Filter 2 inoculated with filter backwashings. De-
tailed results were presented in the publications of 2016 (Holc et al.
2016a, b).

The research results presented herein are complementary to the
ones already published and pertain to the possibility of using the meas-
urements of UV absorbance at the wavelengths of 204 nm, 254 nm,
365 nm and 436 nm, respectively, for the purpose of interpretation of the
transformations of organic compounds in biological activated carbon
filter beds.

The quality of water at entry to the physical filter model is pre-
sented in Table 1.

Figure 2 show the changes in the UV,s4 absorbance value in water
across the F1 and F2 filter beds. The UV,s4 absorbance value at entry
differed significantly and ranged from 0.001 cm™ to 0.0194 cm™. The
average value of UV,s4 absorbance in water supplied to the filter was
0.0051 cm™. As a result of the filtration of water through the biologically
active filter bed, the absorbance value went down even to 0.0000 cm™,
which is an evidence of very high effectiveness of organic pollutants re-
moval. The difference in the UV,s4 absorbance value in water occurring
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between the inflow and the outflow is the smallest at day 23 of filter op-
eration. On this day, based on the EMS value, for the first time the bio-
degradation processes prevailed in the filter bed. Since then, the change
of absorbance value UVys4, in inflow and outflow, is systematically in-
creasing. This indicates that organic compounds containing an aromatic
ring in their molecule are removed in the biodegradation process.

Table 1. Quality parameters and concentrations found in the water supplied
to BAF columns

Tabela 1. Parametry jakoSciowe i stezenia w wodzie doptywajacej

do kolumn BAF

Parameter Unit Range Average Stapdqrd
value deviation
Temperature C 16.2-21.8 18.5 1.5
pH — 7.23-7.35 7.3 0.05
DO mg O,/dm’ 6.85-8.90 8.2 0.6
Alkalinity mg CaCO;/dm’ 147-230 169 24
COD (KMnO,) | mg O,/dm’ 2.65-4.88 3.6 0.7
TOC mg C/dm’ 4.4-5.5 4.8 0.6
UVss4 cm’ 0.001-0.0194 0.0067 0.0051

The different values of the UV,s4 absorbance within the filtration
bed reflect the varying effectiveness of the elimination of organic com-
pounds determined on the basis of UV,s4 absorbance in both filters. Most
likely, the differences can be attributed to the methods of the filter bed
activation and different microorganisms found in the two beds which
played a role in the biodegradation process (Holc et al. 2016a, b).

In the analysis of the results, attention was paid to the interde-
pendencies of the absorbance ratios measured at different wavelengths.
Such a correlation offers indirect information about organic substances
contained in the analysed water and the transformations they undergo.
The evaluated rations included UV,54/UVops, UVass/UVyse and
UV154/UV36s and the results are presented in Figures 3-5.
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Fig. 2. Changes in the UV,s4 absorbance ratio in filter F1 and F2
Rys. 2. Zmiany wartosci absorbancji UV,s4 W filtrze F1 i F2

The values of UV54/UV204 and UV,s54/UV 436 ratios in both F1 and
F2 filter showed minor changes in the initial period of the system opera-
tion. From the 30™ day of continuous operation, a clear drop in the values
of the abovementioned absorbance ratios was observed. The values re-
corded at the time were very low which evidences high effectiveness of
aromatic organic compounds removal by way of biodegradation and that
water potential for the formation of disinfection by-products is very low.
Analyzing the obtained values in the vertical cross-section of filters, from
the 30™ day, it should be noted that for the correlation UV;s54/UVyp4 the
highest values were obtained in samples taken from the upper filter layers
that indicate the most intense development of microorganisms capable of
biodegradation in that part of the filter. This phenomenon is known and
often described in many literature items (Simpson 2008, Pruss et al. 2009).
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Fig. 3. Changes in the UV,s4/UVyy4 absorbance ratio in filter F1 and F2
Rys. 3. Zmiany warto$ci absorbancji UV,s4/UV,4 W filtrze F1 1 F2
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Fig. 4. Changes in the UV,s4/UV 436 absorbance ratio in filter F1 and F2
Rys. 4. Zmiany warto$ci absorbancji UV,s4/UV36 W filtrze F1 1 F2
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Fig. 5. Changes in the UV,s4/UV345 absorbance ratio in filter F1 and F2
Rys. 5. Zmiany warto$ci absorbancji UV,54/UV345 W filtrze F1 1 F2

The UV;s54/UV3es relationship allows for the tracking of changes
in the size of particles of the dissolved organic matter. Throughout the
entire period under review, the value of UV,s54/UV3¢s ratio remained low
in both analysed filters. As of the 30th day of operation a clear decrease
in its value was observed. Low values of the UV,s54/UV3es ratio are often
recorded in the presence of aromatic functional groups (Yan et al. 2012).

4. Conclusion

The filtration of water using biological activated carbon filters is
a process which ensures effective removal of organic substances from
water. Due to the significant role of microorganisms found in biological
activated carbon filters in the elimination of biodegradable organic mat-
ter, the proper operation of the filters is very important.

The use of UV radiation may greatly improve the monitoring of
the filter performance. The investigations have proven that it is possible
to use the measurements of UV absorbance at the wavelengths of
204 nm, 254 nm, 365 nm and 436 nm, respectively, for the interpretation
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of the transformations of organic compounds in biological activated car-
bon filters. It is worth emphasising that absorbance measurements are
quick and can significantly facilitate the work of water technology engi-
neers in charge of the treatment processes, especially in that Water
Treatment Plants which use biological activated carbon filters and are
equipped with UV absorbance analyzers operating in an online mode.

The authors would like to express their thanks for the financial support
from research project 01/13/DSPB/0857.

References

Baghoth, S.A., Sharma, S.K., Guitard, M., Heim, V., Croue, J.P. (2011).
Removal of NOM-constituents as characterized by LC-OCD and F-EEM
during drinking water treatment. Journal of Water Supply: Research and
Technology-AQUA, 60(7), 412-424.

Gibert, O., Lefevre, B., Fernandez, M., Bernat, X., Paraira, M., Pons, M.
(2013). Fractionation and removal of dissolved organic carbon in a full-
scale granular activated carbon filter used for drinking water production.
Water Research, 47, 2821-2829.

Gibert, O., Lefevre, B., Teuler, A., Bernat, X., Tobella, J. (2015). Distribution
of dissolved organic matter fraction along several stages of a drinking
water treatment plant. Water Process Engineering, 6, 64-71.

Holc, D., Pruss, A., Michatkiewicz, M., Cybulski, Z. (2016). Efektywnos¢
usuwania zwigzkoéw organicznych podczas oczyszczania wody w procesie
filtracji przez biologicznie aktywny filtr weglowy z identyfikacja
mikroorganizméw (Effectiveness of Organic Compounds Removing
During Water Treatment by Filtration Through a Biologically Active
Carbon Filter with the Identification of Microorganisms). Rocznik Ochrona
Srodowiska, 18(2), 235-246.

Holc, D., Pruss, A., Michalkiewicz, M., Cybulski, Z. (2016). Przyspieszenie
wpracowania  filtrow  weglowych —  doswiadczenia z  badan
technologicznych w skali pilotowej (Acceleration of carbon filters
activation - experiments of pilot scale technological investigations). [In:]
Dymaczewski Z., Jez-Walkowiak J., Urbaniak A. (eds.) Water Supply and
Water Quality, Kudowa Zdr6j: PZITS Poznan, 683-703.

Huber, S., Balz, A., Abert, M., Pronk, W. (2011). Characterization of aquatic
humic and non-humic matter with size-exclusion chromatography —
organic carbon detection — organic nitrogen detection (LC-OCD-OND).
Water Research, 45, 879-885.



The Possibility of Using UV Absorbance Measurements... 337

Hur, J., Williams, M., Schlautman, M. (2006). Evaluating spectroscopic and
chromatographic techniques to resolve dissolved organic matter via end
member mixing analysis. Chemosphere, 63, 387-402.

Kim, H., Yu, M. (2007). Characterization of aquatic humic substances to DBPs
formation in advanced treatment processes for conventionally treated
water. Journal of Hazardous Materials, 143, 486-493.

Kotaski, P., Wysocka, A., Pruss, A., Lasocka-Gomuta, 1., Michatkiewicz, M.,
Cybulski, Z. (2017). Usuwanie zwiazkoéw organicznych podczas filtracji
wody przez ztoza biologicznie aktywnych filtrow weglowych — badania
w skali technicznej (Removal of organic compounds during water filtration
through biologically active carbon filter beds — technical studies). [In:]
Bergier T., Wlodyka-Bergier A. (eds.) Dezynfekcja wody,; zagrozenia,
wyzwania, nowe technologie. Krakéw: Wydawnictwa AGH, 195-201.

Kotaski, P., Wysocka, A., Pruss, A., Lasocka-Gomuta, 1., Michatkiewicz, M.,
Cybulski, Z. (2018). Usuwanie zwiazkoéw organicznych podczas filtracji
wody przez ztoza biologicznie aktywnych filtrow weglowych — badania
w skali technicznej. (Removal of organic compounds during water
filtration through biologically active carbon filter beds — technical studies).
Technologia wody, 4 (60) — in press.

Komorowska-Kaufman, M., Ciesielczyk, F., Pruss, A., Jesionowski, T. (2018).
Effect of sedimentation time on the granulometric composition of
suspended solids in the backwash water from activated carbon biological
filters, 10th Conference on Interdisciplinary Problems in Environmental
Protection and Engineering EKO-DOK 2018, E3S Web of Conferences, 44,
00072-1-00072-8.

Korshin, G., Chow, C., Fabris, R., Drikas, M. (2009). Absorbance spectroscopy-
based examination of effects of coagulation on the reactivity of fractions of
natural organic matter with varying apparent molecular weights. Water
Research, 43, 1541-1548.

Matilainen, A., Vepsalainen, M., Sillanpaa, M. (2010). Natural organic matter
removal by coagulation during drinking water treatment: A review.
Advances in Colloid and Interface Science, 159, 189-197.

Madrecka, B., Komorowska-Kaufman, M., Pruss, A., Holc D. (2018). Metabolic
activity tests in organic matter biodegradation studies in biologically active
carbon filter beds. [In:] Sobczuk H., Kowalska B. (eds.) Water Supply and
Wastewater Disposal, Lublin: Lublin University of Technology, 163-177.

Motczan, M., Szlachta, M., Karpinska, A., Bilyk, A. (2006). Zastosowanie
absorbancji wlasciwej w nadfiolecie (SUVA) w ocenie jakosci wody
(Application of ultraviolet absorbance (SUVA) in water quality
assessment). Ochrona Srodowiska, 28(4), 11-16.



338 Dorota Holc, Alina Pruss, Matgorzata Komorowska-Kaufman

Nowacka, A., Wiodarczyk-Makuta, M. (2012). Zmiany adsorbancji w nadfiolecie
(UV254) w wodzie w procesach uzdatniania (Changes in ultraviolet
(UV254) adsorption in water in the treatment process). LAB Laboratoria,
Aparatura, Badania, 17(1),28-31.

Olesiak, P., Stepniak, L. (2014). Metody intensyfikacji procesu sorpcji
w uzdatnianiu wody (Methods of sorption intensification in water
treatment). [In:] Traczewskiej T. M., Kazimierczak B. (eds)
Interdyscyplinarne zagadnienia w inzynierii i ochronie srodowiska, Vol. 4,
Wroctaw: Oficyna Wydawnicza Politechniki Wroctawskiej, 621-634.

Papciak, D., Kaleta, J., Puszkarewicz, A., Tchorzewska-Cieslak, B. (2016). The use
of biofiltration process to remove organic matter from groundwater. Journal of
Ecological Engineering, 17(3), 119-124.

Pruss, A., Maciotek, A., Lasocka-Gomuta, 1. (2009). Wplyw aktywnosci
biologicznej zt6z weglowych na skuteczno$¢ usuwania zwigzkoéw
organicznych z wody (Effect of biological activity of carbon deposits on the
effectiveness of removal of organic compounds from water). Ochrona
Srodowiska, 31 (4), 31-34.

Pruss, A. (2015). Selection of the Surface Water Treatment Technology — a Full
Scale Technological Investigation. Water Science and Technology, 71(4),
638-644.

Pruss, A., Komorowska-Kaufman, M., Madrecka, B. (2018). The impact of the
contact time on the effectiveness of organic compounds removal from
water — pilot scale investigation. [In:] Sobczuk H., Kowalska B. (eds.)
Water Supply and Wastewater Disposal, Lublin: Lublin University of
Technology, 251-262.

Simpson, D. R. (2008). Biofilm processes in biologically active carbon water
purification. Water Research, 42, 2839-2848.

Szerzyna, S., Moltczan, M., Wolska, M., Adamski, W., Wisniewski, J. (2017).
Absorbance based water quality indicators as parameters for treatment
process control with respect to organic substance removal, 9™ Conference on
Interdisciplinary Problems in Environmental Protection and Engineering
EKO-DOK 2017, E3S Web of Conferences, 17, 00091-1-00091-8.

Szuster-Janiaczyk, A. (2016). Ocena mikrobiologiczna osadow wodociaggowych,
na przyktadzie wybranego Systemu Zaopatrzenia w Wode (Microbiological
evaluation of water supply sludge, on the example of the selected Water
Supply System.), Rocznik Ochrona Srodowiska, 18 (2), 815-827.

Wilodyka-Bergier, A., Bergier, T., Kowalewski, Z., Grygar, M. (2016).
Influence of modernization of disinfection method on drinking water
microbial stability in Raba water distribution system in Krakow, Polish
Journal of Environmental Studies, 25, 96-99.



The Possibility of Using UV Absorbance Measurements... 339

Wolborska, A., Zarzycki, R., Cyran, J., Grabowska, H., Wybor, M. (2003).
Ocena biologicznej aktywnosci filtrow weglowych w uzdatnianiu wéd
powierzchniowych na przyktadzie wodociggu "Sulejow-Lodz" (Evaluation
of biological activity of carbon filters in surface water treatment on the
example of "Sulejow-L6dz" water supply system). Ochrona Srodowiska,
25(4),27-32.

Wolska, M. (2014). Removal of precursors of chlorinated organic compounds in
selected water treatment processes. Desalination and Water Treatment, 52
(19-21),3938-3946.

Valencia, S., Marin, J. M., Restrepo, G., Frimmel, F. H. (2012). Application of
excitation-emission fluorescence matrices and UV/Vis absorption to
monitoring the photocatalytic degradation of commercial humic acid.
Science of the Total Environment, 442 (2013), 207-214.

Yan, M., Korshin, G., Wange, D., Cai, Z. (2012). Characterization of dissolved
organic matter Rusing high-performance liquid chromatography (HPLC)-
size exclusion chromatography (SEC) with a multiple wavelength
absorbance detector. Chemosphere, 87, 879-885.

Mozliwos¢ wykorzystania pomiaréw absorbancji UV
do interpretacji wynikow usuwania materii organicznej
w procesie biofiltracji

Streszczenie

Naturalna materia organiczna (NOM), czyli substancje organiczne wy-
stepujace w wodach naturalnych, to heterogeniczna mieszanina zwigzkow,
wcigz nieodkryta z chemicznego punktu widzenia. Standardowe wskazniki ja-
kosci wody, takie jak chemiczne zapotrzebowanie na tlen (ChZT), rozpuszczo-
ny wegiel organiczny, absorbancja UV,s4, pH i inne, nie dostarczaja wystarcza-
jacych informacji o charakterze NOM, takich jak masa molowa, czy hydrofo-
bowos¢. Do scharakteryzowania NOM coraz bardziej przydatna okazuje si¢
absorbancja UV dla r6znych dtugosci fal.

Absorpcja UV jest popularnym i wzglednie prostym wskaznikiem okre-
slajacym zawarto$¢ zanieczyszczen organicznych w wodzie. Grupy funkcyjne
zwigzkdéw organicznych pochtaniajacych promieniowanie UV i VIS to chromo-
fory. Uwaza sie, ze rézne chromofory sa identyfikowane przez rézne dlugosci
fal. Absorbancja UV przy dtlugosci 220 nm jest zwigzana zaréwno z chromofo-
rami karboksylowymi jak i aromatycznymi, podczas gdy absorpcja UV przy
dhugosci 254 nm jest typowa dla grup aromatycznych o réznych stopniach ak-
tywnos$ci. Na podstawie wartosci absorbancji mozna okresli¢ catkowitg zawar-
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to$¢ rozpuszczonego wegla organicznego i zwiazkow organicznych o wysokiej
zawartosci pier§cieni aromatycznych, ktére uwaza si¢ za prekursory ubocznych
produktow dezynfekceji lub utleniania. Zauwazono takze, ze zaleznosci wystgpu-
jace migdzy dwoma réznymi dtugo$ciami fal, jak na przyktad: 254 nm/204 nm,
254 nm/436 nm, czy 250 nm/365 nm, pomagaja w charakteryzowaniu NOM.

W artykule przedstawiono wyniki badan nad wykorzystaniem absor-
bancji UV o réznych dlugosciach fal do interpretacji przeksztatcen zwigzkow
organicznych w biologicznie aktywnych filtrach weglowych (BAF). Analiza
tych wynikow stanowi uzupetnienie informacji opublikowanych w 2016 roku
(Holc i in. 20164, b).

Badania nad efektywnoscia usuwania zwigzkéw organicznych w proce-
sie biofiltracji prowadzono w skali pilotowej. Stanowisko badawcze stanowity
dwie kolumny filtracyjne o $rednicy 100 mm oraz wysokos$ci 3,0 m, wypetione
granulowanym weglem aktywnym WG-12. Filtry zasilano dechlorowang woda
wodociggowa. Kolumny filtracyjne réznity sie miedzy sobg sposobem aktywa-
cji ztoza filtracyjnego. Skuteczno$¢ eliminacji substancji organicznych z wody
oceniano za pomoca nastgpujacych parametrow: pH, tlen rozpuszczony, zasa-
dowos¢, utlenialnos¢, OWO, absorbancje UV dla kilku dtugosci fal: 204 nm,
254 nm, 365 nm 1 436 nm.

W trakcie prowadzonych badan zauwazono, ze w wyniku filtracji wody
przez ztoze BAF, warto$é absorbancji UVasy obnizyta sie nawet do 0 cm™, co
swiadczy o bardzo wysokiej efektywno$ci usuwania zanieczyszczen organicz-
nych. W trakcie przeprowadzonych badan zaobserwowano takze korelacje mig-
dzy warto$ciami absorbancji mierzonymi dla r6znych dtugosci fal. W obu ko-
lumnach filtracyjnych odnotowano bardzo niskie warto$ci stosunku absorbancji:
UV354/UVs04 1 UV254/UV 436, co wskazuje na skuteczne usuwanie aromatycznych
zwigzkow organicznych z wody poprzez biodegradacje.

Abstract

Natural organic matter (NOM) found in natural waters, is a heterogene-
ous mixture of compounds, still undiscovered from a chemical point of view.
Standard water quality indicators, such as chemical oxygen demand (COD),
dissolved organic carbon (DOC), UV,s4, pH and others, do not provide infor-
mation about the nature of NOM, such as molar mass or hydrophobicity. UV
absorbance at different wavelengths is becoming more and more useful for
characterizing NOM.

UV absorption is a popular and relatively simple indicator determining
the content of organic pollutants in water. The functional groups of organic
compounds absorbing UV and VIS radiation are chromophores. It is believed
that different chromophores are identified by different wavelengths. The UV
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absorbance at 220 nm is associated with both carboxylic and aromatic
chromophores, while UV absorption at 254 nm is typical of aromatic groups
with different degrees of activity. From the absorbance it is possible to deter-
mine the total content of dissolved organic carbon and organic compounds with
a high content of aromatic rings that are precursors of by-products of disinfec-
tion or oxidation. It was also noticed that the relationships between two differ-
ent wavelengths, such as: 254 nm/204 nm, 254 nm/436 nm, or 250 nm/365 nm,
can characterize NOM.

This article, presents the results of research on the use of UV absorb-
ance at different wavelengths to interpret transformations of organic compounds
in biologically active carbon filters (BAF). The analysis of these results com-
plements the information published in 2016 (Holc et al 2016a, b).

Research on the effectiveness of organic compounds removal in the
biofiltration process was carried out on a pilot scale. The test stand consisted of
two filtration columns with a diameter of 100 mm and a height of 3.0 m, filled
with granulated activated carbon WG-12. The filters were fed with
dechlorinated tap water. The filter columns differed from each other in the
manner of activation of the filter bed. The effectiveness of organic substances
elimination from water was assessed using the following parameters: pH, dis-
solved oxygen (DO) concentration, alkalinity, chemical oxygen demand (COD
KMnQ,), total organic carbon (TOC) and UV absorbance for the following
wavelengths: 204 nm, 254 nm, 365 nm and 436 nm.

In the research, it was noticed that as a result of filtration of water
through the BAF bed, the absorbance value of UV,s4 decreased even to 0 cm’,
which indicates very high efficiency of removing organic pollutants. During the
research, was observed the correlation between the absorbance value measured
at different wavelengths. There were very low values of the absorbance ratio:
UV154/UV»04 and UV,54/UV436 in both filter columns, which indicates effective
removal of aromatic organic compounds from water through biodegradation.

Stowa kluczowe:
biofiltracja, filtry biologicznie aktywne, zwiazki organiczne,
badania technologiczne w skali pilotowej, absorbancja UV

Keywords:
biofiltration, biologically active filter (BAF), organic compounds,
pilot scale technological investigation, UV absorbance
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