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Uvodni slovo $éfredaktora

Vazeni ¢tenari,

mate pred sebou prvni ¢islo jiz desatého roc¢niku
tohoto casopisu (toto leti!). Obsahuje tfi recenzované
pFfispévky, z nichz jeden (ten prvni) mne velmi potésil
skladbou autoru. Hned prvni tfi jsou z Norska. Vysvétlim,
pro¢ mne to potésilo.

PFi pfedchozim neuspésném pokusu o zarazeni
¢asopisu WASTE FORUM (WF) do databaze SCOPUS pred
péti lety nam bylo vytéeno, Ze v ném publikuji jen domaci
autori a Ze se zabyva pouze problémy lokalniho vyznamu. To
prvni byla vice méné pravda, to druhé ne, ale co nadélate.

Loni jsme pozadali znovu a byli jsme vyzvani,
abychom podrobné popsali zmény, ke kterym od minula doslo. Proto vitam kazdého
publikujiciho autora/spoluautora ze zahranic¢ni instituce. Vedle toho jsem proved! analyzu
navstévnosti internetovych stranek ¢asopisu a rozsahu stahovani jednotlivych cCisel. Vysledky
jsou zajimavé a povzbuzujici. Proto jsem se rozhodl se o né s vami podélit a tak na konci Cisla
v ¢dsti vymezené pro nerecenzované prispévky najdete o tom podrobnou zpravu.

Dale se snazZime rozsirit redakcni radu o ¢leny pusobici na univerzitach a vyzkumnych
institucich mimo Ceskou éi Slovenskou republiku. Pokud byste védéli o nékom, kdo by mél o
Cestné clenstvi v redakcni radé WF zdjem, dejte mi prosim védét.

Co je ale nejjistéjsi cesta k zarazeni do Scopusu a k ziskani impakt-faktoru, je citovani
¢lanku z WF v dalSich pracich, pokud mozZno publikovanych jinde. To uz ale redakce zaridit
nedokaze! O to se musi postarat sami autofi a jejich kolegové!

Na zavér jesté jedno upozornéni: Redakcéni uzavérka pristiho cislas je 8. dubna,
dalsiho pak 8. cervence 2017.
Ondfrej Prochdzka

Editorial

Dear readers,
this is the first issue of the WASTE FORUM tenth edition. It contains three reviewed papers and
one non-reviewed article. Here is the reason why.

The reason for rejection of including our journal in Scopus database five years ago was
“a limited readership as papers are in Czech and are often very focused on regional interests.
This seems likely to lead to low citation rates.”

Last year we’ve applied for inclusion in database again and were asked to describe in
detail all the changes that have occurred since the last application. Therefore, I’'ve analyzed the
origin of contributions by location of authors’ home institutions, as well as readership and the
number of downloads of individual issues. The results were encouraging, so I’'ve decided to
publish them in this issue.

Announcement: Editorial deadline for the next issue is extended to April 3, 2017.

Ondrej Prochazka
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Pro autory

Casopis vychazi pouze v elektronické podobé a &isla jsou zvefejfiovana na volné pristupnych
internetovych strankach www.WasteForum.cz.

Do redakce se pfispévky zasilaji v kompletné zalomené podobé i se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready”. Pokyny k obsahovému c&lenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro autory. Ve snaze dale rozSifovat okruh moznych recenzentll zadame autory, aby
soucasné s pfispévkem napsali tfi tipy na mozné recenzenty, samoziejmeé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

Publikacni jazyk je Cestina, slovenstina a angli¢tina. Ve snaze, aby se ¢asopis WASTE FORUM
dostal do mezinarodnich databazi védeckych Casopisli, coz je nezbytny pfedpoklad, aby mohl ziskat
Casem i impakt-faktor, preferovana angli¢tina. V tomto pfipadé je nezbytnou soucasti ¢lanku na konci
nazev, kontakty a abstrakt v ¢eském ¢&i slovenském jazyce, pfi€emz rozsah souhrnu neni shora nijak
omezen.

Uverejnéni prispévkl v Casopisu WASTE FORUM je v zasadé bezplatné. Nicméné abychom
pfijmové pokryli alespofi nezbytné externi naklady spojené s vydavanim ¢&asopisu (poplatky za
webhosting, softwarova podpora atd.), vybirame symbolicky poplatek za uvefejnéni podékovani
grantové agenture &i konstatovani, Ze Clanek vznikl v ramci feseni urcitého projektu. Tento poplatek Cini
200 K¢ za kazdou stranku u pFispévku v anglickém jazyce, u ostatnich je 500 K¢ za stranku.

Uzavérka dalsSiho Cisla ¢asopisu WASTE FORUM je mimoradné jiz 3. dubna 2017, dalsi pak
8. ¢ervence.

For authors

WASTE FORUM is an electronic peer-reviewed journal that primarily publishes original scientific
papers from scientific fields focusing on all forms of solid, liquid and gas waste. Topics include waste
prevention, waste management and utilization and waste disposal. Other topics of interest are the
ecological remediation of old contaminated sites and topics of industrial and municipal ecology.

WASTE FORUM publishes papers in English, Czech or Slovak. Articles submitted must
include a abstract in Czech (Slovak) or English language, respectively.

Manuscripts for publication in the journal WASTE FORUM should be sent only in electronic form
to the e-mail address prochazka@cemc.cz or wasteforum@seznam.cz. Manuscripts must be fully
formatted (i.e. printer-ready) in MS WORD. The file should have a name that begins with the surname of
the first author or the surname of the corresponding author. Due to the personal connection of the
editorial staff with the editors of the professional monthly journal ODPADOVE FORUM, authors
need to clearly state that their manuscripts are intended for publication in WASTE FORUM.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the names of the reviewers are not
disclosed to the authors.

All papers that was not subjected to a peer-review are labeled in a header of each page by the
text Not peer-reviewed and commercial papers.

Publication of the articles is generally free. However, revenue to cover at least the necessary
external costs associated with the issuance of the magazine, we select a symbolic fee for the publication
of gratitude grant agency or a statement that the article was created as part of a project solution.. The
fee is 200 CZK per each new page for articles reviewed part of issue and CZK 500 for every new
page for contributions in the second part of the issue.

The deadline of the next issue is on April 3, more on July 8, 2017.
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Passive sampling approaches and their applicability for

contaminated sites monitoring
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Abstract

This paper summaries information about the passive sampling methods that can be applied for
monitoring of contaminated sites. We discuss advantages and disadvantages of passive sampling
compared to conventional sampling and describe different types of passive samplers and the processes
behind them. In the second part of the paper 4 passive samplers that have been used within the
PASSES project are described in detail. Moreover recommendations on the suitability of different
samplers for different purposes as well as on their handling are also included based on our experience.

Keywords: passive sampling, monitoring, groundwater contamination

Introduction

The use of passive sampling is reported in the literature since the second half of the 20™ century
Passive sampling has been widely used in the last decade **®” and is still a developing field sampling
technique for water, air, soil and sediments. This paper focuses on passive sampling of water.

1,2,3

Passive sampling offers significant advantages compared to traditional grab water sampling, because
it can adsorb the analyte of interest over a long period of time and thus give an average concentration
during a period of several days or weeks (Figure 1). This average concentration is referred to as the
time-weighted average (TWA) in the case of integrative samplers or ‘concentration memory’ in the case
of equilibrium samplers.

A passive sampler is deployed in water for weeks or months, and can thus incorporate the episodic
changes in contaminant concentration during the monitoring period. Another challenge with standard
grab sampling is that the concentration of contaminants in water can be lower than the limit of
quantification (LOQ) for standard laboratory analysis; this can in turn cause difficulty in data
interpretation. Integrative Passive samplers can accumulate compounds and increase the concentration
above the LOQ, and thereby give a good alternative for data interpretation as illustrated in Figure 2.

Passive sampling has also several advantages compared to analyzing biota; it is user friendly, time-
saving and also more environmental friendly to handle a canister with membranes compared to catching
fish and finding mussels. The sample preparation and analysis of biota is time-consuming and biological
factors like lipid content, weight, age, organ size etc. will vary between different individuals®. The
metabolism and degradation in biota can affect concentration levels of the analytes, and the effect of
these processes can vary between different individuals as well as between different environments®.
Passive samplers can provide similar information with higher reproducibility, for instance the Polar
Organic Chemical Integrative Samplers will accumulate water-soluble chemicals which are bio-available,
and the results can be compared to exposure of organisms such as fish and mussels. Passive samplers
can also be placed in environments where biota are not present due to contamination level, pH,
temperature and/or other physical and environmental conditions, for example in ground water.
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Figure 1: Illustration of how contamination events can occur and be partly overlooked by traditional grab
water sampling
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Figure 2: lllustration of water samples analyses versus concentration in an integrative sampler

Passive sampling does not contain any mechanical parts or require any electric power during the
sampling period. One passive sampler can replace several grab samples and hence will be more
sustainable, as it will reduce the hours spent on field work and the number of analyses, it will also reduce
the total cost of analysis.

On the other hand, only analytes dissolved in water can pass by diffusion through the water-boundary
layer which is generated due to high viscosity at the surface of the passive sampler, and represents the
rate-limiting step. An external factor that might also effect the diffusion is biofouling of the membrane.

There are another factors that affect the uptake, e.g. temperature, pH, salinity and rate of water flow °.
The effect of water temperature is limited under typical environmental conditions in the range of
5 — 25°C*. The pH could affect the sampling rate (Rs)™. Nevertheless, the Rs could be determined in
the laboratory within the calibration or predicted by empirical equations®*. There are several calibration
methods for determining the Rs, the most used calibration methods are: static renewal'?; static
depletion®; flow-through systems™: in situ calibration'® and performance reference compound (PRC)
based system™®

Patronem tohoto Cisla je spolecnost DEKONTA, a.s. / Patron of this issue is Dekonta, a.s.
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Passive samplers

There are different types of sampling devices applicable to nearly all environmental conditions
regardless of water type and quality. Generally, all types of passive samplers are classified in one out of
two main types: equilibrium samplers and non-equilibrium samplers.

Equilibrium samplers, also called absorption samplers or partition samplers as they are based on
partition theory, are devices that rely on diffusion of the compounds to reach thermodynamic equilibrium
between the sampler and the water. The equilibrium between the sampler and environment of exposure
is achieved after a certain amount of time dependent on the sampler type and analyte. Some equilibrium
samplers are filled with deionized water and the concentration measured is therefore more or less similar
to the concentration in the surrounding water. The concentration of the water inside the sampler will thus
represent the average concentration found in the surrounding water during the time of deployment. This
is in contrast to normal grab sampling where the water sample only represents the surrounding water at
the moment of sampling. Recently new samplers filled with other materials are gaining attention. The
materials used in these samplers are designed to ensure that it will reach a certain uptake and
accumulation of the analyte in the sampler before it reaches the equilibrium. This will increase the
possibilities for analytical detection of analytes in the sampler in environments where the analyte
concentration in the surrounding waters is lower than the LOQ of the analysis. The concentration of
analyte in the partition sampler can be used to calculate the concentration in the water phase.

Commercial equilibrium samplers which can be filled with deionized water (or ground water) include:

— Polyethylene Diffusion Bag Sampler (PDB)

— Regenerated-Cellulose Dialysis Membrane Sampler
— Rigid Porous Polyethylene Sampler (RPPS)

— Nylon-Screen Passive Diffusion Sampler (NSPDS)
— Peeper Sampler

Equilibrium samplers with other adsorption media are:

— Polyoxymethylene Sampler (POM)
— Passive Vapour Diffusion Samplers (PVDs)

Equilibrium passive samplers are used for monitoring common contaminants like VOCs and other but
can be used also form monitoring of more specific compounds e.g. anilines, bio-toxins, DDT,

chlorophenols, Hg ions, hexachlorobenzene, PBDEs, PCBs, PCDD/Fs, pesticides, phenols etc.
4,5,7,17,18,19,20

The second type of samplers are integrative samplers (also called adsorption-, kinetic-, or non-
equilibrium samplers), which measure the concentration in the kinetic period before an equilibrium has
been reached between the sampler and the surrounding water. Compounds bind strongly to the
adsorption media, and because the sorption capacity of the media is normally very high, the time to
reach equilibrium can be several days to weeks or months depending on the adsorption media, type of
compound, and concentration. The measurement period for integrative samplers starts immediately after
deployment and ends when the sampler is retrieved. These devices rely on diffusion and sorption to
accumulate compounds in the sampler. But unlike the equilibrium sampler, the analyte is removed from
the water during the entire deployment period and accumulated in the sampler.

Commercially available kinetic samplers include:

— Polar Organic Chemical Integrative Samplers (POCIS)

— Semi-Permeable Membrane Devices (SPMD) for lipophilic organic compounds
— GORE™ Sorber Module

— Passive In-Situ Concentration Extraction Sampler (PISCES)

— Solid Phase Microextraction (SPME)

— Membrane-Enclosed Sorptive Coating Sampler (MESCO)

— Diffusive Gradients in Thin-films (DGT)

Patronem tohoto Cisla je spolecnost DEKONTA, a.s. / Patron of this issue is Dekonta, a.s.
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Passive samplers in the kinetic mode have been recently used for monitoring DDT, endocrine
disruptors, pharmaceuticals, pesticides, personal care products, PAHs, PCBs, UV filters, plasticizers,
organotin compounds etc, #>7171819.20.21.22

Analytes in both types of passive samplers have to be trapped or retained in a suitable medium. It is
therefore important when selecting the type of passive sampler to take into consideration all aspects of
the sampling like the contaminants of interest, the contamination level, hydrogeological conditions, water
flow velocity etc., as well as the chemical behaviour of the analyte and the mixture of analytes.

Description of selected passive samplers
Semipermeable Membrane Device (SPMD)

The Semipermeable Membrane Device (SPMD) is a passive non-equilibrium sampler that is used to
monitor hydrophobic organic compounds that are usually found in trace levels in the testing environment,
such as PCBs, PAHs and organochlorine pesticides. The sampler consists of a tubular lay flat low-
density polyethylene (LDPE) membrane that is flattened and contain a thin film of a lipid (Triolein) having
a high molecular weight. Triolein is a nonpolar lipid found in aquatic organisms. By allowing selective
diffusion through transport corridors of organic compounds, the LDPE mimics a biological membrane
such as fish gills and human lungs.

The sampling in the SPMD is driven by membrane- and lipid-water partitioning. A typical SPMD set up
is shown in Figure 3. By using SPMDs it is possible to estimate the time-integrated dose of waterborne
bioavailable pollutants to aquatic organisms.

Figure 3: (A) SPMD Entire carrier assembly; (B) A standard canister for SPMDs

Unlike bio-monitoring organisms, SPMDs can be used in waters with poor water quality. Studies of
bio-availability and bio-concentration factors have shown that SPMDs are user friendly and less
expensive than aquatic animals. This is due to the fact that SPMDs are easy to standardize in different
conditions. Since SPMDs are deployed over longer periods of time, the concentrations of analyte
represents a time-weighted average.

Other advantages SPMDs have over biota include: fixed sampling locations, easy deployment and
retrieval, no problems with mortality, metabolism etc. The ambient water concentration (C,) can be
estimated based on the concentration found in the SPMD (Cspump), the volume of the triolein in SPMD,
the sampling rate (Rs) and the time of deployment (t) as shown in equation 1.%

(Ceprep % Vepprp)
(Rsxt)

C.. = (1}
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A big drawback of SPMDs is biofouling of the membrane during deployment. The biofouling layer will
result in a slower sampling rate because of the impeded flux across the membrane. Thus the impedance
factor is specific to each SPMD at any given point in time.

SPMDs are not suitable for groundwater monitoring as they need quite high flow rates in the
surrounding water, which is not commonly found in groundwater. To be able to use SPMDs under such
conditions an artificial arrangement to increase the water circulation in the well would be necessary,
alternatively constantly moving the sampler during the deployment period.

SPMDs must be stored in a fridge prior to deployment. For field deployment of SPMDs it is advised to
use stainless steel SPMD carriers as shown in Figure 3. Because SPMDs are a very potent air sampler,
a field blank is always recommended for simultaneous exposure during deployment and retrieval. The
analytical results from the field blank are then used to adjust the site results to reflect the contamination
in water.

Typical deployment periods for SPMDs range from two weeks till two months averaging around
28 days. The deployment time must be adjusted according to a level of expected contamination. After
a typical deployment, SPMDs are removed from the aquatic environment and extracted with a nonpolar
solvent such as hexane. The extract is then: |. Reduced; Il. Cleaned up (typically includes gel
permeation chromatography), this process will remove any lipid or polyethylene wax, which might have
been carried over during extraction; Ill. Enriched (using an activated alumina or silica gel column).The
enriched extract is then analyzed by chromatographic techniques, such as high-performance liquid
chromatography (HPLC) or gas chromatography with various detection methods (GC-FID/PID/ECD, or
GC/MS). The extracts can also be used for toxicity testing. In such cases performance reference
compounds (PRCs) cannot be incorporated in the SPMDs as it would affect the toxicity.

Polar Organic Chemical Integrative Sampler (POCIS)

The POCIS is constructed to sample polar or hydrophilic organic chemicals with K, less than 4.
Examples of analytes are most pharmaceuticals, illicit drugs, polar pesticides and phosphate flame
retardants. The POCIS consists of a solid material, called a sorbent, which is sandwiched between two
microporous membranes. The membrane is usually polyethersulfone (PES) with pore size 0.1 um and
the sampler is held together with two stainless steel rings (Figure 4A). PES has a high analyte uptake
rate, minimal biofouling and long durability. The membrane allows water and dissolved chemicals to
pass through to the sorbent and get trapped in the sorbent. Sediment and larger particles will not pass
through the membrane and are thus excluded. The POCIS samples the water-soluble chemicals and can
therefore be compared to analyzing biota samples.

The POCIS is an integrative sampler and the analyte accumulates in the sorbent. The results will give an
estimation of the TWA concentrations. There are two main types of POCIS which are commercially
available with different sorbents: i) pesticide and ii) pharmaceutical. The pesticide POCIS contains a mix
of three sorbent materials which are hydroxylated polystyrene-divinylbenzene resin (ISOLUTE® ENV+)
and a carbonaceous adsorbent (Ambersorb 1500) dispersed in a styrene divinylbenzene copolymer
(S-X3 Bio Beads). The pesticide POCIS can sample pesticides, natural and synthetic hormones, waste
water related chemicals and other water-soluble organic chemicals. The pharmaceutical POCIS contains
a single sorbent, Oasis HLB. Oasis HLB is designed for pharmaceutical sampling.

Analyte uptake by the POCIS is influenced by the boundary layer diffusion to the sampler surface,
diffusion through the PES-membrane and diffusion within the sorbent. The POCIS do not contain
a PRCs like the SPMD and this makes the recalculation to the water concentration more challenging.
There are some estimated sampling rates from published data of the first order kinetic model for some
analytes and thus the results can be recalculated according to this**. For analytes where the sampling
rate is not determined, a laboratory can only report the amount of analyte absorbed in the POCIS and
the results can only be used qualitatively to compare it with other POCIS results in the same project.

If there is a need for monitoring of several analytes or to reach even lower limits of quantification, it
might be necessary to use several POCIS samplers to be able to gather the amount of sample material
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needed to perform an analysis. Canisters can deploy several POCIS samplers, so that the sorbents can
be mixed together into one large sample. The POCIS is put into the holder (Figure 4B); the holder is
placed in a canister and locked (Figure 4C). It is important to close the canister to avoid the POCIS to fall
out and get lost. There are many types of commercial canisters available which is specialized for
sampling in different types of environment like rivers, lakes, seawater and groundwater. The sampler for
rivers, lakes and seawater usually contains a holder which can deploy three POCIS.

A B C

Figure 4. (A) POCIS membranes held together with stainless steel rings; (B) POCIS-holder;
(C) Commercially available deployment canister

The average sampling time for passive samplers are 30 days, but deployment times for one week to
one year have been performed. A short deployment time will result in smaller volumes of water being
sampled, and some important information due to slow uptake of some compounds can be missed. If the
deployment time is too long, the integrative samplers will go from the kinetic regime to equilibrium regime
and thereby work as an equilibrium passive sampler.

Long deployment time can also lead to the build-up of a biofilm on the sampler. The biofilm might
inhibit the sampler to accumulate chemicals and lead to lower results than expected. Long deployment
time will also lead to a greater risk of damage or loss, since there are always risks of heavy streams,
floods and other events such as vandalism. The commercially produced POCIS is delivered in an air-
tight metal can of stainless steel due to its capacity to adsorb compounds from ambient air. Therefore it
is recommended to store the POCIS in a freezer until deployment. The can should not be opened before
the sampler is deployed in the field.

After sampling, the POCIS should be placed in its original can. It is important to put one POCIS in
each box if they are from different sampling points, as individual analysis of each POCIS is needed. As
in the case of SPMDs, the POCIS should be put in a freezer as soon as possible after retrieval before
being sent to a laboratory. During the analysis of a POCIS generally only the solid sorbent inside of the
POCIS is extracted and the membranes are removed. The extract is then analyzed with liquid
chromatography having two mass detectors (LC-MS/MS).

Polyethylene Diffusion Bags (PDB, PS VOCSs)

Passive diffusion bags, also called passive sampler VOC (PS VOCs), allows for estimation of time-
weighted average concentrations for volatile organic compounds, like BTEX and chlorinated aliphatic
hydrocarbons. The concentrations measured using diffusion samplers are representative of the
groundwater quality at the time of the retrieval of the samplers or of some days before, depending on the
time needed to achieve equilibrium.

The passive sampler for VOCs can be used for several types of water, although it is primarily
designed for monitoring of groundwater wells. It provides an easy and efficient way to perform field work,
without the need of a pump or other sampling devices. PDB consists of a LDPE tube (approximately
35 cm long) in the shape of a cylindrical tube. LDPE acts as a semi-permeable membrane and VOCs
diffuse through this membrane. The tube is filled with deionized water through a fill nozzle and closed
with a plug. A standard bag holds approximately 350 ml of deionized water.
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PDB is an equilibrium sampler and equilibrium is established between VOCs in the bag and the water
after a certain deployment time. The appropriate deployment time is dependent on the time required by
the sampler to equilibrate with ambient water and the time required for environmental disturbances
caused by sampler deployment to return to ambient conditions. The rate at which deionized water in the
sampler equilibrates with the ambient water depends on the type of sampled compounds and the water
temperature.

A minimum equilibrium time of two weeks is suggested for most field applications. The LDPE
membrane can be covered with a polyethylene protective mesh to protect the mem-brane. It is
recommended to use a weight to keep the tube hanging down to make sure that the sampling is
performed at the intended target zone within the well (Figure 5A).

A B
Figure 5: (A) Commercially available PDB (PS VOCs); (B) Typical Diffusion Gradients in Thin Films

The PDB sampler is a simple tube device which does not have to be placed in the freezer or handled
following a specific procedure prior to deployment in the field. The average sampling period for this
passive sampler is two weeks, which is suggested for most field applications.

When the PS VOCs sampler is retrieved, a discharge tube is pressed into the membrane and
a standard vial is filled. The vials are transported to the laboratory and analyzed using standard methods
for water samples. The analysis of BTEX and chlorinated aliphatic hydrocarbons are performed with gas
chromatography with a flame ionization detector (CG-FID) and a mass detector (GC-MS). To avoid
increased uncertainties from loss of analyte due to evaporation or biological decomposition, it is
recommended to minimize the storage time before the analysis to less than 48 hours and keep the
samples in vials in a dark and cooled place at 4-6°C during storage and transport.

PDBs have a great potential to be used in standard groundwater monitoring. There are several
advantages of PDBs: comparable results with conventional sampling; easier analytics of deionized water
compared to complex ground water; no need to stabilize samples; possibility to monitor vertical
contamination profiles; and results represent longer periods of time.

Diffusion Gradients in Thin Films (DGT)

Many passive samplers used today have the disadvantage that uptake rates for trace substances
depend on flow rates. These samplers must therefore be calibrated to enable the water concentrations to
be derived from the mass per sample. Diffusive Gradient Thin-films (DGTs) can be used in situ to
gquantitatively measure labile species in aquatic systems without a field calibration. A typical DGT is
shown in Figure 5B.

DGTs can be used to detect elements and compounds in aqueous environments such as water,
sediment and soil. They are used for detection of bioavailable toxic trace metal contaminants. The DGT
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itself consists of a binding gel, a diffusive gel and a membrane filter. The analyte will pass through the
filter membrane and diffuse through the diffusive gel before accumulation on the binding gel.

The DGT device consists of a plastic piston (base) and a tight fitted circular cap with an opening as
shown in Figure 5B. The binding gel, the diffusive gel and the membrane filter are stacked onto the base
and the cap is placed on top of this assembly. The dimensions of the layers may vary depending on the
environment, which it will be deployed in. During the deployment, metals, nutrients or organic
compounds accumulate in a controlled way on the binding layer. The accumulated amount of each
analyte is used to calculate its concentration in water, soil or sediment.

Because there are many different binding layers available for DGTSs, this sampler can be used to
measure a wide range of compounds. DGT sampling is based on Fick's law and the equation used to
find the time-weighted averaged concentration of the analyte is given in equation 2, where: Cpgr is the
time averaged concentration of the bulk analyte, M is the mass of the analyte on the resin, Ag is the
thickness of the diffusive layer and the filter membrane, D is the diffusion coefficient, t is deployment
time, and A is the area of the DGT window?>.

_ MAg
peT = [y

(2)

Except water, the DGT sampler is often used in river and other water bodies such as sediments. The
DGT directly measures the mean flux of labile species to the device during the deployment. This can be
interpreted as the mean concentration at the interface between the device surface and the sediment
which is often the same as the concentration in bulk pore-water.

The DGT units must be stored in a refrigerator prior to use and it is very important not to re-move
them from the sealed plastic bags prior to use. When deploying the DGT, it is also important not to touch
the filter and to get the sampler from the sealed bag into the testing environment as quick as possible. It
is also important to deploy it in flowing water that does not have excessive turbulence. To get the right
results, it is necessary to keep track of the temperature while the DGT has been deployed.

Use of long deployment times accumulate more metals and lowers the detection limit. On the other
hand typical deployment times are usually relatively short (8-48 hours). By increasing and decreasing the
thickness of the double boundary layer a low detection limit can be also ensured. On the retrieval of
DGTs it is important to rinse the unit with distilled/deionized water and shake off an apparent surface
water layer without drying it. Then the sampler should be placed in a clean plastic bag and sealed with
a minimum air space before being stored in a refrigerator until analysis. As DGTs can measure a wide
range of metal contaminants the final analysis is usually per-formed by the inductively coupled plasma
mass spectrometry (ICP-MS).

Specifics of groundwater passive sampling

Generally, low water flow can cause problems for SPMD and POCIS passive samplers. This is due to
the fact that stagnant water forms a ‘diverging’ zone surrounding the membrane, where the analyte is
removed faster from the sorbent than from the surrounding water, and thus creating empty space around
the sampler's membrane. In this zone, the equilibrium between the sorbent and the water boundary layer
can be achieved, which causes unknown decrease in the uptake of analyte. This phenomenon has been
discussed among the sampling specialists and needs to be further investigated.?®?’ With the POCIS
samplers; there is another problem, as no adequate internal standard has yet been found, which makes
the analyte calculations inaccurate.

The DGT sampler is affected by strong water flow. When this is the case, the sampler must be placed
perpendicular to the flow direction. Placing the DGT sampler perpendicular to the water flow direction
ensures that the diffusive boundary layer will not be affected by laminar flow.

The most convenient from the water flow point of view is the PDB (PS VOCs) sampler. There are no
big issues associated with the water flow in this kind of sampler.
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Generally, for an appropriate selection and use of passive samplers it is needed to take into account
not only water flow and target analytes, but important factors such as sampling goals, an expected
contamination level (high/low), a potential sampling set-up including space considerations, local hydro-
geological conditions etc. It is also crucial to consider potential interpretation of results e.g. comparison
with conventional sampling, and the need of calibration of the passive sampler.

There are difficulties to use SPMDs for monitoring of groundwater. On the other hand it is beneficial to
use it for monitoring of the water quality during pump and treat. SPMDs can be installed in to the water
flow going in and out the pump and treat system. In such a way it is possible to assess the contaminant
removal more precisely than using the conventional grab sampling.

Although it is generally complicated to recalculate the concentrations of target contaminants back to
the concentration in the ground water, using POCIS samplers they can be used perfectly for assessment
of time development of the contamination. The use of the total amounts of contaminants measured in the
samplers is beneficial when assessing the potential to degrade the contaminants in situ. It means
several samplers have to be placed in to the same place at different times.

Conclusions

Passive sampling provides an accurate method for monitoring concentration of trace analytes in
different media including water and sediments. Since it is possible to sample over a long period of time,
time-weighted concentration or at least ‘concentration memory’ covering, any episodic changes during
the sampling period. Passive sampling can replace series of water samples, and hence reduce need and
costs of analysis and field work. Passive sampling is applicable to nearly all types of environmental
conditions regardless of water type and quality. However many passive samplers used today are limited
by certain water flow conditions as the analytes uptake rates depend on the rate of water flow. Most
samplers must also be calibrated to enable the water concentrations to be derived from the mass per
sample. The exception is the DGT sampler, which is used to quantitatively measure labile species in
aquatic systems without field calibration. PDBs show the highest potential to be used in standard
groundwater monitoring.

List of symbols

BTEX — Benzene, Toluene, Ethylbenzene, Xylene

DDT - Dichlorodiphenyltrichloroethane

DGT(s) — Diffusion Gradients in Thin Film(s)

GC/MS - Gas Chromatography—Mass Spectrometry

GC-FID/PID/IECD - Gas Chromatography-Flame lon Detector/Photoionization Detector/Electron
Capture Detector

HPLC - High-performance Liquid Chromatography

ICP-MS — Inductively Coupled Plasma Mass Spectrometry

LC-MS/MS — Liquid Chromatography Tandem-Mass Spectrometry

LDPE — Low-density Polyethylene

LOQ - Limit of Quantification

NSPDS — Nylon-Screen Passive Diffusion Sampler

PAHs — Polycyclic Aromatic Hydrocarbons

PBDEs - Polybrominated Diphenyl Ethers

PCBs — Polychlorinated Biphenyls

PCDD/Fs — Polychlorinated Dibenzodioxins/furans

PDB - Polyethylene Diffusion Bag Sampler

PES - Polyethersulfone

POM - Polyoxymethylene Sampler

PRCs — Performance Reference Compounds

PS VOCs — Passive Sampler VOCs
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PVDs — Passive Vapour Diffusion Samplers
Rs — sampling rate

RPPS — Rigid Porous Polyethylene Sampler
SPMD — Semipermeable Membrane Device
TWA — Time-Weighted Average

UV — Ultraviolet

VOCs — Volatile Organic Compounds
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Souhrn

Tento C¢lanek shrnuje informace o metodach pasivniho vzorkovéni, které mohou byt vyuZity pri
monitoringu kontaminovanych lokalit. Diskutovany jsou vyhody a nevyhody pasivniho vzorkovani
Vv porovnani s béZnym vzorkovanim pomoci odbéru vzorku vody. Popsany jsou zakladni typy pasivnich
vzorkovacl a procesy, na kterych je pasivni vzorkovani postaveno. V druhé &asti ¢lanku jsou detailnéji
popsany Ctyfi pasivni vzorkovace, které byly vyuZivany v prubéhu projektu PASSES. Uvedeny jsou
doporuceni ohledné vhodnosti vyuZiti pasivnich vzorkovacu pro ruzné ucely a také ohledné nakladani
s pasivnimi vzorkovacdi vychazejici z naSich zkusenosti.

Viyuziti pasivniho vzorkovani pro monitoring kontaminovanych lokalit, pfedevsim kontaminovanych
podzemnich vod neni v Ceské Republice rozsifeno. Pfitom v mnoha ohledech pfinasi lepsi vysledky pri
nizSich nakladech. V ramci projektu PASSES se nam osvédcCilo pfedevsim vyuZziti tzv. PDBs pro
monitoring tékavych organickych latek a také vyuZiti tzv. POCIS pro monitoring kontaminace
podzemnich vod.

Kli¢ova slova: pasivni vzorkovani, monitoring, kontaminace podzemnich vod
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Summary

The properties of fibrous insulation materials are dependent on the type and kind of fibres from which
they are composed. In the field of materials based on organic fibres, the fact must often be taken into
account that the resulting material properties are affected not only by the choice of a suitable kind of
fibres, but also by selecting a suitable type of fibres of one kind. The individual types and kinds of fibres
are different not only in size but also in their structure. Some types of fibres are porous and have
a significantly different behaviour from the inorganic fibres.

The paper describes the results of research and the study of thermal-mechanical properties of
insulating materials based on organic fibres with respect to the type and properties of raw fibres.
Thermal insulation properties of mats made from organic fibres are depend mainly on the bulk density of
the insulation and important role has the thickness and purity of this fibers. Based on these findings
a combined dependence was derived calculation model for determination of the thermal conductivity
using the these materials.

Keywords: Organic fibres, hemp fibres, flax fibrous insulation materials, thermal conductivity.

Introduction

The thermal insulation of buildings is gaining importance worldwide and particularly in Europe. This is
happening in connection with the Kyoto Protocol [1] and in Europe mainly as part of fulfilling the
requirements of the Directive 2010/31/EU of the European Parliament and of the Council on the energy
performance of buildings [2]. Sustainable development in civil engineering is also an increasingly
important issue. This is the reason why materials and structures made with renewable or secondary raw
materials are seeing increased attention. Regarding thermal insulation materials, this involves mainly
insulations made from natural fibres obtained either from crops or livestock. However, if crops are grown
specifically for their fibres, there can often be the problem of their high price. For many years, Brno
University of Technology has been conducting research focused on the possibilities of utilizing various
types of natural fibres for producing thermal insulation materials by means of the thermal bonding
method. The research shows that some thermal insulations (with respect to their bulk density) can be
made with fibres extracted from the straw of seed crops — whether it is flax or hemp. It is also possible to
make use of a lesser degree of mechanisation for separating the fibres from the stalks, or to use less
costly or more energy-efficient technology [3].

Organic fibres

Organic fibres can be divided into two basic categories. These are livestock fibres, mainly animal fur,
and crop fibres extracted from the stalks, seeds and fruits of plants [4, 5]. In the Czech Republic, bast
fibres (flax, hemp and jute) are most frequently used along with seed fibres (cotton).

Each fibre type has a fibre composition and shape characteristic for the given plant. They are
composed of clusters of fibores where each cluster contains several dozen of individual cells or
elementary cells. The length of technical fibres is limited by the height of the plant from which they are
obtained [6].
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Most mechanical, physical as well as thermal-technical properties are strongly influenced by the
quality of the fibres. It is the fact that quality fibres must be used in order to attain the required properties
(i.e. more costly fibres), which reduces the competitiveness of the materials made from them. The fibre
quality can be influenced by a number of factors, such as the growing conditions, sun exposure, sowing
density or the time of harvest in relation to the vegetative stage of the plant [5].

Thermal insulation materials based on organic fibres

During the research, two prototypes of thermal insulation were tested. They were made from hemp
and flax fibres.

Hemp fibres

Hemp fibres were obtained from hemp grown in the Czech Republic, Austria and France. The fibres
differed in the method of treatment; some fibres were dew retted. Another difference was their quality
and purity (i.e. shive content). The following fibres were used:

H1 — pure dew-retted fibres
H2 — pure unretted fibres
H3 — crude hemp fibres with a high content of shives (around 40 %)

Table 1: Overview of the thickness and length of the hemp fibres

Fibre ID Description t[mm] | s¢[mm] | I[mm] | s [mm]

H1 Dew-retted hemp 0.057 0.024 66.24 19.22

H2 Unretted hemp 0.079 0.018 64.03 24.46

H3 Crude hemp 0.155 0.045 58.15 21.52
Flax fibres

Flax fibres were obtained from flax grown in the Czech Republic and France. The experiment
examined the use of fibres from fibre flax as well as the possibility of using oilseed flax straw. The
following fibres were used:

F1 — flax fibres with a higher shive content grown for their fibres with minimal shive content

F2 — fibres from oilseed flax which were produced by breaking the stems, which were pressed in the
field

F3 — fibres of oilseed flax prepared by cutting F2 fibres in a cutting machine

F4 — oilseed flax fibres which were prepared in the traditional way; i.e. softened stems cut and
chopped in a shredder

Table 2: Overview of the thickness and length of the flax fibres

Fibre ID | Description t[mm] | s¢[mm] | I[mm] | s, [mm]
F1 Crude flax 0.115 0.025 56.15 20.39
F2 Crude oilseed flax 0.205 0.055 59.82 21.58
F3 Cut oilseed flax 0.159 0.042 56.79 22.24
F4 Fully processed oilseed flax 0.115 0.038 54.35 23.63

The thermal insulation samples were made by means of air lay thermal bonding with the use of
bicomponent PES-based fibres for binding.

Samples made from fibres H1 contained 15 % of bicomponent fibres.

Samples made from fibres H2 and H3 contained 20 % of bicomponent fibres and were made in
several varieties of different bulk density.
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Samples made from fibres F1 contained 20 % of bicomponent fibres.

Samples made from fibres F2, F3 and F4 also contained 15 % of bicomponent fibres.

Their thermal conductivity in dependence on bulk density was determined since the optimal choice of
bulk density in relation to the properties and the material costs and with regard to the final properties is
key for fibre insulations. Bulk density was determined in accordance with EN 1602 [7] the thickness was
measured according to EN 823 [8]. The samples were stored at laboratory humidity (at an equilibrium
moisture content corresponding to an environment with the temperature of 23 °C and relative humidity of
50%) and subsequently dried at the temperature of 105°C until they reached stable mass. Their thermal
conductivity was then determined in accordance with EN 12667 [9] using the hot plate method according
to ISO 8301 [10] at the average temperature of 10 °C and temperature gradient of 10 K. The

measurement results are in the table below:

Table 3: Overview of the basic properties of the samples

Specimen No. |Fibres d[mm] | pv[kg.m?] | Aioary [W.m™.K?]
1 H3 77.92 30.2 0.0500
2 H2 79.61 29.6 0.0488
3 H3 67.02 56.8 0.0419
4 H2 40.22 82.1 0.0405
5 H1 51.22 35.5 0.0418
6 F1 77.41 32.1 0.0442
7 F2 78.41 101.8 0.0417
8 F3 80.21 105.4 0.0439
9 F4 77.42 90.8 0.0441

Figure 2: Test samples of flax (6 — 9)
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Evaluation of results

The dependence of the thermal conductivity coefficient on fibre thickness was determined for the
samples. Given the fact that the samples differed in thermal conductivity, no high correlation between the
fibre thickness and thermal conductivity was found (the correlation coefficient was 0.60); see Figure 3.
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Figure 3: Dependence of thermal conductivity on the insulations’ fibre thickness

As for the correlation between thermal conductivity and bulk density, a stronger dependence was
found, approximable by a quadratic polynomial with a correlation of 0.73. It is visible that samples with
bulk density within 60 — 80 kg.m™ have the best values of thermal properties. When more compacted,
the samples with crude fibres exhibit better fibre orientation; the rougher fibres are aligned parallel to the
plate, i.e. perpendicularly to thermal flux (see Figure 4).
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Figure 4. Dependence of thermal conductivity on the insulations’ bulk density

In the case of the hemp-based insulations with low bulk density, the dependence of thermal
conductivity coefficient on fibre thickness was determined. Only samples with a similar bulk density
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within 29 and 36 kg.m™® were tested. It was found that where fibre thickness decreases, thermal
conductivity decreases as wel; see Figure 5.
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Figure 5: Dependence of thermal conductivity on the fibre thickness of hemp insulation with
similar bulk density between 29 and 36 kg.m™

Based on these findings, the dependence of thermal conductivity on both bulk density and fibre
thickness was derived. Also, the following calculation model was derived for thermal conductivity

}hlo,dry [\N-m_l-K_l] (1)
Moary =t*9.35% 1075 + p, 2%« 1.79 % 1076 — p, * 2.9 x10™* + 0,04706 (1)

The correlation coefficient for the newly derived function equalled 0.82, which was higher than in the
cases of the individual correlations between thermal conductivity and bulk density or fibre thickness.
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Figure 6: A diagram of the dependence of thermal conductivity on bulk density as well as fibre
thickness according to the calculation model
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Conclusion

The investigation focused on the thermal-technical properties of insulating materials based on organic
fibres with respect to the raw-fibre type and properties. It was found that thermal insulation properties of
mats made from organic fibres depend mainly on the bulk density of the insulation and on the thickness
of its fibres. It was found that decreasing thickness causes a decrease in the coefficient of thermal
conductivity as well. As for bulk density, a dependence was demonstrated as a quadratic polynomial
(see Fig. 4) where the samples with bulk density ranging within 60 — 80 kg have the optimal values of
thermal properties. Based on these findings a combined dependence of thermal conductivity on bulk
density and fibre thickness was derived; see equation 1. This function had the highest correlation
coefficient of 0.82. It can be generally stated that the properties of hemp- and flax-based insulation are
comparable and the determining factors are mainly the treatment of the fibres and the bulk density of the
insulation; however, the samples made from hemp exhibit slightly better properties.

In conclusion, with the appropriate choice of the type of fibres and with correctly designed bulk
density, insulations based on natural fibres can have very good thermal insulation properties and can
compete with commercial EPS or mineral-wool insulations available on the construction market.
Insulations from these materials may find application in the construction in most applications of insulation
materials for building envelope, insulation of walls, ceilings and roof constructions. The research will be
focused on specifying the specific materials for the application and verification of the application of these
materials in the building industry.

Symbols

t [mm] ... thickness of fibers

s [mm] ... standard deviation of thickness
| [mm] ... length of fibers

s, [mm] ... standard deviation of length

d [mm] ... thickness of test samples

oy [kg.m™] ... bulk density

Aoy [W.m™*.K™ ... thermal conductivity
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Chovani tepelné izola¢nich materiali vyrobenych ze surovych a odpadnich

lykovych vlaken ze zemédélstvi

Vitézslav NOVAK, Jiri ZACH

Vysoké uceni technické v Brné, Fakulta stavebni, Centrum AdMaS, Purkyriova 139, 612 00
Brno

Souhrn

Vlastnosti vlaknitych izolacnich materialti jsou zavislé na typu a druhu vidken, ze kterych se vyrobeny.
V oblasti materiali na bazi organickych viaken je ¢asto nutné vzit v uvahy skuteénost, Ze vysledné
vlastnosti materialu jsou ovlivhény nejen volbou vhodného druhu vidken, ale také volbou vhodného typu
vliakna jednoho druhu. Jednotlivé typy a druhy viaken se li§i nejen co do velikosti, ale také v jejich
strukture. Nékteré typy viaken jsou porézni a maji zna¢né odlisné chovani od anorganickych viaken.

Clanek popisuje vysledky vyzkumu a studia tepelné-mechanickych vlastnosti izoladnich materialt na
bazi organickych vldken s ohledem na druh a vlastnosti surovych vidken. Tepelné izolacni viastnosti
rohoZi vyrobenych z organickych viaken jsou zavislé pfedevsim na objemové hmotnosti izolantu
a vyznamnou roli méa i tlouStka a Cistota pouZitych viaken. Na zakladé zjiSténych zavislosti byla
odvozena rovnice pro stanoveni soucinitele tepelné vodivosti pri pouZiti téchto materiald.

Kli¢ova slova: Prirodni vidkna, konopna viakna, Inéna vldkna, tepelna izolace, tepelna vodivost.
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Souhrn

Technologie zpracovéni odpadnich vod v &istirnéch odpadnich vod (COV) jsou navrzeny na zékladé
nutnosti odstranéni neZadoucich sloZzek z vody a poZadavku koncentrace do vedlejsiho proudu —
Cistirenského kalu. Kaly jsou produkovany kaZdoro¢né ve vyznamnych objemech. DalSi Upravy kal(i
zabrariuji nepriznivym dopadidm na Zivotni prostredi a lidské zdravi. Pozadovana kvalita produkovanych
kalt zavisi mimo pocatecni kvality odpadni vody predev§im na pouZiti odpovidajicich technologii.
V pfispévku jsou sumarizovéany vysledky mapovéni technologii komunalnich COV s kapacitou vy$$i nez
2 000 ekvivalentnich obyvatel v CR.

Kliéova slova: Cistirensky kal: éistirna odpadnich vod (COV); tprava kalu; stabilizace kalu; aplikace
kalu na zemédélskou pudu; kalové hospodarstvi

Uvod

Cistirenské kaly jsou odpadem, vznikajicim pfi &isténi odpadnich vod. Podléhaji tak odpadové
legislativé, vCetné povinnosti zajisténi jejich prednostniho vyuziti. Kaly pfedstavuji pfiblizné 1 — 2 %
objemu cisténych vod, je v nich v8ak zkoncentrovano az 50 — 80% puvodniho znecisténi a také naklady
na pl)rovoz kalového hospodafrstvi predstavuji az 50 % celkovych provoznich nakladu Cistirny odpadnich
vod-.

Koncentrace kalu je vyjadfena obsahem suSiny, jejiz sloZzeni urCuje vstupni odpadni voda
a nasledujici procesy €isténi vod a Upravy kall. V suSiné surového kalu pfevazuji organické latky, véetné
potencialné pfitomnych patogennich organismd. Kvalitu a vyuzitelnost kalu dale uruje obsah tézkych
kovl, PAU, PCB, rezidui IéCiv a dalSich cizorodych latek, jejichz koncentrace zavisi na Cistirenské
technologii. Obsah patogennich organismu je snizovan stabilizaci a hygienizaci surového kalu.

Cistirenské kaly mohou byt aplikovany na zemé&délskou plidu, kompostovany, vyuZity k rekultivaénim
ucelim apod., v zanedbatelné mife je vyuzivano termické zpracovani — spalovani kall, které je
problematické a ekonomicky velmi naroéné. Cesky statisticky Ufad uvadi, ze v roce 2015 bylo 38,7 %
z kalGi produkovanych COV kompostovano a 36,45 % aplikovano na povrch pldy (aplikace ptima &i
rekultivace). Aplikace na zemédélskou pldu je rozSifenym zpusobem vyuziti upravenych gistirenskych
kall a jeji podminky stanovuje vyhlaska ¢. 437/2016 Sb., o podminkach pouziti upravenych kald na
zemeédélské pldé a zméné vyhlasky €. 383/2001 Sb., o podrobnostech nakladani s odpady a zméné
vyhlasky &. 341/2008 Sb., o podrobnostech nakladani s biologicky rozlozitelnymi odpady a o zméné
vyhlasky &€. 294/2005 Sb., o podminkach ukladani odpadl na skladky a jejich vyuzivani na povrchu
terénu a zméné vyhlaSky ¢&. 383/2001 Sb., o podrobnostech nakladani s odpady (vyhlaska
0 podrobnostech nakladani s biologicky rozloZitelnymi odpady). Vyhladka reflektuje zmény novely
zakona o odpadech ¢&. 223/2015 Sb., komplexné specifikuje povinnosti pro provozovatele Cistirny
odpadnich vod, mj. upravu kall, technologie hygienizace, podminky pro skladovani kald, technické
pozadavky pro dodasné uloZeni upravenych kald v COV nebo u zemédélce a podminky pouZiti
Cistirenskych kall na zemédélské pudé. Pro samotnou aplikaci na zemédélskou pudu jsou napf. nové
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zavedeny limitni hodnoty pro polychlorované bifenyly (PCB) a polycyklické aromatické uhlovodiky (PAU)
v pudach, uréenych k aplikaci kal COV a limitni hodnoty pro PAU v kalech.

NiZe prezentovany prehled technologii COV s kapacitou vy$$i nez 2 000 EO, které uréuji vlastnosti
kall, je jednim z dil€ich vystupl vyzkumného projektu TD03000135 — Mapovani podminek pro efektivni,
bezpeéné a environmentalné pfiznivé vyuziti Cistirenskych kall. Cilem feSeni je komplexni zmapovani
podminek pro vyuziti Cistirenskych kalu tak, aby byly zfetelné objemy produkovanych kalll a technologie
jejich zpracovani a nasledné minimalizovany dopady jejich vyuziti zejména na zemé&délské pide, veetné
zdravotnich aspektl. Vystupem budou specializované mapy téchto podminek, jez umozni kvalifikované
rozhodovani jak provozovateld COV, tak zemédélskych subjektl a organC vefejné spravy pfi
odpovédném nakladani s témito odpadnimi materialy.

Technologie COV uréujici vliastnosti kalu

Ramcové schéma COV z hlediska kalového hospodarstvi ukazuje obrazek 1. Piedstavuje hlavni
procesy CGistirenského a kalového hospodarstvi COV, které uréuji vysledné charakteristiky kalu.
Konkrétni technologické systémy jsou pfizplsobeny a dale optimalizovany s ohledem na charakter
vstupnich odpadnich vod. Zatimco vy&i$téna vystupni voda v ramci celé CR dosahuje do znaéné miry
standardnich parametrd, charakter vstupl se znaéné podili na kvalité kald.

Ramcové schéma COV z hlediska kalového hospodaistvi

Mechanicka éast COV Biologicka éast COV

Aktivace Odstrafiovéni fosforu Tercidmi &i&éni

Dosazovaci
nadrz

Usazovaci
nadrz

> D-N/R-DN/ chemicky /

] ) mikrodta apod.
D-R-D-N apod. biochemicky

Aktivni kal - recirkulace

Primami kal Prebyteny aktiwni kal
iani Odvodnéni / sueni Stabilizace Zahusténi
Hyglenizace aerobni / anaerobni atd. gravitaéni / strojni

Kalové hospodaistvi

Obrézek 1: Ramcové schéma COV z hlediska kalového hospodarstvi

Primarni kal tvofi dobfe sedimentujici nerozpusténe latky, které jsou zachycovany v usazovaci nadrzi
mechanické &asti COV. Dosazovaci nadrz je koncovkou &asti biologické. Z dosazovaci nadrze je ¢ast
aktivovaného kalu vedena k aktivaci odpadnich vod a ¢ast je coby prebyte¢ny aktivni (sekundarni) kal
misena s kalem primarnim a vstupuje do kalového hospodarstvi COV.

Aktivace je nejrozsifengjsim zpusobem biologického &isténi odpadnich vod. Ugelem aktivaéniho
procesu je odstranovani dusiku nitrifikaci a naslednou denitrifikaci. Konkrétni zplisob nastaveni aktivace
(ob&hové, s predifazenou denitrifikaci, s regeneraci kalu apod.) zna¢né ovliviiuje jak kvalitu vycisténych
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vod a vystupnich kall, tak ekonomiku celého provozu. Na aktivaci navazuje chemické nebo biochemické
odbouravani fosforu a pfipadné i terciarni stupen ke specifickému docisténi vod.

Vystupni surovy kal je nasledné zahusStovan smésné (primarni s prebyte¢nym aktivovanym), nebo
oddélené. Oddéleny fugat je vracen do Cistirenského procesu. Anaerobni nebo aerobni stabilizace kalu
zajiStuje snizeni organickych latek vkalu do té miry, ze jiz nepodléha intenzivnimu rozkladu.
Odvodriovani a suSeni muze prispét k dalSimu snizeni objemu kalu. SuSeni vyhnilého kalu je také
predpokladem pro pfipadnou hygienizaci nebo pfimé vyuziti. Ugelem hygienizace je sniZeni obsahu
patogennich organism@ na miru, stanovenou pro dané vyuziti kalu®.

Sbér dat

Do priizkumu byly zahrnuty v8echny COV s kapacitou vy$$i nez 2 000 EO. Z celkového poétu 501
COV, které byly pfedmétem vyzkumu, se podafilo ziskat specifickd data od 439 zafizeni, a to
prosttednictvim dotaznikt vypliiovanych pfimo provozovateli COV. Informace o zbylych provozech byly
ziskany z provozni dokumentace, dokumentace EIA, terénnim vyzkumem nebo komunikaci s vlastniky,
zejména z fad obci a mést. Rozdéleni COV dle poétu pFipojenych EO je zfejmé z tabulky &. 1.

PFistup provozovatel(i, pfipadné vlastniki COV, k vyzkumu byl rozliény. Zatimco &ast dotazanych
projevila ochotu poskytnuti dat i zajem o jeho vysledky, dalSi ¢ast dotazanych poskytla data az po
znacném presvéd&ovani, nebo vlbec.

Predmétem zjistovani byly zejména procesy kalového hospodafstvi (stabilizace, odvodnéni, suSeni,
hygienizace), ale i pfedchazejici Cistirenské procesy, které rozhodujici mérou uréuji pfedevsim chemické
slozeni kald.

Tabulka 1: Rozdéleni COV z hlediska poétu pripojenych EO

Pocet ekvivalentnich obyvatel

pripojenych na COV R ey
vice nez 450 001 EO 1
300 001 — 450 000 EO 2
150 001 — 300 000 EO 3
100 001 — 150 000 EO 7
75 001 — 100 000 EO 11
50 001 — 75 000 EO 11
25 001 — 50 000 EO 38
10 001 — 25 000 EO 70
5001 -10000 EO 96
méné nez 5 000 EO 262
celkem 501

Vysledky a diskuse

Celkovy poget ekvivalentnich obyvatel (EO) pfipojenych na COV v CR vroce 2015, je dle udajd
Ministerstva zeméd@lstvi (Vybrané udaje majetkové evidence (VUME)) 10550640 EO. Ztoho
9 550 762 EO je pfipojenych na COV s kapacitou vy$$i nez 2000 EO. Vyzkum tedy zohlednil technologie
zajistujici 90,5 % celkové kapacity COV v CR. Pro Ggely vyjadfeni mnozstvi kalu produkovaného
jednotlivymi zpusoby procesu byl proveden pomérny dopocet.
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Na uvedeny celkovy pocet pfipojenych EO pfipadala vroce 2015, dle prepoctené databaze
informacniho systému odpadového hospodarstvi Cenia (PDISOH), produkce 156 193 tun odpadu kat. €.
19 08 05 - Kaly z &i$téni komunalnich odpadnich vod®. Tato hodnota vyjadfuje kal, pfepo&teny na susinu
ze zvodnéného stavu, dle Matematického vyjadreni vypoctu soustavy indikatord POH, ktery je vyuzivan
jako metodika vytvoifeni PDISOH. Na 1 EO tedy pfipada takto na susSinu pfepodtena rocni produkce
14,8 kg distirenskych kald.

Objem produkovanych kalli je samoziejmé zavisly na zplsobu jeho odvodriovani. Zejména v mensich
COV jsou kaly odvodriovany pouze minimalng, pro snizovani narokti na prepravu do COV s dostate¢nou
kapacitou ucinnéjSiho odvodnovani. Lze predpokladat, Zze k dalSimu vyuziti jsou pfedavany kaly
odvodnéné na miru, ktera odpovida koeficientdm matematického vyjadreni, pouzitych pro PDISOH.

Aktivace

Proces aktivace, tedy navraceni aktivovaného kalu z dosazovaci nadrze do procesu Cisténi vod, je
soucasti kazdé z analyzovanych COV. Jednotlivé zplUsoby aktivace se liSi zejména uspofadanim
jednotlivych nadrzi a rozvodem odpadni vody a aktivovaného kalu?®.

Tabulka 1: Prepoctena produkce cistirenskych kali vzhledem k procesu aktivace

X . Zastoupeni Pocet pfipojenych Prepocet Zastoupeni

B BTG (% z poéttr: cov) pEg o produk?e kalu (t) | (% produkrc)e kalu)
R-D-N 30,65 5382320 79 681 51,01
D-N 42,74 2220533 32873 21,05
obéhova 20,43 1844 056 27 300 17,48
D-R-D-N 2,96 703 578 10 416 6,67
diskontinualni SBR 1,88 235218 3482 2,23
R-AN-D-N 0,81 114 485 1695 1,09
S-D-N 0,54 50450 747 0,48
celkem 100,00 10 550 640 156 193 100,00

Nejcast&jsim zplisobem aktivace z hlediska zastoupeni v COV je systém s pfedfazenou denitrifikaci
a nitrifikaci (D-N systém), ktery je instalovan zejména v COV s kapacitou mensi nez 10 tis. EO.
Nejvyznamnéj$im zastupcem tohoto zpUsobu aktivace je ovéem UCOV Ostrava s kapacitou téméF
300 tis. EO.

NejvétSi objem produkce kall pfipada na systém nitrifikace s regeneraci (reaeraci) kalu
a prediazenou denitrifikaci (R-D-N reaktor), ktery je aktualné& provozovan i v UCOV Praha s kapacitou
1610 000 EO. Vyznamné zastoupeni maji také provozy s obé&hovou aktivaci, jejichz nejvétSim
zastupcem je COV Brno-Modfice s kapacitou 430 tis EO. Zejména ve vétsich COV je potom instalovan
aktivacni systém D-R-D-N. Ostatni zpusoby aktivace jsou z hlediska celkového objemu produkovaného
kalu nepfilis vyznamné.

Odstranovani fosforu

Zpusoby odstranovani fosforu byly pro ucely studie vyjadfeny samostatné, mimo terciarni stuper
Cisténi. Biologicky zpusob odstranovani fosforu vyuzZiva schopnosti akumulace a vylu€ovani fosforu
mikroorganismy. Chemické odstrafiovani spo€iva ve srazeni fosforu vhodnym cinidlem. Pro dosazZeni
lepSich vysledku procesu mohou byt zafazeny a propojeny oba zpUsoby.
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Tabulka 2: PFepocétena produkce cistirenskych kalu vzhledem ke zptlsobu odstrarnovani

fosforu
Zpusob odstranovani Zastoupeni Pocet pripojenych Prepocet Zastoupeni

fosforu (% z poétu COV) EO produkce kalu (t) | (% produkce kalu)
chemicky 77,69 7928 322 117 372 75,15
biologicky 7,53 1198 560 17 744 11,36
chemicko-biologicky 4,84 990 755 14 667 9,39
bez odstrafiovani 9,95 433 003 6410 4,10
celkem 100,00 10 550 640 156 193 100,00

Vétsina analyzovanych COV vyuZiva k odstranovani fosforu z Cisténych vod chemické metody.
Odstranovani fosforu neprobiha na zhruba 10 % COV s kapacitou vy$Si nez 2000 EO, které vSak
predstavuji pouha 4,1 % pfepoctené produkce kalu.

Podil COV, u nichz respondenti uvedli biologické odstrafiovani fosforu, nekoresponduje se
zastoupenim pfislusnych technologii aktivace. K biologickému odstrafovani dochazi v podstaté pouze
v systému R-AN-D-N, ktery zastupuje pouze zhruba 1 % z produkce kalu. Lze tak pfedpokladat, Ze
v souétu s produkci kalu z COV bez zvy$eného odstrafiovani fosforu, je vice nez 14 % produkce kalu,
zatizeno fosforem, ktery je ukladan do narUstajiciho v biologickém stupni kalu. Zpfesnéni dat v této
oblasti bude pfedmétem dalSiho prizkumu.

Terciarni ¢isténi odpadnich vod

Terciarni cCisténi je instalovano k docistovani vod v pfipadé vysSich pozadavkl na kvalitu
vypousténych vod, napf. z ddvodu nizké ekostability recipientu, nebo k odstranéni specifického
znecisténi odpadnich vod. Terciarni Cisténi mize byt zajisténo fyzikalné filtraci, biologicky vegetacné
nebo ve stabilizacnich rybnicich. Jiné zplsoby terciarniho ¢€isténi zastupci COV v dotazniku neuvadéli.

Tabulka 3: Prepoctena produkce cCistirenskych kalti vzhledem k terciarnimu ¢isténi OV

. cr o wiviv s Zastoupeni Pocet pFipojenych Prepocet Zastoupeni
Z h -

LB GG LGRSl (% z poctu COV) EO produkce kalu (t) | (% produkce kalu)
filtrace 9,68 727 515 10770 6,90
stabilizacni rybniky 1,08 46 226 684 0,44
bez terciarniho Cisténi 89,25 9776 899 144 738 92,67
celkem 100,00 10 550 640 156 193 100,00

Terciarni &isténi OV probiha ve zhruba 10 % COV s kapacitou vy3$i nez 2 000 EO, tyka se vSak
pouze 7,3 % produkovanych kalu. Z hlediska pouzitych zplsobl pfevazuje mikrositova filtrace nad

stabilizaCnimi rybniky.
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Zahustovani kalu

Zahustovani surového kalu bylo pro ucely vyzkumu oddéleno od postupl odvodriovani a suseni, jako
proces predchazejici stabilizaci. Mezi uvadénymi postupy tak hraje roli gravitaéni zahustovani
v nadrzich a strojni zahustovani prostfednictvim sit nebo centrifug.

Tabulka 4: Prepocétena produkce cistirenskych kalti vzhledem k zahustovani surového kalu

o vy e Zastoupeni Pocet pripojenych Prepocet Zastoupeni
4L I Ul LELD (% z poéts cov) pEg - produkfe kalu (t) | (% produk'ze kalu)
strojni 23,12 5435123 80462 51,51
gravitacni 66,13 3508 541 51941 33,25
gravitacni + strojni 2,42 1173311 17 370 11,12
bez zahustovani 8,33 433 665 6420 4,11
celkem 100,00 10 550 640 156 193 100,00

Zahustovani kalu probiha ve vice nez 91 % COV s kapacitou vy$$i nez 2 000 EO, tyka se vice nez
95 % prepodétené produkce kald. Mensi COV vyuzivaji pfevazné gravitaéni zahustovani, které je
provozovano ve vice nez 66 % COV, tyka se vSak pouze zhruba 33 % piepodtené produkce kall.
VétSina kalll je zahuStovana strojné, ackoliv je strojni technologie instalovana jen na necelé &tvrting
analyzovanych COV.

Stabilizace kalu

Stabilizace je urujicim procesem pro dal$i vyuziti kalu. Stabilni kal jiz nepodléha rychlému
samovolnému rozkladu a neovliviiuje negativné prostfedi. Stabilizace muize probihat v anaerobnim
prostfedi za rGznych teplot, pfi vzniku bioplynu, nebo aerobné& oxidaci organickych latek. DalSimi

moznostmi jsou chemicka stabilizace (vapnem) nebo suseni, které bylo analyzovano samostatné.

Tabulka 5: Prfepoctena produkce Cistirenskych kalt vzhledem ke zptsobu stabilizace kalu

. . Zastoupeni Pocet pFipojenych Prepocet Zastoupeni

(S Il (% z poctu COV) EO produkce kalu (t) | (% produkce kalu)
anaerobni mezofilni 23,92 4477 708 66 289 42,44
anaerobni termofilni 4,03 3630775 53750 34,41
aerobni 59,68 1943 310 28 769 18,42
aerobni termofilni 1,34 68 589 1015 0,65
anaerobni 0,81 35 845 531 0,34
vapnéni (CaOH2) 0,27 10498 155 0,10
anaerobni + vapnéni 0,27 4823 71 0,05
bez stabilizace kalu 10,48 379 092 5612 3,59
celkem 100,00 10 550 640 156 193 100,00

Vysledky analyz odpovidaji vysokym ekonomickym narokim na instalaci technologie pro anaerobni
stabilizaci kalu s vyuzitim bioplynu, ktera se vyplati spiSe v provozech s vy3Si kapacitou. Anaerobni
stabilizace probiha ve zhruba 28 % COV, které vSak zahrnuji produkci 77 % celkového objemu kald.
Aerobni technologie jsou instalovany ve vice nez 60 % COV, s produkci 19 % objemu kalt. Respondenti
prizkumu neuvedli zastoupeni a zptsob stabilizace u 10,5 % COV, které predstavuji produkci 3,6 %
z celkového objemu kall. S ohledem na stavajici standardy, Ize vSak pfedpokladat, Zze se do ur€ité miry
jedna o nizkozatézované systémy, jejichz pfirozenou vlastnosti je aerobni stabilizace kalu. Zpfesnéni dat
v této oblasti bude pfedmétem dalSiho prizkumu.
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Odvodnovani kalu

Odvodfovani stabilizovaného kalu vede k zastoupeni susiny v poméru 25 — 40 % °. Zakladni déleni
zpusobu odvodiovani je na strojni, které zahrnuje vétSi mnozstvi riznych technologii, a kalova pole.
Zjisténé zpusoby odvodriovani kalu u analyzovanych COV jsou uvedeny v tabulce 6

Tabulka 6: Pfepocétena produkce cistirenskych kalu vzhledem ke zptisobu odvodriovani kalu

. Y L Zastoupeni Pocet pripojenych Prepocet Zastoupeni
REICT ML E (% z poctu COV) EO produkce kalu (t) | (% produkce kalu)
centrifuga 40,68 7011641 103 801 66,46
sitopasovy lis 25,72 1662 462 24611 15,76
kalolis 12,60 726 896 10761 6,89
Snekovy lis 4,99 504 472 7 468 4,78
sitopasovy lis + centrifuga 0,79 295 256 4371 2,80
kalova pole 2,10 35499 526 0,34
kalolis + kalova pole 0,26 29 379 435 0,28
kalolis + Snekovy lis 0,26 19 019 282 0,18
kalolis + centrifuga 0,26 15916 236 0,15
Snekovy lis + kalova pole 0,52 13 215 196 0,13
kalovy kontejner 0,79 12 796 189 0,12
S|topa.sovy lis + kalovy 0,26 4 486 66 0,04
kontejner
sitopasovy lis + kalolis 0,26 4222 63 0,04
bez odvodnovani 10,50 215 429 3189 2,04
celkem 100,00 10550 640 156 193 100,00

Z hlediska zastoupeni technologie i objemu celkové produkce kall, jsou nejvyuzivanéjsi technologii
odvodhovani centrifugy (66,5 %), které se v ojedinélych provozech uplatiuji i ve spojeni se sitopasovym
lisem nebo kalolisem. U COV s mensi kapacitou jsou k odvodiiovani pouzivany samostatné sitopasové
lisy nebo kalolisy. Malé zastoupeni z hlediska poétu COV a jesté mensi z hlediska celkového objemu
produkovanych kalil pfipadd na odvodfiovani na kalovych polich. V 10,5 % analyzovanych COV
nedochazi k odvodnéni kall vibec.

Suseni kalu
Suseni odvodnéného kalu mlze zajistit zastoupeni susiny v poméru az 90 — 95 %, obvykle vSak pro

vétsinu Ucelll vyuziti postaduje pomér susiny 50 — 70 % °.

Tabulka 7: Pfepocétena produkce cistirenskych kalu vzhledem ke zptlsobu suseni kalu

Zpiisob sugent kalu Zastoupevni Pocet pfipojenych Prepocet Zastoupeni

(% z poctu COV) EO produkce kalu (t) | (% produkce kalu)
rotacni buben 0,27 637 498 9438 6,04
solarni suseni 0,81 40503 600 0,38
diskové suseni 0,54 12 206 181 0,12
pasové suseni 0,27 5273 78 0,05
bez suseni 98,12 9 855 158 145 897 93,41
celkem 100,00 10 550 640 156 193 100,00

Z vysledk( priizkumu vyplyva, Ze suSeni kalu probiha v necelych 2 % COV a zahrnuje zhruba
6 % z celkové produkce kald.

Patronem tohoto Cisla je spolecnost DEKONTA, a.s. / Patron of this issue is Dekonta, a.s.

WASTE FORUM 2017, islo 1, strana 30



Jarmila CECHMANKOVA, Jan MATEJKA, Lubos NOBILIS, Jan MANHAL, Viera HORVATHOVA, Jan SKALA:
Prehled technologii kalového hospodarstvi komunalnich COV

Hygienizace kalu

Ugelem hygienizace kalu je snizeni po&tu patogennich organism( na miru vyzadovanou k dal$imu
vyuziti kalu. Hygienizace kalll se ¢asto do znac¢né miry pfekryva se stabilizaci, mize vSak probihat
i zcela samostatné.

Tabulka 8: Pfepoctena produkce cCistirenskych kalt vzhledem ke zpusobu hygienizace kalu

Zpiisob sugent kalu Zastoupevni Pocet pripojenych Prepocet Zastoupeni

(% z poctu COV) EO produkce kalu (t) | (% produkce kalu)
fyzikalni 6,99 4313564 63 859 40,88
chemicka 27,96 3280279 48 562 31,09
biotechnologicka 1,34 53311 789 0,51
oxytermni 0,27 6 575 97 0,06
bez hygienizace 63,44 2 896910 42 886 27,46
celkem 100,00 10 550 640 156 193 100,00

Ackoliv hygienizace probiha pouze v 36,5 % COV, prochazi ji 72,5 % z celkového objemu kald.
Z hlediska zastoupeni v provozech COV pfevazuje chemicka hygienizace, z hlediska celkového objemu
hygienizovanych kall pfevazuje hygienizace fyzikaini.

Zavéry

Ugelem analyz bylo vytvofeni prehledu technologii vyuZivanych v provozech COV, ve vztahu
k objemu vystupnich kalt. Z vysledkl Setfeni vyplyva, ze veSkera produkce kalu vychazi z aktivacnich
procest odpadnich vod, s nejvy$Sim zastoupenim technologii v upofadani R-D-N, dale D-N a obé&hovou
aktivaci. Odstranovani fosforu podléha 96 % produkce kalu z odpadnich vod, z nichz 75 % prochazi

chemickym procesem defosforizace. Terciarni Cisténi se dotyka zhruba 7 % Cdistirenskych kall, témér
vyhradné prostifednictvim filtrace.

V navazujicich procesech kalového hospodarstvi dochazi nejprve k zahustovani surového kalu, a to
u 96 % celkového objemu kall, z ¢ehoz je 52 % zahu$tovano strojné, 33 % gravitacné a 11 %
kombinaci téchto postupu. Stabilizaci prochazi 96 % z celkového objemu kald, z toho 77 % stabilizaci
anaerobni a 19 % stabilizaci aerobni. Odvodnovani se tyka 98 % celkového objemu kall, pficemz
66,5 % je odvodnovano v centrifugach a 16 % v sitopasovych lisech. Pouze zhruba 6,5 % z celkového
objemu kall je suSeno, a to zejména v rotaCnich bubnech.

Velmi vyznamny pro dal$i vyuZiti kal je proces hygienizace, ktery probiha jen v 36,5 % COV, ale
prochazi jim 76,5 % z celkového objemu produkovanych kall. Ve vétSich provozech previada fyzikalni
hygienizace, souvisejici i s anaerobni stabilizaci kalu. V mensich COV je vyuzivana predevsim chemicka
hygienizace.

V dalSich fazich prizkumu budou ziskana data zpfesfiovana a doplfiovana, napf. o rozliseni objemu
produkovanych primarnich (nestabilizovanych) a sekundarnich (stabilizovanych) kalu.

VySe uvedené vysledky analyz jsou pouze dil€éim krokem k vytvofeni nastroji pro kvalifikované
rozhodovani o vyuziti Cistirenskych kald. Na zakladé vySe uvedenych analyz Ize vyhodnotit mnozstvi
produkovanych kall v riznych kategoriich kvality, které urCuji jejich dalSi vyuziti. Na vysledky analyz
bude navazovat vytvofeni specialnich map zahrnujicich produkci kalt, technologického vybaveni COV
a ploch vhodnych k aplikaci kalll na zemédélskou pidu, na urovni ORP.

Podékovani
Prispévek byl zpracovan v ramci vyzkumu realizovaného s podporou projektu TD03000135 -
Mapovani podminek pro efektivni, bezpecné a environmentalné priznivé vyuZziti Cistirenskych kald.
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Summary

Technologies of wastewater treatment plants are constructed according to the requirements on
removing of unwanted substances from water and to the requirements on concentration in side stream -
sewage sludge. Sewage sludge is produced annually in huge amounts. The subsequent treatment of
sewage sludge prevents the environment and human health from negative impacts. The required
parameters of sewage sludge depend on the quality of input waste water together with using of suitable
technologies. The results of mapping of wastewater treatment plants (with minimal capacity of 2 000
equivalent number of inhabitants) technologies in the Czech Republic are summarized in this article.

Keywords: Sewage sludge, wastewater treatment plant, sewage sludge treatment, sewage sludge
stabilization, agriculture use of sewage sludge, sewage sludge management
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Souhrn

Data ziskana z Adwanced Web Statistics 7.2 byla analyzovana z hlediska navstévnosti stranek
www.wasteforum.cz z riznych zemi a poctu stazeni jednotlivych Eisel ¢asopisu. Data byla dostupna pro
roky 2013 az 2016.

Mezi TOP 10 zemi, ze kterych bylo nejvice navstév, patfi: Ceska republika, Ukrajina, USA,
Slovensko, Cina, Polsko, Rusko, Kanada, Francie a Némecko. Nejvice stahované bylo &islo WASTE
FORUM 2015, 4 (17 965 stazeni), za nimz s velkym odstupem nasleduji WASTE FORUM 2014, 2
(6 619 staZeni), WASTE FORUM 2013, 2 (3814 staZzeni) a WASTE FORUM 2010, 4 (3335 staZeni).
Porovnanim s celkovym pocétem ¢&lankd v Cisle a podilem &lanku v angliétiné se ukazalo, Ze s vyjimkou
LVvitézného ¢isla, zde vyznamné korelace neni.

Kliéova slova: waste forum, AWstats, Scopus, Ceské republika, Ukrajina, USA, Slovensko, Cina,
Rusko, pfenesena data, hity, navstévy, stranky

Uvod

Casopis WASTE FORUM byl zaloZen v roce 2008. Jeho vydavatel, Ceské ekologické manazerské
centrum, tehdy vyslySel volani Ceské a slovenské védecké vefejnosti zabyvajici se vyzkumem
souvisejicim s odpady na zaloZeni &asopisu (vedle vydavaného odborného mésiéniku ODPADOVE
FORUM), ktery by splfioval podminky zafazeni do Seznamu neimpaktovanych recenzovanych periodik
vydavanych v CR.

V roce 2008 vySlo jedno Ccislo, vroce 2009 dvé Cisla a od té doby vychazi Casopis Ctvrtletné
s redakénimi uzavérkami 8. ledna, 8. dubna, 8. €ervence a 8. fijna. Terminy vystaveni hotového Cisla na
strankach €asopisu jsou bfezen, Cerven, zafi a prosinec (obvykle okolo poloviny mésice). Vyjimkou byly
roky 2010 a 2016, kdy ve spolupraci se zainteresovanymi institucemi vyslo navic mimofadné Cislo.

Brzy po zafrazeni €asopisu na vy$e zminény seznam prestalo toto pro oficialni hodnoceni vysledku
vyzkumu stacit a bylo potifeba zadit usilovat o ziskani impakt-faktoru pro ¢asopis a k tomu je nezbytnym
pfedpokladem, aby se tento dostal do nékteré z mezinarodnich védeckych databazi. Po konzultaci
s redakéni radou jsme vybrali databazi SCOPUS a v roce 2011 o zafazeni pozadali.

Tento pokus nebyl Uspésny s odivodnénim, Ze v Casopise publikuji vyhradné domaci autofi (coz
tehdy byla pravda) a Ze se zabyva tématy pouze lokalniho vyznamu (coz byla pravda pouze ¢asteCna).

Publikacnimi jazyky od pocatku byla cestina, slovenstina a anglictina s tim, Zze nazev, souhrn
aklicova slova v anglickém, resp. Ceském Ci slovenském jazyce byly samoziejmosti. V reakci na
vyjadfeni ze Scopusu jsme nejprve zacali upfednostfiovat ¢lanky v anglictiné tim, Ze publikaéni poplatek
je v jejich pfipadé snizeny. To se v zastoupeni anglicky psanych &lanku pfili§ neprojevilo, proto na
doporuceni redakeni rady jsme od poloviny roku 2015 vyhlasili angli¢tinu jako jediny publikacni jazyk.
Dusledkem byl katastrofalni pokles poctu ¢lankd zaslanych k publikovani (s vyjimkou c&isla 2015, 4),
takze hrozil zanik ¢asopisu nebo alesporn redukce periodicity na dvé Cisla do roka. Proto jsme se radéji
vratili ke tfem publikacnim jazykdm s tim, Ze angli¢tina je stale preferovana.
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DalSi pokus o zafazeni Casopisu do Scopusu ucinila redakce v roce 2016. V reakci na to (a po
urgenci redakce) jsme obdrzeli vyzvu, abychom podrobné popsali jaka ,napravna“ opatieni jsme provedli
od doby minulé zadosti.

Tabulka 1: Zahranicni instituce publikujici ve WASTE FORUM (WF)

Pocet 3
Zemé Nazev instituce autoru Cislo
a ¢lanku
Belgie Vito NV, Mol 1 WF 2015, 4
Belgie ABO, Aartselaar 1 WF 2015, 4
Bulharsko | N. Poushkarov Institute of Soil Science, Sofia 1 WF 2010, 4
Bulharsko | Research Institute for Land Reclamation and Agricultural 1 WF 2010, 4
Mechanization, Sofia
Dansko Eilskov, Aarhus 1 WF 2015, 4
Finsko Aalto University School of Science and Technology, Espoo 1 WF 2010, 4
Japonsko | Faculty of Social System Science, Chiba Institute of WF 2013, 4
Technology
Japonsko | J. F. Oberlin University, Tokyo 1 WF 2013, 4
Japonsko | International Research Institute for Environmental 3R Policy 1 WF 2013, 4
Studies, Minakoshi Shokaiu Co., Ltd.
Némecko Lindner GFT GmbH, Dettlbach 1 WF 2011, 1
Némecko Bauhaus-Universitat Weimar 1 WF 2011, 1
Polsko Reaflot sp. Zo.0. Zabrze 1 WF 2010, 4
Polsko Progresseco 1 WF 2010, 4
Polsko Faculty of Chemical Engineering and Technology, Crakow 18 WF 2010, 4
Univerzity of Technology, Crakow
Polsko Faculty of Mechanical Engineering, Crakow Univerzity of 1 WF 2010, 4
Technology, Crakow
Polsko AGH University of Science and Technology, Crakow 3 WF 2010, 4
Polsko Institute of Glass, Refractory and Building Materials, Crakow 1 WF 2010, 4
Polsko Cermet ISP, Crakow 1 WF 2010, 4
Polsko Burmistrz Miasta Bochnia 1 WF 2010, 4

Napravu vytky o vyhradné domacich autorech vcelku neni problém dolozit pomoci vy&tu zahrani¢nich
instituci, ze kterych pochazeli publikujici autofi (tabulka 1). Slozit&jsi je to s vytkou, Ze Casopis se zabyva
pouze problémy lokalniho vyznamu. Jako vedlejSi produkt pfi ziskavani argumentu proti uvedené vytce
vznikla tato prace. Domnivdme se, Ze uvedena data budou zajimat (a mozna i potési) pfedevSim
dosavadni autory ¢lankd a mozna i pfesvédci dalsi, Ze stoji za to ve WASTE FORUM publikovat, i kdyz
zatim za to zadné body nejsou.
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Metoda
Primarni data

Navstévnost internetovych stranek jsme jiz dfive nechali prostfednictvim spravce domény (v pfipadé
www.wasteforum.cz to je pipni.cz) sledovat pomoci sluzby Advanced Web Statistics 7.2 (AWStats).™?
Tento volné dostupny, u€inny analyticky nastroj sleduje a analyzuje vSechny navstévy na pfisludné
internetové strance a formou srozumitelné grafické prezentace poskytuje mnozstvi uzite€nych informaci:

e prehledné mésicni, denni a hodinové statistiky,

e pocty navstév a unikatnich navstévnikl, dobu trvani navstévy, informace o posledni navstéve,
e informace o navstévnicich rozdélené podle stat,

o identifikace navstévnika prostfednictvim IP adresy,

e nejCastéji navdtévované vstupni a vystupni stranky,

e analyza kli€ovych slov a frazi nejéastéji pouZitych pfi vstupu na stranku,

e rozdéleni podle operacnich systémd, typu prohlize€t, vyhledavaca (Ceské i zahraniéni)
odkazujicich stranek,

e prehled nejhledanégjSich vyrazl a slovnich spojeni,
e pfehled chybovych stranek a nenalezenych stranek.
PFitom si uzivatel muze vybrat, zda chce data za konkrétni mésic ¢i souhrnné za cely rok.

Pro analyzu jsme méli dostupna data za roky 2013 az 2016 a zajimaly nas vzdy souhrnné vysledky
za konkrétni rok. Primarni data, se kterymi jsme dale pracovali, jsou souhrnné uvedena v tabulce 2.
K tomu na vysvétlenou *:

Unikatni navstévnici — pocet klienta (IP adres), ktefi pfisli na stranky a ktefi si prohlédli alespori
jednu stranku. Toto &islo odpovida poctu riznych fyzickych osob, které navstivily stranky za sledované
obdobi (v nasem pfipadé za rok).

Pocet navstév — celkovy pocet navstévnikd, ktefi navstivili stranky, a to i opakované.

Stranky — celkovy pocet shlédnutych stranek (HTML apod.) bez obrazkua nebo jinych souborl za
vSechny navstévujici a vSechny jejich navstévy.

Hity — Pocet stazeni vSech typl soubor( ze serveru kolikrat byla stranka, soubor, obrazek na tomto
serveru staZzen (souCet za vSechny navstévujici a vSechny jejich navstévy).

206 Hity — HTTP status kdd 206 indikuje jen EasteCné stazeni stahovaného souboru.
Prenesena data — objem dat stazenych ze serveru.

Tabulka 2: Primarni data *> %’

a) Souhrn — BézZna uzivatelska zatéz

Rok !Jnvlkvatn’l . Navstévy Stranky Hity Prenesena data
navstévnici

2013 <=7 967 14023 32908 128 826 27,23 GB

2014 <= 10 068 28 764 190 827 288 139 46,96 GB

2015 <=6 807 12913 51 952 119 351 22,65 GB

2016 <=10961 16 019 37 945 74 407 80,31 GB
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b) Zemé TOP 10

2013 Stranky | Hity | Frenesena 2014 Stranky | Hiry | Prenesena
Czech Republic 9626/ 80234 10,15 GB Ukraine 59 722| 62 896 11,25 GB
Ukraine 8 392 8553 988,93 MB Poland 49 248| 50 030 1,38 GB
China 2 895 3759 2,40 GB China 24 021| 26 389 7,74 GB
United States 2 695 3871 1,47 GB United States 17 757| 20 566 3,94 GB
Slovak Republic 2249| 19032 5,25 GB| |Russian Federation 9573| 10297 1,86 GB
Russian Federation 1864 2077 839,33MB| |Canada 9411| 10198 1,96 GB
France 872 1160| 420,69 MB Czech Republic 7678 62 036 6,92 GB
Germany 633 1477 340,79 MB France 3734, 4330 1,37 GB
Canada 524 719| 202,07 MB Slovak Republic 2 322| 19527 4,95 GB
Poland 457 947| 746,83 MB Germany 1258 2121 1,11 GB

2015 Stranky | Hity P’e(;‘:fae"a 2016 Stranky | Hity Preg:;'ena
China 18 387| 19336 3,41 GB| |United States 15466| 29784 47,83 GB
Ukraine 12651| 14484 3,79 GB| |Ukraine 4438 7781 11,84 GB
Czech Republic 6182 44144 5,42 GB| |Russian Federation 3922| 5906 6,73 GB
United States 5985 7288 1,13 GB| [Czech Republic 347214919 5,25 GB
Russian Federation 1804 2410{ 715,91 MB| |China 1978| 2562 2,37 GB
Slovak Republic 1236| 10507 3,86 GB| |Slovak Republic 873| 3587 2,52 GB
Netherlands 1066 1121 66,08 MB| |Germany 658 940| 750,27 MB
Germany 1018 1660 1,10 GB| |France 521 634| 202,03 MB
France 551 890| 467,39 MB| |India 514 662| 117,55 MB
Brazil 503 5794 42,92 MB| |Netherlands 492 514 87,47 MB
c) Typy soubort — vytah: Podil PDF a ZIP soubort na Hitech a Pfenesenych datech
Rok Hity PDF Podil Paea':gsgg;‘:‘ Podil | Hity zIP Podil Prz’;f:ez'l‘; Podil
2013 6 851 53 % 24,37 GB 90,9 % 365 0,2% | 1,44 GB 53 %
2014 12 074 4,1 % 41,88 GB 90,6 % 292 0,1% | 1,00 GB 2,1 %
2015 7149 5,9 % 19,93 GB 89 % 128 0,1% | 417,17 MB 1,8 %
2016 23 260 31,2 % 79,29 GB 99,1 % 14 0% | 6,73 MB 0%

d) Downloads TOP 10 (soubory PDF, pokud neni uvedeno jinak)

Rok Cislo Hity 206 Hity Prenesena data| Priimérna velikost
WASTE FORUM 2012, 4 1069 382 2,75 GB 1,94 MB
WASTE FORUM 2013, 2 1005 916 4,85 GB 2,58 MB
WASTE FORUM 2013, 1 963 20 2,84 GB 2,96 MB
WASTE FORUM 2010, 4 773 1008 6,64 GB 3,81 MB

2013 WASTE FORUM 2011, 3 597 4 2,25 GB 3,83 MB
WASTE FORUM 2013, 3 586 4 1,13 GB 1,95 MB
WASTE FORUM 2010, 5 497 52 616,02 MB 1,12 MB
WASTE FORUM 2012, 3 457 123 1,52 GB 2,68 MB
WASTE FORUM 2013, 1 (ZIP) 436 25 1,36 GB 3,01 MB
WASTE FORUM 2009, 2 434 603 1,53 GB 1,51 MB
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Rok Rok 2015 Hity 206 Hity| Prenesena data| Primérna velikost
WASTE FORUM 2014, 2 4 353 862 11,00 GB 2,16 MB
WASTE FORUM 2013, 4 1362 2621 5,59 GB 1,44 MB
WASTE FORUM 2010, 4 1102 571 9,89 GB 6,05 MB
WASTE FORUM 2013, 2 1097 828 5,28 GB 2,81 MB
WASTE FORUM 2014, 3 1039 149 1,61 GB 1,39 MB

2014 WASTE FORUM 2014, 1 925 622 1,88 GB 1,24 MB
WASTE FORUM 2010, 5 697 31 963,54 MB 1,32 MB
WASTE FORUM 2012, 4 568 184 1,43 GB 1,95 MB
WASTE FORUM 2012, 3 563 7 1,95 GB 3,51 MB
WASTE FORUM 2010, 2 532 9 1,44 GB 2,73 MB
WASTE FORUM 2015, 3 1802 1 1,52 GB 883,32 KB
WASTE FORUM 2014, 2 973 226 2,21 GB 1,89 MB
WASTE FORUM 2015, 1 711 27 1,21 GB 1,68 MB
WASTE FORUM 2013, 2 681 13 3,18 GB 4,69 MB
2015 WASTE FORUM 2010, 4 655 50 5,77 GB 8,38 MB
WASTE FORUM 2013, 4 606 19 2,06 GB 3,38 MB
WASTE FORUM 2014, 4 597 29 1,22 GB 2,00 MB
WASTE FORUM 2009, 2 475 40 1,64 GB 3,26 MB
WASTE FORUM 2012, 2 473 3 1,84 GB 3,95 MB
WASTE FORUM 2012, 4 462 319 1,11 GB 1,45 MB
WASTE FORUM 2015, 4 17713 265 60,10 GB 3,42 MB
WASTE FORUM 2016, 2 941 0 3,73GB 4,06 MB
WASTE FORUM 2014, 2 899 0 2,17 GB 2,47 MB
WASTE FORUM 2016, 1 863 0 1,45 GB 1,72 MB
WASTE FORUM 2010, 4 609 81 5,85 GB 8,67 MB
2016 WASTE FORUM 2013, 2 591 940 2,80 GB 1,88 MB
WASTE FORUM 2013, 4 562 16 2,27 GB 4,02 MB
WASTE FORUM 2012, 2 526 0 2,00 GB 3,89 MB
WASTE FORUM 2014, 1 489 25 1,01 GB 2,01 MB
WASTE FORUM 2012, 1 448 24 1,49 GB 3,22 MB

Prace s daty

TOP 10 zemi v poctu navstév pro jednotlivé roky z tabulky 2b jsme sloudili do jedné tabulky, secetli
a celkovy pocet Hit( korigovali na podil stahovanych PDF a ZIP soubor( z tabulky 2c. Vysledek uvadi
zhruba pocet stahnuti nékterého Cisla Casopisu navstévnikem z dané zemé (tabulka 3).

V tabulce 2d jsou z prostorovych divodld uvedeny vzdy jen TOP 10 Cisel pro kazdy rok. Pro dalsi
zpracovani byl vS8ak pouzit uplny seznam cisel. AZ do roku 2015 bylo mozné stahnout Cislo bud ve
formatu PDF nebo ZIP. To bylo potfeba pfi zpracovani dat pro jednotliva Cisla vzit v ivahu a tato data
secist.

Pofadi jednotlivych Cisel podle poctu Hitu (=stazeni) v sestupném poradi uvadi tabulka 4.
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Vysledky a diskuse

Navstévnost stranek a pocty stazeni ¢asopisu podle zemi

_ Deset zemi, ze kterych bylo v letech 2013 az 2016 stazeno nejvice Cisel Casopisu, uvadi tabulka 3.
Ze je na prvém misté Ceska republika, neni Zadnym pfekvapenim, spiSe je pfekvapivé az 4 misto
Slovenska, kdyZ slovensti autofi tvofi vyznamny podil z téch, kdo v €asopisu publikuji.

Za to nas velmi prekvapilo druhé misto navstévnika z USA, treti z Ukrajiny a paté a Sesté z Ciny
a Ruska. Sedmé misto Polska je zfejmé spiSe nahodné zasluhou roku 2014, kdy podle podtu stazeni
bylo dokonce na tfetim misté. Zbylé tfi zemé v tabulce (a ostatni neuvedené zemé) hraji zde pouze
okrajovou roli. Zhruba 500 stazeni za C&tyfi roky neni zadné zavratné Cislo, nicméné néjaky zajem
o Casopis z téchto zemi to signalizuje.

Tabulka 3: TOP 10 zemi s nejvy$sim poétem stazeni ¢isel WASTE FORUM

2013 2014 2015 2016 Celkem
Pocet Pocet Pocet Pocet

Zemé Hity stazeni | Hity |stazeni| Hity |stazeni| Hity | stazeni Hity Stazeni
EESET)HC 80 234 4413 | 62 036 2606 | 44144 2649 | 14 919 4 655 | 201 333 14 322
gt”a'ttgg 3871 213|20566| 864| 7288| 437|29784| 9293| 61509| 10807
Ukraine 8 553 470 | 62 896 2642 | 14 484 869 | 7781 2428 93714 6 409
EI(;)[;/L?:)(HC 19 032 1047 | 19 527 820 | 10507 630 | 3587 1119 52 653 3616
China 3759 207|26389| 1108| 19336| 1160| 2562 799 52 046 3275
Russian

Federation 2077 114 | 10 297 432 2410 145| 5906 1843 20 690 2534
Poland 947 52| 50 030 2101 558 33 371 116 51 906 2 303
Germany 1477 81| 2121 89 1660 100 940 293 6 198 563
Canada 719 40| 10 198 428 189 11 210 66 11 316 545
France 1160 64| 4330 182 890 53 634 198 7 014 497

Stahovani jednotlivych cisel

Poradi jednotlivych Cisel ¢asopisu podle poctu stazeni (Hitd) ukazuje tabulka 4. Pro potfebu dalSi
diskuse jsme v poslednich dvou sloupcich uvedli celkovy pocet ¢lankd v Cisle a kolik z nich bylo
v anglickém jazyce.

Tabulka 4: Pocet stazeni (Hitu) jednotlivych Gisel v letech 2013 — 2016 a pocty ¢lankt v nich

Cislo Hity 2013 | Hity 2014 | Hity 2015 | Hity 2016 Hity Clankii | z toho élankd
celkem celkem v anglictiné
WASTE FORUM 2015, 4 252 17713 17965 10 10
WASTE FORUM 2014, 2 4659 1025 935 6619 9 2
WASTE FORUM 2013, 2 1307 1155 739 613 3814 11 3
WASTE FORUM 2010, 4 834 1156 706 639 3335 27 13
WASTE FORUM 2012, 4 1198 624 517 443 2782 11 2
WASTE FORUM 2013, 4 1407 648 584 2639 12 7
WASTE FORUM 2013, 1 1399 344 321 299 2363 5 1
WASTE FORUM 2013, 3 891 723 358 374 2346 6 2
WASTE FORUM 2014, 3 1344 457 413 2214 3 1
WASTE FORUM 2014, 1 1227 442 513 2182 6 1
WASTE FORUM 2010, 5 554 750 393 437 2134 10 0
WASTE FORUM 2015, 3 1802 317 2119 2 2
WASTE FORUM 2012, 3 516 614 491 462 2083 8 4
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Cislo (pokracovéni) Hity 2013 | Hity 2014 | Hity 2015 | Hity 2016 |  Hity Clankii | z toho élankud
celkem celkem v angli¢tiné
WASTE FORUM 2011, 3 654 512 425 387 1978 8 0
WASTE FORUM 2012, 2 461 400 529 552 1942 5 1
WASTE FORUM 2009, 2 506 509 521 393 1929 14 0
WASTE FORUM 2010, 2 473 589 406 329 1797 8 1
WASTE FORUM 2010, 3 456 418 457 439 1770 13 0
WASTE FORUM 2012, 1 432 351 431 474 1688 6 0
WASTE FORUM 2011, 4 480 486 339 356 1661 4 0
WASTE FORUM 2011, 1 456 375 324 350 1505 7 1
WASTE FORUM 2014, 4 305 867 290 1462 2 0
WASTE FORUM 2015, 1 899 415 1314 7 1
WASTE FORUM 2011, 2 339 298 354 240 1231 9 0
WASTE FORUM 2009, 1 321 313 291 229 1154 5 0
WASTE FORUM 2010, 1 322 321 225 282 1150 9 0
WASTE FORUM 2016, 2 944 944 7 1
WASTE FORUM 2015, 2 486 393 879 11 2
WASTE FORUM 2016, 1 866 866 4 1
WASTE FORUM 2008, 1 248 219 186 185 838 3 0
WASTE FORUM 2016, 3 376 376 5 1
WASTE FORUM 2016, 4 124 124 9 6
WASTE FORUM 2016, 5 36 36 11 0
Celkem 11847 | 19099 14891 | 31402 | 77239 267 63

Nejvice stahovanym Cislem bylo WASTE FORUM 2015, 4, které vyslo tésné pfed Vanoci 2015. Proto
pocet stazeni v roce 2015 neni vyznamny, ale v roce 2016 drzi rekord. To &islo ma k tomu v8echny
predpoklady: 10 pfispévkl a vSechny v angli¢tiné. Zda k tomu pfistupuje i to, ze vétSina ¢lanku je
zaméfena na vyuziti odpadld ve vyrobé stavebnich hmot, je otazkou. To se nejspi§ prokaze pocty
staZeni v nasledujicich letech.

S dost velkym odstupem druhé Cislo v pofadi, WASTE FORUM 2014, 2, je jiny pfipad. Hned v roce
vydani bylo nejvice stahovanym cCislem (4659 stazeni), nicméné i v dalSich letech ma solidni pocet
stazeni (okolo 1000). V Cisle je 9 ¢lanku, ale z toho jen dva v angli¢tiné. Podobné jako u tfetiho v poradi,
kde je celkem 11 €lanku a jen tfi anglicky, nebo u ¢tvrtého, ktery ma 27 (!) pfispévkl a polovina z nich je
v angli¢tiné. TakZze se zda, Ze korelace mezi celkovym poctem ¢lanku €i jejich podilem v angli¢tiné
nejspis néjaka nejspise bude, ale asi nepfilis vyznamna.

Ono totiz srovnavat pocCet stazeni Cisel, které vySly v rizné dobé&, neni UpIné korektni. Jednak
u nékterych se nacitaly navstévy za vSechny &tyfi roky, u jinych jen u Casti sledovaného obdobi (napf.
u Cisla WASTE FORUM 2016, 4 dva a u WASTE FORUM 2016, 5 pouze jeden tyden, a to jesté vanocni.
(Poznémka: Od 1. 1. do 7. 3. 2017 bylo pro tato dvé &isla zaznamenéno 98 a 265 stazeni. °)

Navic na pfednich pfickach v pocCtu stazeni v kazdém roce figuruji pravidelné (se vzacnymi
vyjimkami) vzdy Cisla 1 az 3 z daného roku a Cislo €. 4 z roku pfedchazejiciho. K tomu jednoznacné
prispivaji navstévy Ceskych a slovenskych zajemcu inspirované plosné Sifenou informaci, ze dané Cislo
pravé vyslo. Kdezto ostatni navstévy jsou uz disledkem zajmu o konkrétni problematiku toho kterého
¢lanku v daném Ccisle.

Zaver
| kdyz mezi autory publikujicimi ve  WASTE FORUM vyznamné pFevazuji autofi z Ceskych

a slovenskych vyzkumnych instituci, podilelo se autorsky na ¢&lancich i 30 zahrani¢nich autort
z 19 instituci z 6 evropskych zemi a z Japonska (tabulka 1).

O tom, Ze se pfispévky publikované ve WASTE FORUM nezabyvaji pouze lokalnimi problémy,
dokazuje objektivné pocet navstév stranek casopisu z riznych zemi svéta, ale jesté lIépe pocet stazeni
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celych &isel. Zde sice je na prvém misté figuruje Ceska republika, ale na druhém a tietim misté jsou
Spojené staty a Ukrajina (tabulka 3).

Porovnani poctu stazeni raznych Cisel Casopisu (tabulka 4) je sice zajimavé, ale pfili§ nefika. Je prilis
ovlivnéno dobou, kdy to které Cislo vysSlo. Z toho divodu nema smyslu hledat korelaci mezi poctem
¢lanka ¢i zastoupenim ¢lankd v anglictiné a pocétem stazeni. Navic diky anglickym abstraktim
a srozumitelnym tabulkdm a obrazkim v ¢lancich a existenci kvalitnich internetovych prekladact by
jazykova bariéra v sou€asnosti neméla byt nepfekonatelna.

Podékovani
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Readership and downloads of the journal WASTE FORUM in 2013 — 2016

Ondfrej Prochazka

Czech Environmental Management Centre, 28. pluku 524/25, 101 00 Prague 10, Czech
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Summary

Data obtained from Statistics Advanced Web 7.2 was analyzed in terms of web traffic
www.wasteforum.cz from different countries and downloads of individual issues of the journal. Data were
available for period of years 2013 to 2016.

The top 10 countries with the largest number of visitors include: Czech Republic, Ukraine, USA,
Slovakia, China, Poland, Russia, Canada, France and Germany. The most downloaded issue was
WASTE FORUM 2015, 4 (17,965 downloads), which is followed by the WASTE FORUM 2014, 2 (6619
downloads), WASTE FORUM 2013, 2 (3814 downloads) and WASTE FORUM 2010, 4 (3335
downloads). Comparing of the total number of papers in an issue and the number of English articles with
the number of downloads showed that with the exception of “winner‘issue there is no significant
correlation.

Keywords: AWStats, waste forum, visits, pages, hits, bandwiths, downloads
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