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Abstract

The goal of our research was to show efficiency of the micro-sieves during the water treatment process
in the water treatment plant (WTP) in Zawada near the city of Zielona Gora, Poland. This paper presents
changes in water quality after particle-filtration (filtration above 10 pm).The samples were collected in the
Zawada WTP from January to December. The reduction of the amount of phytoplankton, including cyanobac-
teria, caused by micro-sieves varied throughout 2009 and was between 21.2 and 93.3%. The maximum con-
centration of cyanobacteria in raw water was observed May 6 and amounted to about 400,000 org. (organ-
isms)/L and microcystins (MCs) content in raw water was below 0.2 ug/L and were absent in potable water.
That day we observed a reduction of cyanobacteria after particle-filtration amounted to 83% and reduction of
phytoplankton 84%. The particle-filtration process reduced organoleptic water parameters: color, turbidity, and
total suspended solids. As a result of the decrease of suspend content, decreases of iron, manganese, and chem-

ical oxygen demand (COD) were observed.

Keywords: surface water, drinking water intakes, water quality, water treatment, cyanobacteria blooms,

cyanotoxins

Introduction

Public water systems (PWSs) come in all shapes and
sizes, and no two are exactly the same. While their designs
may vary, they all share the same goal: providing safe , reli-
able drinking water to the communities they serve. To do
this , most water systems must treat their water. The types

*e-mail: M.Piontek@iis.uz.zgora.pl
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of treatment provided by a specific PWS vary depending on
the size of the system, whether they use groundwater or sur-
face water, and the quality of the source water. Around 32
percent of the population served by community water sys-
tems (CWSs) drink water that originates as groundwater.
Groundwater is usually pumped from wells ranging from
shallow to deep (50 to 1000 feet). The remaining 68 percent
of the population served by CWSs receive water taken pri-
marily from surface water sources like rivers, lakes, and
Ieservoirs.



1798

Piontek M., Czyzewska W.

Because surface water systems are exposed to direct wet
weather runoff and to the atmosphere and are therefore more
easily contaminated, federal and state regulations require
that these systems treat their water. Disinfection of drinking
water is one of the major public health advances [1].

Cyanobacterial Toxins

The consequences of eutrophication of surface water
are phytoplankton blooms (phytoplankton proliferations).
The blooms are frequently dominated by cyanobacteria and
occur in summer and early autumn. Cyanobacteria blooms
are usually formed on the surface of water reservoirs
assuming the form of scum or foam, causing the deteriora-
tion of sanitary, organoleptic, and aesthetic conditions of
water. One of the negative effects of cyanobacteria in a
water tank is their ability to synthesize toxins harmful to
humans and animals [2]. The most common toxins synthe-
sized by freshwater cyanobacteria are hepatotoxins called
microcystins. A result of poisoning with hepatoxins is the
rapid and irreversible destruction of the liver, which is
caused by a mass influx of blood to the liver and hemor-
rhagic shock and finally causing death of animals. The con-
sumption of water with hepatotoxins by humans can cause
symptoms such as dermal rash, fever, vomiting, diarrhoea,
and acute liver damage [3].

Cyanobacteria can produce not only hepatoxins but also
neurotoxins (afanatoxins, saxitoxins, neosaxitoxins) and
cytotoxins (acutificine, scytoficine, cyanobacterine) [4].

Symptoms of poisoning with neurotoxins are tremors,
dizziness, heavy breathing, and intermittent convulsions.
Constant exposure to low doses of neurotoxins causes the
body to become more sensitive to their action [5].

Cytotoxins are not very toxic to animals but show sig-
nificant bioactivity to algae, bacteria, fungi and mammalian
cells. Their biochemical properties have been used in phar-
maceutical and agrochemical enzyme preparations, antibi-
otics, and anticancer reagent production [4].

Constant exposure to even low concentrations of
cyanobacterial toxins (microcystins) in drinking water can
cause cancer promotion. Cyanobacterial toxin has adverse
impacts not only on human and animal health but also can
reduce crop yields [6].

Influence of the Occurrence of Cyanobacteria
in Water on Human and Animal Health

A negative effect on the natural ecosystem is connected
with the possibility of microcystins accumulating in phyto-
plankton, zooplankton, freshwater mussels, freshwater
clams, and freshwater fish. Further transfer of cyanobacte-
ria toxins through the food chain is possible. Humans may
swallow contaminated water during swimming or drinking
[7].

Cases of poisoning humans with cyanotoxins in the 20"
century have been recorded worldwide. In 1996 in Caruaru,
Brazil there was a fatal case of poisoning people in a dialy-
sis unit. Seventy-six persons died as a result of the use of

water contaminated with cyanobacteria Aphanizomenon sp.
and Oscillatoria sp. for dialysis. Results of such a situation
include: enlarged liver; jaundice; a prolonged blood coagu-
lation meter rate; excessive concentrations of glycerides in
the blood; damage to the liver lobes; the deformation,
necrosis, and apoptosis of hepatocytes; and intracellular
swelling [5].

Effectiveness of theWater Purification Process
in Removing Plankton and Its Products

The quality of raw water has a direct impact on the
effectiveness of water treatment and the cost of its produc-
tion and distribution. The possibility of obtaining good
quality water is a priority for waterworks. It is not always
possible because of the deterioration of the quality of sur-
face water as a result of the ongoing process of eutrophica-
tion. Therefore, it is necessary to take measures to improve
the quality of water by using a two-step strategy: the reduc-
tion of eutrophication and the adjustment of the water
purification process to the extent of danger caused by the
presence of cyanobacteria and cyanobacterial toxins in
water [2].

The removal of live and dead microorganisms and their
metabolic products from water intended for human con-
sumption is necessary. However, the effectiveness of the
conventional surface water treatment system is inadequate,
especially in relation to bio toxins and other organic pollu-
tants. In order to strengthen the effects of water treatment,
advanced technological systems containing additional
chemical oxidation, adsorption on activated carbonate, and
an increased dose of chemical reagents are necessary, as
well as a very careful observance of the technological
regime [8].

Technological difficulties with the removal of phyto-
planktonic organisms from water are caused by the fact that
they are adapted to live in the water column.
Phytoplanktonic organisms can reduce their volume of the
body relative to their surface throughout various outgrowth
formations or concentrating cells in the colonies.
Additionally, the separation of phytoplankton is very diffi-
cult because of their ability to produce oxygen during pho-
tosynthesis. It may induce flotation of agglomerated micro
organism during the coagulation process. Raw water con-
sisting cyanobacteria cells is particularly difficult to treat of
because cyanobacteria have gas vacuoles that help them
drift on the reservoir surface [9].

Surface water treatment consists of the following unit
processes: initial and intermediate oxidation, coagulation,
sedimentation, filtration, sorption on granulated active car-
bon, and disinfection. Chlorine used as an oxidant is most
common. However, as a result of chlorination halogenated
hydrocarbons may be formed, mainly THMs (tri-
halomethans) [10].

The processes of coagulation, sedimentation, and filtra-
tion on gravel filters are highly efficient in removing
cyanobacterial cells. However, the process of coagulation
does not result in the elimination of microcystins dissolved
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in the water. An optimum coagulant dose depends largely
on the type of algae, in particular on the surface of cells or
colonies of microorganism and their mutual affinity [11].

Under the influence of coagulants, cyanobacteria are
more sensitive to chemicals and they release toxins into the
water. The filtration process of sand filters in conjunction
with filtration using granular-activated carbon significantly
increase the efficiency of the elimination of cells of
cyanobacteria up to 42%. However, cell lysis of cyanobac-
teria retained during filtration may result in the concentra-
tion of cyanobacterial toxins released into the water. The
phase of slow filtration is much more effective in reducing
the cells of cyanobacteria (up to 99%). Unfortunately, these
filters are clogged very quickly by phytoplankton and are
not effective [12].

The stage of disinfection may be a helpful tool for
removing cyanobacterial toxins. For example, ozone can
ensure the complete decomposition of MC-LR and MC-RR
with doses of about 0.02 gO,/m’ on condition that of the
process is carried out at a pH <7. But the effect of ozone on
MC-YR turns out to be ineffective. Sodium hypochlorite
can enable an efficient elimination of microcystin LR.
However, doses required for its complete removal are rela-
tively large [13].

An innovative method of removing microcystin RR is
connected with the UV-hydrogen peroxide (H,0,) tech-
nique. The removal efficiency of MC-RR by means of this
method may reach above 90% [14].

A new idea for the elimination of plankton in raw water
is the use of biological agents such as seeds as a coagulant.
Pioneering studies have been conducted in Egypt with the
application of surface water from the Nile. Moringa
oleifera Lam seeds were used (order: Brassicales, family:
Moringaceae) for the purification of water. This method
requires further verification and validation in terms of
diversity of the quantitative and qualitative composition of
plankton in surface waters [15].

Also, an interesting and inexpensive approach is the use
of natural populations of bacteria in MC-LR biodegradation
[16]. The microorganisms were classified as Arthrobacteria
sp., Sphingomonas sp, Brevibacterium sp, and
Rhodococcus sp, which could metabolise different forms of
microcystin (MC-LR, MC-RR, MC-YR, MC-LA).
However, even this method requires further validation [17].

Filtration on micro-sieves was used for the first time in
England in 1946. In 1948-53 micro-drawl was used in
England in 17 waterworks, and in 1954-58 in an additional
54 waterworks [18].

Micro-sieves can be found in many water treatment
plants and sewage treatment plants, for example Sipplinger-
Berg on Lake Constance and Berlin-Tegel
Wasser/Saatwinkel (Germany), where they are used to
remove plankton and fine suspension during initial water
treatment, in Eskilstuna (Sweden) prior to infiltration
ponds, Jonkoping/Haggenbergswerk (Sweden) as a shield
to slow filters [19].

Also in Spannenburg (Netherlands), micro-sieves are
used in the pre-filtration process [20].

Micro-sieves are used not only in Europe. For 50 years
they have also been used in New Zealand [21].

Depending on the quality of raw water and the required
degree of purification, micro-sieves may be used as a basic
device for removing suspended solids, as an initial device
cooperating with, for example, sand filters, or as a terminal
device enhancing the effect of treatment received in the pre-
ceding devices. During the treatment of water obtained
from stagnant water reservoirs where there are periodic
massive phytoplankton proliferations, the use of micro-
sieves makes much sense. Plankton that is not removed
before the settlers and filters is an intolerable burden to
those devices and causes specific operational problems.
The removal of organisms and organic and inorganic sus-
pensions prior to chemical water treatment and filters
improves the work of the equipment used after the micro-
sieves and reduces the frequency of filter cleaning. The
result is the longer durability and time of operation of the
filters, as well as saving water used for rinsing. A smaller
quantity of suspensions that still need to be treated by the
next treatment devices increases the efficiency of the
process. The application of micro-sieves as pre-filtration
devices can satisfy the growing demand for water without
the need to extend treatment stations. The application of
micro-sieves also causes a significant reduction in the cost
of water treatment because it decreases the amount of
chemicals needed for water treatment [18].

The Water Treatment Plant (WTP)
in Zawada

The main source of raw water for the water supply sys-
tem in Zielona Gora is the Obrzyca river, the right-hand
tributary of the Oder river. The catchment area of the
Obrzyca river is almost 1,800 km? located in the areas of the
provinces: Lubuskie and Wielkopolskie. Zielona Gora uses
three sources of water:

* The Obrzyca river — shot boundary
* Groundwater in the proglacial stream of the Oder river

— shot siphon
*  Groundwater in the city — water wells

The share of individual sources in the total water pro-
duction in 2007 was:

» Surface water — about 45%
* Groundwater derived from shot siphon — about 48%
* Grounwater derived from water wells — about 7.5%

In WTP groundwater from shot siphons and surface
water from the Obrzyca river is purified.

The poor quality of raw water supplied to the station
and the need for the treatment of groundwater and surface
water simultaneously cause many problems in the process
of purifying water. Surface water pollution is characterized
by: high color, chemical oxygen demand, periodic blooms,
and considerable bacteriological contamination, which are
typical of eutrophic waters. Underground water from the
siphon intake has a high content of iron and manganese,
including some in the form of complexes with humic com-
pounds.
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The drinking water treatment process in WTP is pre-
sented in Fig. 1. Surface water is filtrated on grates and
sieves. Then the water is pumped by a pipeline to the first
element of the technological system i.e. micro-sieves,
where it is filtrated on three drum micro-sieves where a
net with pores of 10 microns is mounted. Water from the
siphon intake is combined with oxygenated surface water.
Next the water is treated with coagulant. After that a chlo-
rine dioxide solution is dosed to the clarified water. The
next step is filtering through open filters and the next is
filtration through chambers filled with fluid filters, an
open active deposit of dolomite (CaCO; x MgO). This
process enriches the water with calcium and magnesium
and reduces its turbidity.

Then chlorine dioxide solution and soda ash are dosed
to the water in the reservoir with multifunctional pumps in
order to bind the remaining aggressive carbon dioxide
(reduced corrosiveness of water). Water purified in this way
is sent by a pipeline to the city [22].

The goal of our research was to show efficiency of the
micro-sieves during water treatment process in the
Zawada WTP (near Zielona Gora). This paper presents the
impact of the particle-filtration process on the amount of
phytoplankton, with special consideration for cyanobacte-
ria and physical (temperature, total suspended solids, con-
ductivity, turbidity, color) and chemical (dissolved oxy-
gen, pH, ammonium nitrogen, nitrate and nitrite nitrogen,
orthophosphate, chemical oxygen demand, iron, man-
ganese) water quality parameters.

Experimental Procedures

For the purposes of the study samples were collected
once a week throughout 2009. The samples were taken in
the building with the micro-sieves in the Zawada WTP and
in the laboratory (Fig. 1) [23-32].

Methods

Samples for hydrobiological and physical-chemical
testing were collected with a bucket. Samples for micro-
scopic analysis were additionally concentrated (10 L
water) using mesh plankton with pores of 10 microns in
diameter. The quantitative and qualitative analysis of phy-
toplankton in 0.001 L was carried out using a Sedgewick
Rafter chamber and a OPTA-TECH MN 358/5 micro-
scope [33].

Samples of raw water for the determination of
cyanobacterial toxins were collected in a bucket in the
building with micro-sieves. Treated water samples for the
determination of cyanobacterial toxins were collected in a
sample room in the Research Laboratory of Water and
Wastewater in the Zawada WTP. Those samples were not
concentrated. Tests for the presence of dissolved and intra-
cellular MCs were performed by high-performance liquid
chromatography (HPLC) using an Agilent Model 1100 lig-
uid chromatograph with diode-array detection (DAD) [34].
The remaining physical-chemical indicators and methods
used in this research are presented in Table 1.
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Fig. 1. Drinking Water Treatment process in Zawada WTP.
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Table 1. Physical and chemical parameters and methods used during the study.

No. Physical and chemical parameters Measurement Methods/device
1 Color visual PN EN ISO 7887:2002
2 Conductivity electrochemical PN EN 27888:1999
3 Turbidity nephelometric turbidimeter HACH 100 AN IS
4 Ammonium nitrogen spectrophotometric Met. HACH no. 8038
5 Nitrate nitrogen ion chromatography PN EN ISO 10304-1:2009
6 Nitrite nitrogen ion chromatography PN EN ISO 10304-1:2009
7 Dissolved oxygen electrochemical PN EN 25814:1999
8 pH electrochemical PN-90/C 04540.01
9 Orthophosphate ion chromatography PN EN ISO 10304-1:2009
10 Total suspended solids weight PN EN 872:2007
11 Chemical oxygen demand spectrophotometric PN-85/C-04578.02
12 Manganese spectrophotometric PN-92/C-04590/03
13 Iron spectrophotometric PN ISO-6332:2001 p. 7.2

Results and Discussion

Fifty hydrobiological analyses of plankton in raw water
were carried.

Phytoplankton abundance changed in a dynamic way in
a year [35]. The greatest amount of cyanobacteria in raw
water was recorded in 6 May 2009. That day the density of
cyanobacteria was more than 394,000 org./L before micro-
sieves and about 67,000 org./L after particle-filtration. In
April, (15.04 and 29.04) and May (20.05) densities of
cyanobacteria exceeded 100,000 org./L. The 6 and 20 May
cyanobacteria were the dominant group of phytoplankton
in the Obrzyca river. Cyanobacterial bloom occur between
spring and autumn [35].

The dominant species of cyanobacteria during blooms
were Oscillatoria  redeckei Cyanobacteria, order
Oscillatoriales which are an important producer of micro-
cystins in temperate waters, especially in the northern
hemisphere, where they can occur year round [36].

120,00%

100,00%

93,2%

80,00%

60,00%

40,00%

20,00%

0,00%

date
14-Jan-09
21-Jan-09
28-Jan-09
04-Feb-09
18-Feb-09
25-Feb-09
11-Mar-09
25-Mar-09
01-Apr-09
08-Apr-09
15-Apr-09

04-Mar-09

-20,00%

-40,00%

-20,3%

70,4%

Reduction of cyanobacteria after particle-filtration (Fig.
2, Table 2) was between 10-100%. Efficiency of micro-
sieves depended on the amount of microorganisms (Fig. 4).
Lack of reduction of cyanobacteria after particle-filtration
was recorded on 22™ April and 13" May 2009 and caused
smaller sizes of some groups of cyanobacteria than diame-
ter of micro-sieve mesh. These days efficiency of phyto-
plankton reduction was good in general and was 69.2 and
51.4%.

The greatest abundance of phytoplankton was recorded
in April (15.04 and 29.04), where the genus Cyclotella sp.
was the dominant group (> 10° org./L). Blooms of diatoms
were recorded on 1.04 and 22.04 (> 700,000 org./L), 6.05
(> 600,000 org./L), 8.04 (about 500,000 org./L), 13.05
(about 400,000 org./L), 25.03, and 17.06 (about 300,000
org/L). During the mass development of plankton, cells of
microorganisms in the water may exceed 10° org. In spring
and autumn there are diatom blooms and during summer
there are numerous cyanobacteria and green algae [37]
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Fig. 2. Reduction of cyanobacteria after particle-filtration in 2009 in WTP Zawada.
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Table 2. Amounts of plankton and the efficiency of particle-filtration in 2009.

Micro organism

Abundance before micro-filtration

Abundance after micro-filtration

reduction of various groups of plankton

[org./L] [org./L] [%]
Cyanobacteria 165+394,355 0+256,302 9.4+100
Diatoms 2,022:914,033 562+243,964 15.2:94.1
Green algae 297+58,258 30+10,733 8.2+98
Other 471+67,984 41+6,799 29.2:95.2
General amount of 7,646+1,059,756 1,607+256,802 21.2+93.3

phytoplankton

The reduction of phytoplankton amount (Fig. 3, Table
2) by micro-sieves was between 23-91%. The lowest reduc-
tion (expressed in org./L) occurred when abundance was
high and the highest when the amount of plankton was low
(Fig. 5).

Green algae was the dominant group in the second half
of August. The reduction of that group is similar to others
(Table 2). The highest reduction (shown in Table 2) was
obtained by particle-filtration in the group of “other” (zoo-
plankton-rotifers, ciliates, euglenine, cryptomonads). That
could have been caused by larger sizes of some species of
that group.

In July, the middle of August, September, October, and
December hydrobiological analyses were not performed
due to the treatment of only underground water.

Despite the large effectiveness of the micro-sieves for
reduction of phytoplankton amounts, there is still a need to
eliminate it — particularly cyanobacteria cells during further
steps of the water treatment process. The presence of
cyanobacteria cells in water causes potential risk for the
presence of cyanobacterial toxins [38].

Two samples originated from raw and potable water
collected 6 May that were quantified cyanobacterial toxins.
The results are presented in Table 4. The presence of intra-
cellular MCs was recorded only in raw water and amount-
ed to0 0.094 (MC-LR) and 0.105 pg/L (MC-YR). Dissolved
MCs were absent in raw and potable water. MCs were
removed during the drinking water treatment process and
cyanobacterial toxins were a bsent in potable water.
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Intracellular cyanotoxins can be removed effectively by
conventional treatment and membrane filtration. Chlorine
effectively degrades extracellular cyanotoxins (both micro-
cystins and cylinrospermopsin between pH 6.0 and 8.0)
[39].

Micro-sieves are a good method for drinking water pre-
treatment because they reduce a large amount of plankton.
Different phytoplankton species (including both eukaryotic
algae and cyanobacteria) cause problems in drinking water
treatment. The majority of taste-odor problems in drinking
water are caused by cyanobacterial production of geosmin
and other substances. Moreover, various colonial chryso-
phytes, dinoflagelates, cryptomonads, and diatoms can
cause periodic outbreaks of fishy or floral taste or odour
problems in fresh waters [40]. Low phytoplankton amounts
at the beginning of the drinking water treatment process
cause lower consumption of coagulant at a later stage in the
process. Properly operated micro-sieves should provide
from 40 to 90% plankton reduction [37] .

The physical and chemical results (minimum and max-
imum values) originated from 26 samples are presented in
Table 4. The results concern surface water before and after
particle-filtration.

In this work, as in previous publications, in water after
particle-filtration we observed a decrease in color intensity
(in 77% analyzed samples), turbidity (in 92% analyzed
samples), and the total content of suspended solids (in 92%
analyzed samples) [8]. Improving these parameters could
be a result of phytoplankton removal during micro-sieve
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Table 3. The content of dissolved and intracellular MCs in raw and potable water in 2009.
Microcystins dissolved in water [pg/L] Intracellular microcystins [pg/L]
Sample type RR YR LR Other RR YR LR Other
Raw water (Obrzyca river) 0 0 0 0 0 0.105 0.094 0
Potable water 0 0 0 0 0 0 0 0

operation. Also, Scheithacken and co-authors stated a cor-
relation between turbidity and plankton abundance [40].
Membrane systems are attractive since they provide an
absolute barrier for pathogens and remove turbidity, thus
increasing the palatability of the water [41].

Moreover, in 80% of analyzed samples we observed a
decrease of iron content in water after particle filtration.
Iron can be present not only in dissolved form but also as a
suspension [37]. In 92% of collected specimens was stated
a decrease of chemical oxygen demand and manganese
content and in 85% tested samples we observed a decrease
of ammonium nitrogen after micro-sieving. The changes of
these parameters also are associated with the decrease of
content of suspended solids [37].
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Water after particle-filtration obtained higher dissolved
oxygen content. Such a situation is caused by mixing
groundwater and surface water after particle-filtration. It
was not an observed correlation between pH and conduc-
tivity and micro-sieve filtration.

Conclusions

1. The reduction of phytoplankton including cyanobacte-
ria, caused by micro-sieves varied throughout the year
and was between 21.2 and 93.3%.

2. The effectiveness of the particle-filtration process in

removing phytoplankton increased simultaneously with
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Fig. 4. The relationship between the abundance of phytoplankton in raw water and the effectiveness of its removal during particle filtration.
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Fig. 5. The relationship between the abundance of cyanobacteria in raw water and the effectiveness of their removal during particle

filtration.
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Table 4. Results of physical and chemical water quality indicators for surface water from the Obrzyca river before and after particle-

filtration in 2009.
| e | i e o v
pH pH 7.55+8.27 7.10+8.20 42%
Dissolved oxygen mg O,/L 2.63+13.08 0.43+13.98 13%
Color mg Pt/L 25+60 28+50 7%
Turbidity NTU 2.04+56.5 1.49+25.5 85%
Ammonium nitrogen mg NH;/L 0.11+1.31 0.11+0.78 85%
Nitrate nitrogen mg NO,/L 0.5+10.0 No data Not analyzed
Nitrite nitrogen mg NO,/L 0.09+0.145 No data Not analyzed
Total suspended solids mg/L 2.3+18.2 1.4+10.0 92%
Orthophosphate mg PO4/L 0.02+0.88 No data Not analyzed
Conductivity uS/cm 578+726 546+725 38%
COD mg O,/L 724 12.9 7.18 11.48 92%
Manganese mg Mn/ L 0.06+0.27 0.06 +0.27 92%
Iron mg Fe/L 0.18+2.74 0.18+2.26 80%
an increase in the amount of individual groups of References

microorganisms.

3. As a result of phytoplankton removing water
organoleptic, parameters such as color, turbidity, and
total suspended solids were improved in most samples.

4. Decreases of iron, manganese, and chemical oxygen
demand were associated with lower values of suspen-
sion after particle filtration.

5. The largest occurrence of cyanobacteria was reported in
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394,000 org./L.

6. Dissolved MC-LR, MC-YR, MC-RR were not detected
in the raw and potable water in samples collected in
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7. Intracellular MC-YR and MC-LR were stated only in
the raw water and content of the MCs was approxi-
mately 0.1 pg/L.
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