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USE OF ALGAE IN ACTIVE BIOMONITORING
OF SURFACE WATERS

ZASTOSOWANIE GLONOW W BIOMONITORINGU AKTYWNYM
WOD POWIERZCHNIOWYCH

Abstract: Biomonitoring studies have been carried out ire¢metention reservoirs located in the Opole Pravin
(southern Poland): Turawa reservoir, Nysa resemod Otmuchow reservoir. The increases of concgosaof
Mn, Fe, Cu, Zn, Cd and Pb in fresh water al§aieogyra sp. and sea wat®almaria palmata (Linnaeus) Weber
& Mohr, exposed in the analysed waters, were deteunby the atomic absorption spectrometry metigss).
Also the waters pH, conductivity and Mn and Fe emrations were determined. The concentrationsupfZn,
Cd and Pb in the analysed waters were lower thaméthod limit of determination. The analyses wereied
out during the period from June to July 2014. Tiifeeences between the increases of heavy metaerdrations
in the samples of algae found along the coastlieeevindicated; they result from different distanfesn the
pollution sources, such as sediments or drainage fihe areas adjacent to the reservoirs. Bettgstieor
characteristics oPalmaria palmata in comparison tdirogyra sp. were indicated. An empirical interrelation
was also tested, the application of which after ification may enable the quantitative assessmemwaiérs
pollution with heavy metals, based on the analgbibe concentration of the element in the algatiuk.

Keywords: algae,Spirogyra sp., Palmaria palmata (Linnaeus) Weber & Mohr, heavy metals, biomonitgrin
retention reservoirs

Introduction

The influence of environmental pollution on livingganisms has been known for many
years; however, methodical studies of the influeat@nthropopressure on the changes
happening in ecosystems were initiated as laten dhe second half of the 20th century.
Living organisms became to be used as biologicdicators of environmental pollution.
A group of methods was defined, which use the tédsliof certain organisms to accumulate
pollution. Cyclic and quantitative analyses of ptiin concentration in bioaccumulators
became the foundation of the modern environmemtliion biomonitoring.

The biomonitoring studies of surface waters madiently use algae, which have very
good sorption characteristics and adapt very weltrious environments [1-3].
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Algae are thalloid plants. Among them, except fakaeyotes ie Spirogyra sp. and
Palmaria palmata), there are groups of organism with prokaryotiliscécyanobacteria).
Their thallus has a complex morphological structurgcellular and multicellular organism,
types forming colonies) and various shapes (fromedisions in um, as well as large,
leave-like forms) [4-6].

Biomonitoring studies with the use of algae areiedrout by passive methods (passive
biomonitoring), during which algae present in nat@nvironment are analysed [7-12] and
active methods (active biomonitoring), during whialyae, living in environments with
little pollution, are transferred to and exposedtlie ecosystems with higher pollution
levels,eg heavy metals [13].

Biomonitoring studies with the use of algae haverbearried out in, among others,
Poland (the Turawa reservoir, the Odra river, BaBea) [14-17], in Czech Republic (the
Dyje river) [18], Russian Federation (12 riverstlie Kola Peninsula, the Yenisey river in
Siberia, Lake Baikal, the Sea of Japan) [19-22]n€lfthe South China Sea waters near the
Hong Kong island) [23, 24], Portugal (waters of R@Aveiro lagoon) [25], Argentina (the
lakes in the Andes: Nahuel Huapi, Gutirrez and Modig [26], Uganda (Lake George,
a stream near the city of Kampala) [27, 28] anNigeria (the Niger river) [29].

The studies carried out with the use of sea arghfveater algae confirm their practical
application not only in biomonitoring of surface texs pollution [14-29] but also waters
phytoremediation [30] and as biosorbents in thiiefit treatment process [31].

Some instrumental methods of water chemical corntiposieg atomic absorption
spectrometry (AAS), require concentrating of watamples in order to determine the trace
guantities of heavy metals. Algae offer an altémeasolution. Thanks to their very good
sorption characteristics [3], in solutions afternaeralisation, a much higher metals
concentration is obtained compared to concentratidrthese metals in water. Determining
the correlation between concentrations of analytedgae and water can be used to prepare
a simple method for determination of heavy metalscentration in surface waters, on the
basis of the chemical analysis of the algae thakusposition.

The objective of the studies was to apply activemunitoring to determine the
distribution of bioaccessible forms of heavy metMs, Fe, Cu, Zn, Cd and Pb along the
coastline of the retention reservoirs: Turawa, Nysal Otmuchow and demonstrate
heterogeneity of the distribution of analytes caricdions in the studied reservoirs
resulting, among others, from the distance fromupioh sources. The alge#pirogyra sp.
and Palmaria palmata were used in the study and exposed in the studiservoirs. The
study also included the possibility to use sea elfar the purpose of quantitative
determination of bioaccessible forms of manganeseiiface waters.

Characteristics of the research field

The Turawa reservoir with the area of 2.2 thoushedtares is located within the
Protected Landscape Park Stobrawsko-Turawskie Vdaddl approximately 20 km
north-south from Opole. The artificial lake was Ibwuring the years 1933-1938. The
reservoir was created by damming up the waterb@fMMala Panew river. There are two
pumping stations at the reservoir: in Jedlice antk&drzyk, which discharge surface waters
from fields and ditches to the lake [32].
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The reservoirs Otmuchow (area 2.03 thousand hejtawnd Nysa (area
2.13 thousand hectares) are located in the Otmuthma Protected Landscape Park. They
are located approximately 60 km south-west from I®p®ogether with the Topola and
Kozielno reservoirs, they were built along a 30 lkmg section of the Nysa Klodzka river
as a flood control system. The Otmuchow reservais Wwuilt during the period from 1928
to 1933 and the Nysa reservoir was completed i1197

Due to much diversity, the reservoirs are homeutmerous rare and protected species
of plants and animals [33]. They are favoured r&tine areas for the inhabitants of Opole
Province and neighbouring regions. The reservaies potected under the Natura 2000
program (The Birds Directive) [34].

Materials and methods

Fresh water alga&pirogyra sp., sampled from relatively clean waters in a&mesr
located in a closed gravel pit in Opole town, amé svater algadalmaria palmata
(Linnaeus) Weber & Mohr purchased from the compRogutyn Mlyn in Radzyn Podlaski
(PL), were used during the study. The fresh watgae after cleaning from plant and other
impurities, were rinsed with demineralised watem@uctivityx = 0.5 uS/cm). The cleaned
samples were dehydrated by freeze-drying at the@demture of 223 K for 20 hours. Such
prepared algae were stored in tightly closed pbigente containers.

The sea algae were purchased dried. In order toowenthe salts released in
consequence of destruction of cell membranes, lteeavere rinsed with demineralised
water and dried for 24 hours at the temperaturgd2@f K. The algae prepared in this way
were stored for further analyses.

The concentrations of metals naturally accumulatethe dry mass ofpirogyra sp.
amounted to the followingtyno = 22.60 £0.04 mg/kg d.m. (d.m. - dry massko = 72.61
+0.18 mg/kg d.m.;ccyo = 1.24 £0.05 mg/kg d.m.czo = 9.12 +0.03 mg/kg d.m.;
Ccgo < 0.81 mg/kg d.m.icppp < 4.38 mg/kg d.m. Whereas iRalmaria palmata, the
concentrations of metals naturally accumulated ine tthallus amounted to:
Cwmno = 615 +13 mg/kg d.M.Ceeo = 966 +18 mg/kg d.mgeyo = 4.32 £0.08 mg/kg d.m.;
Czno = 32.7 £0.1 mg/kg d.mGcq 0 < 0.81 mg/kg d.m.¢Cpp 0 < 4.38 mg/kg d.m.

The representative (averaged) algae samples wétimtss of 1 g d.m. were placed in
perforated polyethylene containers of capacity acttt. Prior to exposition, algae were
immersed for 15 min in demineralised water, in ortle activate sorption centres [35].
Next, samples were exposed in waters of the studisdrvoirs for 50 min. The samples
were immersed in water approximately 1 meter from ghore, in littoral zone. The study
included five repetitions. Simultaneously, watemptes were taken in the defined
measuring spots, in order to determine physical ahdmical parameters (pH and
conductivity) and heavy metals concentrations.

Figure 1 presents the map of measuring spots totati

After exposition, algae samples were rinsed witmideralised water and dried at the
temperature of 323 K. The algae samples (dry mashk ef them was 0.400 + 0.001 g)
were mineralised in the mixture of nitric(V) acidnda hydrochloric acid
(HNO; 65% : HCI 37% = 1:3) using a Speedwave Four bygBef, DE microwave oven.
The mineralization process temperature was 180°EREK company reagents were used
to prepare solutions. Heavy metals (Mn, Fe, Cu, @d,and Pb) in mineralised algae
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samples were determined by atomic absorption speetry method (AAS), using the
equipment iCE 3000 made Byermo ElectrorCorporation(USA).

I

1.2 km —

Fig. 1. Measuring spots locations

The water samples, in which heavy metals were ohitted by the AAS method, were
transferred to the filtering system and next a@difwith 1 cmi of the concentrated nitric
acid(V).

The conductivity and pH of the water, in which @gaere immersed, were measured
with the equipment made by Elmetron Sp.j. from zZab{PL): pH meter CP 401, which
absolute measurement error wigeH = 0.02 and\k = 0.1uS/cm, respectively.

Quality and quality assurance

Table 1 presents the limits of detection and thmétdi of quantification of heavy metals
for the spectrometer iICE 3500 [36]. Calibration gfectrometer was performed with
a standard solution from ANALYTIKA Ltd. (Czech Rdgic). The values of the highest
concentrations of the models used for calibrat®mg/dnt for Cd, 5 mg/dmfor Cu, Zn,
Pb, 7.5 mg/drhfor Mn and 10 mg/dfhfor Fe) ware approved as linear limits of the aign
dependence on the concentration.

Table 2 shows heavy metals concentrations, detednin the certified reference
materials as BCR-414lankton and BCR-482lichen, prepared by the Institute for
Reference Materials and Measurements, Belgium.
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Table 1
The instrumental detection limitHJL) and instrumental quantification limitedL)
for the spectrometer iCE 3500 [mg/griB6]
Metal IDL QL
Mn 0.0016 0.020
Fe 0.0043 0.050
Cu 0.0045 0.033
Zn 0.0033 0.010
Cd 0.0028 0.013
Pb 0.0130 0.070
Table 2
Comparison of measured and certified concentrafioB&CR-414plankton and in BCR-482ichen
BCR-414plankton AAS Dev **
Metal Concentration | +Uncertainty Average |  45D* '
[mg/kg d.m.] [%]
Mn 299 12 284 13 -5.0
Fe 1.85 0.19 1.79 0.20 -3.2
Cu 29.5 13 28.4 1.6 -3.7
Zn 112 3 107 3 4.5
Cd 0.383 0.014 n.d. n.d. n.d.
Pb 3.97 0.19 3.75 0.21 5.5
BCR—482lichen AAS Dey
Metal Concentration | +Uncertainty Average |  45D* '
[mg/kg d.m.] [%0]
Mn 33.0 0.5 31.7 0.68 -3.9
Fe 804 160 n.d. n.d. n.d.
Cu 7.03 0.19 6.63 0.17 5.7
Zn 100.6 2.2 95.1 2.3 -5.5
Cd 0.56 0.02 0.53 0.03 5.3
Pb 40.9 14 38.2 1.0 —6.6

* - standard deviation, ** - relative differencetideen the measured and certified concentration 1@9%)/cc
n.d. - not determined

Results interpretation method

The increases of analytes concentrations in alijakcating waters pollution, were

determined on the basis of the relative accumulafd@tor RAF - Relative Accumulation
Factor) [14]:

RAF = J2 " %60 @)
Ca)
where:C,0)- mean concentration of the analyte in algae befwgeexposition [mg/kg d.m.],
Ca,1) - Mean concentration of the analyte in algae #feexposition [mg/kg d.m.].
In order to assess accumulation properties of sked algae, the bioconcentration factor
(BCF - Bioconcentration factor) was determined, indicating the increase of amalyt
concentration in algae versus analytes concentratiozvater [37, 38]:

C —C
BCF = &2 &0 )
s

wherec)- mean concentration of metal in water [mgfim
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Concentrations of manganese in water and the edpalgaePalmaria palmata were
compared, with the use of the empirical correlatietermined on the basis of the results of
laboratory tests, carried out in order to assessirtfiuence of water conductivity on the
changes of algae sorption capacity:

. 0009(k + 046
CMgs =————— 3)
1/c Mna — 25
Where:c’},.r1,S - concentration of manganese in Watép,,n,a - concentration of manganese in
algae after exposition.
Concentration of manganese cations was expressed asz - ¢, wherez - cation

valence (a dimensionless number), concentration expressed in [mmolfjrar [mmol/g].
Numerical factors were determined from Langmusgtghierms shown in Figure 2.
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Fig. 2. Influence of ions present in surface watersir’* sorption inPalmaria palmata

Using parameters of the isotherms presented inr&igdy a linear correlation
y = 0.00% + 0.46 was determined, describing the changelseo§ibpe ofy), depending on
the solution conductivityx). The value of 25 shown in correlation 3 is theamef the
absolute terms from Langmuir's isotherms. Manganese selected due to its relatively
large, easy to determine, concentrations in suraters.

Results and discussion

In Table 3 mean values of physiochemical parameiénsater samples taken from
different measuring spots, as well as the valugtaridard deviation from the measurements
are presented.
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Table 3
The results of measurements of physicochemicahpeters of the water samples
Reservoir Parameter pH CO[r:ldSng?nv]lty
Mean 8.64 351
Turawa Minimum 8.40 261
Maximum 8.97 387
+3D 0.20 34.6
Mean 9.48 263
Otmuchow Minimum 8.81 242
Maximum 10.8 278
+8D 0.58 9.80
Mean 10.1 294
Nysa Minimum 9.11 235
Maximum 11.0 348
+3D 0.63 39.4

Large pH values (> 9) may signify the progressingraphication of the studied
reservoirs. The most favourable pH values of watere determined in Turawa reservoir.
A significant improvement compared to previous ge@H > 10) is probably the result of
several years of works on installing sewage sysiantise localities along the Mala Panew
river catchment area. The results of water conditigtmeasurements signify a comparable
salinity of the studied reservoirs.

Table 4 contains the results of measurements ofyheetals concentrations in water
samples taken in algae exposition locations.

Table 4
Results of heavy metals concentrations measurerfragteint] in water samples taken in algae exposition
locations
Reservoir Parameter Mn Fe Cu Zn Cd Pb
Mean 0.129 0.372 < 0.014
Turawa Minimum 0.022 0.149 | <0.033 <0.010 <0.013 <0.070
Maximum 0.223 1.342 0.023
Mean <0.025 <0.126 <0.01 <0.186
Otmuchow Minimum < 0.020 <0.050| <0.033 <0.01Q <0.013 < 0.07D
Maximum 0.068 0.634 0.023 1.54
Mean < 0.059 < 0.145 <0.014
Nysa Minimum <0.020 <0.050| <0.033 <0.01Q <0.013 <0.070
Maximum 0.177 0.701 0.065

The analysis of water samples shows that, as fdreaaverage content of Zn and Cu is
concerned, the water sampled from the three studisdrvoirs is below the limit values
defined for the 1st and 2nd quality class of swefasaters (Zn < 1 mg/din
Cu < 0.05 mg/dr) [39]. In the case of lead, exceeding the limiuea (0.0072 mg/di
larger than the method determination limit, wasficored in Otmuchow reservoir. The
FAAS method determination limits make it impossitdeasses cadmium content in waters;
its maximum permissible concentration, for hardmasismore than 40 mg CaG@nt, is
0.00045 mg/drh [39]. In most cases, the FAAS method allows toedwsine directly
manganese and iron in surface waters.
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Algae was used in the next stage, in order to deter the differences in
concentrations of the analysed metals. As mentidmefdre, thanks to their very good
sorption characteristics, in solutions after mitisasion a much higher metals concentration
is obtained, compared to concentrations of thegalsim water.

In order to determine uncertainty of the measurénmegthod, algae samples were
analysed five times, maintaining the whole cyclehef research method. For the samples of
Soirogyra sp. andPalmaria palmata exposed in the defined measurement spots, the valu
of coefficient of variationCV,, (Coefficient of variation), determined on the basis of the
value of standard deviatioD (CVyiean. [%0] = 1/3 - Y (SDi / Cimeani) - 100%, where:
D; / cymean;i IS @ Standard deviation calculated for ittseries (= 12;15;14), referred to the
mean value from that series; {ieani) and, for fresh water algae, is within 18-21%, éod
sea water algae, within 12-16%.

Table 5 presents mean concentrations of heavy snd&tkermined in the samples of
Soirogyra sp. andPalmaria palmata, exposed in the studied reservoirs.

Table 5
Concentrations of heavy metals in al@p&ogyra sp. andPalmaria palmata [mg/kg d.m.]
Spot no. | Mn | Fe | cu | Zn | cd | Pb
Turawa reservoir Spirogyra sp. /Palmaria palmata
1 9.34/35.2| 22.0/190 3.95/24]1 5.94/445 0.81/<0.381 7.51/4.61
2 9.82/46.7| 6.14/157 1.06/517 6.11/31.8 0.84/<0.81 5.68/8.34
3 11.5/96.7| 27.1/174 093/3.67/ 1.25/21.3 &0.<0.81 18.2/<4.38
4 9.50/80.1| 10.5/198 147/4.08 2.49/346 &0<0381 6.56 / < 4.38
5 9.98/51.0| 17.4/181] 158/4.47 3.32/345 &0<0.81 6.09/<4.38
6 9.29/175 6.58/318] 0.60/3.98 0.21/559 4080381 5.96/6.19
7 385/56.2| 14.1/205 1.28/3.06 6.94/266 810<0.81 8.51/6.76
8 10.3/545| 15.0/335 1.34/4.49 3.90/36.3 &0<0381 22.4/<4.38
9 14.3/42.6| 15.0/166 1.44/3.55 5.76/2%.7 0.84/<0.81 7.83/<4.38
10 11.5/203 19.8/33 2.61/434 4.69/51.3 0.81/<0.81 22.6/<4.38
11 9.99/29.8| 18.1/140 1.05/2.91 9.58/22.7 0.84/<0.81 7.21/7.03
12 10.3/107 26.2/260 245/344 104/47.1 0.84/<0.81 18.6/18.5
Mean 129/815| 16.5/222 165/5.60 5.05/36.5<0.81/<0.81 11.4/<6.48
+SD 8.18/55.8| 6.76/71.4§ 0.93/586 3.08/10.8 /- - 6.83/-
Otmuchow reservoir Spirogyra sp. /Palmaria palmata
1 14.7/7.01| 11.7/187 2.06/4.89 9.08/26.4 0.84/<0.81 <4.38/<4.38
2 8.52/22.7 bp /187 1.67/464 18.0/234 810<0.381 <4.38/<4.38
3 12.8/28.6 bp /178 0.84/4.77 7.98/245 810<0.81 <4.38/<4.38
4 10.9/44.9 bp / 356 1.82/468 141/29.6 810<0.81 <4.38/<4.38
5 11.9/413| 4.64/511 0.15/445 17.3/2%3 0.84/<0.81 <4.38/<4.38
6 11.1/28.6] 12.6/2327 059/4.90 5.46/29.1 0.84/<0.81 <4.38/<4.3
7 5.73/32.0 bp /238 1.03/5.82 22.0/335 80<081 <4.38/<4.38
8 6.09/26.2 10.0/123 0.94/4.57 26.4/26.3 0.81/<0.81 <4.38/<4.34
9 0.22/12.7| 42.1/167 253/460 5.75/24.4 0.81/<0381 <4.38/<4.38
10 9.59/18.0/ 15.9/97.4 0.98/4.39 6.47/24.80.81/<0.81 <4.38/<4.34
11 8.50/18.1| 37.2/121] 0.68/3.90 10.8/2]1.1 0.84/<0.81 <4.38/<4.34
12 7.12/25.1| 8.31/164 1.04/3.61 10.8/24.2 0.84/<0.81 <4.38/<4.3§
13 6.22/21.9| 20.8/107 1.06/3.1 8.48/235 0.84/<0.81 <4.38/<4.34
14 4.57/28.9 10.7 / 157 1.95/398 7.78/24.3 0.84/<0.81 <4.38/<4.3§
Mean 8.42/25.4| 17.4/202 1.24/450 12.2/25%.7<0.81/<0.81 < 4.38/<4.34
+3D 3.79/10.2| 125/111 0.66/0.56 6.48/3.14 - -/ -/-
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Spot no. | Mn ] Fe | Cu | Zn | Cd | Pb
Nysa reservoir Spirogyra sp. /Palmaria palmata

1 bp /25.2 77.6/184] 3.10/5.67 11.3/219 80<081 5.22/<4.38
2 bp/22.9 13.2/169] 3.05/4.65 229/23.0 &0.<0.81 10.1/<4.38
3 bp /25.4 88.2/180] 4.30/4.32 236/22.3 80<0.381 6.48 /< 4.38
4 bp/17.1 69.1/201 3.92/4.38 15.7/23.3 810.<0.81 7.76 /< 4.38
5 bp /30.7 0.99/173 6.04/392 12.0/21.1 810.<0.81 10.0/<4.38
6 bp /39.3 106 /176 3.70/41B 20.4/233 40.80.81 8.40/<4.38
7 bp/34.3 75.1/269] 2.70/3.89 11.6/20.0 80<0.381 4.93/<4.38
8 bp/14.0 83.7/147] 3.44/3.71 13.7/26.3 810<0.81 7.58/<4.38
9 bp/18.9 88.2/202] 431/452 12.7/210 80<0.381 9.04/<4.38
10 bp/22.6 129/ 247 4.44/478 17.0/23.0 810<0.381 11.8/<4.38
11 bp /23.9 83.2/174 4.60/508 232/216 .840<0.81 6.91/<4.38
12 bp/22.9 755/116 2.66/3.78 12.9/196 .840<0.81 5.16 /< 4.38
13 bp/24.4 91.2/168 3.86/4.83 148/206 .840<0.81 5.98/<4.38
14 bp/27.6 85.2/172) 6.08/4.71 22.6/224 .840<0.81 6.80/<4.38
15 bp/19.3 0.22/174 6.08/560 17.3/23.3 .840<0.81 10.3/<4.38

Mean bp/24.6 71.1/183| 4.15/458 16.8/221 0.81/<0.81 7.76/<4.38

+SD -16.54 37.2/36.6] 1.16/0.61 4.62/1.63 -/- 212/ -

bp - no increase of the analyte concentration énettposed algae samples

No increases of cadmium concentrations were detechin all the exposed algae
samples. The mean values of metals concentratioredses in the exposed algae,
determined for the studied reservoirs, demonstoatiter sorption characteristics of sea
algae for Mn, Fe, Cu and Zn. Fresh water al§aieogyra sp. showed better lead sorption
characteristics. Large values of standard deviatwith regard to the mean value
determined for individual reservoirs, illustratéfelient water pollution levels, depending on
the algae exposition location.

Figures 3-5 present the values of determiRa# coefficients (Relation 1) for Mn, Fe,
Cu, Zn and Pb. The results presented in the graghigures 3-5 show a differentiated level
of metals accumulation in individual reservoirs.eTdamples of fresh and sea water algae
exposed in measurement spots, located along thk siole of Turawa reservoir coastline
(spots 9-12), show slightly higher heavy metal emiations compared to the samples
exposed along the south side of the lake (spofs(Ei§. 2). These differences may signify
the presence of bottom sediments rich in biogeoimpounds and heavy metals in the north
part of the lake. Higher heavy metals concentratiaere confirmed in the algae samples
exposed near resorts. Different heavy metals pofiutevels in the reservoir waters are
confirmed by than situ studies, carried out with the use ffirogyra sp., which naturally
inhabits this reservoir [15].

The carried out biomonitoring studies with the o$algae showed that waters of the
Nysa and Otmuchow reservoirs ecosystem in the ysdzka river have different levels
of heavy metals pollution. The waters flowing itNgsa reservoir (measurement spot 3) are
more polluted with heavy metals than the waterwifig out of the reservoir (measurement
spot 12). This may signify that heavy metals acdatsuin bottom sediments and living
organisms. A sample @pirogyra sp. algae exposed in the measurement spot 10hkad t
largest concentration of iron and lead. That wasabse the spot was located near a resort.
Similarly, sea algae exposed in that measurementsspwed large concentration of iron.
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Fig. 3. Increases of heavy metals concentrationa)ifipirogyra sp. and bPalmaria palmata exposed
in waters of Turawa reservoir
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Fig. 4. Increases of heavy metals concentrationa)ifipirogyra sp. and bPalmaria palmata exposed
in waters of Otmuchow reservoir
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Fig. 5. Increases of heavy metals concentrationa)ifipirogyra sp. and bPalmaria palmata exposed
in waters of Nysa reservoir

The waters of the Nysa Klodzka river flowing out @muchow reservoir, flow into
Nysa reservoir. No statistically relevant differeaovere determined in concentrations of
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the assessed analytes in the algae exposed inléteand outlet from the reservoir. Large

concentration of iron was determinedRalmaria palmata algae, exposed in measurement
spots 4 and 5, located near a railway track. Laaeentrations of zinc were determined

both in fresh and sea water algae exposed in nerasuat spots 7 and 8, located near the
state road 46.

Table 6 contains a summary of the calculated adefft BCF values (Relation 2),
showing accumulation characteristics of fresh w&grogyra sp. and sea wat&almaria
palmata algae.BCF coefficients were determined for mean concentratioihheavy metals
accumulated in biomass and water.

The values oBCF > 1000 signify very good heavy metals accumulatibaracteristics
in individual elements of bioteg in water plants [40], zooplankton [41] and in &d42],
and the possibility to use them in biomonitoringl &ffective phytoremediation.

Table 6
BCF values calculated for mean concentrations of ttayées accumulated in algae and water
Algae | Mn | Fe | cu | Zn | cd | Pb
Turawa reservoir
Spirogyra sp. 99.4 44.3 > 50.0 > 371 - > 163
Palmaria 630 596 > 170 > 2684 - -
palmata
Otmuchow reservoir
Spirogyra sp. > 337 > 138 > 37.6 > 938 - -
Palmaria > 1016 > 1603 > 136 >1977 - -
palmata
Nysa reservoir
Spirogyra sp. - > 490 > 126 > 1200 - >111
Palmaria > 417 > 1262 > 137 > 1579 - -
palmata

As demonstrated before, biomass of sea dRghmaria palmata is a better biosorbent
of Mn, Fe, Cu and Zn in comparison to fresh watiga@ Spirogyra sp. It should be
emphasised that pH and natural salinity of watefisénce theBCF values. The isotherms
presented in Figure 2 show the changes in mangasagsion efficiency under the
influence of water conductivity.

A comparison of the measured ) and calculatedc{,) manganese concentrations
values in surface waters was carried out, on tisésted relation 3Palmaria palmata algae
were exposed for 50 min. The results are shownaiblél 7. A reminderc’ =z - ¢, where
z- cation valence.

Table 7
Comparison of the measured and calculated valuemofjanese concentrations in water
Calculatedc’, | Measuredc’, 100% - Co—C)lc,
[mmol/dnT] [%]
0.0026 0.0075 —65
0.0060 0.0089 -33
0.0085 0.0068 25
0.0206 0.0173 19
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The study results show that the differences betweeandc’, decrease together with
the increase of manganese concentration in water.pfesented data demonstrates that at
the current state of the research, the uncertaintgtermination of surface waters pollution
with the metal, on the basis of the analysis ofabeposition ofPalmaria palmata thallus
and measurement of water conductivity, is too laggpecially with low concentration of
manganese. Studies continue on the influence oflumivity on the algae-solution
equilibrium with regard to other metals.

Summary and conclusions

Research centres are very interested in bioindisatbenvironment pollution because
they are simple and not expensive to obtain. Alge® perceived as one of the main
bioindicators of surface waters pollution. Analysi concentrations of trace elements
captured in algae thallus provides much informatiegarding the pollution introduced to
water environment, allows to asses changes in @mvient quality and to identify the
sources of pollution.

On the basis of the carried out research it wasodstrated thaSpirogyra sp. and
Palmaria palmata algae can be successfully used as biomonitors ¢érwecosystems
pollution with heavy metals. It was also confirntbat biomass from sea algRalmaria
palmata has better sorption characteristics for Mn, Fea@d Zn, compared to fresh water
algaeSpirogyra sp.

The proposed quantitative method with the use gdeakan supplement the qualitative
biomonitoring methods. The application of this noeths particularly justified in the cases
when the allowed pollution quantitiesyy heavy metals in surface waters, are lower than the
determination level of the applied analytical metho
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ZASTOSOWANIE GLONOW W BIOMONITORINGU AKTYWNYM
WOD POWIERZCHNIOWYCH

Samodzielna Katedra Biotechnologii i Biologii Molg&rnej, Uniwersytet Opolski

Abstrakt: Przeprowadzondadania biomonitoringowe trzech zbiornikéw retenggh potaonych na terenie
wojewoddztwa opolskiego (potudniowa Polska): ZbigmiTurawa, Zbiornika Nysa i Zbiornika Otmuchéw.
W glonach stodkowodnychSpirogyra sp. i morskich Palmaria palmata (Linnaeus) Weber & Mobhr,
eksponowanych w badanych wodach, oznaczono metbslorpcyjnej spektrometrii atomowej (AAS) przyyost
stezen: Mn, Fe, Cu, Zn, Cd i Pb. W wodach oznaczanaggi, konduktywné& oraz s¢zenie Mn i Fe. Stzenia
Cu, Zn, Cd i Pb w badanych wodach byly mniejszegmhicy oznaczalrioi metody. Badania prowadzono od
czerwca do lipca 2014 r. Wskazano naniée w przyrostach sten metali cezkich w prébkach glonéw
eksponowanych wzdilinii brzegowej, co wynika z tnej odlegtsci od zrédet zanieczyszche ktérymi mog
by¢ osady denne lub odcieki z terenéw przylegagh do zbiornikbw. Wskazano tak na lepsze wigiwosci
sorpcyjne glonéwPalmaria palmata w poréwnaniu z glonanfipirogyra sp. Przetestowano rowaiempiryczn
zaleznosé, ktorej zastosowanie po modyfikacji peoumaliwi ¢ ilosciowa ocer zanieczyszczenia wod metalami
ciezkimi na podstawie analizygitenia tego pierwiastka w plechach glonéw.

Stowa kluczowe:glony, Spirogyra sp., Palmaria palmata (Linnaeus) Weber & Mohr, metale ¢gkie,
biomonitoring, zbiorniki retencyjne



