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Malgorzata RAJFUR

INFLUENCE OF PREPARATION METHOD OF  Spirogyra sp.
ALGAE ON THEIR SORPTION CAPACITY

WPLYW SPOSOBU PREPAROWANIA PROBEK GLONOW Spirogyra sp.
NA ICH POJEMNO SC SORPCYJNA

Abstract: The influence of the preparation method of sampleshe zinc ions sorption parametersSpirogyra
sp. algae was analysed. Theé?Zsorption process from the salt solutions of timialgte was carried out in static
conditions. The carried out analyses results shmt the method of algae samples preparation folysesm
(thermal drying, freeze drying, samples conditignin demineralised water) and storage period infteetheir
sorption capacity. On the basis of the carriedresiarch of the metal sorption kinetics in live anebared algae
samples, it was found that the equilibrium is achieafter approximately 30 min. In the experimesrditions,
56% of metals are sorbed in live algae during ite¢ 15 min. Approximately 17 and 65% of zinc igmesent in
the dilution accumulated in thermally dried andefre dried algae samples respectively after 30 rhithe
process. It was confirmed that conditioning of #igae samples in demineralised water, prior tostbrption
process, increases its efficiency. In order tordefsorption capacity of freeze dri€dirogyra sp. algae, the
Langmuir isotherm model was applied. It was found that algae absorb heavy metals in proportiothéir
content in a solution, in which they were immersHoke sorption capacity of freeze dri§oirogyra sp. algae and
zinc, defined with the use of the Langmuir isothesmows considerable imprecise result. Evidenuerfte of
hydrogen cations on zinc concentrations in algakimthe solution in the state of equilibrium wasifid out.

Keywords: zinc, the algaeSpirogyra sp., preparation of the algae, the Langmuir isothenodel, sorption
capacity

Introduction

The studies of heavy metals sorption processesibathied and live algae have been
carried out for many years. The objective of theseies was to assess the possibility to use
algae biomassg in water fitoremediation [1-4], sewage treatmerdgaesses [5, 6] and in
surface waters contamination biomonitoring [7-18].

The differences in sorption properties of differeppes of algae are emphasised,
caused by physiological and morphological structiréhallus, the location of the sample
taking and the method of algae preparation for ahalysis [19]. The equilibrium and
sorption process kinetics of algae are the mogquiatly measured parametesg,[2].
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The studies of heavy metals sorption kinetics shwat the time necessary to achieve
dynamic equilibrium depends on, among others, yped of algae and biomass shredding
level. Biomass of sea algdeckionia maxima with thallus size of 1.2 mm achieved
equilibrium during sorption of Cu, Pb and Cd afipproximately 60 min, whereas when the
shredded thallus was the size of 0.075 mm, the libqum was achieved after
approximately 10 min [20]. It was found out thatsompolitan alga€hlorella vullgaris
and fresh watefcenedesmus quadricauda absorb 90-95% of Cu during the first 15 min of
the experiment (equilibrium was achieved after apjpnately 2 h) [21], sea algd®adina
sp. absorb 90% of Cd during 35 min (equilibrium wacshieved after approximately
60 min) [22].

Considerable differences have been registeredercéise of assessing algae sorption
capacity. For example, the defined values of somptcapacity of two algae types:
Cladophora glomerata and Spirogyra sp. in reference to copper ions are respectively
15.0 mg g* d.m. [23] and 133.3 mgjd.m. (d.m. - dry mass) [2]. It seems that, asidenf
the variety of types, the main factors are the oetbf algae preparation, experiment
conditions and the interpretation method of thelisiresults.

Various models, among other isotherm models by reteh [24, 25], Langmuir
[26-28], Redlich-Peterson [1] and Koble-Corrigah §te used to describe the equilibrium
status of the heavy metals sorption process irealfhe models are the basis for defining,
among others, the sorption capacity of algae aedaffinity levels of metals and algae
thallus. Frequently, the best correlations betweelividual experimental and calculation
data is obtained by the use of the Langmuir isoth@odel [29-31].

The results of laboratory studies of kinetics aqdilérium of heavy metals in algae in
static conditions have been obtained from numeatgyee types, prepared in different ways
to the analyses. These results are quite contrialeas there is no reliable methodology for
preparing biomass to the tests. It is hard to $pewhether the observed differences in
sorption parameters result from the algae premaratmethod or their sorption
characteristics.

The objective of the carried out studies was tessghe influence of preparation
method and storage time of fresh waBpirogyra sp. algae samples on their sorption
capacity, versus Zhions. The method of preparation of algae to aimlyas optimised, in
order to receive the samples with sorption charisties comparable to live algae.

In order to define sorption capacity of freeze diiSpirogyra sp. algae, the Langmuir
isotherm model was applied. The unreliability ofasigrements was assessed at the analysis
and interpretation of the tests results stage.

Experimental

Soirogyra sp. algae from the Large Turawa Lake located éensthuth-western Poland
(PL) were used for the tests. Algae samples wezaneld from biological impurities by
rinsing with demineralised water. Cleaned samplesewtested or further prepared.
Concentration of zinc naturally present in the algac,q amounted to:
Czna0) = 0.021 +0.002 mggd.m.
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The research method

The research was carried out on live and prepdgea aThe research on the live algae
was carried out immediately after cleaning. Theaelwere freeze dried at the temperature
of 223 K for 20 h and by water evaporation at #mmgerature of 323 K (24 h) and 353 K
(12 h).

The algae samples with mass of approximately 0.502 g d.m. were placed in
a perforated container of approximately 15° @apacity and immersed in 200 tof zinc
salt solution. Dried algae were immersed for 30 rmmindemineralised water, prior to
experiment. The solution was thoroughly mixed byagnetic agitator. The solution was
regularly taken from the container in order to deiee zinc concentration (AAS). The
process was carried out for 40 min.

Conductivity and pH values were measured duringzthe sorption process in algae
biomass.

The research of equilibrium parameters in a s&titem was carried out parallel to the
process kinetics research. The process was caniedith freeze dried algae and only the
initial zinc ions concentrations were altered.

Equipment and reagents

The absorbing atomic spectroscope iCE 3000, madehbymo ElectrorCorporation,
USA, was used to determine zinc. For zinc, the digte {DL) and determinationl QL)
limits of the equipment are, respectively, 0.003% &0.010 mg dm. The highest
concentration of the model (made by: ANALYTIKA LtdCZ)) used for calibration
(5 mg dm®) was assumed as the limit of the linear dependerfdie signal from the
concentration.

The conductivity and pH of the solutions, in whielgae were immersed, were
measured with the equipment made by Elmetron 8pijn Zabrze (PL): pH meter CP551
and conductivity meter CC551, which absolute measent error waapH = 0.02 and
Ak = 0.1 pS cr, respectively.

MERCK reagents were used to prepare the solutions.

Quality control

The quality control of measurements was assuretiesly analyses of the BCR 414
plankton and BCR-482ichen reference materials from the Institute for RefeeeMaterials
and Measurements in Belgium. The obtained restdts@mmarized in Table 1.

Table 1
Measured and certified values of Zn concentratiothé BCR 414lankton and BCR 482ichen reference
material
BCR 414 plankton BCR 482 lichen
Certified . AAS Certified . AAS

+ * + *

value *Uncertainty g 0 | = D value *Uncertainty g | = D
[mg kg™ d.m] [%] [mg kg d.m] [%]

112 | 3 | 103] 4] -840 100.6 | 22 | 938 2B 67

* Deviation - a difference between a measured vaheta certified value, divided by the certifieduea
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Biosorption isotherm model

The Langmuir isotherms model is valid for monolaystsorption on to surface
containing finite number of identical sorption sitevhich is described by the following
equation [31]:

Cla1)= (C(a,max)' K- C(s,l)) ' (1 +K- C(s,l))_l (1)
where: ¢,1y - equilibrium concentration of a given metal inga¢ [mmol g d.mJ],
Cis,1) - equilibrium concentration of this metal ionssimlution [mmol dm?, Clamax) - SOrption
capacity of algae [mmolgd.m.],K - constant.

The Langmuir equation can be rearranged to linean for the convenience of plotting
and determining the Langmuir constants as below:

(C(a,l))_l = (C(a,max)' K- C(s,l))_1 + (C(a,max)_1 (2)

Results and discussion

The research of zinc ions sorption §yrogyra sp. algae was carried out in two stages,
applying the methodology referred to in the presiahapter. During the first stage, the
sorption process' kinetics was analysed, usingdive prepared algae. The influence of the
algae preparation methods on their sorption capagids assessed. The second stage
included research of equilibrium parameters, defioe the Langmuir isotherm model.

The influence of algae samples preparation methochazinc sorption kinetics

The kinetics research was carried out in statiditimms, in order to estimate the time
required to achieve equilibrium between the algaé the solution, in which they were
immersed.
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Fig. 1. Changes of Zn concentration in the solytinrwhich live and preparegpirogyra sp. algae were
immersed
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Figure 1 presents examples of Zn concentrationgd®im the solution, in which algae
were immersed. The process parameters: the solutiotial concentration
Czno = 1.14 = 0.05 mg dm, live algae wet mass approximately 8.0 g, afteyingr
0.50 £ 0.02 g, dry mass of prepared algae 0.502 @.

The results of the carried out research show tieidiynamic equilibrium during zinc
sorption inSpirogyra sp. algae, both live and prepared, is achieved afproximately
30 min. During that time, approximately 69% of?Zrions, present in initial solution,
accumulate in live algae samples. During the fissmin of the process, approximately 56%
pf Zrn?* ions is absorbed from the solution to biomasseference to their concentration
accumulated in algae in equilibrium (for Zn - 0.8% g* d.m). In the prepared algae
samples, compared to live algae, after 30 min ef phocess the following amounts
accumulated respectively: the algae dried at 323afproximately 17%, the algae dried at
353 K - approximately 17%, the algae freeze driadproximately 65% of zinc ions.

In order to increase Zhsorption efficiency in thermally and freeze driggirogyra sp.
algae, the biomass samples were prepared for 30 imidemineralised water, with
conductivity of Ax = 0.5 uS cm. The graphs in Figure 2 show changes of zinc
concentration in the solution, in which the preplaatgae were immersed, and additionally
activated in demineralised water.
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Fig. 2. Changes of Zn concentration in the solytiorwhich live and preparegpirogyra sp. algae were
immersed, activated in demineralised water

The results presented in the graph show that theaped algae, in order to achieve the
proper sorption parameters, should be immersedgdproximately 30 min in demineralised
water; then their sorption characteristics are canaple to those of live algae.
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The graphs in Figures 3 and 4 present respectilielyhanges of conductivity during
Zn sorption process, in live and prepared algamass.
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Fig. 3. Changes of conductivity in Zn solution, which live and prepared algae were immersed,
activated in demineralised water
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Fig. 4. Comparison of conductivity changes in zismlutions, in which the prepared algae were
immersed
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During the zinc sorption process fBirogyra sp., increase of conductivity was
recorded (Fig. 3). It can be assumed that it wasexh by the progressive and irreversible
changes in the cellular membranes structure, wigshilts in ions leaking from algae cells
to the solution. This effect was observed during thsts of the influence of copper on
lichens thallus. Potassium ions were released ¢osttiution, in consequence of cells
membrane destruction [32]. It was determined tRaj. (4) conductivity of the solutions, to
which the samples of algae not activated in deralisyd water were introduced, was
approximately 10 times higher than conductivitytbé solution, in which the biomass
previously conditioned in demineralised water wamersed. The presence in the solution
of a large number of sodium, potassium, calcium @muathganese ions introduced with an
algae sample could have been the reason for theeeddorption of metal ions.

The graphs presented in Figure 5 show that theepgoof ZA"ions sorption by algae
biomass is accompanied by the sorption Ofi¢hs. This conclusion is confirmed by the
tests of heavy metals sorption kinetics from tHetgms with pH = 3.5.

0.1 M of hydrochloric acid was added in order tduee pH of the zinc salt solution.
Figure 6 presents the graph with results of theexiout analyses.

It was determined that the higher” kbns concentration in the solution, into which
algae were added, the higher their competitivemessis metal ions. From the solution with
the initial pH = 4.10 and metal concentration, = 1.10 mg dn¥, more ZA" ions were
absorbed (0.31 mgd.m.) than from the solution with the same zinaaamntration and
pH = 3.50 (0.23 mg g d.m.). This conclusion is confirmed by the remflthe research
carried out by other authors [33].
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Fig. 5. Changes of Hions concentration in zinc solution, in which liemd prepared algae were
immersed, activated in demineralised water
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Fig. 6. Changes of Hions concentration in zinc solution with pH = 3iB, which the freeze dried
Spirogyra sp. algae were immersed
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Fig. 7. Zinc concentration in freeze dried algamsias, depending on the storage period
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The influence of algae samples storage period 1om srption was also analysed. The
biomass samples for analyses were stored in dytigltsed polyethylene container. The
graph in Figure 7 shows the values of zinc coneginin accumulated in algae, which were
prepared for analysis, after 30 and 60 days foerctilection.

It was found out that the algae sorption qualiteanged after 30 days of storage.
Approximately 29% less zinc ions accumulated inmz@es samples, in comparison to the
samples used for analyses directly after freezagrfxtension of algae storage period up
to 60 days did not cause any further changesnlbeaassumed that the observed changes in
algae sorption capacity are the result of chemiemlomposition of the algae structures,
destroyed during the freeze drying process.

Assessment of sorption capacity of freeze driggpirogyra sp.

The next stage included analyses of equilibriardprf* ions sorption from its salt
solutions and assessment of sorption capacityeez& driedpirogyra sp.

On the basis of measurements of heavy metals ctratiens in the solutiony, before
(0) and after I) sorption process, metals concentrations were determirgg converted to
1 g d.m. (dry mass of the algae). In order to nad@inthe experiment conditions (0.5 g d.m.
of algae introduced to 200 érof metals salts solution), it should be assumed gbrption
in 1 g d.m. of algae is carried out from 400°ahthe solution. The change of the sorbent
mass in comparison to the solution volume in statinditions influences the equilibrium
status.

The results calculated according to correlatioraf2)presented in Figure 8.
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Fig. 8. The Langmuir isotherm describing sorptigaiébrium Zn ¢sorption = 30 min)
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The Langmuir isotherms parameters are presentédbife 2.

Table 2
Functiony = a-x + b parameters presented in Figure 8; linear regnegmoameters: 3D, - standard deviation of
the parametes, +SDy, - standard deviation of the parameteR? - correlation coefficient antta,max) - Sorption

capacity
The Langmuir isotherm model
a b +3D, +3Dy R Clamay [Mmol g d.m.]
0.600 12.1 0.032 3.88 0.986 0.083

On the basis of the carried out research, it wasraéned that the analysed algae
absorb zinc in proportion to its content in theusoh. The Langmuir isotherm model is
well adjusted R = 0.986) to the experiment data. Little valu8Dg = 0.032 of the
a parameter of the Langmuir isotherm shows the fimearelation of zinc concentration in
algae and its content in a solution. The defined-@ygmuir isotherm sorption capacities
Camsy = 0.083 mmol/g d.m. is a reference value only,abee it is highly unreliable,
expressed by 3D,. One may assume that one of the causes of widebdison of
measuring points, versus the theoretical straigbtdefined by the Langmuir isotherm (Fig.
8), is the competitive sorption of hydrogen cati¢dé]. Therefore, in order to determine
sorption capacity of algae, one should considerstima of absorbed hydrogen and zinc
cations.

In order to perform detailed comparison of equitiparameters of two valence zinc
cations and one valence hydrogen cations, theitertrations were expressed ets= z- ¢,
where z - cation valence (nondimensional numbec), - concentration expressed
in mmol dm® or mmol g*. Table 3 contains a summary of concentratinsf zinc cations
in solutions ¢§) and in algaed) before Q) and after {) sorption process, and concentrations
c* of hydrogen ions in solutionss)(and in algaed) after (1) sorption process. The initial
concentrations of Hand Z" in algae were assumed as equal to zero.

Table 3
Zinc concentrations in dry mass of algae and smistbefore and after sorption process and hydrimgen
concentration in solutions and algae after sorppi@tess

Measurement C* zn(s0) C* zn(s1) C* zn(a,1) C*H(s1) C*H(a,1)
series [mmol dm~3 [mmol dm~ [mmol g~j [mmol dm~ [mmol g7
1 0.0318 0.0037 0.0056 0.0014 0.0047
2 0.0781 0.0104 0.0135 0.0019 0.0059
3 0.0937 0.0107 0.0166 0.0009 0.0048
4 0.1157 0.0132 0.0205 0.0015 0.0045
5 0.1332 0.0199 0.0226 0.0019 0.0053
6 0.1417 0.0229 0.0238 0.0013 0.0061
7 0.1573 0.0275 0.0259 0.0011 0.0054

Figure 9 presents the Langmuir isotherm determmeduant to correlation (2), for the
sum of cations Hand Zif".
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Fig. 9. The Langmuir isotherm determined for thensf cations H and Zrf*

The parameters for the Langmuir isotherm determioedhe sum of cations Hand
Zn**are presented in Table 4.

Table 4
Functiony = a-x + b parameters presented in Figure 9; linear regnegmoameters: 3D, - standard deviation of
the parametes, +SDy - standard deviation of the parameieR? - correlation coefficient anda,max) - SOrption

capacity
The Langmuir isotherm model
a b +SD, +SDy R Clamax) [Mmol g1 d.m ]
0.403 16.1 0.019 1.89 0.987 0.062

The Spirogyra sp. algae sorption capacity, determined from the Larigieatherm for
zinc, amounts toc* = 0.083 mmol g (2.72 mg g* of algae dry mass), and with reference
to the sum of Hand Z" amounts toc* = 0.062 mmol g* (2.03 mg g* d.m.). The carried
out research showed that, in reference to the duratmns, unreliability of assessment of
sorption capacity of freeze driegbirogyra sp. algae is expressed b$¥ = 1.89. These
results show that the assessment of sorption dgpaetermined for zinc, carries a 50%
greater error than the one determined for the suratmns.

The carried out research results analysis shovisthieadifferences in assessment of
sorption capacity of different algae types may Itefom, among others, differences in
sorption characteristics of different types of algdne samples preparation methods as well
as the selection of an appropriate model for teeaech results interpretation.
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Conclusions

On the basis of the carried out research, it waerchined that the fresh water
Spirogyra sp. algae accumulate Znions from the solutions they come in contact with.
Biomass sorption characteristics are influencethbyalgae preparation method and storage
period. The Langmuir isotherm model can be usedetcribe correlations between zinc
concentrations in algae and the solution. This rhizsdeell adjusted to the experiment data.
However, the determined sorption capacity valueharacterised by high unreliability,
expressed by 3Dy, The unreliability of results regarding algae sionp capacity is
influenced by the competitive sorption of dns. Therefore, in order to determine sorption
capacity of algae, one should consider the sunbsdroed hydrogen and metal cations.

In order to validate the research procedures, pipeopriate preparation and storage of
algae samples methodology should be applied, dsaséhe relevant model of the research
results interpretation. All the operations aim latagning the most reliable analyses results.
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WPLYW SPOSOBU PREPAROWANIA PROBEK GLONOW Spirogyra sp.
NA ICH POJEMNO SC SORPCYJNA

Samodzielna Katedra Biotechnologii i Biologii Motg&rnej, Uniwersytet Opolski

Abstrakt: Zbadano wplyw sposobu preparowania prébek na paranserpcji jonéw cynku na glonach
Spirogyra sp. Proces sorpcji 2h z roztworéw soli tego analitu prowadzono w warustkatatycznych. Wyniki
z przeprowadzonych baflavskazuy, ze spos6b przygotowania prébek glonéw do analizzénie termiczne,
liofilizacja, kondycjonowanie prébek w wodzie zdemializowanej) oraz czas przechowywania ma wphpicha
pojemna@¢ sorpcyj. Na podstawie przeprowadzonych badkinetyki sorpcji tego metalu naywych

i preparowanych prébkach glonéw stwierdzone,stan réwnowagi zostaje egnicty po okoto 30 minutach.
W warunkach prowadzenia eksperymentu 56% metalhoseinych jest na glonaclywych w pierwszych
15 minutach. W prébkach glonéw suszonych termiczniiefilizowanych po 30 minutach trwania procesu
zakumulowato s odpowiednio okoto 17 i 65% jondéw cynku obecnych reztworze. Stwierdzonoze
kondycjonowanie prébek glonéw przed procesem sbvpeyodzie zdemineralizowanej podnosi jego wydagno
W celu wyznaczenia pojemém sorpcyjnej liofilizowanych glonévipirogyra sp. zastosowano model izotermy
Langmuira. Stwierdzonoze glony sorbuj metale cjzkie proporcjonalnie do ich zawaétth w roztworze,
w ktérym zostaly zanurzone. Wyznaczona z izoterrapdmuira pojemnig sorpcyjna liofilizowanych glonow
Spirogyra sp. wzgédem cynku jest obarczona guniepewndcia pomiaréw. Stwierdzono wyfay wplyw
kationéw wodorowych na gtenia miedzi w glonach i w roztworze w stanie rowagw

Stowa kluczowe:cynk, glonySpirogyra sp., glony preparowane, kinetyka sorpcji, modetéemy Langmuira,
pojemna¢ sorpcyjna



