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ABSTRACT

Efficiency of Vieronica anagallis-aquatica plantsfor bioaccumul ation/bi ostabili zation of *¥Cs and ®Co from radwaste
solution simul ates was evaluated on batchwise laboratory scale experiments. The plants were added to the spiked
solutions having four different initial activity concentrations of »*’Cs and ®Co. Additional factors such pH values,
the amount of biomass and the light exposure that assumed to affect the treatment process were studied systemati-
cally. The uptake values of *’Cs from the simulated waste sol ution were inversely proportional to theinitial activity
contents and directly proportional to increase in the plant mass and sunlight exposure. Bioaccumulation of Co is
independent on itsinitia activity concentrations. The spiked solution of pH ~ 4.9 was found to be the suitable
medium for the treatment process. The present study suggests that Veeronica anagallis-aquatica could be used as
a potential candidate plant for phytoremediation for the radioactive wastes especially those contaminated with

radiocesium and/or radiocobalt.

INTRODUCTION

Itisbecomingincreasingly difficult toignorethede-
vel oped gpplicationsof living sysemsin hazardous ma-
terialsremediation. Phytoremediationisatechnology
with tremendous possibilities; it hasapplicationsfor
remediation of groundwater, industria effluents, radio-
activewaste, and landfills. Phytoremediationisaestheti-
cally pleasing whereit is percelved asamore natural
solution than the conventiond trestment methods. The
cost and maintenancearelittle compared to that of the
others. Although thistechnology isrelatively new, itis
progressing, quickly developed and may becomethe
promising method for remediationtechnologies.

Radionuclides enter the soil and water through dif-
ferent human activities such asmining and milling of
nuclear fud, operationstypica of nuclear fue cycle, full
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out from nuclear weapon testing and occasional
nucl ear disasterssuch asthosein Chernobyl in 1986
and Fukushimain 2011 poses serious problemsto
biologicd systemd*3.

Radioi sotopes of 3’Cswith ahalf-life of 30.0
years and ®°Co of half-life 5.25 years constituted
part of themainartificia radionuclides produced by
nuclear fisson. It isbeingintroducedinto theterres-
trid environmentshby nuclear gpplications, authorized
dischargeof nuclear wasteand nuclear accidentssuch
asthe Chernobyl accident in 1986 and Fukushima
in 2011, Asaconsequence, itisnecessary toeimi-
natetheseradionuclidesfrom contaminated solutions
to reducethe hazardous effectsto humans. Potentia
of plantsto removeradionuclidesand/or toxic ele-
mentsfrom soilsand sol utions can be a so success-
fully applied for theremova of many hazardousra-


mailto:talatbayoumi@yahoo.com

BTAIJ, 6(8,9) 2012

T.A.Bayoumi

283

m v

dionuclides such as**"Csand ®°Co.

Phytoremediation, the use of green plants for
remedi ation of soil and solutionscontaminated with low
level of toxic metasand radionuclideshasreceived a
lot of attentioninthelast few yearsduetoitsenviron-
ment-friendly nature and aesthetically pleasing quali-
tied>®l. Many studies have been conducted to deter-
minetheefficiency of aquatic plantsinaccumul ation of
heavy metd sand radionuclides.

In the present communication, the capability of
\eronica anagallis-aquatica plant known as Water
Speedwell, for bioaccumulation for ®Co and *¥’Cswas
investigated by growing the plant into solutionsspiked
with theradiocesium and radiocobalt. Theresults of
present study will discussthe capability of Veronica
anagaliss-aquatica to uptakethetwo radionucliuades,
either alone or in combination. The processwas per-
formed under different experimentd conditionssuchas,
different pH valuesof thewastesolution, varied initial
activity contents, biomasses of thetested plant used
andthesunlight effect.

EXPERIMENTAL APPROACH

Processing of biomass

Fresh green plant \leronica anagallis-aquatica (L.)
was obtained from El-Manayf Canal (abranch from
theNileRiver, Ismailia), Figure 1. The proposed plant
wasidentified at theherbarium of theNationa Research
Center, Egypt. Thetested plantswerewashed with tap
water and kept in sunny placewith agradua addition
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Figurel: Veronicaanagallis—équatica(L .) present in EI-M anayf Canal, | smailia

of tap water versusthe self-environmental water for
nearly oneweek before starting theexperimental work.

Five grams replicates of the batch Veronica
anagallis-aquaticafresh hedthy plantswere separated,
washed by tap water and immersed in jars containing
50ml tap water spiked with®Co and *’Csindividually
or asamixture.

The plant was allowed to grow under various ex-
perimenta conditionssuch as: contact time(upto 100
hours), sunlight, variousamounts of thebiomass (5-15
grams), increasing initial radioactivity contents of the
waste solution (30-260 Bg/ml) and the pH val ues of
the solution under treatment (2.9-10.9). The
phytoremediation processwasfollowed by counting the
activitiesremained in thetreated streams, and the data
reached werediscussed precisely.

Radionuclidesfor spikingwaste solution

Theradionuclides used in the present study were
BCsasCsCl of radioactive concentration 127MBg/ml
and purity more than 99.5% and ®Co as CoCl, of ra-
dioactiveconcentration 115M Bg/ml and purity morethan
99% purchased from Institute of Atomic Energy,
POLATOM, Poland. The agqueous radioactive waste
solutionwass mulated by spiking tap water with prede-
termining amountsof thetwo radioisotopes. Thechemi-
cd andyssof water usedisshownintheTABLE 1.

Solutionswithincreasinginitia activity contentsand
various pH values were prepared and subjected to
treatment process using \eronica anagallis-aquatica
(L.). Dilute HNO, or dilute NaOH solutionswere used
to adjust the predetermined pH vaues. Theinitial ra-
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TABLE 1: Concentrationsof someionsof interest in used
tap water

Soluble cations (ppm) Soluble anions (ppm)
K* Na" Mg® ca®* Cl° SO, HCOs
6.90 008 1.07 12 14 077 07 1.8
ppm =mg/1

dioactivity contentsand at different contentintervasin
thetest solutionsweremeasured using multichannd ana:
lyzer, PCAP, USA.

Dataevaluation

The obtained datawere assessed based on thefoll ow-
ingrelations

pH

initial activityin remainingactivityin
wastesolution wastesolution
initial activityin wastesolution

Concentration ratios (CR) and transport indices (TI)
were calculated for the dry matter astheratio of the
radioactivity intheliving plant (Bg/kg dry wt.) tothe
radioactivity inthewater (Bg/l)I"8.
radionucli de content inthe dry plant,Bqg/g
R= radionuclide content inthewastesolution, Bg/ml

Uptake% = x 100

radionucli de content of the shoot, Bg/g

Tl=—: , %100
radionucli de content of the whole plant, Bg/g

RESULTSAND DISCUSSIONS

Bioaccumulation of ¥Csand ®Co at various ac-
tivity contents

\eronica anagallis-aquatica as one of aquatic
plants seemsto have high capability to accumulatera:
dionuclides. It could be claimed that thisplant still not
completdy discussed as phytoremediation agent, where
it wasinvestigated by few literatures, concerningwith
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theexperimenta observationsfor bioabsorption of ¥'Cs
and ®°Co by using Veeronica anagallis, it was clearly
investigated that the maximum accumul ation percent-
age was reached after thefirst 24 hfrom the starting
time of thetreatment process.

Inthisstudy, the effect of initial activity concentra-
tionsof 1¥Csand ®Co mixed in agueous solution was
studied asafunction of biosorption efficiency sudiedin
therangeof different activities(31Bg/ml — 105Bg/ml),
(32Bg/ml —93Bg/ml) for ®Co and *"Cs, respectively.
Figure 2, showsthat theremoval of *¥’Csisinversely
proportiond toitsinitia activity contents. Increasngthe
initial content of **’Csaccompanied by gradud increas-
inginthe uptake percentage and continuingincreasein
theinitial *"Cs contents added resultsin drop of up-
take percent. On the other hand, different concentra-
tions of ®°Co have nearly the same high removal rate
percentages. Theback rel ease of radiocobalt started
directly intherdatively highestinitia activity concen-
tration (=105 Bg/ml for ®Co and 93 Bg/ml for *'Cs)
after the second day of treatment. Consequently, the
increasein radioactivity contentsof *’Cscould dimin-
ish theaccumul ation rate according to theradiotoxic
effect of ¥’Csasreportedin literature®.

Conversdly, theremova of ®Co duringthefirst 24h
at variousactivity concentrationsishigh and reached
morethan 95% of theremova percent. Thisbehavior
could beattributed to thevita roleof Cointhegrowth
of numerous plantsincluding the aquaticg®!9. There-
fore, it could be concluded that the removal percent-
ages of ®Co by \eeronica anagallis were mostly not
affected by increasing theinitia radioactivity contents
inthe simulated waste solution. On the contrary, the
bicaccumul ation of **Cswasdecreased by increasing
theinitia activity contentsin the spiked waste streams.
The main radiotoxicty symptoms such that stunted
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Figure2: Theeffect of initial radioactivity contentson theremoval efficiency of Veronicaanagallisfor ®*Coand *¥'Cs.
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Figure3: Bioaccumulation of ®Coand *'Csat variouspH media

growth, chlorosisof |eaveswith reddish brown spots
that can befollowed by necrosisof theplant tissuewere
observed following theexposure. Therefore, smulta-
neoussubstantia active effluxing possibly through the
plant tissue and by timeleaching of radioactivity from
the necrosed tissue could be the key mechanism asthe
activity content in the s mulated aqueouswaste drasti-
calyincreased after thefirst 24 hours. Thisbehavior is
in agreement with the previousliterature®Y,

Based ontheresultsreached it could be stated thet,
the optimum timefor thetreatment processisnear 24 h
and after that time the plant should beremoved from
the mediaand treated as solid waste and fresh batch of
plant can be added to continue the phytoremediation
process.

Effect of changing pH on the efficiency of
biaccumulationrate

Unpolluted fresh water streams, in baancewith at-
mospheric carbon dioxideare having apH of 5.6. Al-
most everywhereintheworld thepH of rainislower
thanthisvaue. Themain pollutantsresponsiblefor acid
deposition (or acid rain) aresulfur dioxide (SO,) and
nitrogen oxides(NO ). Acid depositioninfluencesmainly
the pH of freshwater. Much of the damageto aquatic
lifeinsengtiveareaswiththislittlebuffering capacity is
aresult of ‘acid shock’. Toimitatethe natural environ-
ment of contaminated streamsat different pH, diluted
solutions of HNO, and NaOH were prepared and used
to adjust the pH of thetested aqueous solutions. Figure
3 showsthevariation of ®Coand **’Csbioaccumulation
insolutionswith variouspH vaues. Theresultsshowed
decreases of °Coand *¥’Csin the solutionsduring the
trestment period but in different ratesaccordingtothe
pH values4.9, 2.9, 6.9 and 10.9 respectively. A rapid
decrease was observed during thefirst five hoursthen

dight declinegoing towardsardatively constant value
was detected. It isapparent that as pH increased.
However, & low pH vaueof 2.9, thereishigh con-
centrationsof H*insolutiondosetothecd| surfacewhich
lead to greater competition betweentheH* at oneside
and Co?" and/or Cs' ionsat the other competing binding
sitesat the cell surface??4, Thusthe uptake of ©Co
and ®¥"Cswas decreased. On the other hand, a higher
pH, Co?* could react with OH- and precipitate as hy-
droxidesfromthesolution, leadingto very low availabil-
ity tothe plant™!. It could be concluded that the opti-
mum pH va ueof aqueous solutionis4.9whileincreas-
ing or decreasingin pH of thewaste sol ution appeared
to affect the behavior of bioaccumulation of Vieronica
anagallis-aquatica (L.) to ®Coand/or **'Cs.

Changingthebiosor ption rateasafactor of biom-
assadded

Figure4 showsthat thereisarelationship between
BCsuptakeabundanceinthetarget plant and the vari-
oushiomassamountsused while, dight increasein®Co
uptakeisaccompanying with theincreasein biomass.
Generally, theamount of biomass added to thewaste
solution of fixed volumes seemstoinfluencethe uptake
of the radiocontaminants. Decreasein the biouptake
values by adding more biomass amounts may be ex-
plained on the basisthat aguatic plantsform adense
mat over thewaste solutionimpliesitsability to clear
wide area and for fast bioaccumulation of the
radiocontaminants. Theseresultsarein agreement with
theprevioudly published work by El-Gendy et al [,

Clearly theincreasein the added biomass enhances
positively the efficiency of the aquatic plant, Veronica
anagallis-aquatica(L.), toaccumul atetheradionuclides
from simulated waste streams and forms adense mat
cover thesolution surfaceimpliesitsability tosurvey upa
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Figure4: Theeffect of added biomassamountson the biouptakeof Veronicafor ¥’Csand ®Co.

wideareafor quick remova of theradionuclides.

Theeffect of radionuclidesspeciesfound individu-
ally or mixed in waste solution on the bioaccumu-
lation efficiency

Bioremoval of ®°Co and/or **'Cs by Veronica
anagallis-aquatica (L.) from the aqueous waste solu-
tion containing thesetwo radi oi sotopes either individu-
ally or ason amixture was studied. Figure 5 shows
that theremoval of ®Coisusualy higher thanthat of
1’Csand thiscould be explained by thefact that ce-
sium is present in the aqueous sol ution as afree hy-
drated cations (Cs") withlittleor nearly no tendency to
form soluble complex. On contrary Co?*, asavita ele-
ment for plants, hasagrest liability toformorganicand
inorganic compoundswithintheplant cellg”

Although the removal percentages of ®Co by
Veronicaanagallis-aquatica (L.) asan aquatic plant
werevery high when present mixed with *¥’Csinthe
same waste sol ution, the percentage of itsremoval
wasincreased if theradiocobalt present lonely inthe
agueous solution (Figure5). Thisobservation could
be probably dueto the fact that Co?* playsan essen-
tia roleinthegrowth of numerousplantsincludingthe
aquaticd®9, On the other hand, neglected variation
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in ¥¥’Cs bioaccumulation was found when cesium
present asmixturewith ®Co or present asaone. This
may be attributed to the radiotoxic effect of *’Csas
previously stated®.

It could be concluded that ®°Co has been strongly
accumulated in presence or absence of ¥’Cswith little
bit enhancement in the absence of cesium while non-
visible changewas observed for theabsorption of ¥'Cs
if present a one or asamixturewith ®Cointhewaste
solution. Theseresultsmay confirm theessentid roleof
cobalt asmicronutrients, and the radiotoxic effect of
radiocesum.

Thelight effect on thebioaccumulation efficiency

Environmental factors like light may affect
phytoremediation technology of aguatic plants. Three
batches of plants each of them consists of 5gm of
Veronicawereadded in glassjarscontai ning simulated
radioactivewaste solution of nearly thesameinitia ac-
tivity concentrations. One batch was grown under di-
rect sunlight; the other was|eft at the shed light while
thelast onewasleft in dark place. Theremaining total
radioactivity inthesolution at different timeinterva sfor
thethreebatcheswas counted dternatively and thedata
obtained wererepresented in Figure 6.
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Figure5: Theuptakevalueasafunctionsof ®Coand ®*"Csfound inthewastestreamsindividually or in mixture
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Figure®6: Light effect on the uptake of ®*Coand *¥’Csfrom their mixed solution

Themaximum bioaccumulation efficiency of radio-
active contaminantswas reached after thefirst day of
immersion processfor thethree conditions. However,
therateof remova of ®Coishigh under sunlight expo-
sure compared to that present at the shed light or under
dark. Thisbehavior could beexplained by thelight sen-
Sitivity of the plant accompanying with theincreasein
theability of removingradionuclidespresentinthewaste
solution under exposureto direct sunlight. Ontheother
hand, non-considerablevariation could beinvestigated
in case of ¥¥'Cs bioaccumul ation process. Moreove,
direct sunlight showed adetectabl e resistance of the
plant against the back rel ease of thetwo radionuclides
and gavemorelifetimefor plantsimmersed in aqueous
solutionsincluded radionuclides. Theseresultscould be
explained by therelation exi sts between the photosyn-
thesis and the mechanism of the radioactive
bioaccumulation. Wheretheplantinsunlightishaving
arapid growth and vegetative reproduction rates due
totheultraviolet radiation resulted infast profilteration
which effectivey increased the bioaccumul ation of the
radioactive contaminants*”. Ontheother hand, at dark-
ness, low rateof the plant bioactivitiesmay persist and
radionuclides uptakewas much sl ower!*®,

Concentration ratios (CR) and transport indices
(TI)for Veronicaplant

Theaccumulation of radionudidesby edibleaguetic
organismsisadynamic process; many contaminant
bi caccumul ation modd sassumethat theaguetic organ-
ismsarein equilibrium with reference media, such as
water or sediments. In such models, radionuclide ac-
cumul ation in agquatic biotacan berepresented by sm-
plified ratiosthat relate radionuclide concentrationsin
biotictissuesto concentrationsin thereferencemedid™.

TABLE 2 representsthe concentration ratios and

transport indices datafor ©Co and **’Csthrough the
Veronicatissues. It is shown that the radiocobalt is
concentrated within the plant more than radiocesium.
Thisagainfortified theessentidity of cobat to theplant

TABLE 2: Concentration ratiosand transport indicesfor
®Coand “Cs.

Parameters ®co *Cs
Initial activity in waste solution, Bg/ml 73 90
Activity content in thedry whole plant, Bg/g 1550 1098
Activity content in dry shoot, Bg/g 424 1169
Activity content in dry root, Bg/g 2077 1437.8
CR, I/kg 207 12
Tl, % 2.8 11

compared to the cesium. Hereit should be noted that
Veronicais characterized by high CR for both ®°Co
and *"Cs compared to Epipremnum aureum as ter-
restrid plant™™, whilealarge concentrationratioimplies
better phytoremediation capability. Thisresult approves
that \ieronica anagallis-aquatica plant issuitablefor
phytoremediation of ©Co and/or *¥’Csfromtheir aque-
ousradioactive waste stream. Based onthe Tl data, it
can bestated unequivocally that Cs' istrangported from
theroot to the shoot isabout 4 timesfaster than Co?*
which may bereferred to high solubility of thecesium
relativeto cobalt.

CONCLUSION

The submitted work providesan introduction for
cost effective, natural and environmental friendly clean
up technol ogy based on the capability of thefloating
plants, Vieronica anagallis-aquatica (L.), totreat waste
stream simul ates contami nated with ©Co and/or *'Cs.
The proposed trial was developed to overcome the
drawbacks of thewell-known conventional treatment
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methods. Theprocesswas carried invivo laboratory
scaeexperimentsandiscond dered asapromising tech-
nique for bioaccumulation and biostabilization of
radiocontaminantsfromlow andintermediaelevd lig-
uidwastes. Theresultsof the present study therefore
indicatethat \ieronica anagallis-aquatica (L.) may be
a candidate plant with a high potential for
phytoremediation of ®Co and/or **'Cs contaminated
streams.
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