KECORD owss,”
Ca'(f)”/ DPSPL &1=30=84

._ RECORDS mﬁﬁﬁmﬁmm
UPTAKE AND RETENMTION OF Cs*¥ BY A BLUE-GREEN ALGA
IN CONTINUGOUS FLOW AND BATCH CULTURE SYSTEMS?T

J. R. Watts and R, S Harvey

Savamnah River Plant
E. l. du Pont de Nemours and Company
Aiken, South Carollna

June 18632

To be submitted for publication in Limnology and Qceancgraphy

Fublisher lg reguested to inolude
thle acknowledgement:

+ The lnfermation opntelned io thls articla
was devalaped during the courps of wark
under Qontraot AT[O7-2)-1 with the U, 8,
Atomle Energy Sommiesion,




This document was prepared in conjunction with work accomplished under Contract No.
AT(07-2)-1 with the U. S. Department of Energy.

DISCLAIMER

Thisreport was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product or process
disclosed, or representsthat its use would not infringe privately owned rights. Reference herein to
any specific commercial product, processor service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endor sement, recommendation, or favoring by
the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency

ther eof.

Thisreport has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commer ce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161,

phone: (800) 553-6847,

fax: (703) 605-6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/help/index.asp

Available electronically at http://www.osti.gov/bridge

Available for a processing feeto U.S. Department of Energy and its contractors, in paper, from: U.S.
Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN
37831-0062,

phone: (865)576-8401,

fax: (865)576-5728

email: reports@adonis.osti.gov



http://www.ntis.gov/help/index.asp
http://www.osti.gov/bridge
mailto:orders@ntis.fedworld.gov
mailto:reports@adonis.osti.gov

UPTAKE ANT EETENTION OF C=Y37 BY A4 BLUE-GRERN AIGA

Abstract

The upteke and retentlon patterns of the blue-greea algs, Flactonema
rpureum, were defsrmined by ewposing laboratory cultures to various
37 in both eantimmous Flow and bateh tembs, A
simplified laboratory apperatus waeg devieed ta provide a aoutinucus
flew of radicective culture medie through multiple flssks conteining
the fllamentous algee, vhich were set up in perellsl, In each type

agncentrations of Cs

of test, the maximun uptakes of Cgt37 by the algae were proportionsl
to the concentrations of 0at® 4in the media, flovever, algel uptakes
were higher by a factor of 7 in the continuous flow tests than in
bateh tests. Only 104 of the Co™®" was retained by the algae three
deys after the slgae wers transferred into ceslum-~free medis.
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Intraductian

The thermal waters of nuclear renctor efflpents at the Javennah
River Plant produce abundsnt growths of asesslle blue-gresn slgae
which are chronieslly exposed to low-level concentrabtions of mixed
fission products snd radicactive corrcaien products.  Although it
hss been demonstrated by Williems end Evenson {1558), Rice =nd
Willia (1959), and Williems (1960) thet green algse and dlatoms
agserb sndfor sbsorb radicactivity frem thelr environment, very
1ittle work hes been done with the blue-green algse. BSince routdne
monitoring dete show that blus-green slgee concentrate redloactivity
from the waber by fectors as gremt as 10,000, cooperstlve studies
with the Limnclogy Department of the Philedelphls Acsdemy of Natural
Bniences were initiated to lnvestigets the uphake amd retention
patterns of specific redicnuclides by the dominant genere of blue-
gresn algae in the reacter effluents. FPlechohema purpureum, one

of the tmost common forms, wea selscted for the initlal study.

Methods

The cpntitnpous flow cultare systems described 1o the literesturs
(Myers and {lark 1944, Rlce 1961} were complex unltes designed for
the contimumus culture of unieellular organisms in & slagle growth
chamher. Sinee our aim waa to simulate conditicons in a river, it
wap necessary to devise a methoed whereby s nev guantum of water was
contimously pessing over & grovwing coleny of alges. A disgrem of
this continueus flov eulture aystem ls shown in Flgere 1.

Besides the sdvantages noted above, thls type of pystem permits:

1) growth andfor radicactlvity studies of long duration which are
not possible in batch culture, 2) the meintalning of falrly constent
radioactivity and mitrient concentrations, and 3) the maintaining
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of 8 colony of alpae wlthout uwndue leoss due to wnusuasl carrent af-

Tecte often produced dn comtinuous flow systems,

The hasic uwnit of the system iz s Sigmsmotor Medel T-8 punr® egquipped
with & variable-apeed transmiseglon, The degign of thls unit prevents
the conteef of culture medls with the pump mecheniem, thus facili-
tating redicectlivity containment and bacterial control. The tube
plates of the putp were medified to permit uniform pospldnog throewgh
pix iderntical tubes simultanecusly. A wide aslectlon of flow rates

can be obtained by varying the tubing siee or the pump speed,

Algal lnooulums were pleced on tared Milliporéﬁ}filter membranes

end s slight vacuum wae &pplied to firmiy posltlom the incculums on
the membranes. Thls prevents the aleae frotn heing carrled away by
the surrent. The filter membranes were then pleced ln the hottoms
of thirty 185-nl sideerm filter flaeka, Inflyent medlum was pumped
from the reservolr through six Tygon tubes* (1/16 in, ID) to six
connecting manifolds. Culture meadium pessing through each menifeld
wee distributed to the bottomas of five algal [lasks thrcugh indil-
vidusal hypedermis needles (0,013 in, IDY, Efflusnt mediuom wes dis-
charged by gravity flow from the sldearm of each algal flaak through
rubber tubing (174 in, ID) to individwel 3ischarge contalners.

Although 4% wes not precticel ito malntale aseptie conditlons in the
sentinaous flew system, the effects of barterisal growth were mini-
mized by ateriliesticn of equipment and filtretlon of medis. Typs
HAa Millipnréi]filter metbranse were used to Lilter the medie pricr
to storage in the reeervelr, The infleent medis tg the algal flesks
ware refiltersd by pumping through medium [10 €2 15 4 and fine

{4,0 to 5.5 ) pore sige fritted-glass-diak filtere ronnected in
series, All hatch test media snd equipment were sterilized prilor
to use. In order to measure the bacterial upteke of Ca'>7, tecteris
which had besn growing ip the slgel nutrient medle were cultured
separately snd radicenalyzed. Bacterial uptake of Cs+™ was found
to be insignificent compared to Algal uptaks,
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Plectonems were culfured in modified (hu 10 medim {Gerloefl,
Pitegerald, and Skoog 1950, Gerloff &b al. 1950} enriched by the
addition of trace amounts of zinc, manganess, aluminum, boron,
lithium, end ccbalt (see Tadble 1), Deipnized dlstilled water was
used as & bese for the medim, The inltiazl pH of the medls was ad-
justed to 7.3 to spproximete the pH of effluent streemz. Culbures
were maintelned at 35° % 2°C under continuous illumination of about
350 ft-¢ with no sheking or ssrafilng, Five culfures were sacrificed
for statistical conelderstlons at the end of =ach exposure perled

1m both the conbimusse Flow and batoh teats, Algal culturea were
separated from the medis by filtratien through type HA MillipcreEEB
filtar membrencs. Membrane end residue were weshed with cesium-free

medim and dried pricr to welghing and redloanalyzing,

Rasults

Algel dats for the continuwous flow and batch cultures were obtained
under eimiler test conditions exeept for the vwolume of medla used,
Fresh medlwm was pumped through the contlpnuous flow cuwliures at a
rate of 15 ml per hour, The bateh test inocwlume were cultured in
single 50 ml aliguots of medium which were nat changed durlng the
sxposure pericd, Although the growth for the firet three days waa
comparable in both tests, the gevensday growbth of the contlmious
Flew onltures wae 1.7 times that of the batch culturss., Bince pre-
liminery data on the batch uptake tests indicated a gradually re-
dueed growth rete, these tests were terminated after seven days.

In1 both the contimous flow and batch tests, algae were exposed to
medle containing 100, 200, snd 400 disintegrations per minute (a/m)
of 05397 per of medis, A1l of the C9™*7 used in these tests was
found ta be in lonic formj the procedure outlined by Rlee and Willls
{1959) was used, Tn the contimaous flow tests, at a flow rate of

16 ml per hour, the £e'®? copcentrations avelleble to the slgal

cultures remalred constent., Coneentrations in the bateh fest medias,
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with no flow, decreased due tw algsl uptake, Madimum algel con-
centrations of 0837 increased linearly with the concentration of
£s?7 in the medim, The meximum coscentraticn factor {redlcactivity
per gram of algee/radicactivity per ml of medium) of the eontinucus
flow cultures (1,700) was higher by a factor of 7 than that of the
hatoh sultures (250), The elgal upteke patierns (Figure 2 and

Teble 2) ahow that the contlnuone flow onlturea had a much higher
initlal upteks of Cs*®7 than the bateh enltures, After the high
initilal uptske,; the os*37 per gram of continvous flovw algse decreassd
because the growth rabe sxeeeded the upbake rate, The concentration
of 0a*%7 in the dividing perent ceills was reduced approximetely S0%
at esch cell divieion, In the continuows flow cultures, subseguent
eall divielone occurred before meximm epneentrationa of cal®? were
gttained in the deughter cells., The converse cccurred in the batch

cultyuras,

The 0s™27 retention patierns of the Plectonems were determined by
aubculturing redicactive alpee in cesium-free medis, The algsse
which wers exposed for 7 deys in medls containing 100, 200, and
400 d/m of Cs™®7 per ml were then washed with, and subcultured in,

cagiym-free medis and the retention measured for 21 dsys.

Date in Figare 5 and Table 3 show thst the algae retelned only 10%
of the initial redicsctivity after 3 deye 1n the ceslum-free en-
viromment, The rapid loss of Ce*®'

sinsce only 5% of the loss could be attributed to Gilutlon by cell

wae apparently due to lesching,

2dvigion. Throughouwt the remeinder of the teets, tbe coneentrations
of a**7 in the continuoua flow culbures were further reduced both
by lemsching snd by cell divislon, The Cals? relegased from the slgel
cells was removed by & media flow rate of 15 ml per heur, In the
batch tests, there wes no evidence of further lass by leachlng after
the third day, The 0s'®7 relemsed during the flrst three daye re-
meined im the enviromment and msy have been ghsorbed by the alpgoe
during the latter part of the experiment.
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Table 1, Compounds added Lo modifded Chu 10 medilm,

Grams/Liter
Compound foaliiply by 10~2)

2n30q* TH0 2
Mn304 Ha0 1
ALCLg" BELD 3
HgBOa 2
1
1

1101
CoCly™8Hz0
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Table 2. a**’ upteke 1o ¢ontinucus flow and batch calture eystems.
{Jee sleo Flgure 2,)

Conesmbration Cpd®T [ptared {diainbegreticns per wiodie per grem of algas) : 1o

Omye Lupoaure — 1 -3 7 14
CONTIRUOIS FLOW MBNTA

100 afmima 18,1+ 21 14.Et355 B.08 3 1.6F 4,46 1 1,88
g4 4/m/ma 240+ 4.8 1300 .6 % 5.2 8,14 2 2.7

40 afmiad 7B,7 t 2&,0 2. k B.& =2 2.7 43,2

Daye Expopura — 1 2 5 L] 7

BATCH MEDTA
100 4/nfml 2,56 £ 1.3  1.88 4 08B 1.4% = 0,24 L.55 ¢ 0,18 208 & 0,47
200 d/mfml 208 0,23  I,44 1,19 4,13 x 1,34 5.0 ¢ 3.E% 5,61 1 208
a4 fnfnl T.PE 5 119 7.85 & 1,60 .96 s 2,2 B33 & 0,B2  9.921 % 2.07
* pulraply all apbaie welues by Lo
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o137 retsined 1n continuems flow and bateh culbure

Table 3,

(Bee also Figure 3.}

eyatems,

0e*® Retmined (¥ per gram of slge=} & iF

conceateontion
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bays in Ce-Free Wedls -
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Figuras

FIG. 1. Disgram of & contitmous flow culture eyetenm,

PTG, 2. Cs*®7 upteke in rcontimious flow and batch culture systens,
(The curves show uptake of redicactivlty by algae sffer exposure
to medis of different activities.)

PTG, 3. Cs®7 peteined in continuous flow and batoh eulture
systems, (The curves show 4 of initlal radlcactivity retained by
algaa in cesium-free medie after 7 days exposure Lo medis of
d4ifferent aetivities.)
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