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prapT -tl- for ItarveBtla» are ounowifd, .a wll ..

olieap and. wry omimltat Arrie* for wiltwrilag.

The sfcudy of the iiaturaL pliytopLankfeonlc comoiunttles In
the zones affected by wasfce water inflows has shown a dependence
of the primary product Ion upon the Increase tn concentration of
the principal trophic elements: TS and P. This masterminded the u-
tllizatlon of waste water as a trophic. source In culturlng phyto-
pLanktonlc species with a view to provide the food for the filter
feeding organisms of economic Imporfcance (5, Z> §» 2» !§' 12» I^>
15* ^)*

This work alms to estabLishlng .the mixing ratio of sea
wafcer/wasfce water which favours the dIvis ton and synthesis proces"
ses of the unicellular algae Chaefcoceros slm Lex var. cal-clteaAS
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and Nltzsclila closter um, as cultured In large scale and outdoor
conditions*

METHODS AND PARIICUIAE CULTIVATING COHDI'EIONB

The algae Cliaetoceros stm lex var* calcltrans aiu3
Nltzschla closfcerlum were tnoculatied In sea water prevlousLy for-
tlllzed wlte waste wat;er, ensuring of fihetr-uniform suspensloa

belns done by continuous bubbling with air. The algae were grown
In the mass culture system.
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Fig* 1 - Schematic drawing of the mass cuUltvatlns slsten.,
used In outdoor condltl.ons for Chaetoceros slm lex
var. caLclfcrans and Nltzschla c os er urn exper -
ments7
1: swlmtning-pool} 2s polyetlLenesacks; 3< bubbliiig
pipes; 4s atr Laput tn the terminal quadrangular
part of the bubbltxig pipe, situated on the sack
bofetou( 5» air output; 6» wooden frame that sus-
tains the poLyetllenesacsj 7; sea water Inflow tap
8» sea water out flow tap.
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Tlie experlinental varlanfes were 4/1, 2/1 and l/l mixtures
of sea water/wasfee water. These proportlona were settled after la-
borafeory testfcag of a great number of nlxfcag ration Influence on
the growtih of the studied algae.

The culturlng Installatloa consists of 6o-llter polyeti-
lene sacks fixed on a wooden franiei so .jointed, the sacks are si?3-
penaed In. water basliis, tiliuseiisurlng botli decrease of their spe-
elf 1c weight and preservation of a coiiatant fcemperatiure of the
cultures (Pig. 1). The water In the basins is cliaaged whenever tem-
perature rises, or It ts allowed to ctrculate at a daily flow rate
of 5oSS* .

The cultures of the two algae developed under tliermlc
conditions averagliig about; 2o-2l°G and a mean light Intensity of
5o, ooo Ax.

TJde experiments were carried on during two consecutive
years, fca the period from June to September} tb-ere was a dupllca-
te for each variant; of study* The results discussed la toe follo-
wtog are average values of all the experiments,

Study was carried out on cellular deuislty - by hemacy-

tometrlcal couattng; dyiiami. cs of the main. trophic anloiis, as
P-PO^ or Sl$ organic matter - through oxldlzablll. fcy with KMnO^
and salinity, after GENOVESE ana MAGAZZU (5).

Defeermlnatloa of total protietns was performed by the me-
fchod of EJBIDAHL, as modified (I), ana fche teclmlqueof DUBOIS (2)
was used for oarbohydrates.

The sewage water used was taken front one of the treating
plant of fche town of Goiistem^a} It showed varlatloiis in the con-
tent of the researched trophic elements.

EESimPS AM) DISCUSSIONS

The Increase In. the amount of cells ta both algae can
be positively correlated with the InoFease of waste water quan. lil-
fey (Ftgs. 2 and 5), which demoastrates bo th a strong afftnlfcy of
these organlsffls toward a inedlum rich In troplilc subsfcances, and
their resistance to the salinity decreasing, as related to tfcs or-
dliiary value In natural ctrcumstances (labs. I and 2).

Ihe exponential stage of both studied algae starts one
day after Inoculation and comes fco a peak after 5 to 7 days' cul-
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The mod If teat ton of fche nedlun (as chenilcal cotaposltlon) Implied by
Ghaefcoceros slm lex var. calclteans eulturlng

Table I
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The modification of the medium (as chemical composition) Implied by
Nlfczschla clostertum culturlng

Table 2
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turlng. The active cellular division Is followed by the statlona-
ry stage or toy the decline of the population. These stages point
out some distinct particular It tea to eacli of the studied species
as a funcfclonof the proportion of sea water/sewage water lalxture.

Consequently, the division of Ohaetoceros sim lex var*
calcitr&iiS Is partlalLy Interrupted after 5 days oi Ituring. the
rate of this process belug Inversely proportional to cis addilil-

onaL sewage water volume. Determination of N-NH^ and P-PO^. showed
a sudden fall of these trophic anlons durliig the exponential sta-

ge (Tab. I). N-NH^. Is compleliely exhausted after 6 days of cultu-
ring. According to GOI.DMAN et al. (6), the growth of Chaetoceros
sldplex var. ca 1cItrans Is linear In media confcatnlng a total a-

mount of N that exceed 2lo fag/1. Although only N-NH^ was determl-
ne<3 is. the presented experiments, the resultant values surpassed
the mentioned concentration, their magnttude beliig directly depen-

dent on the additional sewage water. N-NH^ exhaustion out of the
medium coincides with the moment of slowing down of the division
process, or even with its translfclon to the stationary phase*

On the other hand, though In great quantity, P-PO^ls
absorbed from the medium down to the analytical zero after 5 days'
cuLturlng. Ifc appears In the medium tn the tenth day of culfeurlng,
phenomenon that Is explained both by death of a percentage of the
population and by Its excretion from the living cells that stora-

ged P-PO^ as a reserve (4).
The Increase In concenfcrati lon of this element, however,

does not re-establish the physiological processes of the species.

Accordingly, tlie reduction of N-NH^ and probably, of
fche other forms of nitrogen, as well as of P-PO^, entail modlfy-
tng of fche cellular division rate; as a result, the medium should
necessarily contain N and P to a certain concentration per cell,
to maintain an active exponential stage.

From the htgh amount In which had been present, only c>o%
of St was consumed In cellular muLtlpltcatlon, so that, this bl-

ogenous elecient should not; be taken Into consideration when one

estimates the Limitation In the growth of haetoceros In media

fertilized by sewage water.

As concerning Nttzschia clostertum, much more limited

needs were observed for concentration of trophic coiapounds(Tab»2>
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While working with different charges of sewage water on the expe-

rlmented species, the water mixtures In which Nltzschla was cul-

tared were casualty less coiicenteated In N-NH^! tihls Imptylng Its

exhausfclon after 5 days* culturliig. As for the 4/L and 2/1 mixtu-
res, the population goes Into decline} 11; must be specified thafc
the amplitude of this phenomenon depends, too, on the volume of
additional waste wafcen for 4/1, the decline compiTlses aboufc 9o^
of the population, whereas In 2/1 mixtures only 38^ of It atfec-
ted. In VI mixing variant, division occurs for 4 more days, the
decline Intervenlxig only after a week's culturliig*

P-PO^ and S I dynamics tafces a course similar to the one
observed In Chaetoceros.

By comparing the growth of the two species, the follo-

wing differences still can be remarked*

The growth efficiency of NLtzschla closterlum Is cLear-

ly superior to that of Chaetooeros slai lex var» calcltraas} for
aproximateLy equal values of P and St and much smaller values of

N-NH^, Nlfezschla closfeerlum yields blomasses lo fco loo times
greater fchen. fchose yielded by Ghaetooeros slm lex var. calcltrans
(Figs.2 and 3).

Ghaetoceros sld lex var« calcltrans shows a strong avl-

cllty In the absorption of fche nutrient elements, reducing not on-
Ly fche nlteogea, but all the studied eLemenfes*

During the growth, both In populations of Chaetoceros
slm lex var. calcltrans and In those of Nlfczschla clostertum, the
evolution of several species of unicellular algae was noticed -
all of them had been In fche seg, wafcer at the beglnnlns of the ex-
perlmentso Amphora sp«. Nlfezsclila fceimulrostels Mer*, Pla monas
lm elluclda McLachLangc Parke, Anktstrodesmus falcafeus Corda were
reported In fche cultures of Chaetoceros aim lex var* calclfcrems(

Plat monas m elluolda, Anklstrodesmus falcatus and Scenedesmus

sp. were noted In the cultures of Nltzschla closterlum* In both

cases, the species containtnatliig the communities develop gTa^uaI-Iy
with the regression of the cultured species {fchat ts why. In the
culture of Ghaetooeros aim lex var. calclteans. the proportion of
fchese organisms becomes slgnl.floanfc only after 7 days of cultu-
ring. In contradlstlnctton with the culture of Nltzschla closterl-

urn. when their perceii.tage Is scarcely tnporfeanl; affcer II days of
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lab Le 5

Chactoceros slm lex var. calciLtrans and Nltzschla cLosterlum developing as
report to fcheir contamlnanl; algae {% from total number of ceLLs/l)

Culturlng
day

cn
N

Ratio; sea water/
sewage v;afcer

VI
2/1
l/l

Chaetocoros simplex
var. calciferans

95. 71
loo. oo

95. 55

Gou. taml. nant;
algae

4. 28
0

^. -44

NltEsschta Gontamtiianl;
cLosterlum algae

82. o4

loo* oo

loo. oo

1.7. 95
0

lo

4/L
2/L
VI

4/1
2/L
1/1

4/1
2/1
1/1

9l*oG
99. 25
99. 00

8. 9/l-
o. 75
o. 99

7. 17
55. 22
85. 02

82. 57
46. 77
15. 97

0

0

0

loo. oo

loo. oo

loo. oo

96. 26

97. 54
98. 16

5. 75
2. 46
1. 84

95. 52
88. 95

76. 97

6. 48

11. 05
23. &5

18. o?
5o«8o

56. 52

Sl. 97
69*2o
65. 48



culturlag (Iab»5)'

In the exponential stage, the organisms contaminating
the cultures represent very small percent of the total blomass*
Their preponderenl; growfcfi along with the decline of botli. cultural
species has a cerfcaln stgnlflcatlon; either they have limited e-
xlgences to concentration of trophic substances as deterDilaed in
our experiments, or their growth Is Impeded by some or one of the
products of the sewage water, which Chaetoceros aim lex var. cal-
ctteans as well as Nltzschla cLosterlum take oufc froa the medlufa

along their growing. One must not exclude, of course, the possi-
ble relafcloxis befrween the members of a dense community and the unnu-
merous contaminated species existing LD. the sea water at the begl-
nlng of the experlmen. 1;.

However, taking Into account fchat those same contamliia-
ted species are Involved In all our experlnients and w?hlchever of
them can constitute a good trophic base for juvenile and adult bi-
valves, we consider that; they do not denature the nutrient value
of fehe suspension of both algae In the course of their active dl-
vision stage.

The analysis of proteins and total sugars reveals an f.n-
crease of these products during the exponential stages. The pre-
ponderance of proteins outlines the persistence of an active meta-
bollsm; consequently, at least In the Initial 8 days of experl-
ments, the culture has the ability to resume dl.vlslonconcurren-

tty with completion of the trophic support. On the otlier hand, a
positive correlation was noticed between the quantity of addltl-
onal waste water and the percentage of profcelns as& sugars. The
highest values are obtained for sea water/waste wafcer mixture s
l/l.

While aiiatyslrtg the eel I content, too, It Is to be ao-
1; Iced that the growth of other species In the cultures does not
diminish their tropli 1c value, the percentis of proteins and sugars
maintaining always at more high values as related to the Initial^
values, both In Ghaetoceros cultures and In the cultures of the

alga Nltzsohla. However the relation between the purity of the

x/ Ifc means the amount of proteins azid sugars determtaed In the
algae before, their suspension In sea water with addlfet.c'iial
sewage water*
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Table 4

Proteins and sugars content of Ghaetoceros slm lex var. calclteans suad
Nltzschla closterlum cultivated In outdoor conditions with sea water/sewage

water mixture during eleven days of experlnienl;

sssss=:s:^^='===«^^====^=^===^=^^^s===^^^=^s^ss^a^^=^^^ss^^^^^s^
Ra fe lo; ----G-e-l-l-u-l-a-r-S-o-S_E-°_y-a_d_s.

A l S a ^^mter/ protelns (g % from d. w. ) Sugars (g % from d. w.)

water Initial 8-  day ll-th day Initial 8-fcli day ll-fch day

%S&eros vl 27-9 29-60 8,85 25.5
var. 2/1 21. 87 28. 55 56. :9o 5. o? 4. 95 II., 9

-!a^!fans-_-. ___ln_________ 52. 75 40. 15 4. 80 17.0

Nlt. scMa 4/l 50-85 25-80 5.. oo 19. 00
closterlua 2/l IG*25 56. 85 29. 55 lo. oo 7. 80 L6. 38

.

vl___ 42. 4o 28. 85 9. 50 16.
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culture suad the values of proteliis aoS sugars niusl; be emphasized.
Vhen coiitamlnalilon percentage Is low, meaning that the blomass Is
mostly due to the species followed by the experiment, the highest
values of these cellular products Is to be found (Tables 5 and 4>»

Consequently, the high nutrient content of the two aL-
gae Is obvious* The results have pointed out that. In confcradlc-
tIon with some previous statements (lo), Nltzschla closterlum as-.y
be tr -en Into account as a substanclal alga from the polnl; of
view of fche quantilfctes of sugars and proteLis whlcli It can reach*
But there is a coadllilon that Its liarves1;ln.g should be done In
the exponential stage. What must be verified for a certainty Is
the efficiency of Its utILlzatlon, as well as fche proportion In
which It Is to be added beside other algae Into the diet of the
fllter-feedlng organisms.

While growing, the algae showed a dlinlntshlng tendency
of nutrient compound s, from their culfcurliig nedlum or even of
fchelr reduction to the analytical zero (Tabs. I and 2).

In Ghaetoceros slm lex var. ca 1cItrans, the removing of
N-NB^ from the medlum. by the end of the exponenfctal stage, I. e.
the 6th culturliig day, takes percentage values of 62, 46?S, ^o% and
41. 4o^ -In the rising order of the proportions In which the se-

wage water Is added - while the removing of P-PO^ reaches the a-
aaty1;tcal zero. In the same species, Slls dtmlalsliliig wlfch
8. 9o to 27. 57%-

NlfezschlaclosterluBi utilizes, after only 4 days of cul-
fcurlng, 74. ^, 86, 47?S and 88. 8^ of P-PO^ - In the r Is liig order
of the proportions of the additional sewage waters N"NH^ Is exha-
usted and 51 Is absorbed from 47. 8? to 64. 5555.

Microscopic observations showed that the bacterla-char-

gs regresses as the algal community tends to a peak of She expo-
nentlal stage*

Coming back to the essential purpose of this paper -
tee esfeabllshtng of the optsLnum values of sea water/waste water

mixture that, favour the development axid syafchesls of the studied
a tgae, aom.e Important aspects are to be pointed out. As It cooies
out from chemical determinations, the waste water eontent Is ex-
tremely variable and Is Influenced at least by the. fereattiig stage
and fche "age" of the waste water. la consequence, It; is not the
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value of tlie ratio of sea water/waste water that; counts (2 Ifi;
II), but the concentration of trophic produces as related to a gl-
ven deiislty of the algae which we Intend to culture* By relating
the Initial concenfcratlon of N-NH^ and P-PO^ to the aunber of cells
Inoculated In both species, It cams out that, for l, ooo celLs/l,
P-PO,, must reach a concentration of o. 2 to o. 5 <U6/l In both cases

and N-NH^. must reach o*15 and o. ool6 ^ug/l for Chaetoceros stni lex
var. calclttfans and for Nltzschla closterlum, respectively.

Therefore, chemical determliiatlon of essential nutrient
produces of wasfce water Is requested and subsequently, adjusliBienfe
of mlxlxig percentages to favour optimum division axid synthesis*

CONCUR IONS

l» In mass culture condltloxis, using sewage water as
a trophic support, the species Ghaefeoceros sin lex var. ealcltirans
and Nltzschla closterluni reach a inaxlmum densl.ty after 5 to 7 da-

ys of culturliig.

2* In the course of their exponenfclal stage, the two
algae diminish the concentration of the principal trophic elements
or reduce them fro fche analytical zero and, afc the same time, In-
hlblt the growth of bacteria : In this way, algal suspensions are
resulted. In a Liquid medium from which at least N and P were feo-
tally removed and Sl - partially.

5. The dynamics of the principal synthesis products has
shown that the proposed support for culturing the aLsae ChLaetoce-

ros slm Lex var. ca 1cttrans and Nltzschla clos'beriym has a stlinu-

latiing effect on the proteins and sugars content, especially du-
ring the active division sliage*

4» In utlllzi.ng sewage water. It Is Important to start
from Its content of trophic elements, then to establishing the
proportion of the mixture of sea water/waste water, which Is Iip be

adjusfead so. that, for L, ooo oells/l, P-PO^concentratlon should
be o, 2 to 0,5 ^ug/L with both species and N-NH^ concexiferatlon
should be o. 15 and o. ool6 ^g/L with Ghaefcoceros si. m lex and
Nltzschla cLostierlum, respectively.

5* The development of other algae La the experimental
cultures reaches significant values only by the end of the expo-
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nentlal stage, with both Chaetoceros slta lex var. calcltoens ana
Nltzschla closterluitt.

6. The analysis of the cellular density as we II as of
the removing dynamics of the nutrients from medium, the propertl-
on of the bacterlan or algal contanlnalil.on and the cellular con~
tenfc, showed that the optimum harvesting Interval for fche algal
suspension Is of 5 days*

7. The Installation presented In this work provides
sufficient volume of algal suspensions, offering the advantage of
being very cheap and liandy; is can be nultlpLled In a great num-
ber, as Ifc Is required*
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