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ABSTRACTt

B»e work preeants the wnlt of mw t»«t« .n .th» scUoa
of phaaol and ^-indolll aoetie aeid on . fiw» ̂ aloalla-
lar algae, oonnoa in th* Blaok SB» phytepl-ktoa* ar
.tested producta change the Bentean* peme*bllity for -th*
trophic .nbs-tr»twn, idticti oaaaf aodiflcatloa la tlr
rate of utilia&tion of the aedlw and iBpllcltely ih«
rariatiua of tlr geaer*tiBe -tlna .nd et bio-aasa af tk*
rtadied . l(a«»

In zones affected by domestic and Industrial pollution,
the Increase in fche quantity of mliieral and oi-ganlc substances ea-
tailed a significant Increase ln. 1;he phytoplanktonlc btoaass (ig).
lesfcLng of the role of mineral substances showed that, la the ma-
jorlty of the observed algae, the obtatned Increments were lower
tlian those produced by douestlc waste waters (tmpubllshed resales).
Consequenlily the organic componds la the waste water may be
among other things - that "factor" which Is responsible for the
massive growth of the uiilcelLular algae (5( Ip*

BurlDg Its degradation, the organic matter Itbez-afees so-
me compounds extreinely variable in structure, most of which are
s light ly, mineralized. But;, there are some Intermediary degradat'', o.-
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steps of the organic matter, inarked by a particular resistance In
time, such as phenol, scatol aua Indol.

There Is a cotaoldence between the v?ay of action of the
"factors" existent In domestic waste waters on unicellular algae,
and the quasl-permanent exlsfrence of Ladol, for example, to the
mediums where anoxlc decomposition of proteins occurs. Ilils coln-
ctdence suggests fchat; phenol and tado]. may be considered as some
of the sttmuLatLig factors of the phytoplazAton. aultlpLtcafclon*

The way of action of these products Is slmlLar to that
of some hormones (j; y) and Ifc Is knoTOa about theLr effect; that
they modify the ceLLular division rate and - only in. very few of
the oases - the cells size In the sense of Ifcs growfch (4).

The present study was aimed ats (I) potntlng out the ac-
tlon of phenol and y8 - tnflolll acetic add la concentrations com-

parable to those whlcli may appear isa. the natural env IronmeiLl;, and
(2) making evident the way In which these products act.

MATERIAL AND METHODS

The algae making the otojecfc of this sfcudy were Cyclo-
tella cas la Grun., Chaefcoceros stm lex var. calcltrans Pauls.7
Plafc monas Id elLuclda McLauRhLan & Parke and Ghla domonaa sp.
This seLectlon had In view Uie foLlowlngt C cloteLla cas ia Is a
diatom most oommoa to the phytoplaiiktonlc populatloxis. La both
clean and pollufced waters. The diatom Chaetoceros stm lex var. caL-
cltrans fehrlved in the coasfcal zone, reaching notable values only
la the last ten years, when some modification occured as a direct
consequence of fche rising degree of sea. water poLlufclon. This phe-
nomenon entailed equally the development of some chloropliyceae,
which determined the Isolation of two green algae for tlie experl-
meat; Pla moiias and Chlamydomoiias sp.

Accord Lng to the references, when the cultures are
young, the reactivity toward, the growth factors Is stronger (5).
In order to obtain evident responses from the aglae, we took Into
accoual; this particular, iiioculating our experlneiital variants
vtth cells In the log phase.

Before the InocuLatlon, fche algae are minutely washed
with fresh medium (MS) and separated by cenfertfugafelon.

The used medium has a simple structure, ensurLag vlgo-
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rous growtfi of most of the algae* no oiatter the systeinat; 1c group
they belong to"y*

The Inoculum ensured an. Ideu.tl.cal con.centratilon to all
the tested variants*

The oulfcurlng vessels are exposed at a lamlnous tntienst-
ty of 2, boo'TiSic, In a regime, I/D = 8/16 hours, with continuous
air bubbling at fche temperature of l9-2o°C.

The concenfcrattons of the two tested products were of

o. l$ 0. 5(2; 6} lo and 2o/tg ?So, feaklng a controL vessel (only the
MS medium) for each alga.

The number of celLs/mI Is estimated hemacyfcomelirtcally

and the dosl.ng of P-R)^ and N-NO^ from the oalfeurlng medium was
performed after GENOVBSSB AMD M&GAZZU (2).

TUe 6'bfealned results are related In percenfes to the con-
troI which are an expression of how much the response Is larger
or snialler as "compared to the one obtained In. fche control solutl-
on.

The results which were obtalnd during 48 hours* tnocu-
Latton are analysed, as the tests with aomesttc waste waters In-
dlcated a very active log phase during the first three of four da-
ys of culture (Uilmea and Totneacu, In. tills volume). On the other
hand. In the natural envIronment, the phenomena of Inteiise muLtl-
plication, also occur within a very sliort time tnterval.

While analysl.ng the results, we coiisldered the values
surpassing the control by more than 1^ as significant;, owing to
the large qantltles In wh. tch the studied aixlons occured la the
cul-burlng medi. ua·

RESimPS

1. C cl.otella-cas la

a. Phenol effect. All phenol add It tons Impty some fca-
crease la P-PO/, absorption rate, exceed Lag the total quantity of
absorbed phosphorus in the control solution by more than. 2^. A
good absorpfcion Is ob1;alned by ad 11; Ions of o, 5 tio lOyt ig ^o, when

the phosphorus percent that was acumulated In ^he cells exceeds

x/ The MS medium/Kg^ps N-NO,; 14, 000} P-PO^ 2, 000} Bl-SlO^ 2, 5oo$
S 900; ctferlc 'add 6, 0001' Fe - traces.

227



the control variant percent by 6 feo lo^S and the naxlnun accuaala-
tlon value occurs afc 2 So 6/<g?6o of p&enol (Fig. I).
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As concerns N-NO^, a weak sti. mn latlon of absorption Is
obfcalnd at o. l-o. 5?5o concentrations. Above fchese values, a de-
crease In the absorptive power Is found. The dlnitnufeloa of N-NO.
utilisation reaches o.5 to 1^ of the value that was obtained In ;
the control (Fls. 2). ReferrlDg to fche dependence of the absorpbtai
decrease on fche phenol concentration, an Inverse ooireLatlonwas
observed* Increase In phenol addition Implies decrease In the In-
hlbl. tory process, so that afc values ocC2oug%o phenol becoces agafca
a weak stlmulafeor of the N-NO^ absorption process. I. e. the accu-
mulatlon of this nutrient In frlie cells exceds the conteol by about

>»

The cellular tolomasses exceeded the one obtatnd la the
confcroL soLutlozi, with a specification that this gain In ^owth
is most significant wtthlu the raa^e 2-2o^g ̂ o of "phenol. £e"ma-
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N-NO.I absorption by Cvclotella cells to. fche
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Dtfferenoe W between growths of the alga
Gyclotella In, the presence of phenol and
or /&- indolll aoetle add, as re la tied to
fche value obtained in fehs control (IE), af-
ter 48 hours* culturlng* -
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xlmum blomass vallue Is obtained In the variant with lo f^>o of
phenol (Fig. 5), surpassing the control by nearLy 7o^.

b. Effect ofy&- tnfloll. l acefclc add. I.he presence of
^- tndolll acetic add produces effects slm.iLar to fehose gtven by
phenol, with the following exceptions;

- although P-PO^ absorption was stiaiulated for all the
applied concentratlon. s, the size of this absorption la sLtghtLy
lirCerlor feo that obfcalned wlfch phenol addition (Fig. I)$

- significant P-PO^ absorptton occurs with addlttoiis be-
fcween o. L and Gy^g^o, tlie maximum value of the process being ob-
talned when y3- Indolll acetic add Is In coacenfcratl. ons of o. 5/t^So{

- utilisation of N-NO^ from the medium Is stimulated

only wlieayS- Ixidolll acetic add concentrafclon. JLs o. I^o, above
this value, an Inhibition of fche ufcllizatlon capacity of the dls-
cussed trophic anlon Is starfced, seemtng that the lalilbltlon de-
pends on the value of InsoI concentration;

- multiplication of cells of G cLotelLa ts sfclmuLafced
when addition of the considered substeatum ts done within o. l-lo

/^%o; the Increase of toe addtfcIon over Lo %o is followed by a de-
crease In the celLuLar blomass with Lo^ below the one produced In
';:--? controL solution. Optimum dtvl.sion takes place between o.5
and Lo/<g^o, with a specification that blomass doubltng occurs
only by addition of 2%o.

2. Chaetoceros slm lex var. caLcitraas

a. Phenol effect. P-PO^ utilization tn the phenol va-
rlants resembles thafc which was described In 0 cLotelLa, except
but; the amplitude of the effect, and fche fact that the addition
of a quantity of 2o/<g^o s Light ly Lihtbtfcs - in. this case - Its
absorption power (Flg. 4).

As concerning N-NO^ utilization by Ghaelioceros a clear-
cut distinction is marked as'related to C cloteLLa; above l^o,
phenol sfetcauLates accumulation of thts element (Flg. 5).

Stimulation of cellular division Is Inversely proportl.-
anal to phenol addition., being matntaLaed above fche control va-
Lue. However the maxiraum tested concentration Induced a sllglit
decrease of multiplication, beLow the value that had been obta-
Ined Ln the control solution (Fig. 6)
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b. Effect of ̂ &- LndoLll acetic add* Just like la the
species C clotella, this product; Increases P-PO^ absorptive power
at all the Investigated concentratlou., taking values . iiigher thaB
In the species C dote ILa.

The maximum absorption Intensity Is obtaliied by addition

o. 5/l<6^o In G clotelLa, whereas La Chae'fcoceros It Is produced "by
adding S ^>o (?lg. 4).

UtlLtsatlon of N-NO^ at concenfepal; Ions of o. l^ig^o of ̂ -
- LndoltL acetic add Is iiot subjected to smy modlficatilon La. com.-
partson wttli the oon'brol concentrafeloii} Increase of concentration
In this product leads to the stimulation of utilization proporlilcua-
lly wltli the concentration. Increment. This physlol-oglc behaviour
differs from that of the species 0 clotella where It was sho-wn

that above o. 5/^g?So, Inhibition of N-NO^ moblLlaafclorL arose (FIg.5>
^- Ladoltl acetic add slilmulates cellular division,

the growth, rate of the organism tn question beliig Inversely pro-
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porfetonal with the added quantity (Pig. 6). Coasequea1;ly,isl<;lii some
small differences, trlie two tested substances yield most similar
efecta*

5» Pla fflonas u elluc da

a. PheiioL effect. P-PO^ absorption Is stlBiulalied by pha-
iiol concenteafelons ranglDg wlfchln o* L-lo /<e^o. Ihe process Is op-
fetmlzed at values of o»l-6/^g?6o aad reaches a maximum - over lo^
of Vhe absorption, in tlie control solution - when. the addlfelon Is

o. l ?6o* A pheiiol addlfclon tiicremenl; up to 2o?6o gives a llmltafeilon
of absorption of which value Is as mach as 6?6 of. the capacity of
the Pla monas cells In the control variant (Fig. 7).

^, c===> fmof
"M ^^ , 3-ff)dcff/-s fw Sf/ef

o. / as ^&

PlK«7 - P-PO,| absorption, by Platymonas cells In tihe
preagnce of phenol emfl ^ - tndoUi acetic
actd, as expressed In ^ercentis of the absorp-
tton determJLned In the coafecol solBtlon*

As regarding N-NOx utillzatl.on, Ifc Is dlstiurbed 'by the
presence of phenol, no matter the concentrafclon In whteh It was
tes feed.

However, the llmltiation of K-SO^ Btlllzatlon froa the

medium ts of low amplitude, uiider U6 of that of the ooaterol for
nearly all the variants. Exception Is only made by U6o ooneentra-

233



^

I^1
*^
1 '? OJ
j5 'S; O.S
^t
^^

as
^ -I

^. ^3
-^ 9. -§i ~°A ^
^^1 ^.1

^ ^ &0 -\

II ^

feno/
Yft-MC/oM-scefi'c' 3w'i/

III! oJIS^

£^S^§ -^ IS-SO^ ̂ absorption by Plafcymonas cells In the presence of
paerLp I and ^lt>- Indoltl acetl. c acid, as expressed In percents
of fche absorp-blon determined In the'control solu'bl. on.

ii
.
I?
I1

il
i*^
!l
6^^

wo

f
50
20

?
2

^
?5
''/o

so
so.
^
II
"/os

feno/
1 y9 -fMo/f/ -scfffc «?<'%/

JiS&i.

Fie. 9 - Difference ($%)_ between growths of the alga Plafcy^qnas in
Siie presenceof phenol ai»3cf|l--tn<3o 111 acefelc acld','as'.re,l.a1;ea to
the value obfcalaed ID. the control (ES), after 48 liours' culturliig.

234



tlon. for which this sllghl; Inhlblttoa tiecomes slgnlflcsait (S'lg. S)*
The mulfclpllcatlon process In the case of PI.a'bymonas ts

stimulated only at Low phenol conceiitrafclons; o. I and o«5 /tig ^o»

values of 2 and 6 yug $60 are neuter, while exceeding these concQn~
trafclons Implies Inhibition of division, wliioh results In algae
blomass reduction by T% and 50^ In comparison with tlie contirol,

when the phenol Is added In concentrations of Lo /ig %o aiifl 2o jug%)
respectively (Fig*9)*

b« Effect of j&- IndollL acetic add. The experimenta-
tlon of/3- ludollL acetic add with Pla moiias gave different ef-
fects from Uiose of phenol.

P-PO^ absorption Is not Lafluenced by coacentratloiis
ranging wtfehjLn o. l-o. 5yug ?6o( but; the exceed txig of these concen-
trafelons tm3uces stgnlflcanl; tnhlbttlon of the process of P ufcl-

llzatlon from the medium* A direct; propertlnaLlt^ Is also re-

inarked between augmentation ofp- IndollL acetic add and latxtba-
t ton of P-PO^ otlllzatloai*

N-NO^ utilization In the presence ofp- Indolll acetic
aold presents the same peculiar It; les as those mentioned for phe-

nol, viz* absorption decrease Is obtained, so matter tb.e tested
coacenteatlon (Fig. 8).

As concemlxig cellular division, strong luhlblfelon Is
noticed La the rate of this process as related to the one obfcained
In the contra I. The percents of dllvlslon Limitation are highly

significant even. beglmlng froia conoentral; loiis of o« I ps %o of /&-
Indolll aoefel? acl.d (5o%) and are growing wltli the Increase In
the quanlilty of this product (Fig. 9).

4. Ghla domonas s .

the strongest effectOf the four experlaiented algae,
was obtained In. ChLamydonionas sp»

The P-PO^ quantity accumulated by absorption attaLas
high percenfesas compared to that In the coatool for all tested

variants (Fig* lo).
Tlie greatest utilization value (more than 2o?6) Is obta-

iaed for concentration, of 2 yug $60.
In conteadlstlnctIon with ths other species, not only

the tntenslflcatlon of P-PQ|. utilization but also a sllghl; afelmu-/
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latlon of N-NOz utilization Is observed (Fig, II).

/?- ihdolll acetic add concentration of o» 1-2 yug %o
slightly Inhibit P-PO^. absorption, whereas exceedtog of these va-
lues Increases the possttolllty of utlllzlngPfrom the medium* The
effect obtained In case of N-NOx absorption Is similar to thafc of

phenol, with a spectflcatiion fchat there were smaLl differences
only In the absorption ainplttude (Fig* ll.).

As concerns the algae blomass too, the effect of the
two tested products attains very Iilgh values. The cellular blomass
Increases by 2o to 242?S as related to that obtained in the control
solution with phenol and takes values of 21-75, 7% In the prese&ce

of ̂ >- lndol. il acetic acid. We remark here a dlstlnctLon between
the effects of the two coinpounds.' first, the phenol - Induced cel-
lular multiplication Is about twice larger than that obtaliied by

treating with/S- Indolll acetic add. The phenol sttmuLates ceLlu-
lar division at aLL the stafced concentrations, mhlLe the/5- tndo-
Ill acetic add Incites this process only at coiicentratLons of o. L-
6 MB ^0( concentrations of Lo and 2o %o iQhlblt cel-lular division
(Fig. L2).

For anaLystng the average generating time (L), the fol-
lowing equations were used:

I. S = ^S^2
lo

(1)

wherei I. g s generating (;lme(

K^ = constant of growtih, h'
-I

^ log^Kt/No (2)

where; Nt = ixumber of ceLls at ttme of analysts}

No ss initial nuDiber of cells;

fe = number of hours passed wlien cell count; Ing begins.

Ttie average generating time Is fciif Luenced In the sense

of lengthening or shortentng (Ta'bLe I) as the phenol, or ̂ i- fcnfio-
Ill acetic add effect on cellular divisloii was sfcimuLatiory or ta-

Iiibltory. Shorteatng of generating time by 9 hours occured ill

Chlac!3''domonas sp. as corr'espond ing to phenol addition in coD.cen-

tratlon of Lo p.g %o. &enerally. In Chla domoiias are obtained the
most significant reductions of the average generattDg time, wliile
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In u^e other algae the reduction does-not exceed 1-2 hours.
In Pla monas, the general; Ing time Is reduced by L-2

hours in the presence of phenol (o. L anfl o«5 ̂ ug ^o) and It ts
Lengthened both tlrrougli additl. on of lo and 2o ̂ ug%o of phenol and
tn all the ̂ >- IndoliL acetic add vartaiits. By addition 2o ^o of
j&- Indolll acefclc add, the generafelns time leiigtlieiis by 15 hours.

Suppleinentary sampltngs afc short; time Intervals coiiflr-
med this modification of the average generating time, as the ap-
pearsm.ee of forms of sexual reproduction was not observed In smy
of the tesfced species, their muLtlplicaliloxi oocurliig only as dl-
rect division*

Comparative analysts of the results outltaea several
character 1st to aspects*

First, In three of the four algae, an tncrease, of P-PO^,
absorptive capacity Is uofclceable*
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Table I

Modification of generating time under the Influence of
pheao]. and /°'- Indoltl acetic add

;a=s;==sa=a=s=s=:
species

;ss=====scs=a=s==a

Variant CycloteI. Ia-Chaetoo«TOS Platymoxias ChLainydomoD. as

Phenol

0*1
o..5
2

6

10
2o

Indol

0.1
o.5
2

6

lo
2o

8

8

8

7

7

8

8

7

7

7

7

-2-

s. v. c*

7

7

7

7

8

8

7

7

7

7

8

8

Control 8

II
lo
12
12
15

JZ--

16
L6
16

I?
16

-27_.
12

25
18

1.5
15
12
18

20
18
16
20.
21

-25-
21

sss;===;==a==s

It Is known that tliere Is a number of factors accounlilng

for the exceslve P-PO^. ufclllzatlon* 'Dhe con.centoafclon gradlenl; Is
one of them (6$ 2). But the results are presented In relation to
the values obtained tn the conteol solutions with fche same concen-
tratloas as In the variants. So, the concentration gradient; caimol;
be Implicated.

The pH (3) and the presence of organic substances oan
also explain an Increase of phosphorus absorpfeloiu

But In our experlmeniis the phenol and IndoL concen. tratl-
ons are too small and so, nelfcher can this argument serve for
found tiig the resulted effect. '

The only possible way of Interpretation Is 1;o consider
the feature of a sttmulatlng substance of both. phenol and ludoL,
besides the effect above mentioned*

FOGG (6) postulated the ability of the algae to synthe-
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ttze some eazyms Irreversibly transfers P froin polypliosphafees to
ATP whenever some processes requiring energetic overplus occur, as
It Is the case of protein or nucleic add synthesis. As the poly-
phosphates are coiisumed, a new amount; of P Is upfeafeen from the ne-
dlum. Consequently, as the mefcaboltsm Is growing, an Increase In
P consumption can be expected.

G&mparliig the graphical representations of P-PO^ con-
sumption with fcbose of cellular growths, one may find a conftrma-
t Ion of BENTLBX-MOffAT aufl EEID's observations which assert; fchafe
growth substances activate ADN of the cellular uucleus - an add
that controls the growth and raising of the cell*

tn the algae C dote ILa, Gfaaetoceroa euad Clila domonas

an Increasing P-PO^. absorption takes place, which Is superposed on
fehe activation cellular division and subsequently on the reductt-
on of their generafcliig tlnie. Therefore It Is cerlialnly the aiatter
of an Influence of the tested substances at the level of the au-
dele acid syntoeals,

Plat monas has a reduced P-PO^ absorption and a reduced
cellular reproduction, so that both phenol and ladol Inhtblt ADH
synthesis during the experimental period.

It results that P Is requested ta large quantity for
covering the eaerglc necessities through ATP and ADN syntheses,
toe Latter havlxig as a consequence a rlslxig of cellular division.

Anotlier peculiarity . that was noticed daring these expe-
rlments conslst;ed of the mode of N-NOs utilization. If; must be
specified thafc; (I) before sliartLng the experiments, N and P star-
vlag ctrcumsfeances were obviated and (II) the cultures. utilized
for the Inoculation gf the studied variants were to the Log pliase.
Therefore,  e increase or decrease la N-NO^ consufflpfrloa may tadl-
cate an eDhanee'a slowness in the processes"of protein synfchesls.

Concerning some algae, such as Chaetoceros and GhLaBiyao-
SSSSS.* tlle excessive N-NO^ consumption proves the stimulafeion of
the protein synthesis.

In 0 clotella N-NO^ absorpfcioa shows an Increase of pro-
fcetn synthesis only at very low phenol (o. l and o. 5 ^o) and/&- ln-
<3olll acetic acid (o. l^o) coacentrat toils; exceedlDg these concen-
tra't;lons Implies a decrease In N-NO^ absorption aaa la correlation
wlfch this, In the protein synfehesls rate*
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Inlilblfeton of N-NO^ utilization for both studied pro-

ducts, at all concentratloD. values, colnol. des In Platymonaa with
iDlilbiftlon of division process and sutisequently the profeeta syii-
thesis Is negatively affected, too.

CONCLCSIOHS

1. Phenol and ̂ >- Indolll acetic add acl; In very small
concentrat toils, defeermlalD. g either acti tvatlon of me1;aboll. am, aa In.

species G cLotelLa, Ghaetooeros and Ghla domoiias, or domlnufelon
of metabolism, as It was observed la Flatymoaas*

2. All fche tiLvesfelgated processes prove that imder fche
Lnfluen.ee of phenol and j6- Indolll acetic acid a modlflcafclon of
cellular aieiabrane permeablLlty takes place, leading to tacrease
or decrease of absorption capacity of the two trophic anlons.

5* I'he excessive P-FO^, abaorptlon coln. cldliig with cellu-
Lar division In the algae C clotella, Ghaetoceros aiid Ghlamydomo-
nas suggest the Increase of ADN synthesis imder the Influence of
tested products.

4. The alike Increase of both P-PO^ aud N-NO^ absorpli l-

on In the algae Chaetooeros and Chla domonas proves that phenol
and tadoL - In some definite coiioenfcratloiis - sfelnulalie nol; only
ABN syntliesls but also protein syntliesls processes.

5. Phenol as6 f> - Inaolll acetilc add. In case when they
are stimulatory, may have an effect on either AM synthesis, or
protein synthesis, or taofh processes.

6, Analysts of the multiplication process by calculatl-
on of fche generattiig time too, proves once more the modlflcattoiia
caused by the two tested substances at the ADN level,

7* The variation of the iiumber of cells occurs la all
cases by mod If leaf; Ion of tlie generaliliig felme and not by appearan-
oe of sexual reproduction stage*

8. The effect of the two tested products differs as a
function of species, being mostly an effect of stimulation of cel-
lular division* In the natural envtronment, an laprease of tliese

products, resulted from the degradalilon of organlo matter or from
different Industries, could cause chaotic multilpll. cafeton In ra-i
ther short fclne*
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