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1. INTRODUCTION

Studies on the effect of organic com pounds on p h y top lan k ton  are re la ted  
not only to the  organic m a tte r  com m only to be found in aquatic  
environm ents [2], bu t also to the com pounds w hich p en e tra te  w ater 
reservo irs as po llu tan ts. These include, in p articu la r, such com pounds 
as hydrocarbons, m ain ly  the alcanes, cycloalcanes or arom atic h y d ro ­
carbons w hich are com ponents of crude oil or those obtained from  
coal tar.

The influence of hydrocarbons on higher p lan ts is w ell know n 17]. 
In the case of phy toplankton , it was found th a t irrespective of the toxic 
effect on m any pollu tan ts, stim ulation  of th e  grow th  of the  algae was 
noted. Such an  effect, under controlled  labora to ry  conditions was found 
by Ukeles and Rose [8], These au thors observed hetero - or m ixotrophic 
g row th  of the  un icellu lar m arine algae studied, in the  presence of some 
organic compounds. H etero trophic  grow th  of algae was observed for 
th ree  stra ins of C hlorophyta grow n in the dark , in the  presence of 
ethanol, and sodium  acetate, as the  carbon sources.

The above ab ility  of C hlorophyta to utilize the organic carbon, which 
indicates considerable ease of adap ta tion  to  the changing conditions of 
developm ent, m ade these algae a su itab le  m odel for stud ies of their 
g row th  in the presence of organic solvents. For our investigation we 
chose liquid hydrocarbons, nam ely; hexane, cyclohexane and benzene 
and for com parative in te rp re ta tio n  of th e  resu lts  — ethanol. In investiga­
tions on the effect of ethanol on the  g row th  of algae, da ta  from  th e  
paper by Ukeles and Rose [8] w ere used as a s ta r tin g  point.
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2. M ATERIAL AND M ETHODS

The objects of the  investigations w ere C hlorella algae, s tra in  366 [3], 
from  the collection of the  Algological L aborato ry , In s titu te  of A nim al 
H usbandry  a t Zator, Polish  A cadem y of Sciences. The algae w ere 
cu ltiv a ted  in E rle n rra y e r flasks, in 500 m l liquid sterilized  m edium  L 5m, 
a fte r L efévre [5], w ith  the addition of m icroelem ents according to [9], 
as m odified by Jankow sk i [3, p. 31], E thano l (rectified , 96%) and the 
hydrocarbons w ere added d irec tly  to the m edium , one day a fte r the 
inoculation of the  m edia w ith  the  algae. The cu ltu res w ith  e thanol w ere 
m ain tained  a t room  tem p era tu re  a t constant illum ination  and in  the 
dark , w hen the in itia l concentration  of ethanol in the m edium  w as equal 
to 0.01 M /dm 3 or 0.03 M /dm 3. The cu ltu res w ith  hydrocarbons w ere kep t 
a t constant illum ination  a fte r adding 1 m l of each hydrocarbon  to 
500 m l of the  m edium . The g row th  of the  cu ltu res was checked by 
counting th e  algae cells in a B ürker cham ber. In cu ltu res w ith  ethanol, 
the  decrease of the  ethanol concen tration  in the m edium  was determ ined  
during  the  algal grow th, by applying W idm ark’s [4] m odified m ethod. 
The experim ents w ith  cu ltu res in the presence of the  solvents studied, 
including 4 versions of the cu ltu re  w ith  ethanol, w ere repea ted  3 or 
4 tim es. Each cu ltu re  was m ain ta ined  in identical conditions as the 
para lle l control cu ltu re, w ith  th e  exception of the  cu ltu res w ith  0.01 and 
0.03 M ethanol, w here only one served  as the control for each pair.

A m ercu ry  lam p was used (5000 lx) for the  illum ination. The cu ltu res 
w ere incubated  at a tem p era tu re  of 25°C, w ith  continuous m ixing using 
a m agnetic s tirre r.

3. RESULTS

The observed grow th  of C hlorella algae, s tra in  366, in the investigated 
and  control cu ltu res w as com pared a fte r calculation of the  algal grow th 
factor N/N0\ w here N  and N a are  the  num bers of algae cells on a given 
day and on the firs t day, respectively . The resu lts  of the effect of 
ethanol and given hydrocarbons on algal grow th, are  p resen ted  in 
Tables 1 and 2 and in Figs. 2 and  3. The typ ical progress of the  tested  
and control cu ltu res in the experim ents w ith  ethanol is illu stra ted  in one 
exam ple in Fig. 1, since the resu lts  p resen ted  in Table 1 do no t give the 
com plete image. In Fig. 1, the  m ethod of determ ining  the N/N0 factor 
for the  control cu ltu res kept in the  dark , in the  form  of the  m ean value 
of the factor, covering the whole period  of cu ltivation, is also illustrated .

The N/N0 values p resen ted  in Table 1 are  th e  m eans of the  final 
values calculated  for the  phase of s ta tio n ary  grow th  of the  cu lture. 
The values in Table 1 rep resen t the  percentage increm ent of the  grow th
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Table 1. Comparison of the quantitative indicators of the growth of Chlorella algae, strain 366, 
in cultures with ethanol and in the control culture, in the light and in the dark 
Tab. 1. Porównanie wskaźników wzrostu glonów Chlorella, szczep 366, w hodowlach z etanolem
i w hodowlach kontrolnych, w świetle i w ciemności

Cultures in the dark 
control 0.01 M ethanol 0.03 M ethanol 

Kultury hodowane w ciemności 
kontrola | 0.01 M etanol] 0.03 M etanol

1 11.4 14.2 125% 16.0 140% 2.5 5.0 200% 8.3 332%
2 18.0 27.0 150% 28.8 160% 3.5 7.0 200% 9.8 280%
3 19.0 21.8 115% 23.5 124% 2.8 5.0 178% 5.6 200%
4 10.0 13.5 135% 16.4 164% 4.0 6.4 160% 7.1 177%

factor in  the  tested  as com pared w ith  the control cu ltu re  (the value of 
N/N0 for the  control cu ltu re  is equal to  100®/o). 

This m eans th a t the  resu lts  in  Table 1 enable no t only com parison 
of the  tested  and  con tro l cu ltu res, t u t  also betw een  th e  tested  cu ltu res. 

I t resu lts  from  the data  in Table 1 th a t the  absolute values of N/Na

No.

Lp.

Cultures in the light 
control 0.01 M ethanol 0.03 M etanol 

Kultury hodowane w świetle 
kontrola I 0.01 M etanol I 0.03 M etanol

d n i dni

Fig. 1. The growth of Chlorella algae, strain 366, in  cultures w ith ethanol, as 
compared w ith the control; on. the left — cultures in the light, on the right — in 
the dark

1 — the control culture
2 and 3 — the cultures w ith  0.01M and 0.03M ethanol, respectively

Rys. 1. Wzrost glonów Chlorella, szczep 366, w  hodowlach z etanolem , w  św ietle 
i w ciem ności, w porównaniu z hodowlami kontrolnymi; strona lewa — hodowle w  
św ietle, strona prawa —• w  ciem ności

1 — hodowle kontrolne
2 — hodowle z 0.01M etanolem
3 — hodowle z 0.03M etanolem

d a r k
c ie m n o � �

lig h t
� w ia t � o
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Table £. The percentage decrease o f ethanol in the media with Chlorella, strain 366, cultivated 
in the presence o f ethanol, in the light and in the dark

Tab. 2. Ubytek procentowy etanolu w pożywkach glonów Chlorella, szczep 366, hodowanych 
w obecności etanolu, w świetle i w ciemności

Day of Cultures in the light Cultures in the dark
cultivation 0.01 M ethanol 0.03 M ethanol 0.01 M ethanol 0.03 M ethanol

Kultury hodowane w świetle Kultury hodowane w ciemności
D  Jeń  hodowli 0.01 M etanol 0.03 M etanol 0.01 M etanol 0.03 M etanol

1 2  3 4 | 1 2 3 4 1 2  3 4 | 1 2 3 4

a First day o f the culture with addition o f ethanol to the midium. 
hodowli z dodanym do pożywki etanolem.

Pierwszy dzień

in the cu ltu res cu ltiva ted  in  the da rk  are  low er in each case, th an  the 
values of th is factor in the illum inated  cu ltures. The dark  control 
cu ltu res show  p ractica lly  no grow th  of algae (see Fig. 1). Com parison 
oi: the  tested  and control cu ltu res shows th a t the  values of N/Na, in the 
case of both  cu ltu res  kep t constan tly  illum inated  and  in the dark , are  
in each case h igher for the  tested  cu ltures. In  the cases of illum inated  
cu ltu res in  the presence of ethanol w ith  in itia l concentrations of 0.01 
and 0.03 M /dm 3, the values of the  N/N0 factor increased on average by 
31 and 47%, respectively , w hereas in the  case of the  dark  cu ltu res th is 
increase was 86 and 16r<°/o. This m eans th a t the  increase in algal grow th 
is g rea te r at a h igher (0.03 M) alcohol concentration and th a t alcohol 
has a p a rticu la rly  strong  effect on the  grow th of algae cultivated  in the 
dark.

It resu lts  from  the  data  in  Table 2, th a t  in each case the  increase 
of the  grow th  of algae in the cu ltu res w ith  ethanol is accom panied by 
a decrease of ethanol concen tra tion  in the m edium . F inally , the  ethanol 
p resen t in the  m edium  becomes exhausted  around the s ix th  or seventh  
day of cultivation. This is fastest in cu ltu res w ith  low er (0.01 M) initial 
e thanol concentration.

The cu ltu res w ith  hexane and cyclohexane p resen ted  in Figs. 2 and
3 are in each case com pared w ith  th ree  para lle l control cu ltures, ave­
raged  for technical reasons. In the experim ents w ith  the hydrocarbons 
tested  and among them  w ith  benzene, m arked  differences w ere found in 
the ir influence on algae. The re ta rd a tio n  of g row th  of the  algae, visible 
in Figs. 2 and  3, is observed a fte r 1 - 2  and 1 1 -1 3  days in the case of 
hexane and cyclohexane, respectively , bu t in the  case of benzene it 
m ain tained  th roughout the  whole period of cultivation. The developm ent

2a 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
3 78 74 80 69 85 80 78 79 70 79 75 80 80 85 78 72
4 49 55 48 45 55 49 45 40 45 46 50 52 59 60 55 50
5 25 31 21 26 40 35 30 25 25 21 25 30 38 40 35 30
6 00 04 00 00 18 12 08 05 00 00 00 02 15 12 12 08
7 00 00 00 00 05 00 00 00 00 00 00 00 00 00 00 00
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dni

Fiig. 2. The growth of Chlorella algae, strain 366, in cultures with hexane,, a? 
compared w ith the averaged results for the control cultures 

1 — averaged for three control cultures 
2a, b, c — three cultures w ith hexane
Rys. 2. Wzrost glcnów  Chlorella, szczep 366, w hodowlach z heksanem, w  po­

równaniu z uśrednionymi wynikam i hodowli kontrolnych  
1 — uśrednione w yniki przebiegu hodowli kontrolnych 
2a, b, c ■— poszczególne hodowle z heksanem

N/N,

Fig. 3. The growth of 
Chlorella algae, strain 366, in  
cultures w ith  cyclohexane, as 
compared w ith the averaged  
results for the control cultu­
res

— legend as in Fig. 2

Rys. 3. Wzrost glonów  
Chlorella, szczep 366, w  ho­
dowlach z cykloheksanem, w 
porównaniu z uśrednionymi 
wynikam i przebiegu hodowli 
kontrolnych

— legenda jak na rys. 2
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of the cu ltu re  w ith  hexane and cyclohexane w hich follows the r e ta r ­
dation effect observed at the  beginning has com pletely d iffe ren t quan­
tita tiv e  effects during  fu rth e r  g row th  of the  algae. The final values of 
the  N/Na factor in the  cu ltu res w ith  hexane are  about 30 - 40°/o lower 
as com pared w ith  th e  average values of th is  factor in  the control 
cu ltures, w hereas in the  cu ltu res w ith  cyclohexane th ey  are  around 
130 - 170%  higher.

4. DISCUSSION *=-

The resu lts  obtained, concerning the effect of ethanol on the algae 
studied show the ab ility  of Chlorella, s tra in  366 [3, p. 31], to adap t to 
the  conditions of m ixo- and also he tero troph ic  grow th, sim ilar to other 
chlorophytes [8], According to P a lm er and Togasaki [6], m ixotrophy 
consists in the  stim ulation  of the  g row th  in light by the given substra te  
(being a source of organic carbon), w hich is reflec ted  in enhacem ent of 
the  photoauto trophic  grow th. H etero troph ic  g row th  in the dark  proceeds 
by utilizing the given substra te  as the  only source of carbon (com pletely 
replacing the assim ilation of C 0 2 by photosynthesis). I,n our studies, the  
stim ulation  of the  g row th  of our algae by ethanol, bo th  in th e  dark  and 
in the  illum inated  cu ltu re  was established qu an tita tiv e ly  by  direct 
counting of the  cells. It was also found th a t m ixo- and hetero trophism  
are accom panied by disappearance of the  e thano l in the m edium , 
obviously due to its assim ilation by the algae. The resu lts  obtained 
th erefo re  supply  inform ation  on the  u tilization  of ethanol in the cu ltures 
of C hlorella (strain  366). I t was found th a t the  algae studied  have b e tte r 
conditions for m ixo- and hetero troph ic  grow th a t the  h igher (0.03 M) 
s ta rting  concentration  of ethanol, exceeding m any tim es the concentration 
of th is alcohol applied for C hlorella au totrophica, species and clone 
U-710, by Ukeles and Rose [8].

It should be pointed out th a t the  algal g row th  w ould also probably 
be possible w ith a h igher concentration  of ethanol in the m edium , as at 
bc th  concen tra tions used (0.01 and 0.03M) the e thano l in the cu ltu res was 
exhausted  before the algae reached the s ta tionary  g row th  phase. The 
d a ta  p resen ted  here  can therefo re  be useful from  the point of view  of 
detoxication of the  aquatic  environm ent, also from  the practical aspect 
of the  use cf algae to  p reven t w a te r pollution.

As opposed to ethanol the  hydrocarbons studied — hexane, cyclo- 
he>:ane and benzene — are hard ly  w ater soluble [1]. T heir initial 
concentrations in th e  m edia w ere th erefo re  m uch low er as com pared 
w ith th a t of ethanol. F u rtherm ore , they  m ay undergo fu rth e r  decrease 
during the cultivation, as it was noted th a t continuous diffusion of 
vapours of the  hydrocarbons tested  takes place th rough  the m icrobio­
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logical corks used to close the  cu ltu re  flasks. The facts described are 
s tr ic tly  re la ted  to the possibility  of in te rp re tin g  the resu lts  of the  
influence of hydrocarbons on the g row th  of th e  algae studied. These 
facts p rim arily  reflec t the  toxic effec t leading to tem po rary  or com plete 
re ta rd a tio n  of th e  grow th  of algae. In the  estim ation of th is  efect, it 
would be in teresting  to determ ine  the “th resh o ld ” concentrations of 
hexane and cyclohexane below  w hich th e  algal grow th  sta rts , and 
com pare the values of these concentrations w ith  the low est concentration 
of benzene continually  causing re ta rd a tio n  of the  grow th  of algae.

Efforts a re  at p resen t being m ade to gain th e  technical facilities to 
carry  out p roper, highly sensitive analy tical determ inations for such low 
concentrations of hydrocarbons in our laboratory .

In the light of the  very  low concentration of hexane and cyclohexane 
w hich is easy to  p red ic t in the  phase of logary thm ic g row th  of algae 
following the re ta rd a tio n  period, the  enhancem ent of algal g row th  (as 
com pared w ith  the  control) in the  cu ltu res w ith  cyclohexane is p a rti­
cu larly  in teresting . This fact m ay suggest th a t the  participation  of 
cyclohexane in the m etabolism  of C hlorella  (strain  366) probably  differs 
from  the effect of both  hexane and benzene. It seem s also th a t, in con­
tra s t to  ethanol, the  cyclohexane cannot be trea ted  as a su b s tra te  for 
m ixotrophic g row th  of the  algae studied, as the  assum ption of such 
a hypothesis could be d ifficult in light of the very  low concentration  of 
th is sub stra te  in the m edium . It is also know n th a t hexane could be 
m ore susceptible for u tilization  in the m ixotrophic g row th  of algae th an  
cyclohexane as, of the  groups of hydrocarbons tested  (alcanes, cyclo- 
alcanes and arom atic hydrocarbons), the  alcanes [7] have the  highest 
assim ilability.

It was thus found th a t as com pared w ith  the  control cu ltures, the 
reduction in the algal grow th  in those w ith  hexane, constitu tes additional 
justification  for avoiding, in the  in te rp re ta tio n  of the  resu lts, the  
possibility  of m ixotrophic assim ilation of cyclohexane by the algae 
studied.
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W PŁYW  W YBRANYCH ROZPUSZCZALNIKÓW  ORGANICZNYCH 
NA W ZROST GLONÓW  CHLORELLA, SZCZEP 366

Streszczenie

Wykazano, że glony Chlorella, szczep 366, zdolne są do utylizacji etanolu, na dro­
dze wzrostu m ikso- oiraz heterctroficzmego. Powodowanej przez etanol, ocenionej 
ilościowo stym ulacji wzrostu badanych glonów towarzyszył spadek w yjściowego  
sieżenia etanolu i ostatecznie nastąpiło wyczerpanie się etanolu w pożywce, jeszcze 
przed osiągnięciem  przez glony fazy stacjonarnego wzrostu hodowli. Badane w ę­
glowodory: heksan, cykloheksan ,i benzen, obecne w  pożywkach w  nieporównywalnie 
mniejszych stężeniach od etanolu, w ykazyw ały rosnące toksyczne oddziaływanie, 
przejawiające się w ystępowaniem  przejściowego (heksan, cykloheksan) lub całkow i­
tego (benzen) zahamowania wzrostu glonów. Cykloheksan, w odróżnieniu od hek­
sanu, powodował jednak stym ulację glonów, przejawiającą się intensywniejszym  
w porównaniu z hodowlą kontrolną wzrostem  glonów, następującym  po okresie za­
hamowania wzrostu.
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