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1. INTRODUCTION

N um erous polycyclic arom atic hydrocarbons (PAH) are considered as 
strong  cancerogens [2]. Their occurrence in the  environm ent, a hazard  to 
the health  of hum ans and anim als, is m ost p robab ly  the  resu lt of th e ir 
emission into the  atm osphere w ith  industria l pollution. O ther possibilities 
such as, for exam ple, the  suggestions about endogenous synthesis of PAH 
by the h igher and low er p lan ts, are  continuously under investigation. 
H igher p lan ts [9] and th e  recen tly -investiga ted  green algae [13] growing 
in the industria l areas, contain considerably h igher am ounts of PA H  as 
com pared w ith  the sam e p lan ts  cu ltiva ted  in conditions w here the  pollu
tion of the  a ir by these hydrocarbons is low er. P a y e r et al. [131 suggest 
th a t endogenous synthesis of PAH, dem onstrated  in labo ra to ry  experi
m ents w ith  C hlorella vu lgaris [1], m ay also take  p lace in plants, but w ith  
such lim ited yield th a t the  effect is com pletely m asked by the  accum ula
tion of the sam e compounds from  the  environm ent. The possibilities of 
the synthesis of PA II by p lan ts are  very  strongly  re la ted  to the  role of 
these chem icals in the p lan t m etabolism . G raf and Nowak [8] affiliate  
this possibility upon the action of PA H  as the poten tia l stim ula to rs of 
p lan t grow th. These au thors found the  stim ulating  effect of m any PAH 
presen t in the p lan ts  on the grow th  of some species of higher p lan ts and 
green algae. As the quan tita tive  criterion  of the observed stim ulation  of 
the algal grow th  th ey  applied microscopic com parison of the size of 
algal cells, grow ing in a m edium  w ith  and w ithout hydrocarbons.

The purpose of our studies was to  estim ate the influence of one oi

O c e a n o lo g ia ,  17 (1983) 
P L  IS S N  0078-3234



52

/

W ładysław Wardas, Maria Wardas, Danuta Humankiewicz

the strongest cancerogens of the  PA H, 3,4-^benzopyrene (BP), on the  
grow th  of un icellar algae (Chlorella, s tra in  366), in the aspect of stim u
lation of the m ultip lication of the  algae cells in the experim ental culture. 
This investigation was also undertaken  to com pare the  resu lts  obtained 
w ith  those in our second paper [14] re la ted  to th e  effect of some organic 
solvents on the grow th of the  sam e algae.

2. M ATERIAL AND METHODS

The Chlorella algae, s tra in  366 '[11], w ere cu ltivated  on liquid m edia 
sa tu ra ted  w ith  benzopyrene (~ 0 .5  ng/dm 3) and sim ilar media, p repared 
in the  sam e way, b u t w ithou t BP (standard  media).

The sa tu ra tion  of the m edia w ith  BP (reagent grade pure, F luka AG, 
Buchs SG, Sw itzerland) was ca rried  out by m ixing the hydrocarbon 
suspension w ith  the  m edium  (1 m g BP in 5 dm 3), in the dark , for about 
48 hours. AH the m edia w ere sterilized in the  autoclave (pressure 1.2 
Atm , tem pera tu re  120°C, 20 m inutes); the  sterilization  of the m edia w ith 
BP was carried  out afte r their sa tu ra tion  w ith  hydrocarbon.

The am ount of BP in the m edia p repared  was determ ined  by use 
of spectrofluorom etry  (spectrofluorom eter H itachi M PF-4, I  of ex c itita t-  
ion 384 nm , A of m easured fluorescence 405 nm ) in the  cyclohexane ex 
trac ts. It was also found th a t the  sterilization  of the cu ltu res w ith  BP 
had no significant effect on the  am ount of the  dissolved hydrocarbon.

The origin of the algae used, the composition of the m edium  and the 
conditions for m aintain ing the  cu ltu re  w ere the sam e as in our previous 
paper [14]. The grow th  of algae in the  cu ltu res was estim ated  by direct 
counting of the algal cells in a B ürker cham ber. Each cu ltu re  in the BP 
sa tu ra ted  m edium  (experim ental cu lture) was conducted in identical 
conditions, para lle l to cu ltu re  in the  s tandard  m edium  (control cultures).

3. RESULTS

The resu lts  obtained w ere p resen ted  in Table 1 and two figures (Figs. 1 
and 2) differing in the  scale of value of the  algal grow th  factor (ratio 
N / N 0, w here N  and N0 are  the num bers of the  algal cells on a given 
day of the  cultivation and the in itia l num ber of cells on the firs t day 
of cultivation, respectively). The progress of the  individual experim ental 
cu ltu res (Figs. 1 and 2) was, in each case, com pared to the  averaged 
progress of th ree  control cu ltures. The resu lts  presen ted  in Table 1 
show the m eans of the final values of N / N a in the phase of sta tionary  
grow th of the cu ltu re, the percentage enhacem ent of the  value N / N 0



Fig. 1. The growth of 
Chlorella algae, strain 366, 
cultivated in a medium satu
rated with 3,4-benzopyrene 
(~0.5 u.g BP/dm3), as compa
red with the control cultures 

1 — the averaged rise for 
three control cultures 
2a, b, c — three cultures 
w ith BP

Rys. 1. Wzrost glonów  
Chlorella, szczep 366, hodo
wanych na pożywkach wysy- 
conych 3,4-benzopirenem
(~0.5 jxg BP/dm3) w porów
naniu z hodowlami kontrolny
mi

1 — średnia z trzech ho
dowli kontrolnych 
2a, b, c — trzy poszcze
gólne hodowle z BP dni

dni

Fig. 2. The growth of 
Chlorella, strain 366, cultiva
ted in a medium saturated 
with 3,4-benzopyrene (~0.5  
Hg BP/dm8) as compared with  
the control cultures

1 — the averaged rise for 
three control cultures 
2d, e, f, — three cultures 
with BP

Rys. 2. Wzrost glonów  
Chlorella, szczep 366, hodowa
nych na pożywkach w ysyco- 
nych 3,4-benzopirenem (~0.5  
|xg BP/dm3) w porównaniu z 
hodowlami kontrolnymi

1 — średnia z trzech ho
dowli kontrolnych 
2d, e, }  — trzy poszcze
gólne hodowle z BP
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Table 1. Comparison of the growth of Chlorella algae, strain 366, cultivated in a medium 
saturated with 3,4-benzopyrene (~0 .5  //g BP/dm3) and in the standard media 
Tab. 1. Porównanie wzrostu glonów Chlorella, szczep 366, hodowanych na pożywkach wysy- 
conych benzopirenem (~ 0 .5  //g BP/dm3) oraz na pożywkach standardowych

No.
Lp.

Control culture“ 
Hodowle kontrolne“

Experimental culture” 
Hodowle badaneb

(~ 0 .5  /(gBP/dm3) 
(~ 0 .5  //gBP/'dm3)

N/No
N

[days-1 ]
[doba-1 ]

N/No

N/No
enhacement

podwyższenie
N/No

[%]

k
[days-1 ]
[doba-1 ]

1 15.0 0.091 29.0 193.3 0.201
2 14.0 0.133 28.5 196.5 0.186
3 16.0 0.123 27.5 171.8 0.159
4 72.5 0.201 120.0 166.6 0.211
5 70.0 0.159 105.0 175.0 0.301
6 60.0 0.123 100.0 151.5 0.333

a Designated in Figs. 1 and 2 by number 1. — Oznaczone na rys. 1 i 2 liczbą / 
b Designated in Figs. 1 and 2 by successive numbers 2a, b, c (Fig. 1) and 2d, e, /(F ig . 2). — 

Oznaczone na rys. 1 i 2 kolejnymi liczbami 2a, b, c (rys. 1) oraz 2d, e,/(rys. 2)

in the cu ltu res investigated, as com pared w ith  the control cu ltu res and 
the constants of the algal grow th  rates. The above constants are calcu lat
ed on the th ird  day of cu ltiva tion  according to the form ula [6]:

k = 1 / t ' log N / N 0

w here t is tim e.
It resu lts  from  Figs. 1 .and 2 th a t algal grow th  in the  presence of 

BP in  the m edium  is h igher a t each stage of the experim ental cu lture 
th an  in the control culture. In  the  phase of sta tionary  grow th  (Table 1) 
th is increase in  th e  experim ental cu ltu re  is 51 .5 -96 .5%  g rea ter as 
com pared w ith  the control. F u rtherm ore , very  characteristic  for the 
stim ulation  of algal grow th influenced by BP is the fact th a t the effect 
of grow th in tensification appeares from  the very  beginning of cultivation. 
Significantly, the calculated values of k  p resen ted  in Table 1 are in 
each case h igher for the experim ental cultures.

4. DISCUSSION "

I t seem s w orth  w hile to point out th a t the resu lts  p resen ted  in  our paper 
give fu rth e r  experim ental support to  the  m acroscopic observations des
cribed by G raf and Now ak [8], who dem onstrated  the  stim ulating  effect 
of some PA H, and in p articu la r BP, on the  grow th  of un icellu lar algae.
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In  the evaluation of our resu lts  the  experim ental course of the BP effect 
on algal grow th  seem s to  be particu la rly  essential in the  in itia l stage of 
cultivation. Com parison of the cu ltu re  w ith  BP w ith  those p resen ted  in 
our previous paper [14] for cu ltu res w ith  hexane, cyclohexane and ben 
zene shows th a t in contrast to the solvents investigated, BP does not give 
rise to noticeable re ta rd a tio n  in algal grow th.

The facts described suggest th a t BP has no toxic influence on algae, 
also illu s tra tin g  the  effect of th is hydrocarbon from  the  point of view  
of the adap ta tion  of algae to  the  presence of BP in the  m edium . I t would 
seem  th a t algal cells a re  subjected  to the effect of B P stim ulating  the 
cu ltu re  grow th, w ithou t the  necessity  to adapt to the presence of hydro 
carbon, in  con trast to the sim ilar effect observed for cyclohexane [14]. 
This m ight m ean th a t in con trast to  cyclohexane, BP does not change, 
but only intensifies the m etabolism  of the  m atu ration  and m ultip lication 
specific for the  algal cells.

Thus t^e  resu lts  p resen ted  in our paper w ould suggest th a t BP and 
o ther PAH, as suggested by G raf and Now ak [8] and by B orneff et al. 
[1], a re  endogenous substances synthetized  by p lan ts. A part from  the 
qualita tive  observations indicating the  in tensification of cell m ultip ly ing 
(Chlorella vulgaris), G raf and Nowak also dem onstrated  an increase in 
the size of algal cells in the  presence of PA H, especially in the case of \  
A nkistrodesm us o rauni and Scenedesm us obliqus. This type of changes 
should probably  be re la ted  to the  deeper in terference  in the algal cell 
m etabolism , w hich cannot be excluded, p articu la rly  in  the experim ental 
conditions applied by G raf and Nowak [8] w here m uch higher concentra
tions of BP, very  long period of cu ltivation  or tran sfe rs  of the  cu ltu re  to 
fresh  m edium  containing PA H w ere applied.

The observed increase in the size of the cells and in tensification of 
their m ultip lication (to a g rea ter ex ten t th an  th a t of these phenom ena 
conditioned by the  possible endogenous synthesis of PA H in p lan t cells), 
can be considered to be analogous in character to the neoplastic grow th 
in p lan t [12] or even anim al tissues. This would seem to be suggested by 
the facts established by G raf and Nowak [8], th a t of the PAH tested, 
stim ulation  effect of the grow th  of algae and higher p lan ts is the stron 
gest in the case of those hydrocarbons which sim ultaneously  show the 
strongest cancerogenous effect on anim als.

T reating  the described effects of the influence of PAH on algae as 
reflecting  the analogous character to the  processes of neoplasm atic 
grow th, could be correla ted  w ith  m any observations re la ted  to the m eta
bolism of PAH in p lan t and anim al cells.

Experim ents w ith  cell cu ltu res derived from  plan ts [10] or v e rteb ra 
tes [5] and also w ith  alveolar m acrophages [3, 4] or bacteria  [7] show 
th a t BP is m etabolized to oxygenated derivatives.
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Streszczenie

Oceniono ilościowo powodowaną przez 3,4-benzopiren (BP) stymulację wzrostu  
glonów Chlorella (szczep 366), hodowanych w  płynnych pożywkach, wysyconych  
badanym węglowodorem. Opierając się na obserwowanym przebiegu hodowli z BP, 
w porównaniu z opisanymi w drugiej naszej pracy [14] doświadczeniami, dotyczący
mi hodowli z heksanem, cykloheksanem i benzenem, stwierdzano brak jakiegokol
wiek toksycznego oddziaływania BP na badane glony. W przedstawionej pracy 
przedyskutowano problem zjawiska intensyfikacji namnażania oraz wzrostu roz
miarów komórek glonowych [8], w ywoływanego działaniem niektórych policyklicz- 
nych węglowodorów aromatycznych, w  aspekcie kancerogenności w ielu  tego typu  
węglowodorów.
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