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Heavy metals are known to be insidious toxic pollutants in the 
natural environment and their presence in aquatic systems is a 
current major concern. Since the primary producers, green algae 
and cyanobacteria, are able to acctmmlate large quantities of 
metals, these contaminants can be efficiently passed along in the 
food chain. However, the ability to accumulate metals from 
solution also indicates their potential use as sequestering 
agents in metal recovery systems. 

P r e v i o u s  s t u d i e s  on the  mechanisms of  m e t a l s  up t ake  have 
d e m o n s t r a t e d  t h a t  the  p r o c e s s  g e n e r a l l y  t akes  p l a c e  in two 
d i s t i n c t  s t a g e s  (Matzku and Broda 1970; N o r r i s  and K e l l y  1977).  
The f i r s t  s t a g e  has been d e s c r i b e d  as a p a s s i v e  a d s o r p t i o n  of  
ions  and i t  i s  l i k e l y  t h a t  a number of  d i f f e r e n t  f u n c t i o n a l  
g roups  a r e  i nvo lved  in t h i s  p r o c e s s  ( C r i s t  e t  a l .  1981).  Th is  
type  of  meta l  up take  i s  r a p i d  and thought  to  be u n r e l a t e d  to  the  
ene rgy  econc~j  of  the  c e l l .  The second s t a g e  of up take  i s  s lower  
and i n v o l v e s  a c t i v e  t r a n s p o r t  mechanisms r e q u i r i n g  c e l l u l a r  
ene rgy .  Hart  and S c a i f e  (1977) s t u d i e d  the  e f f e c t  o f  l i g h t  on 
the  up t ake  of cadmium of  C h l o r e l l a  pyeno idosa  and found t h a t  
c e l l s  in  the da rk  cou ld  not  accumula te  t h i s  m e t a l .  Since the  
ene rgy  i n t e n s i v e  a c t i v e  t r a n s p o r t  may be a s i g n i f i c a n t  mechanism, 
p a r t i c u l a r l y  in l o n g - t e r m  me ta l  u p t a k e ,  media en r i chmen t s  might  
i n c r e a s e  the e f f i c i e n c y  of  the  me ta l  up take  p r o c e s s .  In 
a d d i t i o n ,  such e n r i c h m e n t s  might  a l s o  i n c r e a s e  the c u l t u r e  growth 
p r o v i d i n g  a d d i t i o n a l  c e l l  s u r f a c e s  f o r  the  p a s s i v e  a d s o r p t i o n  
p r o c e s s .  

A d e s c r i p t i v e  model of  l o n g - t e r m  me ta l  up t ake ,  i n c l u d i n g  
e x p e r i m e n t s  in media e n r i c h m e n t s ,  has been l a c k i n g  in p r e v i o u s  
r e s e a r c h .  Unders t and ing  the  p r o c e s s  of  me ta l  up t ake  and i t s  
r e l a t i o n  to  c e l l  growth o v e r  l o n g e r  p e r i o d s  of  t ime i s  impor t an t  
to  b o t h  the development  of  r e c o v e r y  sys tems and the p r o d u c t i o n  of  
me ta l  t r a n s p o r t  th rough  the  e c o s y s t e m .  The o b j e c t i v e s  of  t h i s  
r e s e a r c h  a r e  to  i n v e s t i g a t e  (1) the  e f f e c t s  o f  ca rbon  d i o x i d e  and 
w a s t e w a t e r  en r i chmen t s  on the  s i m u l t a n e o u s  c u l t u r e  and l ead  
up t ake  in Anabaena d u r i n g  a 30 -day  c u l t u r e  p e r i o d  and (2) the  
e f f e c t s  of  energy  s u p p l y  on the  l ead  up t ake .  
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MATERIALS AND METHODS 

Cul tu res  of  Anabaena sp (NB-19, i s o l a t e d  in F l o r i d a )  were grown 
a t  25 degrees  in 100 ml of  AAmedium (Al len  and Arnon 1955) or in 
AA/WWmedium (AA plus  was t ewa te r ,  1 :1 ) .  The was tewate r  component, 
a f t e r  p r imary  t r ea tmen t ,  con t a ined  the f o l l o w i n g  m a t e r i a l  in 
mg/ml: phosphate ,  1 .0;  arrmonia, 6 .0 ;  r educ ing  suga r s ,  0 .1 ;  Fe, 
2 .5 .  Other  heavy meta l s  p r e s e n t  in c o n c e n t r a t i o n s  l e s s  than 1.0 
mg/1 were:  Cd, Cr, Ca, Pb, Hg, Ag, Zn, As, Ba and Mn. Although 
the p r e c i s e  compos i t ion  of  the was tewater  is  not known, i t  was 
used in the enrichment  exper iments  because i t  r e p r e s e n t s  an 
abundant p o t e n t i a l  r e s o u r c e  fo r  m i c r o b i a l  metal  removal 
systems.  

Standard inoculum of m id - log  p r e - c u l t u r e  was 0.1 mg per  100 ml 
for  growth/uptake  exper iments  and 0 .3  mg per  100 ml fo r  energy  
exper iments .  The c u l t u r e s  were ma in ta ined  in con t inuous  shaking 
at  100 rlxn in a c o n t r o l l e d  environment chamber under incandescen t  
i l l u m i n a t i o n  (at  33 cm). For the carbon d iox ide  enrichment 
exper iments ,  c u l t u r e s  were sparged  wi th  3% carbon d iox ide  for  3 
h/d a t  a r a t e  of 150 ml/min.  Con t ro l s  were bubbled wi th  a i r .  
Growth was determined by dry  weight  measurements of  h a r v e s t e d  
biomass.  

Cu l tu res  for  the energy  e f f e c t s  exper iments  were grown in AA plus  
n i t r a t e  (0 .4 g / l )  wi th  carbon d iox ide  enr ichment .  Glucose 
c u l t u r e s  were en r i ched  w i t h  4 .8  g/1 g lucose .  Dark c u l t u r e s  were 
covered wi th  f o i l .  

Nine t r i a l s ,  each in t r i p l i c a t e ,  were performed for  a l l  
g rowth/uptake  exper iments .  Cu l tu re  media wi thou t  a lgae  served as 
a c o n t r o l  fo r  any p o t e n t i a l  l e ach ing  of the metal  from s o l u t i o n .  
Algae c u l t u r e s  wi thou t  lead were used as c o n t r o l s  fo r  any 
p o t e n t i a l  source of  lead con tamina t ion  as wel l  as i n d i c a t o r s  of  
a lgae  growth r a t e  wi thou t  l ead .  All  lead s o l u t i o n s  were p repared  
by d i l u t i o n  c e r t i f i e d  s t anda rd  lead n i t r a t e  (F i she r  S c i e n t i f i c  
Co.) wi th  d e i o n i z e d  water  and adding i t  to  the c u l t u r e  medium to  
a t  a f i n a l  c o n c e n t r a t i o n  of 30 mg/1. Media s o l u t i o n s  were 
a d j u s t e d  to a pH of 8 .5 .  

Algal  c u l t u r e s  were s e p a r a t e d  from the media by c e n t r i f u g i n g  a t  
18 x g.  Both a l g a l  biomass and media were a c i d  hydro lyzed  
acco rd ing  to  the Standard  Methods of  Examinat ion of  Wastewater 
(1971). The h y d r o l y s a t e s  were ana lyzed  fo r  lead  c o n c e n t r a t i o n  
wi th  a Perkin-Elmer  500 a tomic  a b s o r p t i o n  u n i t .  

RESULTS AND DISCUSSION 

Metal l e ach ing  c o n t r o l s  (media p lus  lead wi thou t  a l g a e )  showed 
tha t  the l each ing  e f f e c t  was l e s s  than 1%. Lead removed from the 
media was accounted  fo r  in the h y d r o l y s a t e s  of  the a l g a l  biomass.  

The carbon dioxide and wastewater supplements increased the lead 
uptake rate and the two combined produced the highest level of 
lead uptake (Fig. l and 2). The AA/WW data without carbon 
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Figure i. Lead uptake and algal growth in Allen/Arnon n~dium 
with and without carbon dioxide enrichment. 
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Figure 2. Lead uptake and algal growth in Allen/Arnon plus 
wastewater medium with and without carbon dioxide enrid%ment. 
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Figure  3. E f f e c t s  of energy  supp ly  on a l g a l  growth and lead  
up take .  

d iox ide  (Fig .  2) showed tha t  lead uptake  occurs  dur ing  s t a t i o n a r y  
phase,  i n d i c a t i n g  tha t  a c t i v e l y  growing c e l l s  a re  not r e q u i r e d  
for  up take .  In a d d i t i o n ,  t he re  was s u f f i c i e n t  biomass a v a i l a b l e  
for  day 6 fo r  the 20 ptxn t h a t  was removed from the media by day 
30. I t  i s ,  t h e r e f o r e ,  apparen t  t h a t  an adequate  number of  c e l l  
s i t e s  were a v a i l a b l e  in biomass of  app rox ima te ly  4 mg of a l g a e  
(day 6) fo r  the t o t a l  uptake of  2 mg leach  achieved in 30 days .  
Pas s ive  a d s o r p t i o n  on the c e l l  s u r f a c e s  d id  not  , t h e r e f o r e ,  seem 
to be the pr imary  mechanism in l o n g - t e r m  lead uptake  w i t h  
Anabaena, NB-19. 

Enrichment significantly increased lead uptake after day 6. 
However, there was a lack of correlation between biomass 
production and lead uptake. Carbon dioxide increased lead uptake 
but not culture growth between days 6-22 (Fig. 1). Analysis at 
the 26th day of culture in Figure 2 showed that enrichments of 
both wastewater and carbon dioxide produced approximately 100% 
increase in biomass with only 28% increase in lead uptake. 
Although increasing the number of cells by media enrichment did 
produce an increase in lead uptake, this may represent a 
simultaneous effect involving the energy economy of the culture, 
rather than the number of cell sites available for uptake. 

Enrichment e f f e c t s  of  carbon d i o x i d e  and was tewate r ,  when 
c a l c u l a t e d  s e p a r a t e l y  showed t h a t  the enr ichments  in the p resence  
of  lead  d id  not  i nc rea se  c e l l  growth.  I f  lead was absen t  
( c o n t r o l s ) ,  t he re  was s i g n i f i c a n t  growth i nc r ea se s  and the 
combined e f f e c t s  of the enr ichments  were a d d i t i v e .  This  may 
i n d i c a t e  tha t  a com pe t i t i on  e x i s t s  f o r  a v a i l a b l e  energy to  fue l  
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both  the m e t a b o l i c  p r o c e s s e s  fo r  c e l l  growth and lead t r a n s p o r t  
mechanisms. When the combined enr ichments  were a p p l i e d ,  both  
c e l l  growth and lead uptake i n c r e a s e d ,  i n d i c a t i n g  tha t  an energy 
t h r e s h o l d  may have been reached .  

Figure  3 demons t ra tes  t ha t  the requi rement  of  energy  f o r  lead 
uptake.  In these  exper iments  a l a r g e r  inoculum of a l g a l  biomass 
was used in o rde r  to p rov ide  a s u f f i c i e n t  number of  c e l l s  fo r  
i n i t i a t i o n  of  lead up take .  A v a i l a b i l i t y  of  l i g h t  seems to 
provide  a b e t t e r  energy  source  fo r  metal  uptake than does 
g lucose .  In the g lucose - supp lemen ted  c u l t u r e ,  lead uptake  seemed 
to be compe t i t i ve  wi th  c u l t u r e  growth.  The low- leve l  lead uptake 
tha t  occur red  in the dark c u l t u r e  wi thou t  g lucose  may have been 
due to p a s s i v e  lead a d s o r p t i o n  to  the a l g a l  c e l l  s u r f a c e s  or  to 
the p roduc t s  of c e l l  l y s i s .  

I t  has been observed  tha t  the l ong - t e rm  removal of lead from 
aqueous media may be l e s s  dependent on c e l l  number or  a c t i v e l y  
growing c u l t u r e s  than on the energy  a v a i l a b l e  to  the system.  In 
g e n e r a l ,  the e f f i c i e n c y  of lead r e c o v e r y  systems can be i nc r ea sed  
by supplements ,  which e l e v a t e  the energy  con ten t  of the c u l t u r e .  
Wastewater may r e p r e s e n t  an inexpens ive  and abundant energy 
r e source  of such sys tems.  
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