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➢ In the working pH range, algal cells are negatively 
charged

W H Y  U S E  C A T I O N I C  C H E M I C A L S  S P E C I F I C A L L Y ?

➢ Individual cells are small (3-15 µm)

➢ Aggregates are > 300 µm

W H Y  A G G R E G A T E  C E L L S ?

Another approach is to aggregate cells by dosing cationic chemicals
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Another approach is to aggregate cells by dosing cationic chemicals

➢ In the working pH range, algal cells are negatively 
charged
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W H Y  U S E  C A T I O N I C  C H E M I C A L S  S P E C I F I C A L L Y ?

➢ Individual cells are small (3-15 µm)

➢ Aggregates are > 300 µm

W H Y  A G G R E G A T E  C E L L S ?



Different types of chemicals have been used for cyanobacterial cell aggregation

➢ Ferric chloride

➢ Aluminium sulphate (Alum)

➢ Aluminum Chlorohydrate

➢ Alkaline (Mg+2)

➢ Polyacrylamides

➢ PDADMAC

➢ Polyaluminium chloride

M E T A L  S A L T S

P O L Y M E R S

E f f i c i e n t  C e l l  
S e p a r a t i o n

C e l l
D a m a g e



Why is this evaluating and understanding this important?

C a t i o n i c  c h a r g e s  c a n  d e s t a b i l i s e  a n i o n i c  c e l l  m e m b r a n e s  a n d  r u p t u r e  t h e m

K n o w l e d g e  i s  n o t  n e w  –  a p p r o a c h e s  r o u t i n e l y  u s e d  i n  d r u g  d e l i v e r y ,  a n t i - m i c r o b i a l  
s t u d i e s

C o a g u l a n t s  a n d  f l o c c u l a n t s  a r e  c a t i o n i c  a n d  u s e d  f o r  c y a n o b a c t e r i a l  b l o o m  m a n a g e m e n t  
h e a v i l y

U s e d  n o t  j u s t  i n  W T P s ,  b u t  a l s o  i n  r e m o t e / r e c r e a t i o n a l  l a k e s  a n d  c a t c h m e n t s



What happens when cells get damaged? 

“ P e r p e t u a l ”  c y a n o b a c t e r i a  b l o o m s  i n  D u t c h  
l a k e s .  L u r l i n g  ( 2 0 2 0 ) ,  H y d r o b i o l o g i a ,  8 4 7  ( 2 1 ) ,  p : 4 4 4 7 - 4 4 6 7

C e l l  l y s i s  c a n  c a u s e  r e l e a s e  o f  i n t r a - c e l l u l a r  m a t t e r  
w i t h i n  p r o c e s s  t r a i n  a n d  s l u d g e  h o l d i n g  t a n k s  a n d  
l a g o o n s

C e l l
L y s i s N u t r i e n t s  ( N  &  P )

T o x i n s

O r g a n i c  C - c o m p o u n d s

T & O  c o m p o u n d s

R e l e a s e
o f



What are we doing in this study?

➢ E v a l u a t e  i n t r a c e l l u l a r  m a t e r i a l  r e l e a s e  w h e n  u s i n g  8  c o m m o n l y  e m p l o y e d  c o a g u l a n t s  a n d  f l o c c u l a n t s  

➢ F e r r i c  c h l o r i d e

➢ A l u m i n i u m  s u l p h a t e  ( A l u m )

➢ A l u m i n u m  C h l o r o h y d r a t e

➢ A l k a l i n e  ( M g + 2 )

➢ P o l y a c r y l a m i d e s  ( L T 2 2 S  a n d  P o l y  4 1 9 0 )

➢ P D A D M A C

➢ P o l y a l u m i n i u m  c h l o r i d e

➢ O v e r  a  t i m e  p e r i o d  o f  0 – 1 6 8 h ,  a s s e s s  c e l l  d a m a g e  a n d  r e l e a s e  o f :  

➢ T o x i n s

➢ N u t r i e n t s

➢ I n t r a c e l l u l a r  o r g a n i c  c a r b o n

➢ T o x i c  s t r a i n  o f  c y a n o b a c t e r i a  e x a m i n e d :  M i c r o c y s t i s  a e r u g i n o s a  ( C S - 5 5 5 / 1 )

➢ C e l l  c o n c e n t r a t i o n :  6 - 8 × 1 0 5  c e l l s / m L

➢ L a b - s c a l e  s t u d y  u s i n g  a  b e n c h - t o p  f l o c c u l a t o r



All the test coagulants/flocculants achieved >90% cell removal

N a O H  –  9 5 . 8 ± 4 . 1 %L T 2 2 S  –  8 4 . 7 ± 9 . 5 %A l u m  –  9 8 . 5 ± 0 . 7 %P A C l  –  9 9 . 1 ± 0 . 3 %

F e C l 3  –  9 6 . 9 ± 2 . 7 %P o l y 4 1 9 0  –  9 0 . 1 ± 7 . 8 %A C H  –  9 7 . 2 ± 2 . 6 %P D A D M A C  –  9 6 . 1 ± 3 . 7 %



All coagulants/ flocculants caused immediate cell damage

Unstained floc (PDADMAC) SYTOX Green stained floc

➢ F l o c s  w i t h  c e l l s  t h a t  a r e  d a m a g e d  a p p e a r  g r e e n  d u e  t o  s t a i n  p e n e t r a t i o n

➢ U n d a m a g e d  c e l l s  a p p e a r  r e d  ( n o n e  w e r e  d e t e c t e d  i n  a n y  s a m p l e s )

➢ A l l  f l u o r e s c e n c e  m i c r o s c o p y  a s s a y s  c o n d u c t e d  a t  0 h  p o s t - s e d i m e n t a t i o n



➢ R e d  l i n e  i s  b a s e l i n e  D O C  j u s t  b e f o r e  

s t a r t i n g  j a r  t e s t s

➢ S t o r a g e  o f  s e p a r a t e d  s l u d g e  u p t o  1 6 8  

h  c a u s e s  d e f i n i t i v e  i n c r e a s e s  i n  D O C

➢ S h a r p  s t e a d y  i n c r e a s e  f o r  m o s t  

c o a g u l a n t s / f l o c c u l a n t s

➢ U - s h a p e d  i n c r e a s e  f o r  A C H ,  F e C l 3  a n d  

P A C l  ( l i k e l y  d u e  t o  c o m p l e x a t i o n )

➢ M o r e  p r o b l e m a t i c  f o r  l a k e s /  

c a t c h m e n t s

 

 

 

 

 

 

 

 

 

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

                         
        

                     

 
  
 
 
  
 
 
  
  
 
 
  
  
 
 
 
 
 
  
 
 
 
 
 

DOC increased with storage – indicative of IOM release



No big changes in nutrients (Nitrite, Nitrate, Phosphate)

   

   

   

   

   

   

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

                         
        

                     

 
  
  
  
  
 
 
 
  
  
 
 
  
 
  
  
  
 
  
 
  
 
 

 

 

 

 

  

  
 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

                         
        

                     

 
  
  
  
  
 
 
 
  
  
 
 
  
 
  
  
  
 
  
 
  
 
 

 

 

 

 

 

 

 

 

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

                         
        

                     

 
 
 
  
 
  
  
  
 
 
 
  
  
 
 
  
 
  
  
  
 
  
 
  
 
 

➢ R e d  l i n e  i s  b a s e l i n e  j u s t  b e f o r e  s t a r t i n g  j a r  

t e s t s

➢ N i t r i t e s  i n c r e a s e d  ( s o m e t i m e s  w i t h  s t o r a g e )

➢ P h o s p h a t e s  g e n e r a l l y  r e d u c e d  f o l l o w i n g  j a r  

t e s t s  ( i n c r e a s e d  s o m e t i m e s  w i t h  s t o r a g e )

➢ F e r r i c  c h l o r i d e  g o o d  f o r  s h o r t - t e r m



Total Microcystin concentrations increased significantly with storage

    

    

    

     

      

       

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

 
  

 
  

 
 
  

 
 
 
  

                         
        

                     

 
 
  
 
 
  
   
 
  
 
  
 
 
  
 
  
  
  
 
  
 
  
 
 

➢ 9  t y p e s  o f  t o x i n s  i d e n t i f i e d  i n c l u d i n g  M C -

L R ,  M C - L R  d e m e t h ,  M C - R R ,  M C - R R  

d e m e t h ,  M C - Y R , M A - L A ,  M C - L W ,  M C - L F ,  

N o d u l a r i n

➢ A l l  c o a g u l a n t s /  f l o c c u l a n t s  c o n t r i b u t e  t o  

t o x i n  r e l e a s e

➢ T o x i n  c o n c e n t r a t i o n s  f l u c t u a t e  i n  t h e  

f i r s t  2 4 h ;  l i k e l y  d u e  t o  c o m p l e x a t i o n  w i t h  

t h e  c o a g u l a n t s /  f l o c c u l a n t s  ( o r  c o l u m n  

i n t e r a c t i o n s )

➢ S t o r a g e  o f  s e p a r a t e d  s l u d g e  d e g r a d e s  

c e l l s ,  c a u s i n g  s i g n i f i c a n t  t o x i n  r e l e a s e

➢ M C - R R  d e m e t h y l a t e d  c o n t r i b u t e d  t o  > 9 0 %  

o f  t o t a l  t o x i n s



Key takeaways from this study

Cell removal efficiency?

Yes, most of  the tested metal-salts 
and polymers are quite efficient at 
cell removal

What about cell damage?

All tested metal-salts and polymers 
cause cell damage

Does toxin release happen instantly?

Concentrations fluctuated for some over 
time, but generally increased over time

Where can I find all this information?

Full paper soon

What about toxin release?

All tested metal-salts and polymers 
cause toxin release

What about release of  other stuff ?

Yes, organic carbon and nutrient 
concentrations increased over time



Questions and unknowns

➢ W T P s  u s e  p r e - o x i d a t i o n  a n d  c o a g u l a n t  +  f l o c c u l a n t

➢ A s s e s s  p r o p o r t i o n s  o f  c e l l  d a m a g e  w i t h i n  f l o c s

➢ C o r r e l a t i o n  b e t w e e n  c h a r g e  d e n s i t y  a n d  p r o p o r t i o n s  o f  c e l l  d a m a g e  –  i s  t h e r e  a  s w e e t  s p o t ?

➢ I n t e r f e r e n c e  f r o m  b a c k g r o u n d  O M

➢ U - s h a p e d  v s  l i n e a r  i n c r e a s e  i n  D O C  n o t  o b s e r v e d  f o r  a l l  c o a g u l a n t s  a n d  f l o c c u l a n t s

➢ P r e f e r e n t i a l  r e m o v a l /  c o m p l e x a t i o n  o f  c e r t a i n  t o x i n s ?

➢ D o e s  c e l l  d a m a g e  m e a n  c o m p l e t e  d i s i n t e g r a t i o n  o r  j u s t  a  c r a c k  o n  t h e  c e l l s ?



Thank you
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