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Summary

Of the f a c to r s  d e te rm in in g  th e  abundance and sp e c ie s -c o m p o s itio n  o f 

th e  p h y to p lan k to n  in  f re s h w a te r  la k e s  and r e s e r v o i r s  * th e  

m ic ro n u tr ie n ts  a re  among th e  l e a s t  s tu d ie d  d e s p i te  t h e i r  p o te n t ia l  

im p o rtan ce . An in v e s t ig a t io n  was th e re fo re  i n i t i a t e d ,  .with th e  aim 

o f making a  c o n tr ib u t io n  to  ou r e x is t in g  knowledge o f m ic ro n u tr ie n ts  

in  f re sh w a te r  and t h e i r  im portance in  p h y to p lan k to n  eco logy .

To t h i s  end th r e e  r e s e r v o i r s  in  th e  Charnwood F o re s t a re a  o f

L e ic e s te r s h i r e ,  England were sam pled a t  r e g u la r  in t e r v a l s  ov er a  p e r io d

o f  two y e a rs  and c h lo ro p h y ll ,  p h aeo p h y tin  and s e le c te d  m ic ro n u tr ie n t 

c o n c e n tra tio n s  measured in  th e  sam p les. The m ic ro n u tr ie n ts  s e le c te d  

f o r  s tu d y  were th e  in o rg a n ic  m e ta ls  i r o n ,  manganese, co p p er, z in c  and 

c o b a l t ,  and th e  o rg an ic  v itam in s  B .^ , th iam in e  and b i o t i n 0 Three 

f r a c t io n s  o f  each m e ta l ( s o lu b le ,  com pleted and p a r t i c u l a t e  m e ta l) were 

m easured in  sam ples by atom ic a b s o rp tio n  sp e c tro sc o p y . D isso lv ed  

v ita m in  in  sam ples was b io a ssay ed  w ith  th r e e  d i f f e r e n t  organism s 

( Buglena g r a c i l i s  K lebs, L a c to b a c illu s  le ic h m a n ii ATCC 7830 and 

Oohromonas malhamensis P rin g sh e im ). P a r t i c u la t e  v ita m in  was a ls o  

r o u t in e ly  b io a ssay ed  w ith  E. g ra c i l i s  Through one y e a r  d is so lv e d  

v ita m in  B ^  was d i f f e r e n t i a t e d  in to  s o lu b le  and complexed o r  bound 

forms by th e  u l t r a f i l t r a t i o n  o f  sam ples taken  m onthly .

Thiam ine and b io t in  were a lso  looked  f o r ,  bu t bo th  v itam in s  were always
N

u n d e te c ta b le  by th e  b io a ssa y  organism s used  -  L a c to b a c illu s  v ir id e s c e n s  

ATCC 12706 and M onochrysis lu t h e r l  Droop f o r  th iam in e  and L a c to b a c illu s  

p la n ta r iu m  ATCC 8014 f o r  b i o t i n .



A su rvey  o f th e  m ic ro n u tr ie n t c o n c e n tra tio n s  e n te r in g  th e  r e s e r v o i r s  

d u rin g  a  tw elve  month p e r io d  was a lso  made. The d is so lv e d  v ita m in  

and t o t a l  m etal c o n c e n tra tio n s  in  sam ples ta k en  a t  m onthly in t e r v a l s  

w ere m easured by th e  above m ethods„

A l im ite d  number o f sedim ent sam ples were a lso  ta k en  from th e  r e s e r v o i r s  

and t h e i r  e x t r a c ta b le  v ita m in  and m eta l m ic ro n u tr ie n t c o n c e n tra tio n s  

determ inedo



Acknowledgement s

I  would l i k e  to  ex tend  my s in c e re  thanks to  th e  fo llo w in g  peo p le  and 

o rg a n is a t io n s  f o r  t h e i r  ad v ice  a n d /o r  p r a c t i c a l  a s s is ta n c e  in  t h i s  

p r o j e c t ,

F i r s t l y  to  Dr. K.W. D a is le y  f o r  th e  o r ig in a l  id e a  and subsequent 

s u p e rv is io n  o f  th e  p r o j e c t .  To T ren t P o ly te c h n ic  and p a r t i c u l a r l y  th e  

L ife  S c ien ces  D epartm ent, f o r  m a te r ia l ly  su p p o rtin g  th e  work;

Mr. D. S ta n le y  o f th e  C iv i l  E n g in ee rin g  Departm ent f o r  h is  su rv ey in g  

e x p e r t is e  and ad v ice  on th e  measurement o f  s tream  flow ; and to  my form er 

c o lle a g u e s  i n  ’N604’ -  Murray A nderson, D i l l  C a r l i l e ,  W alter Hano,gan and 

C h ris  Young.

To th e  Hive Dove W ater Board (now in c o rp o ra te d  in to  th e  S ev ern -T ren t W ater 

A u th o r ity )  and in  p a r t i c u l a r  to  Mr. G .I . C arver and M rs. Susan P h i l l ip s  

f o r  t h e i r  a c t iv e  and w i l l in g  c o o p e ra tio n  d u rin g  th e  in v e s t ig a t io n .

M rs. P h i l l ip s  d ese rv es  e s p e c ia l  thanks f o r  h e r  a b le  p r a c t i c a l  a s s is ta n c e  

d u rin g  w ate r sam pling  v i s i t s ,  d e s p i te  f re q u e n t ly  ad v e rse  w eather 

c o n d itio n s  and f o r  c o l le c t in g  some o f th e  d a ta  in c lu d e d  in  t h i s  t h e s i s .

I  would a ls o  l i k e  to  th an k  Miss C arol Robinson (fo rm erly  w ith  th e  

S ev ern -T ren t W ater A u th o rity )  f o r  in fo rm a tio n  on th e  w ild fow l u s in g  th e  

r e s e r v o i r s  and f o r  o c c a s io n a l a s s is ta n c e  d u rin g  w ater sam pling  v i s i t s ,  

and Mr. G.W. C la y f ie ld  o f  th e  T ren t R iv e r A u th o rity  (now in c o rp o ra te d  

i j i to  th e  S evern -T ren t W ater A u th o r ity )  f o r  in fo rm a tio n  on th e  p o l lu t io n  

o f  s tream s fe e d in g  th e  r e s e r v o i r s  s tu d ie d .

To D r. A .L. W ilson o f  th e  W ater R esearch  C e n tre ’s Medmeriham L abo ra to ry  

f o r  ad v ice  on th e  b eh av io u r o f c a t io n  exchange colum ns.

i i i



To th e  F resh w a te r B io lo g ic a l  A ss o c ia tio n  f o r  th e  loan  o f  a  G ilson  Mud 

Sam pler and in  p a r t i c u l a r  to  D r. Vera C o ll in s  fo r  ad v ice  on sed im en t/ 

w a te r i n t e r a c t i o n s , Mrs. J .  Heron f o r  h e lp  in  th e  use  o f  th e  F r i t s c h  

c o l l e c t io n  and Dr. J . Vo G.  Lund f o r  two a lg a l  c u l tu re s  and h e lp fu l  

d is c u s s io n .

To Mr. A. C h este rs  o f N ottingham  U n iv e r s i t ie s  School o f  A g r ic u ltu re  

D epartm ent o f  M eteorology fo r  ad v ice  and m e te o ro lo g ic a l d a ta .

F in a l ly  my thanks a r e  due to  th o s e  p eo p le  in v o lv ed  in  th e  p re p a ra t io n  

- o f  t h i s  th e s i s  and i n  p a r t i c u l a r  M rs. S a ra  Duggan fo r  draw ing many o f 

th e  g ra p h s .

F a r t  o f  th e  work r e p o r te d  in  t h i s  th e s i s  was supp o rted  by a  g ra n t from 

ih e  N a tu ra l Environment R esearch  C ouncil (R eference GR/2168) .

iv



. C O N T E . N T S

Summary i

Acknowledgements * i i i

S e c tio n  1 I n tro d u c t io n  1

1.1 In tro d u c t io n  to  th e  R ese rv o ir 's  12

S e c tio n  2 Methods * 27

2 .2  Sam pling Methods 29

2.3  C h lo ro p h y ll and P haeophy tin  E s tim a tio n  34

2„4 In o rg a n ic  M ic ro n u tr ie n ts  37

2 .5  O rganic M ic ro n u tr ie n ts  o r V itam ins 49

2 .6  Measurement o f  Stream  D ischarge  68

2 .7  I s o l a t i o n  o f  A lgae from th e  R e s e rv o irs  71

2 .8  L ab o ra to ry  C u ltu re  E xperim ents w ith
A lg a l I s o l a t e s  74

2 .9  Methods o f  S t a t i s t i c a l  A n a ly s is  77

S e c tio n  3 R e s u lts  82

3.1 R e s u lts  o f  R e se rv o ir  Survey 83

3*1.1 R e se rv o ir  W ater 83

3 .1 .2  R e se rv o ir  Sedim ents 138

3 .2  F eeder Stream  Survey * 143

3»3 L ab o ra to ry  E xperim ents w ith  A lgal
I s o l a t e s  151

v



S e c tio n  4

S e c tio n  5 

R eferen ces  

A ppendices 

Addendum

D iscussion. . 160

4*1 V itam in 161

4c2 Iro n 169

4*3 Manganese 174

4 .4  Copper 178

4»5 Zinc 181

4 .6  C obalt - 183

C onclusion 184

188 

198

see inside back cover



pi

s  E C T I  0 N 1

T H !  E Q D  IT f! T T 0  TT



1 .1 .  INTRODUCTION

The in o rg a n ic  elem ents and o rg a n ic  n u t r i e n ts  w hich, to g e th e r  w ith  a 

so u rce  o f  l i g h t ,  shou ld  en ab le  most a lg a e  to  grow were l i s t e d  by- 

H utch inson  ( 1967) as f o l lo w s :-  carbon , n i t ro g e n ,  p hospho rus, s i l i c a ,  

ca lc iu m , magnesium, sodium , p o ta ss iu m , s u lp h u r , i r o n ,  m anganese, z in c , 

co p p er, c o b a l t ,  molybdenum, b o ron , vanadium , v itam in  B g ,  th iam in e  and 

b i o t i n .  The l a s t  e lev en  n u t r i e n t s  l i s t e d  a r e  more g e n e ra l ly  known as 

th e  m ic ro n u tr ie n ts "  because  th e y  a r e  needed, and a re  g e n e ra l ly  p re s e n t 

i n  co m p ara tiv e ly  ’m ic ro ’ q u a n t i t i e s  in n a tu ra l w a te r s .

The d isc o v e ry  o f  th e  im portance  o f  m ic ro n u tr ie n ts  in  a lg a l  n u t r i t i o n  was 

made fo llo w in g  im provements i n  th e  p u r i t y  o f  chem ical re a g e n ts  and th e  

rep lacem en t o f  s o i l  e x t r a c ts  in  a lg a l  c u l tu r e  media by m ix tu res  o f 

t r a c e  m e ta ls ,  v itam in s  and c h e la t in g  a g e n ts  (P ro v a so li & P in tn e r  1955)*

W ith th e  advent o f  s e n s i t i v e  a n a ly t i c a l  te ch n iq u es  cap ab le  o f  d e te c t in g  

and m easuring  th e  low le v e ls  o f  th e s e  m ic ro n u tr ie n ts  i n  th e  environm ent, 

i n t e r e s t  in  th e  p o s s ib le  e c o lo g ic a l s ig n if ic a n c e  o f  m ic ro n u tr ie n ts  in  

n a tu r a l  w aters  was s t im u la te d .  In  a  rev iew  o f  a lg a l  n u t r i t i o n  and 

e u tro p h ic a t io n ,  P ro v a s o li  (1970) p r e d ic te d  th a t  i n t e r e s t i n g  c o r r e la t io n s  

betw een m ic ro n u tr ie n ts  and p h y to p lan k to n  growth were to  be expec ted  in  

th e  expanding l i t e r a t u r e  o n -th e  s u b je c t and c a l le d  a t t e n t i o n  to  th e  

need f o r  d a ta .  In d eed , a c c o rd in g  to  Lee (1970 a ) ,  one o f  th e  

iQ ic ro n u tr ie n ts , i r o n ,  was in  th e  l i t e r a t u r e  a lre a d y  th e  nex t most 

f r e q u e n t ly  su g g es ted  l im i t in g  n u t r i e n t  a f t e r  n i t ro g e n ,  phosphorus and 

s i l i c a .

The im portance o f  m i.c ro n u trien ts  i n  l im i t in g  th e  p rim ary  p r o d u c t iv i ty
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o f  some a q u a tic  ecosystem s i s  now w e ll e s ta b l is h e d  (Goldman 1972).

Much o f  th e  work from which Goldman ( 1972) drew th i s  co n c lu sio n  was

based  on th e  r e s u l t s  o f enrichm ent b io a ssa y  te ch n iq u es* . T h is ty p e

o f approach i s  commonly c r i t i c i s e d  as no t d u p lic a tin g  th e  lak e

environm ent w ith  re g a rd  to  l i g h t  and tem p era tu re  (Goldman 1 9 6 1 ),and.

because  o f  ’b o t t l e  e f f e c t s ’ such as th e  changes in  th e  r e l a t i v e

abundance o f p h y to p lan k to n  s p e c ie s  which occur w ith  tim e (W etzel 1975).

These c r i t i c i s m s  have been la rg e ly  met by th e  in  s i t u  in c u b a tio n  o f

n u t r i e n t  en ric h ed  sample b o t t l e s  f o r  p e r io d s  th a t  can be made very  

14b r i e f  by u s in g  C u p take  as a m easure o f th e  growth resp o n se  o f  th e  

p h y to p lan k to n  (Goldman 1961). However, o th e r  c r i t i c i s m s ,  such as th e  

re d u c t io n  in  w ater movement and th e  v a s t  in c re a s e  in  th e  r a t i o  o f 

su r fa c e  a re a  to  volume th a t  th e  method b r in g s  about (w hich may prom ote 

such e f f e c t s  as in c re a se d  b a c t e r i a l  grow th -  P ro v a so li 1963* and

* A ~  4  _ .£ >  J. 4 „ — .1. „  ~ J _   JLl. _  1 1 -  ------1 J  
CiW.OUJUJJUJ.UtJk UJL t tU  UJ. J.12U KCJ ,  fc>Uu.U CUQ J.J. U U  U ilO U  W a t l D  UJ. kJU XO UJ-ti

v e s s e ls  -  Lewin & Chen 1971) rem ain  v a l id .  Some w o rkers, f o r  example 

Lund (1972,1975 )> a re  th e re fo re  u s in g  la rg e  exp erim en ta l tu b e s  in  

la k e s  to  s tudy  th e  e f f e c t s  o f n u t r i e n t  enrichm ents on th e  n a tu ra l  

ph y to p lan k to n  p o p u la tio n  under more n a tu ra l  c o n d i t io n s .  O th e rs , f o r  

example Goldman (1965*1972) and S ch e lsk e , Hooper & H a e r tl  ( 1962) 

have e n ric h ed  e n t i r e  la k e s  w ith  n u t r i e n t s  in  o rd e r  to  id e n t i f y  n u t r i e n t  

l im i t in g  f a c t o r s .

* In  enrichm ent b io a ssa y  te ch n iq u es  a n u t r i e n t  i s  co n s id e re d  
l im i t in g  i f  ( in  s i t u ) in c u b a tio n  o f  a w ater sample w ith  th e  
added n u t r i e n t  shows a s ig n i f i c a n t  in c re a s e  in  t o t a l  
p h o to sy n th e s is  by th e  n a tu r a l  p o p u la tio n  in  th e  sample as 
compared w ith  a c o n t ro l .



The need f o r  c a u tio n  i n  th e  i n t e r p r e t a t i o n  o f  enrichm ent experim ents 

was em phasised by Goldman (1965) aJld W etzel ( 1965) .  Dugdale (1967) 

su g g es ted  th a t  in d i r e c t  e f f e c t s ,  such as  p o s s ib le  changes in  th e  r a t i o  

o f  d iv a le n t  to  m onovalent c a t io n s ,  might confuse  th e  i n t e r p r e t a t i o n  

o f  enrichm ent ex p erim en ts .

These c r i t i c i s m s ,  to g e th e r  w ith  th e  p r a c t i c a l  d i f f i c u l t i e s  o f  th e  

ap p ro ach , c o n s t i tu te  th e  r a t i o n a l e  f o r  choosing  th e  more t r a d i t i o n a l  

approach  o f  d e te rm in in g  l im i t in g  n u t r i e n t s  in  a q u a t ic  ecosystem s; th a t  

i s ,  to  m on ito r th e  n u t r i e n t  c o n c e n tra t io n  in  th e  w ate r and to  look  f o r  

c o r r e la t io n s  w ith  th e  s iz e  o f  th e  p h y to p lan k to n  p o p u la tio n .

The approach  adop ted  i s  n o t ,  how ever, w ith o u t i t s  own p rob lem s. These 

problem s la r g e ly  de term ined  th e  methods d e sc r ib e d  in  s e c t io n  2 to  

e s tim a te  th e  m ic ro n u tr ie n t c o n c e n tra tio n s  i n  th e  r e s e r v o i r s  s tu d ie d .  

There, a re  i n  f a c t  two b a s ic  problem s w ith  t h i s  ty p e  o f  approach  which 

need to  be r e a l i s e d

i )  e f f e c t iv e  a v a i l a b i l i t y  o f  m ic ro n u tr ie n ts

i i )  sp e c ie s  v a r i a b i l i t y  w ith  re s p e c t  to  m ic ro n u tr ie n t 
re q u ire m e n ts .

1 . A v a i l a b i l i ty

^ h is  p o in t  may be i l l u s t r a t e d  u s in g  i r o n  as an exam ple.

The chem ical e s tim a tio n  o f  i r o n  i n  n a tu ra l  w aters  i s  no t d i f f i c u l t .  

U n fo r tu n a te ly , th e  c o n c e n tra t io n  measured by such methods may not be th e  

same as th e  c o n c e n tra tio n  a v a i la b le  to  th e  p h y to p la n k to n . In  Lake J ,

4



M inneso ta , f o r  exam ple,' S hap iro  ( 1969) concluded th a t  o n ly  30/6 o f th e

s o lu b le  i r o n  p resen t, was a c tu a l ly  a v a i la b le  to  M ic ro cy s tis  a e ru g in o sa .

The b io a ssa y  o f  a v a i la b le  i r o n  would be an a t t r a c t i v e  s o lu t io n  to  t h i s
a lg a l

problem  bu t f o r  th e  v a r i a t io n  betw eenAsp e c ie s  in  th e  forms o f  i ro n  

a v a i la b le  to  them (a s  d is c u s s e d  f u r th e r  be low ). This v a r i a t io n  le d  

S hap iro  (196? b) to  conclude th a t  " th e  problem  o f d e te rm in in g  ’a v a i la b l e ' 

i r o n  seems th e r e f o r e  to  be in s o lu b le  u n le s s  a method i s  e la b o ra te d  

s e p a r a te ly  fo r  each a lg a " .

A ccep ting  S h a p iro 's  (1967 *0 c o n c lu s io n  th e  d e c is io n  was made th a t  in  

t h i s  in v e s t ig a t io n  th e  b io a ssa y  o f  a v a i la b le  i r o n  would be im p ra c tic a l  

and th a t  a  chem ical method would have to  be chosen .

Lund ( 1965) su g g es ted  th a t  th e  a v a i l a b i l i t y  o f  i r o n  to  a lg a e  in  n a tu r a l  

w a te rs  i s  dependant on th a t  w a te r 's  o rg an ic  m a tte r  c o n te n t .  S e v e ra l 

w orkers (Goldman 1972 ; Sakamoto 1971; S ch e lsk e , Hooper & H a e r t l  1962; 

W etzel 1965; W etzel 1966) have d em onstra ted  th e  s t im u la to ry  e f f e c t  o f 

o rg a n ic  c h e la to r s  o f  m e ta ls  (su ch  as  e th y le n e d ia m in e te t ra a c e t ic  a c id -  

EDTA; h y d ro x y e th y le n e d ia m in e te tra a c e tic  acid-HEDTA; and n i t r i l o t r i a c e t i c  

acid-NTA) on p h o to s y n e th e tic  carbon  u p ta k e  when added a lo n e  o r  to g e th e r  

w ith  i r o n  to  n a tu r a l  w a te rs . A ll o f  th e s e  workers concluded th a t  th e  

e f f e c t  o f  th e  c h e la to r s  a lo n e  was r e l a t e d  to  t h e i r  b r in g in g  th e  i ro n  

a lre a d y  p re s e n t in to  a  form more r e a d i ly  a v a i la b le  to  a lg a e .

I n  n a tu r a l  w a te rs , th e  a b i l i t y  o f  th e  y e llo w  o rg an ic  a c id s  o r  humic 

compounds to  complex m e ta ls , and p a r t i c u l a r l y  t h e i r  a b i l i t y  to  h o ld  

la r g e  amounts o f  i r o n  in  ap p a re n t s o lu t io n ,  have been known f o r  a  lo n g  

tim e  (M artin , Doig & P ie rc e  1971; S h ap iro  I 967 a  and b ) . O ther
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compounds which may he p re s e n t  i n  n a tu r a l  w aters  w ith  c h e la t in g  

p r o p e r t i e s  in c lu d e  e x t r a c e l l u l a r  p o ly p e p tid e s  (Fogg & W estlake 1955)» 

i r o n  s p e c i f i c  c h e la to r s  o r ’s id e ro ch ro m es1 (Gonye & C arp en te r 1974)> 

and *e c to c rin e s*  (Harvey 195?)•

The chem ical e s tim a tio n  o f  o rg a n ic a l ly  complexed o r  c h e la te d  i r o n  would 

th e r e f o r e  seem a  s u i t a b le  way o f  m easuring  a v a i la b le  i r o n .

I t  i s  p o s s ib le  (b u t unknown) th a t  s im i la r  comments may ap p ly  to  o th e r  

m ic r o n u tr ie n ts , In  th e  ca se  o f v ita m in  fox' exam ple, i t  i s  p o s s ib le  

t h a t  a  f r a c t io n  o f  th e  v ita m in  i n  n a tu r a l  w ate rs  i s  p ro te in -b o u n d .

Such bound v ita m in  B ^  i s  u n a v a i la b le  to  a l l  th e  a lg a e  t e s t e d  <

(P ro v a s o li  & C a rlu c c i 1974)> But may be in c lu d e d  in  measurem ents o f  th e  

v ita m in  in  n a tu r a l  w ate rs  by methods which in c lu d e  a u to c la v in g  (Droop 

1962j D a is le y  19^95 Ohwada & Taga. 1975)* Such methods may th e r e f o r e  

o v e re s tim a te  th e  c o n c e n tra t io n  o f  v ita m in  B ^  a v a i la b le  to  au x o tro p h ic  

a lg a e .  The se p a i 'a te  assessm en t o f  bound and f r e e  v ita m in  th u s  

becomes a  n e c e ssa ry  p a r t  o f  any in v e s t ig a t io n  in to  th e  e c o lo g ic a l 

s ig n i f ic a n c e  o f  th e  v ita m in , as was su g g es ted  by D a is le y  (1 9 7 0 ).

2 , S p ec ies  V a r ia b i l i t y

T his p o in t may be i l l u s t r a t e d  u s in g  th e  v ita m in  m ic ro n u tr ie n ts .

S p ec ies  v a r i a t io n  in  th e  v ita m in  req u ire m en ts  o f  a lg a e  i s  d iv e rs e  to  

th e  e x te n t th a t  no t a l l  a lg a e  r e q u ir e  v ita m in s . Of th e  588 a lg a l  

s p e c ie s  t e s t e d  and l i s t e d  by P ro v a so li  & C a rlu c c i (1974) o n ly  52$ 

r e q u i r e  v ita m in  th iam in e  o r  b i o t i n ,  e i t h e r  a lo n e  o r  i n  com bination .

A uxotroph ic a lg a e  a re  found i n  a l l  a lg a l  groups (ex cep t th e  Xanthophyceae

6



where th e  sm all number o f .s p e c ie s  t e s t e d  may not be r e p r e s e n ta t iv e ) ,  

However, th e  in c id e n c e  o f  auxo trophy  in  a lg a l  g ro u p s . r e v e a ls  d if f e re n c e s  

s e e  T ab le 1 . The v a r i a b i l i t y  o f  v ita m in  req u irem en ts  bo th  w ith in  and 

betw een a lg a l  groups i s  f u r th e r  co m plica ted  by th e  v a r i a b i l i t y ,  even 

among i s o l a t e s  o f  th e  same s p e c ie s ,  f i r s t  no ted  by Lewin & Lewin ( i 960) 

and rev iew ed  i n  P ro v a so li  & C a rlu c c i (1974)*

a l g a l
In  th e  ca se  o f v ita m in  f u r th e r  v a r i a t io n  betw eenAs p e c ie s  i s  ap p aren t 

T his v a r i a b i l i t y  r e l a t e s  to  th e  e x is te n c e  o f  v itam in  B ^ an a lo g u es .

These analogues o r  congeners o f  v ita m in  B^2 d i f f e r  from each o th e r  i n  

t h e i r  la c k  o f ,  o r  v a r i a t io n  in ,  th e  n u c le o tid e  in  th e  s id e  ch a in  o f th e  

cobalam in m o lecu le . O rganism s, in c lu d in g  a lg a e , which r e q u ir e  

cobalam ins f a l l  in to  th r e e  p a t te r n s  o f  in c re a s in g ly  narrow  s p e c i f i c i t y  

fo r  th e s e  co n g en ers . T ab le  2 shows th e  s p e c i f i c i t y  p a t te r n s  o f  th e  

commonly u sed  b io a ssa y  o rg an ism s. P ro v a s o li & C a rlu c c i (1974) l i s t e d  

74 a lg a l  sp e c ie s  whose s p e c i f i c i t y  p a t te r n s  have been d e te rm in ed .

49i°  have an Ochromonas malham ensis ty p e  re sp o n se  ( to  th e  same few 

v ita m in  B^2 analogues t h a t  a r e  u t i l i s e d  by h ig h e r  a n im a ls ) , 20fo have a 

L a c to b a c i llu s  le ic h m a n ii ty p e  ( i . e .  in te rm e d ia te )  re sp o n se  and J>1 °/o an 

E s c h e r ic h ia  c o l i  ty p e  re sp o n se  (a  wide ran g e  o f  analogues a re  e f f e c t iv e  

a s  a  so u rce  o f th e  v i ta m in ) .

I n t e r e s t  in  th e  v ita m in  B g s p e c i f i c i t y  o f  th e  a lg a e  was s t im u la te d  by 

th e  f in d in g  th a t  many m arine b a c t e r i a  p roduce and r e le a s e  cobalam ins 

in to  th e  s e a , bu t o n ly  a m in o r ity  produce ’t r u e ’ v ita m in  £ ^ 2 ’ th a t  i s  

th e  analogue w ith  a  d im eth y lb en z im id azo le  n u c le o tid e  s id e  c h a in . Thus 

a lg a e  w ith  a narrow  s p e c i f i c i t y  may be a t  an e c o lo g ic a l d isad v an tag e  in  

n a tu r a l  w ate rs  and th e  v ita m in  B ^  c o n c e n tra tio n  m easured u s in g  one 

b io a ssa y 1 organism  may no t re p re s e n t  th e  v ita m in  B^2 c o n c e n tra t io n  th a t

7 .
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i s  a v a i la b le  to  each and every  a lg a  p r e s e n t .  Many w ork ers , fo r  

example P ro v a s o li & C a r lu c c i (1974)> have th e r e f o r e  su g g es ted  th a t  

a ssa y s  f o r  v ita m in  B ^  in  n a tu r a l  w ate rs  shou ld  be made w ith  a t  l e a s t  

two b io a ss a y  o rgan ism s.

S im ila r  comments may ap p ly  to  o th e r  m ic ro n u tr ie n ts*  In o rg a n ic  c o b a lt  

i s  no t re q u ire d b y  a l l  a lg a e  (O’K e lley  1974); th e  req u irem en t i s  

commonly r e l a t e d  to  th e  need f o r  v ita m in  o f which c o b a lt i s  a 

c o n s t i tu e n t  (Lund 1965)* IIolm-Hansen, G e r lo ff  & Skoog (1954) found 

t h a t  b lu e  g reen  a lg a e , which do no t r e q u ir e  v ita m in  n e v e r th e le s s

grew f a s t e r  when th e  v ita m in  was su p p lie d  as  a so u rce  o f c o b a lt  th a n  

when g iv en  in o rg a n ic  c o b a l t .

In  th e  ca se  o f  i r o n ,  s p e c ie s  v a r i a b i l i t y  i s  i l l u s t r a t e d  by a  com parison 

o f  what forms o f  th e  m etal a r e  a v a i la b le  to  d i f f e r e n t  a lg a e .  Thus 

H arvey (1957) concluded th a t  i r o n  i n  th e  form o f c o l lo id a l  o r  l a r g e r  

p a r t i c l e s  o f  f e r r i c  hyd ro x id e  o r  o f  f e r r i c  phosphate  cou ld  su p p o rt th e  

grow th o f th e  m arine d iatom s he s tu d ie d .  G oldberg (1952) re p o r te d  th a t  

A s te r io n e l la  .japonlca C leve can u t i l i s e  o n ly  p a r t i c u l a t e  a n d /o r  

c o l lo id a l  i r o n ,  and th a t  o r g a n ic a l ly  complexed f e r r i c  i r o n  (a s  th e  

c i t r a t e ,a s c o r b a t e  o r  hum ate) i s  no t a v a i la b le  f o r  u p ta k e . The su ccess  

o f  Chu’s Ho. 10 medium (Chu 1942) f o r  th e  c u l tu r e  o f many f re sh w a te r  

a lg a e ,  i n  which i r o n  added as f e r r i c  c h lo r id e  p ro b ab ly  e x i s t s  as f e r r i c  

hyd ro x id e  o r  p h o sp h a te , a ls o  su g g e s ts  t h a t  th e s e  forms a r e  a v a i la b le  to
X.

some a lg a e .  However some a lg a e  cannot grow in  Chu’s Ho. 10 medium 

u n le s s  th e  i r o n  i s  c h e la te d  (S h ap iro  1967 b ) , S hap iro  (1967 ^) 

compared th e  grow th o f  s e v e ra l  a lg a e  in  Chu Ho. 10 medium w ith  th e  i r o n  

s u p p lie d  in  one o f  th r e e  fo rm s :-  f e r r i c  c h lo r id e ,  f e r r i c  c i t r a t e  and



f e r r i c  EDTA. The iro n  o f th e  th r e e  so u rces  was e q u a lly  a v a i la b le
of a lgae

to  o n ly  one o f  th e  s ix  s p e c ie s ^ te s te d .  Even among sp e c ie s  o f  th e  same 

g roup , th e  v a r ie d  e f f e c t iv e n e s s  o f  th e  i r o n  so u rce  was m arked.

C le a r ly  th e  chem ical d i f f e r e n t i a t i o n  o f  o rg a n ic a l ly  complexed o r 

c h e la te d  i r o n  may no t p ro v id e  a  s t r a ig h tfo rw a rd  m easure o f  th e  f r a c t io n  

a v a i la b le  to  a l l  a lg a e .

Of th e  in o rg a n ic  m ic ro n u tr ie n ts  l i s t e d  on page 2 , i r o n ,  manganese, 

co p p er, z in c  and molybdenum a re  c o n s id e re d  to  be re q u ire d  by a l l  a lg a e  

and not r e p la c e a b le ,  even in  p a r t ,  by o th e r  elem ents (O’K elley  1974)* 

W ith th e  ex ce p tio n  o f  molybdenum, on ly  th e s e  e lem en ts, to g e th e r  w ith  

th e  v itam in s  th ia m in e  and b i o t i n ,  and co b a lt(w h ich  i s  a  component

o f  th e  m olecu le) were s tu d ie d  in  t h i s  in v e s t ig a t io n .  Molybdenum 

was o m itte d  because  no s u i t a b le  lamp was o b ta in a b le  f o r  th e  atom ic 

a b s o rp tio n  sp e c tro p h o to m e te r , .

The methods d e sc r ib e d  in  s e c t io n  2 were designed  to  p ro v id e  e s t im a te s ,  

n o t o n ly  o f  t o t a l  c o n c e n tra tio n s  o f  th e  m ic ro n u tr ie n ts  i n  th e  r e s e r v o i r s  

s tu d ie d ,  bu t a lso  in fo rm a tio n  about th e  b io lo g ic a l ly  a v a i la b le  

c o n c e n tra tio n s  o f  th e  m ic ro n u tr ie n ts .  Thus i t  was c o n s id e re d  n e c e ssa ry  

t.o m easure th r e e  f r a c t io n s  o f  each m e ta l : -  s o lu b le  in o rg a n ic ,  s o lu b le  

o rg a n ic  and p a r t i c u l a t e  f r a c t i o n s ,  and to  a ssa y  v ita m in  w ith  

organism s r e p re s e n t in g  d i f f e r e n t  analogue s p e c i f i c i t y  p a t te r n s  o f  th e  

a lg a e .



1 .2 .  ' INTRODUCTION TO THE RESERVOIRS

The th r e e  im pounding r e s e r v o i r s  in v e s t ig a te d  a re  a l l  on th e  f r in g e  o f 

th e  Charnwood F o re s t in  L e ic e s te r s h i r e ,  England. F ig u re  1 shows th e  

p o s i t i o n  o f  th e  s tu d y  a re a  in  r e l a t i o n  to  th e  r e s t  o f E ngland, and 

F ig u re  2 i s  a  more d e ta i le d  map o f th e  s tu d y  a re a  showing th e  r e l a t i v e  

p o s i t io n s  o f  th e  r e s e r v o i r s ,  th e  e x te n t o f  t h e i r  catchm ent a r e a s ,  

th e  co u rses  o f  fe e d e r  s tream s and th e  c e n tre s  o f  p o p u la tio n  w ith in  th e  

catchm ent a r e a s .  —

The r e s e r v o i r s  and t h e i r  catchm ent a re a s  l i e  w ith in  an a re a  o f  

ap p ro x im ate ly  100 Ion2 d e sc r ib e d  by L ongitude west 1° 9 ' -  2 0 ’ and 

L a t i tu d e  52° 29 ' — 4 4 ' •  ^he c e n tr e  o f  t h i s  a re a  i s  about 10 km n o r th ­

w est o f  th e  C ity  o f L e ic e s te r .

The r e s e r v o i r s  were a l l  c o n s tru c te d  in  th e  l a t t e r  h a l f  o f  th e  19t h  c e n tu ry  • 

by b u ild in g  e a r t h - f i l l e d  dams a c ro s s  v a l le y  f l o o r s .  Some p h y s ic a l  

p a ram ete rs  o f  th e  r e s e r v o i r s  and t h e i r  catchm ent a re a s  a r e  ta b u la te d  in  

T ab le J .  Many o f  th e  p a ram ete rs  r e f l e c t  th e  sm all s u r fa c e  a re a  and 

sh a llo w n ess  o f th e  r e s e r v o i r s .  As i n  any k in d  o f  dammed la k e  th e  

d eep e s t w ater i s  somewhat away from th e  c e n tre  o f th e  r e s e r v o i r s  and 

tow ards th e  dam.

The r e s e r v o i r s  d e r iv e  t h e i r  w ate r from  sp r in g s  and s tream s d ra in in g  th e  

catchm ent a re a s  and sup p ly  th e  C ity  o f  L e ic e s te r  and p a r t s  o f  

L e ic e s te r s h i r e  w ith  p o ta b le  w a te r . F or w ater tre a tm e n t p u rp o se s ,

C rcp sto n  and S w ith land  r e s e r v o i r s  a r e  o p e ra te d  as a  p a i r .  W ater i s  

pumped from S w ith land  in to  C ropston  r e s e r v o i r  and a b s t r a c te d  from 

C ropston  r e s e r v o i r  f o r  tre a tm e n t b e fo re  go ing  in to  p u b lic  su p p ly .

12



Figure: 1

’ •••Map of England Showing Relat ive P o s i t io n  of Study Area.
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TABLE 5

P h y s ic a l P aram eters  o f  th e  R e se rv o irs  I n v e s t ig a te d

R e se rv o ir

C ropston S w ith land Thornton

•N ational G rid  R eference SIC 551 111 SIC 557 148 sic 473 074

A lt i tu d e *  (m) 69 58 123

S u rfa c e  A rea35 (HA) 61 74 31

Length, (ion) 1 .58 1 .93 1 .46

Mean breadth , (km) 0 .3 8 0 .38 0.21

Volume* (m^) 2.55  x 106 2.23  X 106 1.47  x 106
3S / \Maximum dep th  (m)‘ 9 .8 6 .7 10 .7

Mean depth*  (m) 4 .2 3 .0 4*8

T.o-n rrl-Vi r\-p oln 1 -i -n cĴ
(km) 4 .2 6.0 5 .8

Development o f sh o re  
l i n e 1 .52 1 .97 1 .93

Development o f volume 1 .28 1 .35 1 .3 4

R e la t iv e  dep th 1 . 11# 0 . 69# 1 .7 0 #

I n s u lo s i ty - 3 .1 7 # -

Catchment A rea (HA) 1780 1420 1160

Mean r a i n f a l l  over 
catchm ent a re a  (cm /year) 72 .1 70 .4 69.6

R e te n tio n  tim e* (y e a rs ) 0 ,.6 0 .6
T

Estim ated, from , o r  a t  to p  w a te r le v e l
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G e o lo g ic a lly  th e  s tu d y  a re a  i s  a, complex m ix tu re  o f  T r ia s s i c  Xeuper 

m arl (w ith  s a n d s to n e 'a n d  hands o f  gypsum) p a r t i a l l y  o v e r la id  hy la rg e  

a re a s  o f  g la c ia l  h o u ld e r c la y  (w ith  i s o la t e d  a re a s  o f under and o v e r-  

ly in g  sand and g ra v e l)  and o v e r - ly in g  Pre-C am brian h o rn s to n es  and g r i t s  

(Charnwood ro c k s ) .  Charnwood rocks  a ls o  form s e v e ra l  i s o l a t e d  a re a s  

o f  s u r fa c e  ro c k , in c lu d in g  two la rg e  expanses, p a r t s  o f  which f a l l  

w ith in  th e  catchm ent a re a s  o f  C ropston  and Sw ith land  r e s e r v o i r s .  

I n t r u s io n s  o f  igneous and s y e n i te  and g r a n i t e  a lso  occur in  th e  a r e a .  

With th e  e x ce p tio n  o f  T hornton r e s e r v o i r ,  p o s t g la c ia l  a llu v iu m  o ccu rs  

a lo n g  th e  beds o f  th e  s tream s fe e d in g  th e  r e s e r v o i r s .

1 .2 .1 .  C ropston  R e se rv o ir

The fo rm a tio n  o f  C ropston r e s e r v o i r  i s  i l l u s t r a t e d  in  F ig u re  3» Some 

p h y s ic a l p a ram eters  o f  C ropston  r e s e r v o i r  and catchm ent a re a  may be 

found in  T ab le 3» Some chem ical c h a r a c t e r i s t i c s  o f  th e  r e s e r v o i r  w a te r 

a r e  ta b u la te d  in  T able 4*

C ropston  r e s e r v o i r  has th e  la r g e s t  volume and caichm ent a re a  o f  th e  

th r e e  r e s e r v o i r s  in v e s t ig a te d .  W ith th e  ex cep tio n  o f  s u lp h a te  and 

n i t r a t e  c o n c e n tr a t io n s , th e  chem ical p a ram eters  o f C ropston  r e s e r v o i r

(T ab le  4) a re  th e  low est i n  m agnitude o f  th e  th r e e  r e s e r v o i r s .
\

W ater flow s in to  th e  r e s e r v o i r  from two so u rces

a )  B radgate  Brook (R iv e r L in) and i t s  t r i b u t a r i e s ,  which d ra in  th e
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Figure. 3
Map of C rops ton  R eservo ir .
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TABLE 4

Chemical P aram eters  o f  th e  W ater in  th e  R e se rv o irs  I n v e s t ig a te d  

(Means o f  th e  Y ears 3-972, 1973? 1974)+

R e se rv o ir

C ropston S w ith land Thornton

pH 8.07 8o30 80 24

E l e c t r i c a l  c o n d u c t iv ity  
(pjnhos. cm.3) 419 461 584

Calcium  (m g/l) 52 60 60

Magnesium (m g/l) 22 26 26

Sodium (m g/l) 11 16 32

Potassium * (m g/l) 3 3 5

C arhonate  and B io carh o n a te  
(m g/l) 67 72 81

S u lp h a t e 84 93 82

C h lo rid e  (a s  C l" )(m g /l) 34 36 60

O rthophosphate (m g/l) 0.061 0.267 0 .175

N i t r a t e  (m g/l) 1 .38 1 .05 1 .4 5

S i l i c a  (rag /l) 3o6o 6.27 4 .6 2

•1.
B ata  c o l le c te d  hy S ev ern -T ren t W ater A u th o rity

x
£ Mean o f  on ly  3 m easurem ents
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catchm ent a r e a ,  e n te rs  th e  so u th e rn  end o f  th e  r e s e r v o i r .  T here a ro  

no consen ted  o r  known d isc h a rg e s  to  C ropston  r e s e r v o i r  v ia  B radgate  

B rook, h u t la n d  d ra in a g e  from farm  a re a s  may e n te r  th e  b rook and 

r e s e r v o i r .  I t  i s  rem o te ly  p o s s ib le  t h a t  some seepage in to  th e  bi'ook 

occu rs  from a  sto rm  sewage overflow  which re c e iv e s  la n d  d ra in a g e  

(C la y f ie ld  1974? p e rso n a l com m unication).

b) S w ith land  r e s e r v o i r  by pumping. T his so u rce  i s  in t e r m i t te n t  and 

e n te r s  th e  r e s e r v o i r  n e a r  th e  dam on th e  n o r th e rn  sh o re  o f  th e  r e s e r v o i r  

( s e e  F ig u re  3 ) .

W ater i s  a b s t r a c te d  from th e  r e s e r v o i r  f o r  tre a tm e n t v ia  a v a lv e  tow er 

i n  th e  dam o f th e  r e s e r v o i r  (s e e  F ig u re  3)« There a re  two d raw -o ff 

( a b s t r a c t io n )  le v e ls  a t  7*1 ® and 12 .9  m.

-T h e - re s e rv o ir  i s  not u sed  f o r  any r e c r e a t io n a l  p u rp o s e ,.b u t  i t  i s  u sed  

a s  a  r e s t i n g  and fe e d in g  a re a  by many w ild fow l in  Autumn and W inter 

(R obinson 1973? p e rs o n a l com m unication). C ropston  r e s e r v o i r  i s  

p a r t i c u l a r l y  fa v o u ra b le  to  s u r fa c e  fe e d e rs  because o f  th e  la rg e  a re a s  o f 

sh a llo w  w ate r and mud m argins a t  low w a te r l e v e l s .  Maximum numbers 

o ccu r betw een November and F eb ru ary , th e  most common s p e c ie s  b e in g  

M a lla rd , T e a l, Wigeon, T u fted  duck, P ochard , S h o v e lle r  and G reat C rested. 

G rebe. In  a d d i t io n  th e r e  i s  a  sm all p assag e  o f  Golden Eye and Goosander

i n  th e  w in te r  and e a r ly  s p r in g  and w aders and te rn s  i n  s p r in g  and autumn.
\

The w este rn  s h o re l in e  and. h o r iz o n  developm ent o f  C ropston  r e s e r v o i r  

form  p a r t  o f  B rad g a te  P a rk , w h ils t  th e  e a s te rn  s h o re l in e  and h o riz o n  

developm ent i s  m ain ly  p a s tu re la n d o  The r e s e r v o i r ’s catchm ent a re a  o f
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1780 Ha in c lu d e s  most o f  B rad g a te  Park* The rem ainder i s  a  m ix tu re  

o f  woodland and p a s tu re la n d  and in c lu d e s  th e  v i l l a g e  o f  Newtown L in fo rd , 

p o p u la tio n  1046 .

1 .2 .2 .  S w ith land  R e se rv o ir

The fo rm atio n  o f S w ith land  r e s e r v o i r  i s  i l l u s t r a t e d  in  F ig u re  4 * Some 

p h y s ic a l  p a ram eters  o f  th e  r e s e r v o i r  and catchm ent a re a  a r e  ta b u la te d  

in  T ab le 3 and some chem ical c h a r a c t e r i s t i c s  o f th e  r e s e r v o i r  w a te r in  

T ab le  4*

S w ith land  r e s e r v o i r  i s  d iv id e d  in to  two ‘su b -b a s in s  by an i s la n d  o f  

igneous g r a n i t e ,  w ith  w eirs  e i th e r  s id e .  The n o r th e rn  b a s in  has a  

s u r fa c e  a re a  o f %  Ha and th e  so u th e rn  b a s in  a s u r fa c e  a re a  o f  16 Ha. 

S w ith lan d  r e s e r v o i r  has  th e  l a r g e s t  s u r fa c e  a re a  o f  th e  th r e e  r e s e r v o i r s  

in v e s t ig a te d ,  bu t no t th e  l a r g e s t  volum e. S w ith land  r e s e r v o i r  i s  in  

f a c t  th e  sh a llo w e s t o f  th e  th r e e  r e s e r v o i r s .

S w ith lan d  r e s e r v o i r  has th e  h ig h e s t  mean pH, s u lp h a te ,  o rth o p h o sp h a te  

and s i l i c a  c o n c e n tra tio n s  o f  th e  th r e e  r e s e r v o i r s  (T ab le 4)*

P o p u la tio n  f ig u re s  a r e  ta k e n  from th e  1971 Census Sm all A rea 
S t a t i s t i c s  o b ta in e d  from  th e  O ff ic e  o f  P o p u la tio n  C ensuses and 
S u rveys, T i t c h f i e ld ,  H an ts . P015 5 ^ *
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Figure. 4
Map of Swithlqnd R eservo ir
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Water flows in t o  th e  s o u th e rn  b a s in  o f  th e  r e s e r v o i r ,  which t h e r e f o r e  

te n d s  t o  a c t  as  a  l a rg e  s e t t l i n g  pond f o r  th e  main (n o r th e rn )  b a s in ,  

from two s o u r c e s : -

a )  C ropston  Brook (R ive r  Lin) which c a r r i e s  any overflow  from 

Cropston  r e s e r v o i r . .

b) S w ith land  Brook and i t s  t r i b u t a r i e s  which d ra in  th e  catchment a r e a .

There a r e  no d i r e c t  d isc h a rg e s  o f  t r a d e  o r  sewage w astes in t o  th e s e  

f e e d e r  s t re a m s .  However, t h e r e  i s  a minor d isch a rg e  o f  sewage in t o  a 

s lu d g e  area-, which under  ad v e rse  c o n d i t io n s  could  p e r c o l a t e  in t o  a  

f e e d e r  steam  ( C la y f ie ld  1974> p e r s o n a l  com munication).

Water i s  a b s t r a c t e d  from th e  r e s e r v o i r  v i a  a  v a lv e  tow er n e a r  th e  dam o f  

th e  r e s e r v o i r .  There a r e  two d raw -o ff  ( a b s t r a c t io n )  l e v e l s  a t  5*5 m 

and 6 .4  m.

With th e  ex ce p tio n  o f  a  l i m i t e d  amount o f  p r i v a t e  sh o re  l i n e  f i s h i n g ,  

t h e  r e s e r v o i r  se rv e s  no r e c r e a t i o n a l  p u rp o se .  Like C ropston  r e s e r v o i r ,  

S w ith land  r e s e r v o i r  i s  a  l o c a l l y  im p o rtan t  r e s t i n g  and f e e d in g  a r e a  f o r  

many w ild fo w l, b o th  m ig ra to ry  and n o n -m ig ra to ry ,  e s p e c i a l l y  i n  w in t e r .

The s h o r e l i n e  o f  Sw ith land  r e s e r v o i r  i s  p redom inan tly  woodland, bu t th e  

h o r iz o n  develops as woodland on ly  a t  t h e  n o r th e rn  end and southernm ost 

t i p  o f  t h e  r e s e r v o i r .  E lsew here t h e  h o r iz o n  develops as  p a s tu r e l a n d .  

The catchment a re a  o f  1420 Ha i s  m ain ly  a .m ix tu re  o f  woodland and 

p a s tu r e l a n d  and in c lu d e s  a  sm all  p a r t  o f  B radgate  Park  and th e  v i l l a g e s



o f  Sw ith land  and p a r t s  o f  R oth ley  P l a i n  and C ropston , (p o p u la t io n s  

208, 240 and 141, r e s p e c t i v e l y ) .

l , 2 ,2 o  Thornton R e s e rv o ir

The fo rm a t io n  o f  Thornton r e s e r v o i r  i s  i l l u s t r a t e d  i n  F ig u re  Some

p h y s ic a l  p aram ete rs  o f  t h e  r e s e r v o i r  may "be found i n  Tab le  5 and some 

chem ical pa ram ete rs  o f  th e  r e s e r v o i r  w a te r  a r e  ta b u la te d  i n  Table 4*

Thornton r e s e r v o i r  i s  th e  h ig h e s t ,  s m a l le s t  and d eepes t o f  t h e  th r e e  

r e s e r v o i r s  i n v e s t i g a t e d .  Small s e t t l i n g  ponds formed by th e  

c o n s t r u c t io n  o f  c o n c re te  w eirs  a r e  lo c a te d  a t  th e  two ’f i n g e r  t i p s ’ o f  

t h e  r e s e r v o i r .

Thornton r e s e r v o i r  has th e  h ig h e s t  e l e c t r i c a l  c o n d u c t iv i ty  o f  th e  t h r e e  

r e s e r v o i r  w a te rs  and t h i s  i s  r e f l e c t e d  by th e  r e l a t i v e l y  h igh  

c o n c e n t ra t io n s  o f  sodium, po ta ss ium  and c h lo r id e  io n s  i n  th e  w a te r .

The l e v e l s  o f  n i t r a t e  and c a rb o n a te  and b ic a rb o n a te  io n s  a r e  a lso  

r e l a t i v e l y  h ig h  i n  Thornton r e s e r v o i r  w a te r .

Water flow s i n t o  th e  r e s e r v o i r  v i a  two s t re a m s ,  S ta n to n  and M ark f ie ld

B rooks, which e n t e r  t h e  w es te rn  and e a s te r n  t i p s  o f  th e  r e s e r v o i r
\
r e s p e c t i v e l y .  There a r e  no d i r e c t  d isc h a rg e s  o f  t r a d e  o r  sewage w astes  

i n t o  e i t h e r  fe e d e r  s tream , bu t t h e r e  i s  t h e  p o s s i b i l i t y  o f  th e  d is c h a rg e  

o f  i n e r t  m inera l m a t te r  and o f  la n d  d ra in a g e  from farm a r e a s  in t o  t h e  

s tream s ( C la y f i e ld  1974, p e r s o n a l  com m unication).
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Figure.- 5
Map o f  T h o r n to n  R e s e r v o i r
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Water i s  a b s t r a c t e d  from th e  r e s e r v o i r  f o r  tre a tm e n t  a t  th e  v a lv e  

tow er which has t h r e e  d raw -o ff  l e v e l s  a t  2*7 m, 5*5 m and 8*2 m«

A l i m i t e d  amount o f  p r i v a t e  f i s h i n g  i s  a llow ed on Thornton r e s e r v o i r ,  

b u t  t h i s  i s  th e  on ly  r e c r e a t i o n a l  u se  o f  th e  r e s e r v o i r .  Thornton 

r e s e r v o i r  i s  no t an im p o rtan t  l o c a l  f e e d in g  o r  r e s t i n g  s i t e  f o r  w ildfow l

The n o r th e rn  and w es te rn  s h o r e l i n e s  o f  Thornton r e s e r v o i r  a r e  wooded, 

bu t t h e  h o r iz o n  develops as  woodland on th e  n o r th e rn  sh o re  o n ly .  Along 

th e  r e s e r v o i r ' s  w es te rn  sh o re  th e  h o r iz o n  develops as p a s tu r e l a n d  and 

r e c r e a t i o n a l  lan d  in t o  th e  v i l l a g e  o f  Thornton . • The e a s t e r n  s h o r e l in e  

and h o r iz o n  development i s  p a s tu r e l a n d .

The r e s e r v o i r ' s  catchment a r e a  o f  1160 Ha i s  th e  s m a l le s t  o f  t h e  t h r e e  

r e s e r v o i r s  and i s  p redom inan tly  p a s tu r e l a n d ,  but in c lu d e s  fo u r  v i l l a g e s :  

M ark f ie ld  and S tan ton -under-B ardon  ( j o i n t  p o p u la t io n  3164) ,  Thornton 

( p o p u la t io n  816) and a  p a r t  o f  F i e l d  Head (p o p u la t io n  e s t im a te d  as  about 

8 0 ) .  Thornton r e s e r v o i r  catchment a r e a  t h e r e f o r e  has t h e  h ig h e s t  

p o p u la t io n  d e n s i ty  o f  t h e  t h r e e  r e s e r v o i r s *
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S E C T I 0 N 2 

METHODS 

-----
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2 .1  METHODS

The s o u rc e s  o f  m a t e r i a l s  r e f e r r e d  to  i n  t h i s  c h a p t e r  a r e  g iv e n  i n  

A ppendix 1. The s o u rc e s  o f  c u l t u r e s  u sed  i n  t h i s  i n v e s t i g a t i o n  a r e  

g iv e n  i n  A ppendix 2. A ppendix 3 i s  a  l i s t  o f  th e  names and a d d r e s s e s  

o f  m a n u fa c tu re r s  o f  s c i e n t i f i c  equ ipm ent u sed  i n  t h i s  i n v e s t i g a t i o n .

The a n a l y s i s  o f  m i c r o n u t r i e n t s  i n  n a t u r a l  w a te r s  p r e s e n t s  a c u te  p ro b le m s .

I n  p a r t i c u l a r  c o n ta m in a t io n  can  v e ry  e a s i l y  o c c u r .  I n  o r d e r  to  g u a rd  

a g a i n s t  c o n ta m in a t io n ,  a l l  g la s s w a r e  u s e d  i n  t h i s  i n v e s t i g a t i o n  was 

P yrex  and a l l  i n o r g a n i c  c h e m ic a ls  u s e d  were a n a l y t i c a l  r e a g e n t  (A .R .)  

g r a d e .  G lassw are  and p l a s t i c w a r e  were th o ro u g h ly  c l e a n e d  a f t e r  u se  

by th e  method d e s c r ib e d  i n  A ppendix 4* G lassw are  and p l a s t i c w a r e  were 

h a n d le d  so t h a t  s k in  c o n t a c t  w i th  i n n e r  s u r f a c e s  was a v o id e d .  W ater 

sam ples  were h an d le d  i n  such  a  way t h a t  s k in  c o n t a c t  w i th  any p a r t  o f  

th e  sample was a v o id e d ,  b o th  d u r in g  c o l l e c t i o n  and d u r in g  a l l  s u b se q u e n t  

t r e a tm e n t  and a n a l y t i c a l  s t a g e s .  G l a s s - d i s t i l l e d  w a te r  was u se d  th r o u g h o u t  

and was s t o r e d  f o r  no lo n g e r  th a n  24 h r s .  O ther  p r e c a u t i o n s ,  such  a s  

u s i n g  i n t e r n a l  s t a n d a r d s  and w a te r  b la n k s ,  were a l s o  ta k e n ,  and a r e  

d e s c r ib e d  i n  th e  r e l e v a n t  s e c t i o n s  o f  t h i s  c h a p t e r .



2 ,2  SAMPLING METHODS

2*2*1 R e s e r v o i r  W ater * •

6*51 w a te r  sam p les  were t a k e n  a t  w eek ly  i n t e r v a l s ,  be tw een  11*00 and

1 3 .0 0  h o u r s ,  from  a  d e p th  o f  2m i n  t h e  d e e p e s t  p a r t  o f  th e  r e s e r v o i r s  

i n v e s t i g a t e d .  The a p p ro x im a te  p o s i t i o n s  o f  th e  s a m p lin g  p o i n t s  i n  th e

r e s e r v o i r s  a r e  shown i n  F i g u r e s  3*4 and  5*

The c h o ic e  o f  s a m p lin g  a p p a r a tu s  was r e s t r i c t e d  by th e  n e c e s s i t y  t o  

a v o id  s a m p le rs  w i th  m e ta l  o r  r u b b e r  com ponents , a s  a  p r e c a u t i o n  a g a i n s t  

t r a c e  e le m e n t  c o n ta m in a t io n  o f  sam p les  (G olte rrnan  1 9 7 1 Por  t h i s  

r e a s o n ,  and b ec a u se  o f  th e  r e l a t i v e  s i m p l i c i t y  and a b i l i t y  o f  th e  

a p p a r a tu s  to  t a k e  l a r g e  s a m p le s ,  a  tu b e  sam p le r  was c o n s t r u c t e d ,  a lo n g  

t h e  l i n e s  d e s c r i b e d  i n  G olterrnan  ( l 9 7 l ) j  from a  2m l e n g t h  o f  p o l y v i n y l -  

c h l o r i d e  t u b i n g ,  64mm i n  d i a m e te r  and f i t t e d  w i th  a i r t i g h t  p l a s t i c  sc rew  

c ap s  a t  e i t h e r  end . The a p p a r a tu s  c o u ld  t h e r e f o r e  be u s e d  e i t h e r  a s  

an  i n t e g r a t i n g  sam p le r  o f  the .  u p p e r  2m o f  a  w a te r  column, o r  f o r  

c o l l e c t i n g  sam ples  from a  d e p th  down to  2ra. The a p p a r a tu s  was u s e d  to  

c o l l e c t  sam p les  from a  d e p th  o f  2m f o r  two re a so n s*  F i r s t l y , -  G o lte rrnan . 

( 1971) a d v i s e s  a g a i n s t  c o l l e c t i n g  sam ples  f o r  t r a c e  e le m e n t  a n a l y s i s  

from  th e  s u r f a c e  l a y e r .  T h is  i s  b e c a u se  t r a c e  m e ta l s  may be c o n c e n t r a t e d  

a t  th e  s u r f a c e  by wind in d u c e d  foam ing  o f  th e  w a te r  f o r  example. S e c o n d ly ,  

2m a p p ro x im a te s  th e  m id d le  o f  th e  e u p h o t i e  zone i n  m ost f r e s h  w a te r s  

( P r e s c o t t  1 9 6 9 ) .

X
The s am p lin g  tu b e  was f l u s h e d  w i th  r e s e r v o i r  w a te r  p r i o r  to  c o l l e c t i n g  

t h e  a c t u a l  sam ple . On r e t u r n  to  th e  s h o re  th e  sam ple was im m e d ia te ly  

t r a n s f e r r e d  to  a  51 p o l y e th y l e n e  b o t t l e ,  u s in g  th e  s p a r e  1 .51  i n  th e  tu b e  

t o  r i n s e  th e  b o t t l e  w i th  sam ple p r i o r  t o  co m p le te  f i l l i n g .  T h is  t r a n s f e r
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e f f e c t i v e l y  m i x e d  t h e  s a m p l e ,  a n d  a  250m l p o r t i o n  f o r  t h e  s u b s e q u e n t  

a n a l y s i s  o f  d i s s o l v e d  v i t a m i n s  w a s  i m m e d i a t e l y  r e m o v e d  a n d  f i l t e r e d  

u n d e r  n e g a t i v e  p r e s s u r e  t h r o u g h  a  W h a t m a n  G F /C  g l a s s - f i b r e  f i l t e r  p a p e r .

T h e  f i l t e r e d  p o r t i o n  w a s  t r a n s f e r r e d  t o  a  2 5 0 m l  p o l y e t h y l e n e  b o t t l e ,  

u s i n g  t h e  f i r s t  5 ^  m l  t o  r i n s e  t h e  b o t t l e ,  a n d  t h e n  q u i c k l y  f r o z e n  b y  

p l a c i n g  t h e  b o t t l e  i n  a  s o l i d  c a r b o n  d i o x i d e / m e t h a n o l  m i x t u r e .  T h e  

f i l t e r  p a d ,  f o r  s u b s e q u e n t  p a r t i c u l a t e  v i t a m i n  a n a l y s i s ,  w a s  t r a n s f e r r e d  

t o  a  1 0 0 m l  w i d e  t o p p e d  p o l y e t h y l e n e  b o t t l e  a n d ,  t o g e t h e r  w i t h  t h e  f r o z e n ,  

f i l t e r e d  p o r t i o n ,  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y  w i t h  a  p a c k i n g  o f  

s o l i d  c a r b o n  d i o x i d e .

T h e  r e m a i n d e r  o f  t h e  5 1  s a m p l e  w a s  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y  

a s  q u i c k l y  a s  p o s s i b l e  - ( w i t h  2 t o  3 h o u r s )  w h e r e  t h e  s a m p l e s  w e r e  

i m m e d i a t e l y  p r e p a r e d  f o r  c h l o r o p h y l l ,  p h a e o p h y t i n  a n d  t r a c e  e l e m e n t  

a n a l y s i s  a s  d e s c r i b e d  i n  t h e  r e l e v a n t  s e c t i o n s  o f  t h i s  s e c t i o n .  F r o z e n  

s a m p l e s  f o r  l a t e r  v i t a m i n  a n a l y s i s  w e r e  t r a n s f e r r e d  t o  a  d e e p - f r e e z e  o n  

r e t u r n  t o  t h e  l a b o r a t o r y  a n d  s t o r e d  a t  - 2 0 ° C .

2 . 2 . 2  F e e d e r  S t r e a m  W a t e r

51  w a t e r  s a m p l e s  w e r e  t a k e n  a t  m o n t h l y  i n t e r v a l s  b e t w e e n  1 1 . 0 0  a n d  

1 3 . Q0 h o u r s  u s i n g  a  p l a s t i c  b u c k e t .  B o t h  b u c k e t  a n d  p o l y e t h y l e n e  

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

a c t u a l  s a m p l e .  T h i s  m e t h o d  o f  c o l l e c t i o n  w a s  c o n s i d e r e d  a d e q u a t e ,  

s i n c e  t h e  s t r e a m s  a r e  s m a l l  a n d  s h a l l o w  a t  t h e  s a m p l i n g  p o i n t s .  T h e  

a p p r o x i m a t e  p o s i t i o n s  o f  t h e  s a m p l i n g  p o i n t s  a r e  s h o w n  o n  F i g u r e s  3>

4  a n d  5 ,  a n d  a r e  t h e  n e a r e s t  p o i n t s  t o  t h e  r e s e r v o i r s  w i t h  r e a s o n a b l e  

a c c e s s .  • •
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P o r t i o n s  o f  t h e  s a m p l e  f o r  s u b s e q u e n t  v i t a m i n  a n a l y s i s  w e r e  i m m e d i a t e l y  

r e m o v e d  f r o m  t h e  w e l l - m i x e d  5 1  s a m p l e  a n d  t r e a t e d  a s  i n  S e c t i o n  2 - 2 d *  

F r o z e n  s a m p l e s  f o r  s u b s e q u e n t  v i t a m i n  a n a l y s i s  a n d  t h e  r e m a i n d e r  o f  

t h e  51 s a m p l e  w e r e  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y  a s  q u i c k l y  a s  

p o s s i b l e  a n d  i m m e d i a t e l y  p r e p a r e d  f o r  c h l o r o p h y l l ,  p h a e o p h y t i n  a n d  

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

c h a p t e r ,  o r  s t o r e d  a t  - 2 0 ° C  f o r  l a t e r  v i t a m i n  a n a l y s i s *

2 . 2 . 3  R e s e r v o i r  S e d im e n ts .

S a m p l e s  o f  r e s e r v o i r  s e d i m e n t  w e r e  t a k e n  w i t h  a  G i l s o n  M ud  S a m p l e r ,  

a l t e r n a t i v e l y  k n o w n  a s  a  F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n ,  A u t o m a t i c  

Mxid S a m p l e r ,  k i n d l y  l o a n e d  b y  t h e  F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n .  

T h e  a p p a r a t u s  i s  i l l u s t r a t e d  i n  F i g u r e  65  d e t a i l s  o f  i t s  d e s i g n  m a y  

b e  f o u n d  i n  M a c a n  ( 1 9 7 0 )  • T h e  s a m p l e r  w a s  l o a d e d  w i t h  w e i g h t s  

( a b o u t  6 k g )  a n d  u s e d  o n  a  l i n e  t o  t a k e  r e l a t i v e l y  u n d i s t u r b e d  s h o r t  

c o r e s  ( 1 0  t o  2 0 c m )  o f  s e d i m e n t  t o g e t h e r  w i t h  500  t o  8 0 0  m l  o f  t h e

a c c o m p a n y i n g ,  o v e r l y i n g  w a t e r .  S a m p l e s  w e r e  t a k e n  f r o m  t h e  s a m e

p o s i t i o n s  i n  t h e  r e s e r v o i r s  a s  t h e  r e s e r v o i r  w a t e r  s a m p l e s :  s e e

S e c t i o n  2 . 2 . 1  a n d  F i g u r e s  3 ,  4  a n d  5 .

\  . . . .

T h e  s e d i m e n t  s a m p l e  a n d  o v e r l y i n g  w a t e r  w e r e  t r a n s p o r t e d  b a c k  t o  

- t h e  l a b o r a t o r y  i n  t h e  s a m p l e  t u b e  ( u s i n g  r u b b e r  b u n g s  i n  p l a s t i c  

b a g s  t o  s e a l  b o t h  e n d s  o f  t h e  t u b e )  a s  q u i c k l y  a s  p o s s i b l e  ( w i t h i n  

2  t o  3  h o u r s ) .  T h e  o v e r l y i n g  w a t e r  w a s  s i p h o n e d  o f f .  A 1 0 0 m l



F ig u re  6
- -•#

G ID o o n  H ud S a n ; p i e r

w e i g h t

g u n m e t a l  h e a d p i e c e  
c o n t a i n i n g  v a l v e

c a m p l e  t u h e

*  I t  s h o u l d  h e  n o t e d  t h a t  t h e  h e a d p i e c e  o f  t h i s  a p p a r a t u s  i s  
m a d e  o f  g u n m e t a l  a n d  t h e  w e i g h t s  a r e  m a d e  o f  l e a d .  T h e s e  c o m ­
p o n e n t s  m u s t  h e  c o n s i d e r e d  a  p o s s i b l e  s o u r c e  o f  c o n t a m i n a t i o n  
o f  t h e  s a m p l e  w i t h  t r a c e  e l e m e n t s .  H o w e v e r ,  t h e  a c t u a l  s a m p l e  
t u h e ,  w h i c h  c o m e s  i n t o  d i r e c t  c o n t a c t  w i t h  t h e  s e d i m e n t ,  i s  m a d e  
o f  p e r s p e x .  D i s t i l l e d  w a t e r ,  s t o r e d  i n  t h e  c o m p l e t e  a p p a r a t u s  f o r  
a  r e p r e s e n t a t i v e  p e r i o d ,  w a s  n o t  m e a s u r a b l y  c o n t a m i n a t e d  w i t h  t r a c e  
e l e m e n t s  i n v e s t i g a t e d .
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p o r t i o n  was f i l t e r e d  th ro u g h  a  Whatman GF/C g l a s s - f i b r e  f i l t e r  p a p e r  

and th e  f i l t r a t e  f r o s e n  and s t o r e d  a t  -20°C f o r  l a t e r  v i t a m i n  a n a l ­

y s i s .  The re m a in d e r  o f  t h e  o v e r ly i n g  w a te r  was p r e p a r e d  f o r  t r a c e  

m e ta l  a n a l y s i s  a s  d e s c r i b e d  i n  S e c t io n  2 .4 * 1 -1

The se d im e n t  c o re  was c a r e f u l l y  p u sh ed  o u t  o f  th e  sample tu b e  w i th  

a  p e r s p e x  p i s t o n .  The c o re  was s e c t i o n e d  i n t o  2cm l e n g t h s  a s  i t  was 

e x t r u d e d  from  th e  s a m p l in g  tu b e .  The 2cm l e n g t h  n e a r e s t  t h e  s e d im e n t /  

w a te r  i n t e r f a c e  was d e s i g n a t e d  th e  •B* l a y e r .  (Many o f  th e  im p o r ta n t  

exchange  r e a c t i o n s  b e tw een  w a te r  and  s ed im en t  p r o b a b ly  o c c u r  be tw een  

th e  w a te r  and th e  f i r s t  few c e n t im e te r s ,  o f  s e d im e n t  ( C o l l i n s  1974? 

p e r s o n a l  c o m m u n ic a t io n ) .  The n e x t  f o u r  2cm s e c t i o n s  were p o o le d  and 

d e s i g n a t e d  th e  *C* l a y e r .  (The d e p th  o f  m ix in g  i n  s e d im e n ts  w i th  a 

w e l l  d e f i n e d  s e d im e n t - w a te r  i n t e r f a c e  p r o b a b ly  e x te n d s  t o  be tw een  5 

and  10 cm below  th e  i n t e r f a c e ,  a l th o u g h  t h i s  m ix in g  may n o t  be 

c o m p le te  (Lee 1 9 7 0 b ) .

•The * B1 and  *0* s e d im e n t  l a y e r s  were th o r o u g h ly  m ixed and app rox im ­

a t e l y  lOg p o r t i o n s  o f  e a c h  l a y e r  w ere s t o r e d  a t  —20°C i n  p o ly e th y l e n e  

b o t t l e s  f o r  l a t e r  v i t a m i n  a n a l y s i s .  F u r t h e r  lOg p o r t i o n s  were removed 

and  a c c u r a t e l y  w eighed  b e f o r e  and a f t e r  d ry in g  a t  105°C u n t i l  no 

f u r t h e r  l o s s  o f  w e ig h t  was n o te d  ( a b o u t  24 h r s . ) .  These p o r t i o n s  

w ere s t o r e d  i n  100ml c o n i c a l  f l a s k s  w i th  p l a s t i c  c a p s  f o r  l a t e r  t r a c e
S

e le m e n t  a n a l y s i s :  s e e  S e c t i o n  2 .4 * 2 .
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2 .3  ' CHLOROPHYLL AND PHAEOPHYTIN ESTIMATION

I n  t h i s  i n v e s t i g a t i o n  th e  b iom ass o f  p h y to p la n k to n  i n  r e s e r v o i r  

and f e e d e r  s t ream  w a te r  sam ples  was e s t i m a t e d  by d e t e r m in a t io n  o f

th e  c o n c e n t r a t i o n  o f  c h l o r o p h y l l  i n  th e  sam p les .  The method d e s ­

c r i b e d  below  i s  e a s y  and r a p i d  i n  u s e ,  b u t  th e  r e s u l t s  must be 

i n t e r p r e t e d  w i th  c a r e  f o r  two r e a s o n s .  F i r s t l y ,  q u a n t i t a t i v e  

e x t r a c t i o n  o f  c h l o r o p h y l l  from a l g a e ,  e s p e c i a l l y  g r e e n  a l g a e ,  i s  

d i f f i c u l t .  S eco n d ly ,  th e  two most common c h l o r o p h y l l s ,  a  and b, 

b o th  a b s o rb  l i g h t  a t  663 nm and t h e i r  e x t i n c t i o n  c o e f f i c i e n t s  a r e

n o t  a c c u r a t e l y  known (G olterrnan  1 9 7 1 ) -  However, c h l o r o p h y l l  a  i s

u s u a l l y  q u a n t i t a t i v e l y  th e  m ost im p o r ta n t  c h l o r o p h y l l  i n  g r e e n  

p l a n t s  (G olterrnan  1 9 7 1 ) *

C h lo ro p h y l l  and p h a e o p h y t in  were e s t i m a t e d  i n  sam ples  by th e  m ethod 

d e s c r i b e d  i n  G olterrnan ( l 9 7 l ) *

A 11 p o r t i o n  o f  a  w e l l  m ixed 51 w a te r  sample from a  r e s e r v o i r  o r  

f e e d e r  s t re a m  was f i l t e r e d  u n d e r  n e g a t iv e  p r e s s u r e  th ro u g h  a  Whatman 

GF/C g l a s s - f i b r e  f i l t e r  p a p e r  c o a t e d  w i th  a  f i l m  o f  magnesium c a r b o n a te .  

The f i l m  o f  magnesium c a r b o n a te  i n c r e a s e s  th e  r e t e n t i o n  o f  p a r t i c l e s  

by th e  f i l t e r  p a p e r  and was p ro d u ced  by d raw ing  5ml o f  a  5i° 

s u s p e n s io n  o f  magnesium c a rb o n a te  i n  d i s t i l l e d  w a te r  th ro u g h  th e  

x  f i l t e r  p a p e r .  The f i l t e r  p a p e r  was th e n  g round  i n  5ml o f  9Qfjo a c e to n e  

t o  r e l e a s e  th e  p ig m en ts  from th e  a l g a l  c e l l s  and th e  r e s u l t i n g  s l u r r y  

q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a  c e n t r i f u g e  tu b e .  The c e n t r i f u g e  tu b e  

was s e a l e d  w i th  P a r a f i lm  and s t o r e d  a t  4°C i n  th e  d a rk  o v e r n ig h t .

The s l u r r y  was th e n  c e n t r i f u g e d  and th e  s u p e r n a t a n t  c a r e f u l l y  p i p e t t e d
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o f f  and made up to  lOrnl w i th  90$ a c e to n e ,  The o p t i c a l  d e n s i t y  o f  

th e  p igm en t e x t r a c t  was th e n  m easured  i n  a  s p e c t ro p h o to m e te r  a t  

663nm and 750nm b e f o r e  and a f t e r  a c i d i f i c a t i o n  w i th  G .lm l o f  4H 

h y d r o c h lo r i c  a c i d .

The c o n c e n t r a t i o n  o f  c h l o r o p h y l l  and p h a e o p h y t in  i n  th e  o r i g i n a l  

sample was th e n  c a l c u l a t e d  a s  f o l lo w s

l e t  t h e  o p t i c a l  d e n s i t i e s  o f  t h e  p i g m e n t  e x t r a c t  a t  6 6 3 n m  a n d  

7 5 0 n m ,  b e f o r e  a c i d i f i c a t i o n ,  b e  A663  a n d  A 7 5 0  r e s p e c t i v e l y ;

l e t  t h e  o p t i c a l  d e n s i t i e s  o f  t h e  p i g m e n t  e x t r a c t  a t  6 6 3 n m  a n d  

750nm , a f t e r  a c i d i f i c a t i o n ,  b e  B663 a n d  £ 7 5 0  r e s p e c t i v e l y .

Then th e  u n a c i d i f i e d ,  c o r r e c t e d  o p t i c a l  d e n s i t y  (A) and th e  

a c i d i f i e d ,  c o r r e c t e d  o p t i c a l  d e n s i t y  (B) a r e  c a l c u l a t e d  by 

th e  e x p r e s s io n s

A » A663 -  A750
l i g h t p a t h  (cm)

B « B663 -  B750
l i g h t p a t h  (cm)

The o p t i c a l  d e n s i t y  due to  c h l o r o p h y l l  (G) i s  th e n  c a l c u l a t e d  

by th e  e x p r e s s io n

C « 2 .4 3  (A -  B)

The o p t i c a l  d e n s i t y  due t o  p h a e o p h y t in  (P )  i s  th e n  c a l c u l a t e d  

by th e  e x p r e s s io n ; - -



The c o n c e n t ra t io n  o f ' c h lo ro p h y l l  o r  phaeophytin  in  th e  o r i g i n a l  

sample i s  f i n a l l y  c a l c u l a t e d  from th e  fo rm u la :-

n g / l  C hlorophyll -  C . 1000 « volume o f  ex t r a c t  (ml^
(o r  Phaedphytin) (o r  P) KC volume o f  f i l t r a t e  (1,

( o r  KP)

w heres- KC i s  th e  e x t in c t i o n  c o e f f i c i e n t  o f  c h lo ro p h y l l  (=89)

and KP i s  th e  e x t in c t i o n  c o e f f i c i e n t  o f  phaeophytin  (=56)
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2 .4  INORGANIC MICRONUTRIENTS
* «n i iriT~rr ~rr~rir----- '1-----   *"“* —-    -  ■   —

2 .4 - 1  P r e p a r a t i o n  o f  Samples f o r  T race  M eta l E s t im a t io n  by Atomic
A b s o r p t i o n  S p e c t r o p h o t o m e t r y  (A A S )

2 .4 -1 * 1  R e s e r v o i r  w a te r

A lthough  th e  s e n s i t i v i t y  o f  c o n v e n t io n a l  AAS i s  h ig h ,  th e  c o n c e n t­

r a t i o n  o f  t r a c e  m e ta l s  i n  n a t u r a l  w a te r s  i s  u s u a l l y  to o  low ( l e s s  

th a n  lO O ^ g / l)  t o  a l lo w  t h e i r  d i r e c t  e s t i m a t i o n  w i th o u t  sample 

c o n c e n t r a t i o n .

Sample^ c o n c e n t r a t i o n  f o r  c o n v e n t io n a l  AAS can  be a c c o m p lish e d  by 

s e v e r a l  m ethods i n c l u d i n g  s im p le  e v a p o r a t io n  o r  f r e e z e  d r y in g  w ith  

d i s s o l u t i o n  i n  a c i d ,  p a r t i t i o n i n g  o f  m e ta l  c h e l a t e s  i n  s m a l l e r  

volum es o f  o rg a n ic  s o l v e n t  o r  c o l l e c t i o n  o f  m e ta l  io n s  on io n  

exchange o r  c h e l a t i n g  r e s i n s  (M inear & Murray 1973; W i l le y ,  Duke, 

W o jc ie szak  & Thomas 1 9 7 2 ) .-

I n  t h i s  i n v e s t i g a t i o n ,  s im p le  e v a p o r a t i o n  and io n  exchange t e c h n iq u e s  

were u s e d  to  c o n c e n t r a t e  w a te r  sam ples  from th e  r e s e r v o i r s  by a  f a c t o r  

up  to  40 t im e s .

\  I n  o r d e r  t o  g a i n  some i n f o r m a t io n  a b o u t  th e  fo rm s i n  w hich  th e  t r a c e  

m e ta l s  s e l e c t e d  f o r  s tu d y  e x i s t  i n  th e  r e s e r v o i r  w a te r s  i n v e s t i g a t e d ,  

th e  c o n c e n t r a t i o n  s t e p  was d e s ig n e d  to  a l lo w  th e  d i f f e r e n t i a t i o n  o f  

t h r e e  f r a c t i o n s  o f  e ac h  m e t a l : -
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a )  i n o r g a n i c  f r e e  m e t a l  i o n s *

b )  s o l u b l e  o r g a n i c  m e t a l  c o m p l e x e s  o r  c h e l a t e s *

c )  p a r t i c u l a t e  i n o r g a n i c  a n d  o r g a n i c  m e t a l *

T o  d o  t h i s ,  s a m p l e s  o f  r e s e r v o i r  w a t e r  w e r e  c o n c e n t r a t e d  b y  t h e  

f o l l o w i n g  m e t h o d s : ~

a )  I n o r g a n i c ,  f r e e  m e t a l  i o n s

A 1 1  p o r t i o n  o f  t h e  w e l l - m i x e d  5 1  s a m p l e  w a s  f i l t e r e d  u n d e r  n e g a t i v e  

p r e s s u r e  t h r o u g h  a  W h a tm a n  G F /C  g l a s s  f i b r e  f i l t e r  p a p e r *  T h e  

f i l t r a t e  w a s  t h e n  a l l o w e d  t o  r u n  t h r o u g h  a  15cm l o n g  a n d  l * 3 c m  

d i a m e t e r  c o l u m n  o f  D o w e x  50W-X8 i o n  e x c h a n g e  r e s i n  i n  t h e  h y d r o g e n  

f o r m  a t  t h e  r a t e  o f  2 5 0 r a l / h r *  T h e  s a m p l e  w a s  w a s h e d  t h r o u g h  t h e  

c o l u m n  w i t h  1 0 0 m l  o f  d i s t i l l e d  w a t e r  a n d  t h e  c o l u m n  w a s  t h e n  r e g e n e r ­

a t e d  w i t h  2 4 0 m l  o f  2N h y d r o c h l o r i c  a c i d  r u n  t h r o u g h  t h e  c o l u m n  a t  

t h e  r a t e  o f  2 m l / m i n .  T h e  f i r s t  5 m l  o f  e l u t a n t  w e r e  a l l o w e d  t o  r u n  

t o  w a s t e *  T h e  n e x t  2 5 m l  w e r e  c o l l e c t e d  a n d  s t o r e d  i n  a  t i g h t l y  

s t o p p e r e d  g l a s s  v i a l  f o r  l a t e r  a n a l y s i s  b y  AAS: s e e  S e c t i o n  2 * 4 * 2 .

T h e  r e m a i n i n g  2 1 0 m l  o f  2N h y d r o c h l o r i c  a c i d  w e r e  a l l o w e d  t o  r u n  

t h r o u g h  t h e  c o l u m n  t o  w a s t e ,  t h u s  c o m p l e t i n g  t h e  r e g e n e r a t i o n  o f  

t h e  c o l u m n .  T h e  c o l u m n  w a s  w a s h e d  w i t h  1 0 0 m l  o f  d i s t i l l e d  w a t e r  

p r i o r  t o  a p p l i c a t i o n  o f  t h e  n e x t  s a m p l e *

X b) I n o r g a n i c  a n d  O r g a n i c  S o l u b l e  M e t a l

A 1 1  p o r t i o n  o f  t h e  w e l l —m i x e d  5 1  s a m p l e  w a s  f i l t e r e d  u n d e r ,  n e g a t i v e  

p r e s s u r e  t h r o u g h  a  W h a t m a n  G F /C  g l a s s  f i b r e  f i l t e r  p a p e r .  T h e  f i l t r a t e  

w a s  t r a n s f e r r e d  t o  a  2 1  c o n i c a l  f l a s k  a n d  2 m l  o f  12N  h y d r o c h l o r i c  a c i d  

a d d e d  ' t o  t h e  f i l t r a t e .  I f  n e c e s s a r y  t h e  a c i d i f i e d  f i l t r a t e  w a s  s t o r e d
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a t  4°C u n t i l  th e  n e x t  s t a g e  c o u ld  he begun. The f i l t r a t e  was th e n  

e v a p o r a te d  on a  h o t  p l a t e  u n t i l  th e  volumn was re d u c e d  to  a b o u t  

50ml. The c o n c e n t r a t e d  f i l t r a t e  was th e n  q u a n t i t a t i v e l y  t r a n s f e r r e d  

t o  a  100ml c o n i c a l  f l a s k  and e v a p o r a te d  to  d ry n e s s ,  w i th o u t  b o i l i n g ,  

on a  h o t  p l a t e .  The r e s i d u e  was r e d i s s o l v e d  i n  2ml o f  h o t  16N n i t r i c  

a c i d .  A p p ro x im a te ly  20ml o f  d i s t i l l e d  w a te r  were th e n  added and 

p r e c i p i t a t e d  s i l i c a  removed by c e n t r i f u g a t i o n .  The s u p e r n a t a n t  was 

made up to  a  volume o f  25ml w i th  d i s t i l l e d  w a te r  and s t o r e d  i n  

a  t i g h t l y  s to p p e r e d  g l a s s  v i a l  f o r  l a t e r  a n a l y s i s  by AASs see  

S e c t io n  2 .4 * 2 .

c)  T o t a l  I n o r g a n ic  and O rgan ic  M eta l

11 o f  th e  w e l l -m ix e d  51 sample was t r e a t e d  and c o n c e n t r a t e d  as  

d e s c r ib e d  i n  S e c t io n  2 . 4 . 1 . 1 b  e x c e p t  t h a t  th e  i n i t i a l  f i l t r a t i o n  

s t a g e  was o m i t t e d .

2 . 4 . 1 . 2  F e e d e r  S tream s

11 o f  th e  w e l l -m ix e d  51 sample was t r e a t e d  and c o n c e n t r a t e d  a s  

d e s c r ib e d  i n  S e c t io n  2 . 4 * l * l c .

2 . 4 . 1 . 3  Sedim ent Samples

M e ta ls  were e x t r a c t e d  from  th e  f B* and *0* l a y e r s  o f  s ed im en t 

c o r e s  by a  s l i g h t  m o d i f i c a t i o n  o f  th e  method d e s c r ib e d  by 

M ath is  & Cummings (1973)*



15ml o f  a  mixed, c o n c e n t r a t e d  a c i d  s o l u t i o n  ( f i v e  volum es o f  16KT 

n i t r i c  a c i d  and one volume o f  14N ( 70%) p e r c h l o r i c  a c i d )  were 

added  to  th e  d r i e d  sample ( s e e  S e c t io n  2 . 2 .3 )  and th e  m ix tu re  

h e a t e d  a t  a  low h e a t  f o r  a p p ro x im a te ly  24 h o u r s .  The m ix tu re  was 

th e n  a l lo w e d  to  s e t t l e  and th e  s u p e r n a t a n t  c a r e f u l l y  p i p e t t e d  o f f  

i n t o  a  100ml c o n i c a l  f l a s k  w i th  a  p l a s t i c  cap  to  ex c lu d e  d u s t .

Three  more s i m i l a r  e x t r a c t i o n s  w i th  10ml o f  th e  mixed a c i d  

s o l u t i o n  were made and th e  s u p e r n a t a n t s  p o o le d ,  15ml o f  d i s t i l l e d  

w a te r  were added to  th e  sample to  e x t r a c t  th e  re m a in in g  a c i d  from 

th e  s e d im e n t .  The p o o le d  a c i d  and w a te r  s u p e r n a t a n t s  were th e n  

g e n t l y  h e a t e d  u n t i l  th e  s o l u t i o n  tu r n e d  f a i n t  y e l lo w  o r  c o l o u r l e s s  

and th e n  e v a p o r a te d  to  a p p ro x im a te ly  5ml. The s o l u t i o n  was th e n  

made up to  50ml w i th  d i s t i l l e d  w a te r  and s t o r e d  i n  a t i g h t l y  

s to p p e r e d  g l a s s  v i a l  f o r  l a t e r  a n a l y s i s  by AAS: see  S e c t io n  2 . 4 . 2 ,

2 .4 * 2  T rac e  M eta l E s t i m a t io n  by AAS

2 ,4 * 2 ,1  P r e p a r a t i o n  o f  S tock  S ta n d a rd  T race  M eta l S o lu t i o n s

S ta n d a rd  t r a c e  m e ta l  s o l u t i o n s  were p r e p a re d  a c c o rd in g  to  th e  methods 

d e s c r ib e d  i n  G olterrnan ( l 9 7 l )  and s t o r e d  i n  t i g h t l y  s to p p e r e d  p o ly ­

e th y le n e  b o t t l e s .

2 .4 * 2 .2  P r e p a r a t i o n  o f  T rac e  M eta l  S ta n d a rd s  f o r  AAS

S ta n d a rd  s o l u t i o n s  c o n t a i n i n g  0, 1 , 2.5* 5* 10, 25* 50, 75* 100, 250 

and 50Q pg/l o f  eac h  o f  th e  t r a c e  m e ta l s  to  be a n a ly s e d  were p r e p a r e d
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by d i l u t i n g  s u i t a b l e  volumes o f  in te rm e d ia te  s ta n d a rd s ,  f r e s h ly  

p rep a red  from th e  s to c k  s ta n d a rd  s o lu t i o n s ,  i n  d i s t i l l e d  w a te r .

These s ta n d a rd s  were c o n c e n tra te d  f o r  t r a c e  m etal a n a ly s i s  in  

e x a c t ly  th e  same way as r e s e r v o i r  w ater  samples ( s e e  s e c t io n  

£ . 4 . 1 . 1 ) ,  t h a t  i s  were c o n c e n tra te d  a f t e r  f i l t r a t i o n  by ion  

exchange and e v a p o ra t io n  and by e v a p o ra t io n  o f  u n f i l t e r e d  

s ta n d a rd s .

A d d it io n a l  d i s t i l l e d  w a te r  b lan k s  were p repa red  by s t o r i n g  d i s t i l l e d  

w a te r  i n  th e  tube  sampler ( s e e  s e c t io n  2 . 2 .1 ) ,  G ilson  mud sampler 

( s e e  s e c t io n  2 .2 .3 )  and p o ly e th y le n e  sample b o t t l e s  f o r  r e p r e s e n t a t i v e  

p e r io d s  o f  t im e . These b lanks  were c o n c e n tra te d  by e v ap o ra t io n  

( s e e  s e c t i o n  2 .4 * 1 •1c) f o r  l a t e r  a n a ly s i s  by AAS.

A d d it io n a l  s ta n d a rd  s o lu t i o n s  c o n ta in in g  0, i ,  2 .5 ,  5> i0> 25, 50,

75, 100, 250 and 500ug/l o f  each o f  th e  t r a c e  m e ta ls  to  be ana ly sed  

were p rep a red  by d i l u t i n g  s u i t a b l e  volumes o f  f r e s h l y  p rep a red  

in te rm e d ia te  s ta n d a rd  s o lu t i o n s  i n  an a r t i f i c i a l  r e s e r v o i r  w a te r .

The com position  o f  th e  a r t i f i c i a l  r e s e r v o i r  w a te r  i s  g iven  in  Tab le  5 

and was des igned  to  s im u la te  th e  average chemical com position  o f  th e  

th r e e  r e s e r v o i r  w a te rs  in v e s t i g a t e d  w ith  r e s p e o t  to  th e  c o n c e n t ra t io n  

o f  major io n s  ( s e e  Table  4 )•  These s ta n d a rd s  were c o n c e n tra te d  f o r  

t r a c e  m etal a n a ly s i s  by AAS by th e  method d e s c r ib e d  i n  s e c t io n  2.4«1»1c 

and were c o n s id e re d  a n e c e ssa ry  p r e c a u t io n  a g a in s t  p o s s ib le  i n t e r ­

f e re n c e  due to  m a tr ix  e f f e c t s  caused by th e  h igh  io n i c  s t r e n g t h  o f  

th e  c o n c e n tra te d  samples (W illey  e t . a l .  1972).
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TABLE 5

C om pos it ion  o f  A r t i f i c i a l  R e s e r v o i r  W ater
»,« —...................................................Ml-.I i > » wrt<HW»nw ii u i *»mmi *»'■< » n  m ........   ■■ » ■—» l»in j t a)a riw <.i*i>iiihMi,MI,,i- w>w iii

Chemical C o n c e n t r a t io n

C a C l g .  2H20 213 m g/l

MgSO^ 7H20 216 m g /l

MgCl2„ 6HgO 31 m g /l

NaHCO 95 m g/l

K 2 C ° 3

r—1Evo

KC1 ' 1 m g/l

X.
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2.4* 2* 3 A n a ly s is  o f  Samples and S ta n d a rd s  by AAS

An EEL 240 Atomic A b s o rp t io n  S p e c t ro p h o to m e te r  was u s e d  f o r  th e  

m easurem ent o f  t r a c e  m e ta l  c o n c e n t r a t i o n s  i n  th e  c o n c e n t r a t e d  w a te r  

sam ples  and s t a n d a r d s  and s ed im en t  e x t r a c t s .  The in s t r u m e n t  s e t t i n g s  

f o r  eac h  e lem en t  a r e  g iv e n  i n  T ab le  6 ,  t o g e t h e r  w i th  an  ap p ro x im a te  

s e n s i t i v i t y  v a lu e  ( l $  a b s o r p t i o n ) .  The in s t r u m e n t  was u s e d  i n  th e  

i n t e g r a t i n g  mode to  i n c r e a s e  th e  a c c u ra c y  o f  r e a d i n g s .  The b u rn e r  

p o s i t i o n  was a d j u s t e d  f o r  maximum d e f l e c t i o n  o f  th e  g a lv o n o m e te r  

n e e d le  when a  s t a n d a r d  s o l u t i o n  o f  th e  m e ta l  was a s p i r a t e d  i n t o  

th e  f la m e .  The in s t r u m e n t  was c a l i b r a t e d  w i th  d i s t i l l e d  w a te r  a s  

a  b la n k  and a  s t a n d a r d  5 m g / l  s o l u t i o n  o f  th e  m e ta l ,  u s in g  th e  ran g e  

c o n t r o l  to  g iv e  a  g a lv o n o m e te r  r e a d i n g  o f  75$ when th e  s t a n d a r d  5m g/l 

’s o l u t i o n  o f  th e  m e ta l  was a s p i r a t e d  i n t o  th e  f la m e .

2 .4 * 2 .4  P r e c i s i o n  o f  T race  M eta l  A n a ly s i s  by AAS

The p r e c i s i o n  o f  th e  method was d e te rm in e d  i n  th e  f o l l o w i n g  w a y :-

F iv e  11 s u b -sa m p le s  o f  a  s t a n d a r d  s o l u t i o n  c o n t a i n i n g  ^ } x g / \  o f  each  

o f  th e  t r a c e  m e ta l s ,  and f i v e  11 su b -sa m p les  o f  a  s t a n d a r d  s o l u t i o n  

c o n t a i n i n g  lO Q ug/l o f  eac h  o f  th e  t r a c e  m e ta ls  were ta k e n  th ro u g h  

e ac h  o f  th e  t h r e e  c o n c e n t r a t i o n  methods d e s c r ib e d  i n  S e c t io n  2 .4 -1 - 1 -

The s t a n d a r d  d e v i a t i o n  o f  e ac h  s e t  o f  r e s u l t s  was c a l c u l a t e d  u s in g  

th e  fo rm u la  g iv e n  i n  S e c t io n  2.9* The r e s u l t s  a r e  shown i n  T ab le  7*
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TABLE 7

P r e c i s i o n  o f  T race  M eta l  A n a ly s i s  by AAS
— Mi — ■■■■uipi— ■»«—■ «p'——m^n.nn— w o i i w  ■ ' wm »i nnMiLî o o n i m».  ■ mat J t n i w r t ■ »i n<imip»r iMmmmirr^mmasm it

S ta n d a rd  D e v ia t io n  ( p g / l )

C o n c e n t r a t i o n  Method

T race  C o n c e n t r a t i o n  
M eta l ( h g / l )

Io n
Exchange

E v a p o ra t io n  
a f t e r  F i l t r a t i o n E v a p o ra t io n

I r o n  5 2 ,0 1 .5 1 .5

100 4 .0 3 .5 3 .5

Manganese 5 2 .0 1 .5 1 .5

100 2 .5 2 .0 2 .0

Copper 5 2 .0 1 .5 1 .5

100 4 .0 3 .5 3 .5

Z in c  5 2 .5 2 .5 2 .5

100 4 . 0 3 .5 3 .5

C o b a l t*  5 - - 2 .5

100 — 3 .5

* Only t o t a l  c o b a l t  was measured, i n  th e  i n v e s t i g a t i o n ,  s ee  S e c t io n

3 .1 .1 .7 *
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2 .4 # 2 .5  C a lc u la t io n :  o f  th e  r e s u l t s  o f  T race  M eta l E s t i m a t io n s  by AAS1 ** m inim r-iw i T T r - | - —i— ~i--- nrnrrrf  i I" —  - " " i t . . . . . . .— •— I —~ ) -   [r. . „   -1  —  — ^    r — n f  - r r  ■ ■ Ifr

S ta n d a rd  c u r v e s ,  o f  % a b s o r p t i o n  a g a i n s t  th e  t r a c e  m e ta l  c o n c e n t r a t i o n  

i n  th e  s t a n d a r d s  p r e p a r e d  as  i n  S e c t io n  2«4#2.2 were draw n. I n t e r ­

f e r e n c e  due to  m a t r ix  e f f e c t s  was n o t  o b s e rv e d .  Pew ch em ica l  i n t e r ­

f e r e n c e s  i n  th e  a n a l y s i s  o f  th e  t r a c e  m e ta ls  i n v e s t i g a t e d  have been  

r e p o r t e d  ( P r i c e  1 9 7 2 ) .  The i n t e r f e r e n c e  i n  th e  a n a l y s i s  o f  i r o n  and 

manganese by AAS due t o  any r e s i d u a l  s i l i c a  i s  e l i m i n a t e d  by th e  n a t u r a l  

ca lc iu m  p r e s e n t  i n  th e  sam ples  (F a rn s w o r th  1 9 7 2 ) .  No c o r r e c t i o n  o f  

o f  r e s u l t s  b ecau se  o f  i n t e r f e r e n c e  e f f e c t s  was t h e r e f o r e  r e q u i r e d  

and th e  c o n c e n t r a t i o n  o f  t r a c e  m e ta l  p r e s e n t  i n  th e  sample was r e a d  

d i r e c t l y  from th e  r e l e v a n t  s t a n d a r d  c u rv e .

The r e c o v e ry  o f  t r a c e  m e ta l s  by th e  c o n c e n t r a t i o n  t e c h n iq u e s  employed 

were, c a l c u l a t e d  and a r e  t a b u l a t e d  i n  T ab le  8 .  The r e l a t i v e l y  low 

r e c o v e ry  o f  t r a c e  m e ta l s  o th e r  th a n  z in c  by th e  io n  exchange c o n c e n t ­

r a t i o n  m ethod ( s e e  S e c t io n  2 .4 * 1 # l a )  i s  due to  th e  f a c t  t h a t  t h i s  

m ethod was s t a n d a r d i z e d  w i th  z i n c .  The g r e a t e r  th a n  100% r e c o v e ry  

o f  z in c  i n  s t a n d a r d s  c o n c e n t r a t e d  by e v a p o r a t io n  a f t e r  f i l t r a t i o n  i s  

due to  s l i g h t  z in c  c o n ta m in a t io n  o f  th e s e  s t a n d a r d s  d u r in g  f i l t r a t i o n  

th ro u g h  Whatman GP/C g l a s s  f i b r e  f i l t e r  p a p e r s .  T h is  c o n ta m in a t io n  

i s  com pensa ted  f o r  i n  th e  s t a n d a r d  c u r v e s .  S to r e d ,  d i s t i l l e d  w a te r  

b la n k s  ( s e e  S e c t io n  2 . 4 . 2 . 2 )  d id  n o t  become c o n ta m in a te d  w i th  th e  

\  t r a c e  m e ta l s  i n v e s t i g a t e d .

The c o n c e n t r a t i o n  o f  th e  t r a c e  m e ta l s  i n  each  o f  th e  t h r e e  f r a c t i o n s  

d e f in e d  i n  S e c t io n  2 .4 # 1 .1  was c a l c u l a t e d  from th e  r e s u l t s  a s  f o l lo w s
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l e t  th e  c o n c e n t r a t i o n  o f  t r a c e  m e ta l  i n  th e  w a te r  sample

c o n c e n t r a t e d  by io n  exchange ( s e e  S e c t io n  2 .4 * 1 - l a )  he IE j

l e t  t h e . c o n c e n t r a t i o n  o f  t r a c e  m e ta l  i n  th e  w a te r  sample 

c o n c e n t r a t e d  by e v a p o r a t io n  a f t e r  f i l t r a t i o n  ( s e e  

S e c t io n  2 .4 * 1 * l b )  be EF$

l e t  th e  c o n c e n t r a t i o n  o f  t r a c e  m e ta l  i n  th e  w a te r  sample

c o n c e n t r a t e d  by e v a p o r a t i o n  ( s e e  S e c t io n  2 . 4 * l * l c )  be UE$

th e n  -*■ a )  t h e  c o n c e n t r a t i o n  o f  i n o r g a n i c  f r e e  m e ta l  io n

i n  th e  sample = IE j

-  b )  th e  c o n c e n t r a t i o n  o f  s o lu b le  o r g a n ic  m e ta l  com plexes

o r  c h e l a t e s  i n  th e  sample « EF -  IE$

-  c )  th e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  i n o r g a n i c  and

o r g a n ic  m e ta l  i n  th e  sample = UE -  EF.
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2 .5 ORGANIC MICRONUTRIENTS OR VITAMINS

The low c o n c e r r t r a t i o n  o f  v i t a m in s  i n  n a t u r a l  w a te r s  p r e c lu d e s  th e  

u s e  o f  c h em ica l  methods o f  a n a l y s i s .  V itam in s  i n  n a t u r a l  w a te r s  

a r e  t h e r e f o r e  u s u a l l y  e s t i m a t e d  by b io a s s a y  m e thods.

The p r i n c i p l e  o f  a l l  b io a s s a y  m ethods i s  th e  same. U sing  a  b a s a l  

c u l t u r e  medium w hich  i s  n u t r i t i o n a l l y  a d eq u a te  and in d e e d  i f  p o s s ­

i b l e  o p t im a l  i n  a l l  r e s p e c t s  f o r  th e  s e l e c t e d  b io a s s a y  o rgan ism , 

e x c e p t  f o r  th e  ab sen ce  o f  th e  t e s t  s u b s ta n c e  to  be a s s a y e d ,  th e  

grovrth  o f  th e  o rgan ism  i s  th e n  d e p en d e n t on th e  added p r e s e n c e  o f  

th e  t e s t  s u b s t a n c e .  The c o n c e n t r a t i o n  o f  th e  t e s t  s u b s ta n c e  i n  an 

unknown may t h e r e f o r e  be e s t i m a t e d  by com parison  o f  th e  g ro w th  

r e s p o n s e  o f  th e  o rgan ism  i n  th e  b a s a l  c u l t u r e  medium sup p lem en ted  

w i th  th e  unknown, w i th  th e  g row th  r e s p o n s e  o f  th e  o rgan ism  i n  th e  

b a s a l  c u l t u r e  medium sup p lem en ted  w i th  s t a n d a r d  c o n c e n t r a t i o n s  o f  

th e  t e s t  s u b s t a n c e .

W ith th e  e x c e p t io n  o f  th e  a s s a y  method f o r  th ia m in e  u s in g  

M onochrys is  l u t h e r i  Droop, th e  b a s i c  method o f  b io a s s a y  i s  d e s c r ib e d  

i n  S e c t io n  2 . 5 . 1 .  D i f f e r e n c e s  i n  d e t a i l  a r e  s e t  o u t  i n  T ab le  9- 

The a s s a y  method f o r  th ia m in e  u s in g  M. l u t h e r i  i s  d e s c r ib e d  i n  

S e c t io n  2 .5 -4 * 3 .

S

F u r t h e r  d e t a i l s  a b o u t  th e  a s s a y  o rg an ism s ,  methods o f  sample p r e p a r ­

a t i o n  and th e  p r e p a r a t i o n  o f  s to c k  v i t a m in  s o l u t i o n s  may be found' 

i n  s u b s e q u e n t  s e c t i o n s .  F u r t h e r  d e t a i l s  o f  th e  a s s a y  methods 

d e s c r i b e d  i n  S e c t io n  2 .5 - 1  may be fo u n d  i n  ICavanagh (19&3)•
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P la te  1

In cu b a to r  used f o r  th e  B ioassay  o f  Vitamin w ith  Euglena 

g r a c i l i s  Klebs s t r a i n  z and Ochromonas malhamensis Pringsheim
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2• 5• 3. B as ic  Method o f  V ita m in  B io a ssa y

The d e h y d ra te d  a s s a y  medium ( s e e  T ab le  9) was r e h y d r a t e d  doub le  

s t r e n g t h  a c c o rd in g  to  th e  m a n u fa c tu re r s *  i n s t r u c t i o n s .

Double s t r e n g t h  a s s a y  medium was p i p e t t e d  i n t o  eac h  o f  two s e r i e s  

o f  150 x  16mm t e s t  t u b e s .  The volume i s  s p e c i f i e d  i n  T ab le  9*

To one s e r i e s  o f  tu b e s  a  s u i t a b l e  s t a n d a r d  s o l u t i o n  o f  th e  v i t a m in  

and d i s t i l l e d  w a te r  were added  to  g iv e  th e  ran g e  v i t a m i n  c o n c e n t ­

r a t i o n s  s p e c i f i e d  i n  T ab le  9* i n a  t o t a l  volume ( p e r  tu b e )  tw ic e  

t h a t  o f  th e  a s s a y  medium added .  S ta n d a rd  c u rv e s  were c o n s t r u c t e d  

e a c h  tim e  an a s s a y  was ru n ,  s in c e  c o n d i t i o n s  o f  a u t o c l a v i n g ,  

t e m p e ra tu r e  o f  i n c u b a t i o n ,  s i z e  o f  inoculum  e t c . ,  w hich  in f l u e n c e  

th e  s t a n d a r d  cu rve  r e a d i n g s  c a n n o t  be d u p l i c a t e d  e x a c t l y  from tim e  

to  t im e .

To th e  second  s e r i e s  o f  tu b e s  known volumes o f  th e  sample a n d /o r  

d i s t i l l e d  w a te r  were added  to  g iv e  a  t o t a l  volume e q u a l  to  t h a t  o f  

th e  s t a n d a r d s .  Two d i l u t i o n s  o f  e ac h  sample were a s s a y e d .  Two 

f u r t h e r  d i l u t i o n s  c o n t a i n i n g  th e  v i t a m in  c o n c e n t r a t i o n s  s p e c i f i e d  

i n  T ab le  9 w ere a l s o  a s s a y e d  and u s e d  a s  i n t e r n a l  s t a n d a r d s .  

S ta n d a rd s  and unknowns were d u p l i c a t e d .

The tu b e s  were capped  w i th  p l a s t i c  t e s t  tu b e  cap s  and s t e r i l i z e d  

by  th e  m ethod s p e c i f i e d  i n  T ab le  9*



The tu b e s  were c o o le d  t o  room te m p e ra tu re  and i n o c u l a t e d  w i th  

a  v i t a m in  d e p l e t e d  c u l t u r e  o f  th e  a s s a y  o rgan ism . V ita m in  d e p l e t e d  

c u l t u r e s  were p ro d u ced  i n  one o f  two w a y s : -

1 )  F o r  B a c t e r i a

S to ck  c u l t u r e s  were m a in ta in e d  i n  th e  a s s a y  medium su p p lem en ted  

w i th  th e  h i g h e s t  ( r e l e v a n t )  s t a n d a r d  v i t a m in  c o n c e n t r a t i o n  s p e c i f i e d  

i n  T ab le  9* S to ck  c u l t u r e s  were s u b - c u l t u r e d  a t  w eek ly  i n t e r v a l s ,  

i n c u b a te d  a t  37°C f o r  24 h o u rs  and th e n  m a in ta in e d  a t  room te m p e r a tu r e .

C u l t u r e s  f o r  th e  i n o c u l a t i o n  o f  a s s a y  tu b e s  were p r e p a r e d  by in o c u l ­

a t i n g  a  tu b e  o f  th e  s to c k  c u l t u r e  medium w i th  th e  s to c k  c u l t u r e .

The c u l t u r e  was in c u b a te d  a t  37°C f o r  24 h o u rs  and th e n  d e p l e t e d  o f  

e x t r a - c e l l u l a r  v i t a m in  by w ash ing  t h r e e  t im e s  w i th  0.9% s a l i n e .  The 

c u l t u r e  was th e n  d i l u t e d  l / lO O  w i th  0.9% s a l i n e  and 1 d ro p  o f  th e  

w e l l  mixed d i3 .u t io n  u se d  to  i n o c u l a t e  eac h  a s s a y  tu b e .

2) F o r  Algae

S to ck  c u l t u r e s  were m a in ta in e d  i n  th e  a s s a y  medium su p p lem en ted  w i th  

th e  h i g h e s t  ( r e l e v a n t )  s t a n d a r d  v i t a m in  c o n c e n t r a t i o n  s p e c i f i e d  i n  

T ab le  9* S to ck  c u l t u r e s  were s u b - c u l t u r e d  a t  w eekly  i n t e r v a l s  and 

in c u b a te d  u n d e r  th e  c o n d i t i o n s  o f  th e  a s s a y  ( s e e  T ab le  9 ) .  C u l tu r e s  

f o r  th e  i n o c u l a t i o n  o f  a s s a y  tu b e s  were p r e p a re d  by i n o c u l a t i n g  

\ a  tu b e  o f  v i t a m in  f r e e  a s s a y  medium w i th  th e  s to c k  c u l t u r e .  The 

c u l t u r e  was in c u b a te d  u n d e r  th e  c o n d i t i o n s  o f  th e  a s s a y  f o r  7 d a y s .

1 d ro p  o f  th e  w e l l  m ixed c u l t u r e  was u se d  t o  i n o c u l a t e  eac h  a s s a y  

tu b e  .
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The c o n t e n t s  o f  a l l  a s s a y  tu b e s  were th e n  th o ro u g h ly  mixed and

in c u b a te d  u n d e r  th e  c o n d i t i o n s  s p e c i f i e d  i n  T ab le  9*

The amount o f  g row th  i n  each  tu b e  was th e n  m easured  by d e te rm in in g  

th e  o p t i c a l  d e n s i t y  o f  th e  m ixed a s s a y  tube  c o n t e n t s  i n  a  s p e c t ­

ro p h o to m e te r  a t  th e  w a v e le n g th  s p e c i f i e d  i n  T ab le  9*

2 .5*2  C a l c u l a t i o n  o f  R e s u l t s  o f  V itam in  B io a ssay s

The c o n c e n t r a t i o n  o f  v i t a m in  i n  th e  unknown a s s a y  tu b e s  was e s t i m a t e d  

from  a  s t a n d a r d  cu rv e  o f  o p t i c a l  d e n s i t y  ( o f  th e  a s s a y  tu b e  c o n t e n t s )  

p l o t t e d  a g a i n s t  th e  v i t a m i n  c o n c e n t r a t i o n  o f  th e  s t a n d a r d s .

The sample d i l u t i o n  and th e  i n t e r n a l  s t a n d a r d  w hich  gave an o p l i o a l  

d e n s i t y  r e a d i n g  n e a r e s t  t o  th e  c e n t r e  o f  th e  s t a n d a r d  cu rv e  were 

s e l e c t e d  f o r  th e  c a l c u l a t i o n  o f  th e  r e s u l t s  u s in g  th e  f o l l o w in g  

f o r m u l a e ; -

C o n c e n t r a t i o n  o f  v i t a m in  i n  = x . t v / v
o r i g i n a l  sample

where -  x  i s  th e  v i t a m in  c o n c e n t r a t i o n  i n  th e  s e l e c t e d  

d i l u t i o n ,  e s t i m a t e d  from th e  s t a n d a r d  cu rve  

v  i s  th e  volume o f  sample a s s a y e d
\

t v  i s  th e  t o t a l  volume p e r  a s s a y  tu b e
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' C o n c e n t r a t i o n  o f  v i t a m i n  i n  
o r i g i n a l  Bample c o r re c te d ,  
f o r  p o s s i b l e  i n t e r f e r e n c e

where -  y  i s  th e  v i t a m i n  c o n c e n t r a t i o n  i n  th e  s e l e c t e d  

i n t e r n a l  s t a n d a r d  e s t i m a t e d  from th e  s t a n d a r d  

cu rv e

i n t  i s  th e  c o n c e n t r a t i o n  o f  added  v i t a m in  i n  th e  

i n t e r n a l . s t a n d a r d .

M easu reab le  v i t a m in  c o n ta m in a t io n  o f  d i s t i l l e d  w a te r  b la n k s  d u r in g  

s to r a g e  i n  sam p lin g  a p p a r a tu s  and sam ple b o t t l e s ,  and by th e  methods 

o f  sample p r e p a r a t i o n  ( s e e  S e c t io n s  2.5*3»1» 2.5»4®1 an d 2 . 5 - 5 - 1 )  was 

n o t  o b s e rv e d .  No c o r r e c t i o n s  to  th e  r e s u l t s  had t h e r e f o r e  to  be made.

2 . 5 . 3  B io a s s a y s  f o r  V ita m in  B^

S e v e r a l  m ic ro o rg an ism s  have b een  u s e d  to  b io a s s a y  v i t a m i n  B ^  in ­

n a t u r a l  w a te r s  s — E s c h e r i c h i a  c o l i , L a c t o b a c i l l u s  le . i c h m a i^ i , B ug lena  

g r a c i l i s  K le b s ,  Ochromonas m alham ensis  P r in g sh e im ,  T h ra u s to c h y t r iu m  

globosum K obayas i & Ookubo, C y c l o t e l l a  nana H u s te d t  and Amphid i n i  uni 

C a r t e r i  H u lb e r t .

The m ost s e n s i t i v e  method f o r  th e  b io a s s a y  o f  v i t a m i n  B^2 i n  s e a w a te r  

i s  t h a t  d e s c r i b e d  by C a r l u c c i  & S i l b e r n a g e l  ( 1966a ) ,  u s in g  C. n an a  a s  

'x t h e  b io a s s a y  o rg an ism . C. n an a  c lo n e  13-1 r e s p o n d s  t o  a  number o f  

v i t a m i n  B12 c o n g en e rs  ( C a r l u c c i  1973) and has  a  s p e c i f i c i t y  p a t t e r n  

f o r  t h e s e  co n g e n e rs  o f  th e  L . l e i c h m a n i i  ty p e  ( P r o v a s o l i  & C a r lu c c i  

I 974) ,  se e  T ab le  2 .  C .nana  c lo n e  3H has  a  m am m alian-type s p e c i f i c i t y  

p a t t e r n  to w ard  v i t a m i n  B12 co n g e n e rs  ( P r o v a s o l i  & C a r lu c c i  1974>
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C a r l u c c i  1973)* G o lte rm an  ( l 9 7 l )  .recommended t h a t  t h i s  m ethod be 

a d a p te d  f o r  f r e s h w a t e r  b i o a s s a y s  q f  v i t a m in  P-^g*- An a d a p t a t i o n  o f  

t h e  m ethod f o r  f r e s h w a t e r  was d e s c r i b e d  by C a r l u c c i  (1973)?  w i th  

a  s e n s i t i v i t y  a b o u t  one q u a r t e r  t h a t  o f  th e  s e a w a te r  a s s a y .

F o r  t h i s  i n v e s t i g a t i o n  t h r e e  o rg a n ism s  were ch o sen  f o r  th e  b i o a s s a y  

o f  d i s s o l v e d  v i t a m i n  B .^  i n  r e s e r v o i r  and f e e d e r  s t re a m  w a te r  sam ples  

L . l e i o h m a n i i , E . g r a c i l i s  and O .m alh am en s is . These  o rg a n ism s  were 

s e l e c t e d  b e c a u se  t h e i r  s p e c i f i c i t y  p a t t e r n s  to w ard  th e  c o n g e n e rs  o f  

v i t a m i n  B .^  a r e  known ( s e e  T ab le  2) and b eca u se  c o m m e rc ia l ly  p r e p a r e d  

b a s a l  c u l t u r e  m edia  a r e  a v a i l a b l e  f o r  th e  b i o a s s a y s .  Bound v i t a m i n  

i n  r e s e r v o i r  w a te r  s a m p le s ,  p a r t i c u l a t e  v i t a m i n  B ^  i n  r e s e r v o i r  and 

f e e d e r  s t re a m  w a te r  sam p les  and t o t a l  v i t a m i n  B ^  i n  r e s e r v o i r  s e d im e n ts  

w ere d e te rm in e d  by th e  m ethod d e s c r i b e d  i n  S e c t i o n  2 .5 * 1  u s in g  

g r a c i l i s  a s  th e  a s s a y  o rg a n ism .

2*5*3*1 P r e p a r a t i o n  o f  Samples f o r  B io a ssa y  o f  V ita m in  B^

D i s t i l l e d  w a te r  b la n k s  were p r e p a r e d  i n  ways r e p r e s e n t a t i v e  o f  th e  

p r e p a r a t i o n  m ethods d e s c r i b e d  i n  t h i s  S e c t i o n .  D i s t i l l e d  w a te r  was 

a l s o  s t o r e d  i n  th e  s a m p l in g  a p p a r a t u s  and p o le th y ld n e  s a m p l in g  b o t t l e s  

f o r  r e p r e s e n t a t i v e  p e r i o d s .  These c o n t r o l s  were b io a s s a y e d  f o r  

N d i s s o l v e d  v i t a m i n  B by th e  m ethod d e s c r i b e d  i n  S e c t io n  2.5*1*

a )  D is s o lv e d  V i ta m in  B^^ .

F ro z e n  port i ons  of  f i l t e r e d  re s ervo i r ,  w a t e r  and f e e d e r  s t re a m  w a te r

s a m p le s ,  h a v in g  been  s t o r e d  a t  —20°C f o r  l a t e r  v i t a m i n " a n a l y s i s  ( s e e



S e c t i o n s  2 * 2 .1  and 2 .2 * 2 ) ,  w ere ’thawed and m ixed . S u i t a b l e  a l i q u o t s  
dissolved

w ere removed f o r Av i t a m i n  B^ b i o a s s a y  by th e  m ethods d e s c r i b e d  i n  

S e c t i o n  2 .5*1*

b) Particulate Vitamin ^

The f i l t e r  r a d s  f r o z e n  and s t o r e d  a t  ~20°G f o r  l a t e r  v i t a m i n  B_12
a n a l y s i s  ( s e e  S e c t i o n s  2 . 2 . 1  and 2 . 2 . 2 )  were a l lo w e d  t o  thaw .

V ita m in  B-^ i n  th e  p a r t i c u l a t e  m a t e r i a l  r e t a i n e d  on th e  f i l t e r s  was 

e x t r a c t e d  by th e  m ethod d e s c r i b e d  by P a i s l e y  ( l 969)* The f i l t e r s  

w ere g ro u n d  i n  20ml o f  0.02M p h o s p h a te  -  0 . 0 1M c i t r a t e  b u f f e r  

pH4*6. 0 .1m l o f  a  lO m g/l s o l u t i o n  o f  sodium c y a n id e  i n  d i s t i l l e d

w a te r  was added  to  th e  s l u r r y  and th e  m ix tu re  a u t o c l a v e d  a t  121°C 

f o r  15 m in u te s .  The m ix tu re  was th e n  f i l t e r e d  th r o u g h  a  V/hatman GP/C 

g l a s s - f i b r e  f i l t e r  p a p e r  u n d e r  n e g a t i v e  p r e s s u r e  and  th e  volume o f  

t h e  f i l t r a t e  made up  t o  50ml* A l iq u o t s  o f  th e  m ixed e x t r a c t  w ere 

a s s a y e d  u s i n g  33. g r a c i l i s ,  by  th e  method d e s c r i b e d  i n  S e c t io n  2 .5*1* .

c ) Bound V ita m in  B,12

\ F re e  v i t a m i n  B ^  and bound v i t a m i n  B ^  i n  r e s e r v o i r  w a te r  sam p les  

w ere s e p a r a t e d  by th e  u s e  o f  u l t r a f i l t r a t i o n  m em branes.

I t  was th o u g h t  t h a t  f r e e z i n g  th e  r e s e r v o i r  w a te r  sam p les  m ig h t a l t e r  

t h e  d i s t r i b u t i o n  o f  v i t a m i n  B ^  be tw een  th e  p o s s i b l e  bound and
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unbound, fo rm s  o f  th e  v i t a m i n  i n  sam ples* The u l t r a f i l t r a t i o n  was 

t h e r e f o r e  c a r r i e d ,  o u t  on an u n f r o z e n  p o r t i o n  o f  th e  w e l l -m ix e d  $1 

r e s e r v o i r  w a te r  sam ple i n  th e  l a b o r a to r y *  I t  s h o u ld  be n o te d  t h a t  

th e  s t o r a g e  o f  u n f r o z e n  w a te r  sam p les  f o r  l a t e r  v i t a m i n  a n a l y s i s  

i s  n o t  recommended, s i n c e  th e  g r e a t  i n c r e a s e  i n  s u r f a c e  a r e a  t o  

volume r a t i o  w h ich  r e s u l t s  when a  sam ple i s  e n c lo s e d  i n  a  r e l a t i v e l y  

sm a l l  b o t t l e  would th e n  be e x p e c te d  to  f a v o u r  th e  p r o l i f e r a t i o n  

o f  b a c t e r i a  ( p r e s e n t  i n  t h e  sam p le )  w hich  may s y n t h e s i z e  v i t a m i n s ,  

i n c l u d i n g  v i t a m i n  Bjg* However, th e  p e r i o d  o f  s t o r a g e  b e f o r e  u l t r a ­

f i l t r a t i o n  was k e p t  a s  s h o r t  a s  p o s s i b l e  ( 2 - 3  h o u r s )  and c o m p a ra t iv e  

b io a s s a y s  f o r  v i t a m i n  B on im m e d ia te ly  f i l t e r e d  and  f r o z e n  p o r t i o n s ,  

and p o r t i o n s  f i l t e r e d  and s t o r e d  f o r  two t o  t h r e e  h o u rs  a t  room 

te m p e r a tu r e  b e f o r e  f r e e z i n g ,  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t .

100ml o f  th e  w e l l -m ix e d  r e s e r v o i r  w a te r  sample w ere f i l t e r e d  u n d e r

n e g a t iv e  p r e s s u r e  th r o u g h  a  Whatman GP/C g l a s s - f i b r e  f i l t e r  p a p e r .
2The f i l t r a t e  was th e n  f o r c e d  u n d e r  a  p o s i t i v e  p r e s s u r e  o f  Ikg /cm

/ \ * n i t r o g e n  th ro u g h  a ( M i l l i p o r e )  P e l l i c o n  P3ED u l t r a f i l t r a t i o n  membrane

\ •*This membrane h a s  a  n o m in a l  m o le c u la r  w e ig h t  c u t o f f  o f  25 ,000  
and does  n o t  r e t a i n  cy an o c o b a lam in  (M i l lp o r e  P r e l i m i n a r y  P ro d u c t  
I n f o r m a t i o n ) .  E x p e r im e n ts  w i th  an  Amicon UN—10 u l t r a f i l t r a t i o n  
membrane, w hich  h a s  a  no m in a l  m o le c u la r  w e ig h t  c u t o f f  o f  a b o u t  
1 0 ,0 0 0  showed t h a t  a p p r o x im a te ly  9 c ya noc oba l a mi n  was 
r e t a i n e d  by t h i s  membrane, e m p h a s iz in g  th e  im p o r ta n c e  o f  m o le c u la r  
shape  a s  w e l l  a s  m o le c u la r  w e ig h t  i n  d e t e r m in in g  w h e th e r  a  
m o le c u le  i s  r e t a i n e d  by u l t r a f i l t r a t i o n  membranes.
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The u l t r a f i l t r a t e  was th e n  b io a s s a y e d  f o r  v i t a m i n  B^g u s i n g  E. g r a c i l i s  

by th e  m ethod d e s c r i b e d  i n  S e c t io n  2.5»1* The r e s u l t  i s  th e  

c o n c e n t r a t i o n  o f  f r e e  v i t a m i n  B i n  th e  sample* T h is  r e s u l t  was 

s u b t r a c t e d  from  th e  r e s u l t  o f  th e  b i o a s s a y  o f  d i s s o l v e d  v i t a m i n  B-^g 

i n  t h e  sam ple b e f o r e  u l t r a f i l t r a t i o n  (by  th e  same m ethod) t o  g iv e  th e  

c o n c e n t r a t i o n  o f  bound fo rm s  o f  v i t a m i n  B^g i n  t h e - o r i g i n a l  sam p le .

d )  R e s e r v o i r  S ed im en t V ita m in  B^g

V ita m in  B^g was e x t r a c t e d  from  r e s e r v o i r  s e d im e n t  sam p les  by 

a  s i m i l a r  m ethod  to  t h a t  u s e d  f o r  p a r t i c u l a t e  v i t a m i n  B-^g e s t i m a t i o n s  

( s e e  S e c t i o n  2 .5 * 3 * lb )  and th e  e x t r a c t i o n  o f  v i t a m i n  B^g from  a l g a e  

( N a t a r a j a n  1973)*

F ro z e n  p o r t i o n s  o f  th e  * B1 and *0* l a y e r s  o f  s e d im e n t  c o r e s ,  c o l l e c t e d ,  

p r e p a r e d  and  d e f i n e d  i n  S e c t io n  2 .2 .3  were a l lo w e d  t o  thaw . 20ml o f  

0.02M p h o s p h a te  -  0.01M c i t r a t e  b u f f e r  pH 4 .6  were added  t o  th e  sam p les  

0 .1 m l o f  a  lO m g/l s o l u t i o n  o f  sodium c y a n id e  i n  d i s t i l l e d  w a te r  was 

added  t o  th e  shaken  se d im e n t  s u s p e n s io n ,  and th e  m ix tu re  a u t o c l a v e d  

f o r  15 m in u te s  a t  121°C. . The -sed im ent s u s p e n s io n  was c e n t r i f u g e d  

and  th e  s u p e r n a t a n t  v i t a m i n  B^g e x t r a c t  was c a r e f u l l y  p i p e t t e d  o f f .

" The e x t r a c t i o n  was r e p e a t e d  w i th  a  f u r t h e r  20ml o f  0.02M p h o s p h a te  -  

0.01M c i t r a t e  b u f f e r  su p p lem en ted  w i th  0 .1 m l o f  a  lO m g/l s o l u t i o n  o f  

sodium c y a n id e  and th e  s u p e r n a t a n t s  o f  th e  two e x t r a c t i o n s  p o o le d .  .

The s e d im e n t  was w ashed w i th  20ml o f  d i s t i l l e d  w a te r  and th e  w ash in g s  

added  to  th e  v i t a m i n  B^g e x t r a c t  w h ich  was th e n  made up  to  100ml w i th  .



d i s t i l l e d ,  w a te r  and  s t o r e d  a t  ~20°C f o r  l a t e r  v i t a m i n  a s s a y  u s i n g

B. g r a c i l i s , "by th e  method d e s c r i b e d  i n  S e c t io n  2 .5 * 1 -

2*5-3®2 P r e p a r a t i o n  o f  S to ck  and S ta n d a rd  V ita m in  S o l u t i o n s

A p p ro x im a te ly  l lm g  o f  cy an o c o b a lam in  c r y s t a l s  w ere w eighed  i n t o  

a  g l a s s  v i a l  and s t o r e d  i n  a  d e s s i c a t o r  o v e r n ig h t  i n  th e  d a rk  a t  

4°C. The d e h y d ra te d  cy an o c o b a lam in  was a c c u r a t e l y  w eighed  and 

d i s s o l v e d  i n  a  s u f f i c i e n t  volume o f  d i s t i l l e d  w a te r  ( a b o u t  100ml) 

t o  g iv e  a  f i n a l  c o n c e n t r a t i o n  o f  lO O pg /l  c y an o c o b a lam in  i n  th e  

s o l u t i o n .  T h is  s t o c k ,  s t a n d a r d  cy an o co b a lam in  s o l u t i o n  was s t o r e d  

i n  a  t i g h t l y  s to p p e r e d  p o ly e th e y le n e  b o t t l e  i n  th e  d a rk  a t  4 C.

A f r e s h  s to c k  s o l u t i o n  was s i m i l a r l y  p r e p a r e d  e ac h  m onth .

D i l u t e  c y an o c o b a lam in  s t a n d a r d  s o l u t i o n s  f o r  u s e  i n  t h e  b i o a s s a y  

m ethods d e s c r i b e d  i n  S e c t io n  2 .5 * 1  were f r e s h l y  p r e p a r e d  from  th e  

s to c k  c y an o c o b a lam in  s t a n d a r d  s o l u t i o n  by d i l u t i o n  i n  d i s t i l l e d

v ja te r .

x  2 . 5 . 4  B io a s s a y s  f o r  Th iam ine

S e v e r a l  m ic ro o rg a n is m s  have b een  u s e d  t o  b io a s s a y  th ia m in e  in  

. n a t u r a l  w a t e r s ; -  L a c t o b a c i l l u s  v i r i d e s c e n s ,  L a c t o b a c i l l u s f e rm £ 5 i i»  

C ry p to c o c c u s  a l b i d u s  ( S a i t o ) S k i n n e r ,  Phycomyoes b l a k e s i e a n u s ,
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M o n o ch ry s is  l u t h e r i  Droop, and  a  m arine  phyccm yeete ,  i s o l a t e  S3*

Gold (1 9 7 3 )  d e s c r ib e d  a  m ethod u s i n g  Cry p th c c o d in iu m  c o h n i i  ( S e l i g o )  

S c h i l l e r  ( Gyrodinium  c o h n i i ) t o  b io a s s a y  th i a m in e .  B aker ,  F ra n k ,  

F e n n e l l y  & Leevy ( 1964 ) d e s c r i b e d  a  b io a s s a y  method f o r  th i a m in e  

u s i n g  Ochromonas d a n i c a  P r ingshe in i*

G o lte rm an  (1971)  recommended t h a t  th e  m ethod d e s c r i b e d  by C a r l u c c i  & 

S i l b e r n a g e l  ( 1966b) u s i n g  M. l u t h e r i  a s  th e  b i o a s s a y 'o r g a n i s m ,  be 

a d o p te d  f o r  f r e s h w a t e r  b i o a s s a y s  o f  t h i a m i n e .

F o r  t h i s  i n v e s t i g a t i o n  two o rg a n ism s  were u s e d  i n  a t t e m p t i n g  t h e  

b io a s s a y  o f  d i s s o l v e d  th ia m in e  i n  r e s e r v o i r  w a te r  s a m p l e s i -  

L ac t o b a c i 1 l u s  v i r i d e s c e n s  and M onoch rys is  l u t h e r i  Droop,»

2 . 5 . 4 . 1  P r e p a r a t i o n  o f  W ater Samples f o r  B io a ss a y  o f  Thiam ine

Froz en  and f i l t e r e d  pQ.rt ions.  of. r e s e r v o i r  w a te r  sam p les  s t o r e d

a t  —2Q°C f o r  l a t e r  v i t a m i n  a n a l y s i s  ( s e e  S e c t io n  2 . 2 . 1 )  were thaw ed 

and  m ixed . S u i t a b l e  a l i q o t s  were removed f o r  th ia m in e  b io a s s a y  by 

th e  m ethods d e s c r i b e d  i n  S e c t io n s  2 .5*1  and 2.5*4*3*

2*5*4*2 P r e p a r a t i o n  o f  S to ck  and S ta n d a rd  Thiam ine S o l u t i o n s

XOOmg o f  th ia m in e  h y d r o c h lo r i d e  w ere d i s s o l v e d  i n  d i s t i l l e d  w a te r  and 

d i l u t e d  to  100ml. T h i s  s o l u t i o n  c o n t a i n s  l g / l  th ia m in e  and was s t o r e d  

i n  a  t i g h t l y  s to p p e r e d  p o ly e th y le n e  b o t t l e  i n  t h e  d a rk  a t  4 C.

A f r e s h  s to c k  s o l u t i o n  was p r e p a r e d  e a c h  m onth.



D i l u t e  th i a m in e  s t a n d a r d  s o l u t i o n s  f o r  u s e  i n  th e  b i o a s s a y  m e thods
t

d e s c r i b e d  i n  S e c t io n s  2*5»1’ &n d '2«5*4»3 were f r e s h l y  p r e p a r e d  from  

' t h e  s to c k  th ia m in e  s t a n d a r d  by d i l u t i o n  i n  d i s t i l l e d  w a te r*

2 .5 * 4 * 3  B io a s s a y  o f  Th iam ine  w i t h  M o n o ch ry s is  l u t h e r i  Droop

M a in te n a n c e  o f  S to ck  C u l t u r e

Monochry s i s  l u t h e r i  Droop was m a in t a i n e d  i n  t h e  a s s a y  medium ‘whose

c o m p o s i t io n  i s  g iv e n  i n  T a b le  10 su p p le m e n te d  w i th  l p g / l  th ia m in e *

The a s s a y  medium u s e d  was a  m o d i f i e d  v e r s i o n  o f  th e  S50 medium

d e s c r i b e d  by  Droop (1958)*  The s to c k  c u l t u r e  was s u b c u l t u r e d  a t

f o r t n i g h t l y  i n t e r v a l s  and  i n c u b a t e d  a t  18°C ™ 1°G o v e r  d a y l i g h t

ty p e  f l o u r e s c e n t  lam ps (24  ho u r  day  a t  a p p r o x im a te ly  4000 L ux) ,  w i th

i n t e r m i t t e n t  r e c i p r o c a l  s h a k in g  (120  r e c i p r o c a t i o n s  p e r  m in u te  f o r  2 

m in u te s  i n  e v e ry  10 m in u te s )*  The i n c u b a t o r  i s  shown i n  P l a t e  2.

A ssay  Method.

M o n o ch ry s is  th ia m in e  a s s a y  medium was made up d o u b le  s t r e n g t h  and 

d i s p e n s e d  i n  10ml am ounts  i n t o  two s e r i e s  o f  100ml c o n i c a l  f l a s k s .

„To one s e r i e s  o f  f l a s k s  a  l p . g / l  t h i a m i n e - s t a n d a r d  s o l u t i o n  a n d / o r  

d i s t i l l e d  w a te r  were added  t o  g iv e  c o n c e n t r a t i o n s  o f  0, 10, 25, 58, 

100 , 250 and  500n g / l  th i a m in e  i n  a  t o t a l  o f  20ml i n  e ac h  f l a s k *  

S ta n d a rd  c u r v e s  were c o n s t r u c t e d  e a c h  tim e  an a s s a y  was ru n  f o r  th e  

r e a s o n s  g iv e n  i n  S e c t i o n  2*5® 1® ff °  th e  s e c o n d  s e r i e s  o f  f l a s k s  

a  known volume o f  sam ple was added  and th e  volume i n  e ac h  f l a s k
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TABLE ,10

C om pos it ion  o f  M onochrysis  Thiam ine 

A ssay Medium

C o n c e n t r a t io n

NaCl 15s

MgCl2. 6H20 2 .5 g

KOI 400mg

CaClg. 2H20 427mg

Na2S°^ 412mg

EBTA
2

50mg

Pe 500

Mn 50 y g

Zn 5 ys

Cu 5 yg

Co 500n g

Mo 500ng

G ly cy l g ly c in e 500mg

G ly c in e • 250mg

kno3 lOOmg

k 2hpo4 lOmg

V ita m in  B^2 lOOng

D i s t i l l e d  w a te r  to 1 l i t r e

pH a d j u s t e d  to 8 .0
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P la te  2

I l lu m in a te d  In c u b a to r  w ith  Shaking F a c i l i t y



made up  t o  20ml w i th  d i s t i l l e d  w a te r  i f  n e c e ss a ry *  S ta n d a rd s  and 

unknowns wore p r e p a r e d  i n  d u p l i c a t e , .

The f l a s k s  were capped  w i th  p l a s t i c  caps  and s t e r i l i z e d  "by a u t o -  

c l a v i n g  f o r  5 m in u te s  a t  121°C .' The f l a s k s  w ere th e n  i n o c u l a t e d  

w i t h  one d ro p  o f  a d i l u t e  s u s p e n s io n  o f  t h i a m i n e - d e p l e t e d  M. l u t h e r i  

c e l l s . The inocu lum  was a  two week o ld  s u b c u l t u r e  o f  th e  s to c k  

c u l t u r e  i n  th ia m in e  f r e e  a s s a y  medium, in c u b a te d  u n d e r  th e  same 

c o n d i t i o n s  a s  th e  s to c k  c u l tu r e *

The f l a s k s  w ere i n c u b a t e d  f o r  two weeks u n d e r  th e  c o n d i t i o n s  

d e s c r i b e d  above and th e n  th e  o p t i c a l  d e n s i t y  o f  th e  f l a s k  c o n t e n t s  

w a s 'm e a su re d  i n  a  s p e c t r o p h o t o m e t e r  a t  663nm.

C a l c u l a t i o n  o f  R e s u l t s

The c o n c e n t r a t i o n  o f  th i a m in e  i n  th e  sam ples  was e s t i m a t e d  from 

a  s t a n d a r d  c u rv e  o f  o p t i c a l  d e n s i t y  o f  a s s a y  tu b e  o f  f l a s k  c o n t e n t  

p l o t t e d  a g a i n s t  th e  th ia m in e  c o n c e n t r a t i o n  o f  th e  s ta n d a rd s *

These  e s t i m a t e s  were c o r r e c t e d  f o r  d i l u t i o n  o f  th e  sam ple i n  

t h e  a s s a y  medium t o  g iv e  th e  c o n c e n t r a t i o n  o f  th i a m in e  i n  th e  

o r i g i n a l  sam ple ( s e e  S e c t i o n  2 . 5 * 2 ) .



2*5*5 B io a ssa y  f o r  B i o t i n

S e v e r a l  m ic ro o rg an ism s  have Been u s e d  to  B io a ssa y  B i o t i n  i n  

n a t u r a l  w a t e r s : -  L a c to B a c i l l u s  a r a b i n o s u s , L a c toB ao il l u s  

P Ia n ta ru m , Ac h ro m o b a c te r  s p e c i e s  i s o l a t e  YH-51, Amphidinium o a r t e r i  

H u lb e r t  and S e r r a t i a  marinoruBrum Z o b e l i  & Upham*

G olte rm an  (1971) recommended t h a t  th e  method d e s c r ib e d  By C a r l u c c i  

& S i l b e r n a g e l  ( 1967 ) u s in g  Amphidinium c a r t e r i  H u lb e r t  a s  th e  

B io a s s a y  o rgan ism , Be a d a p te d  f o r  th e  B io a ssa y  o f  B i o t i n  i n  f r e s h ­

w a te r .  Such an a d a p t a t i o n  r e d u c e s  th e  s e n s i t i v i t y  o f  th e  method 

t o  a b o u t  one q u a r t e r  o f  th e  s e a w a te r  l e v e l  ( s e e  C a r l u c c i  1973) and  ^ 

t o  a  l e v e l  s i m i l a r  t o  t h a t  o f  L. p ia n ta ru m . In  t h i s  i n v e s t i g a t i o n  

L. p ia n ta ru m  was u s e d  as  th e  B io a s s a y  organism  i n  a t t e m p t in g  to  

m easure  d i s s o l v e d  B i o t i n  i n  r e s e r v o i r  w a te r  sam p le s .

2 . 5 • 5 • 1 P r e p a r a t i o n  o f  W ater Samples f o r  B io a ssa y  o f  B io t in

F i l t e r e d  and  f r o z e n  p o r t i o n s  o f  r e s e r v o i r  w a te r  sam ples  s t o r e d  a t  

-20°C f o r  l a t e r  v i t a m i n  a n a l y s i s  ( s e e  S e c t io n  2 . 2 . 1 )  were thawed 

and m ixed . S u i t a b l e  a l i q u o t s  were removed f o r  b i o t i n  b io a s s a y  

by th e  m ethod d e s c r i b e d  i n  S e c t io n  2 .5 * 1 .

2 * 5 .5 .2  P r e p a r a t i o n  o f  S to ck  and S ta n d a rd  B i o t i n  S o lu t i o n s

lOmg o f  D - b i o t i n  were d i s s o l v e d  i n  100ml o f  50$ e t h y l  a l c o h o l  i n

d i s t i l l e d  w a te r .  T h is  s o l u t i o n  c o n t a in s  lOOrng/l b i o t i n  and i s

s t a b l e  f o r  a t  l e a s t  a  y e a r  i f  k e p t  t i g h t l y  s to p p e r e d  a t  4°C.
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D i lu t e  b i o t i n  s t a n d a r d  s o l u t i o n s  f o r  u se  i n  th e  b io a s s a y  method 

d e s c r ib e d  i n  S e c t io n  2 ,5 - 1  were f r e s h l y  p r e p a re d  from an i n t e r ­

m e d ia te  I p g / l  D ~ b io t in  s t a n d a r d  s o l u t i o n  i n  95% e t h y l  a l c o h o l  

( p r e p a r e d  a t  m on th ly  i n t e r v a l s  from  th e  lOOmg/l s to c k  s t a n d a r d  

s o l u t i o n )  by d i l u t i o n  i n  d i s t i l l e d  w a te r .



2 .6  MEASUREMENT OP STREAM DISCHARGE

F u r t h e r  d e t a i l s  o f  th e  method d i s c u s s e d  i n  t h i s  s e c t i o n  may he 

fo u n d  i n  Nemec (1972)*

The d i s c h a r g e  o f  a  s t re a m  may he m easured  d i r e c t l y  o r  i n d i r e c t l y .  

D i r e c t l y ,  d i s c h a r g e  may he m easu red  v o l u m e t r i c a l l y  o r  w i th  th e  

a i d  o f  such  s t r u c t u r e s  a s  w e i r s  and f lu m e s .  I n d i r e c t l y ,  d i s c h a r g e  

(Q) i s  e s t i m a t e d  by th e  a r e a - v e l o c i t y  method from th e  e q u a t io n  

Q « A.Va

Where A ~ th e  c r o s s  s e c t i o n a l  a r e a  o f  th e  s t re a m  

Va -  th e  a v e ra g e  c r o s s  s e c t i o n a l  v e l o c i t y .

The d i s c h a r g e  o f  a  s t re a m  may a l s o  he m easured  hy d i l u t i o n  m e thods .

On s m a l l e r  s t r e a m s ,  d i s c h a r g e  i s  u s u a l l y  m easured  d i r e c t l y  hy 

s e t t i n g  up an a r t i f i c i a l  c o n t r o l  i n  th e  form o f  a  w e i r  o r  f lu m e .

The c o n s t r u c t i o n  o f  perm anen t w e i r s  was n o t  f e a s i b l e  f o r  t h i s  

i n v e s t i g a t i o n ,  and e x p e r im e n ts  w i th  tem p o ra ry  w e i r s  p ro v ed  u n s a t i s ­

f a c t o r y .

An i n d i r e c t  method o f  m e a su r in g  d i s c h a r g e  was t h e r e f o r e  s o u g h t .

The a v e ra g e  v e l o c i t y  o f  a  s t re a m  may he m easured  d i r e c t l y  w i th  

a  f l o a t ,  c u r r e n t  m e te r ,  P i t o t  tu b e ,  o r  o th e r  v e l o c i t y  m e asu r in g  

in s t r u m e n t s ,  o r  i n d i r e c t l y  hy c a l c u l a t i o n  o f  th e  a v e ra g e  v e l o c i t y  

■by a  fo rm u la  such  a s  th e  Chezy (Manning) e q u a t io n .  I n  t h i s  

i n v e s t i g a t i o n  th e  l a t t e r  m ethod was s e l e c t e d ,  u s in g  th e  Chezy 

e q u a t io n .



2 .6 * 1  M ethod

W ith in  th e  c o n s t r a i n t s  o f  a c c e s s i b i l i t y  to  f e e d e r  s t ream s ' and 

d e s i r a b l e  p r o x im i ty  o f  th e  f e e d e r  s t re a m  sam pling  p o i n t s  to  th e  

r e s e r v o i r s  ( s e e  s e c t i o n  2 . 2 . 2 ) ,  a  c r o s s  s e c t i o n  was s e l e c t e d  a t  

w hich to -m e a su re  d i s c h a r g e  w hich  was o u t s id e  any n a t u r a l  o r  

a r t i f i c i a l  b a c k w a te r .

The h y d r a u l i c  s lo p e  o f  th e  w a te r  s u r f a c e  betw een p o i n t s  e i t h e r  

s i d e  o f  th e  c r o s s  s e c t i o n  was m easured  by norm al s u rv e y in g  m e thods. 

The b r e a d t h  o f  th e  s t re a m  a t  th e  c r o s s  s e c t i o n  was a l s o  m easured . 

The a v e ra g e  d e p th  o f  th e  s t re a m  was m easured  each  t im e  a  sample 

was ta k e n .

2 . 6 . 2  C a l c u l a t i o n  o f  R e s u l t s

The a v e ra g e  v e l o c i t y  o f  th e  s t re a m  (Va) was c a l c u l a t e d  from th e

e q u a t io n  *

Va -  C. v/ rTi

Where C = th e  Chezy c o e f f i c i e n t

R « th e  h y d r a u l i c  r a d i u s

I  a  th e  h y d r a u l i c  s lo p e

C i s  c a l c u l a t e d  from th e  e q u a t io n

C = l / n .  Ry

Where n  = th e  Manning ro u g h n e ss

y  = a  f u n c t i o n  o f  n

n  and  y  were s e l e c t e d  from T a b le s  26 and 27 i n  Nemec (1972)  f o r  

e ac h  s t r e a m ,  n was s e l e c t e d  on th e  b a s i s  o f  th e  n a t u r e  o f  th e
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s t re a m  bed and banks and g e n e r a l  c h a r a c t e r i s t i c s  o f  th e  s t re a m  

a s  a l s o  s p e c i f i e d  in  Nemec (1 9 7 2 ) .

R  i s  c a l c u l a t e d  from th e  e q u a t io n  

R = A/W

Where A = th e  c r o s s  s e c t i o n a l  a r e a  (b  . d )a

W » th e  w e t t e d  p e r im e te r  (b  + 2da ) 

b « - th e  b r e a d t h

d « th e  a v e ra g e  d e p th  o f  th e  s tream  st>

The d i s c h a r g e  o f  th e  s t ream  (Q) was th e n  c a l c u l a t e d  from th e  

e q u a t io n

Q « A.V
cl
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2 •7 ISOLATION OF ALGAE PROM THE RESERVOIRS

The i s o l a t i o n  o f  a lg a e  from th e  r e s e r v o i r s  was made i n  O ctober/N ovem ber 

1974* I t  was n o t  p o s s i b l e  a t  t h i s  tim e o f  y e a r  t o  ta k e  ad v an tag e  o f  

n a t u r a l  blooms o f  p h y to p la n k to n  a s  a  s t a r t i n g  p o i n t  f o r  th e  i s o la t io n s * ,  

I n s t e a d ,  th e  p h y to p la n k to n  p r e s e n t  i n  sam ples  o f  r e s e r v o i r  w a te r  were 

c o n c e n t r a t e d  by a s e p t i c a l l y  f i l t e r i n g  11 o f  sample th ro u g h  a Whatman GF/C 

g l a s s  f i b r e  f i l t e r  p a p e r .  The f i l t e r  pad was t r a n s f e r r e d  t o  a  s t e r i l e ,

• 11 c o n i c a l  f l a s k ,  and a p p ro x im a te ly  50ml o f  s t e r i l i s e d  f i l t r a t e  (by

membrane f i l t r a t i o n )  added  to  th e  f l a s k ,  w hich i*as th e n  g e n t l y  shaken  

to  r e s u s p e n d  th e  p h y to p la n k to n  r e t a i n e d  on th e  f i l t e r  pad .  T h is  s u s ­

p e n s io n  was u se d  to  i n o c u l a t e  th e  c u l t u r e  medium whose c o m p o s i t io n  i s  

g iv e n  i n  T ab le  11. T h is  medium i s  a  m o d i f i c a t i o n  o f  th e  Woods Hole MBL 

medium d e s c r ib e d  by N ic h o ls  (1973)> d e s ig n e d  to  s im u la te  th e  a v e ra g e  

ch em ica l  c o m p o s i t io n  o f  th e  t h r e e  r e s e r v o i r  w a te r s  ( s e e  T ab le  4 ) w i th  

r e s p e c t  to  th e  c o n c e n t r a t i o n  o f  m a jo r  c a t i o n s  and pH.

Woods Hole MBL medium h as  been  s u c c e s s f u l l y  u s e d  f o r  th e  c u l t u r e  o f  

B a c i l l a r i o p h y c e a e ,  C h lo ro p h y c eae ,  Chrysophyceae and Cyanophyceae 

( N ic h o ls  1973)* T r i s  b u f f e r  i s  in c lu d e d  i n  th e  c o m p o s i t io n  o f  Woods 

Hole MBL c u l t u r e  medium (where i t  i s  o f  d o u b t f u l  v a lu e  a s  a  b u f f e r  

a t  th e  pH o f  th e  medium -  7 .1  t o  7 . 3 ) ,  b u t  i t  h as  f r e q u e n t l y  p ro v ed

t o x i c  t o  f r e s h w a t e r  a lg a e  (S m ith  & Foy 1974)* Many a lg a e  w i l l  grow 

x  i n  t h i s  medium even i f  no b u f f e r  i s  u se d  ( G u i l l a r d ,  i n  N ic h o l s  1973) 

and T r i s  was t h e r e f o r e  om m itted  from th e  c o m p o s i t io n  o f  th e  m o d i f ie d  

Woods Hole MBL c u l t u r e  medium u s e d .
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TABLE 11

Composition of Modified Woods Hole MBL Culture Medium

C o n c e n t r a t i o n

C a C l g *  2 K g O 206 ,00  m g /l

M gSo^ 7H2o 207.00  m g /l

N a H C 0 3 1 2 ,6 0  m g /l

IC H P O .  
2 4

8 .7 1  m g /l

N a N O ^ 85-01  m g /l

Na2S i0 3* 9H20 28 .42  m g /l

Na2 . EDTA 4*36 m g /l

F eC l3 „ 6H20 3 .1 5  m g /l

CuSo4 . 5H2o 10 } i g / l

ZnSo^. 7HgO 22 ) x g / l

CoCl2 . 6H20 10 yxg/ 1

MnCl2 . 4H20 180 ) X g / 1

Na2Mo04 . 2H20 6 ; i g / l

Thiam ine HC1 100 ;n g / l

B i o t i n 500 n g / l

C yanocobalam in 500 n g / l

pH t o  8 . 0
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The inoculum  was p l a t e d  o u t  on th e  c u l t u r e  medium s o l i d i f i e d  

w i th  1*5$ a g a r  and su p p lem en ted  w i th  an a n t i b i o t i c  m ix tu r e  ( lO m g/l 

p e n i c i l l i n  G and 5m g/l s t r e p t o m y c in )  to  s u p p re s s  'b a c t e r i a l  g ro w th  

(Hoshaw & Robowski 1973)° The P e t r i  p l a t e s  were in c u b a te d  a t  

20°C u n d e r  warm w h ite  f l u o r e s c e n t  lamps (24  ho u r  day a t  ap p ro x ­

im a te l y  3500 bux)o

U n i a l g a l  c o l o n i e s  were th e n  t r a n s f e r r e d  to  50ml p o r t i o n s  o f  l i q u i d  

c u l t u r e  medium, s u p p lem en ted  w i th  Xrng/l p e n i c i l l i n  G and 0„5mg/l. 

s t r e p to m y c in ,  i n  100ml c o n i c a l  f l a s k s  and in c u b a te d  a t  18°C o ver  

d a y l i g h t  ty p e  f l u o r e s c e n t  lamps ( a p p r o x im a te ly  4000 Lux) w i th  

i n t e r m i t t e n t ,  r e c i p r o c a t i n g  s h a k in g  (120 r e c i p r o c a t i o n s  p e r  m in u te ,  

f o r  2 m in u te s  i n  e v e r y  3.0 m in u te s ) , .  The i n c u b a t o r  i s  shown i n  

P l a t e  2o S to ck  c u l t u r e s  were s u b c u l t u r e d  a t  14 day i n t e r v a l s *
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2•9 LABORATORY CULTURE EXPERIMENTS WITH ALGAL ISOLATES

L a b o ra to ry '  c u l t u r e  e x p e r im e n ts  were d e s ig n e d  to  d e te rm in e  th e  e f f e c t  

o f  m i c r o n u t r i e n t  c o n c e n t r a t i o n  on th e  g row th  r a t e  o f  a l g a l  i s o l a t e s *  

Two d e f in e d  c u l t u r e  m edia  were u s e d  f o r  th e s e  e x p e r im e n ts?  m o d i f ie d  

Woods Hole MBL w i th  th e  c o m p o s i t io n  g iv e n  i n  T ab le  10 and a  m o d i f ie d  

Chu No. 10, o r  EVT medium, u s e d  by th e  F re s h w a te r  B io l o g ic a l  

A s s o c i a t i o n ,  w i th  th e  c o m p o s i t io n  g iv e n  i n  T ab le  12 . These m edia 

were made up  to  101$ s t r e n g t h  w i th o u t  th e  m i c r o n u t r i e n t  whose e f f e c t  

on th e  g ro w th  r a t e  o f  th e  a l g a l  i s o l a t e s  was to  be exam ined, and 

d i s p e n s e d  i n  49-5^1  amounts i n t o  a  s e r i e s  o f  100ml c o n i c a l  f l a s k s *  

The m i c r o n u t r i e n t  was th e n  added  i n  a  volume o f  0*5ml to  b r in g  th e  " 

volume i n  th e  f l a s k s  t o  50ml, ih e  s t r e n g t h  o f  th e  c u l t u r e  medium to  

100$ and to  g iv e  a  s e r i e s  o f  d u p l i c a t e ,  s t a n d a r d  m i c r o n u t r i e n t  

c o n c e n t r a t i o n s  i n  th e  ran g e  0 t o  100$ o f  th e  com ple te  medium. The 

f l a s k s  were capped w i th  p l a s t i c  cap s  and s t e r i l i z e d  by a u t o c l a v i n g  

f o r  10 m in u te s  a t  121°C.

The c o o le d  f l a s k s  were th e n  i n o c u l a t e d  w i th  one d ro p  o f  a  14 day o ld  

s to c k  c u l t u r e  o f  th e  a l g a l  i s o l a t e  to  be t e s t e d  and in c u b a te d  a t  

18°C ~  1°C o v e r  d a y l i g h t  ty p e  f l u o r e s c e n t  l i g h t s  (24  h o u r  day, 

a p p ro x im a te ly  4000 Lux) w i th  i n t e r m i t t e n t ,  r e c i p r o c a t i n g  s h a k in g  

(120  r e c i p r o c a t i o n s  p e r  m inu te  f o r  2 m in u te s  i n  e v e ry  10 m i n u te s ) .

The amount o f  g row th  i n  e ac h  f l a s k  a t  th e  end o f  th e  i n c u b a t io n  

p e r i o d  was e s t i m a t e d  by d e te rm in in g  th e  c o n c e n t r a t i o n  o f  c h l o r o p h y l l  

i n  th e  f l a s k  u s in g  th e  l e v e l  1 method d e s c r ib e d  by G olte rm an  ( l 9 7 l ) *
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TABLE 12

C om posit ion  o f  M o d if ie d  Chu Mo, 10 (EVT) C u l tu re  Medium

\

75

C o n c e n t r a t i o n

Ca(N03 ) ? . 4H? 0 20..0mg/l

kh2po4 6 . 2m g/l

MgS04 . 7H20 25-Omg/l

Nar C0, 2 3
2 0 .0 m g /l

Na^SiO^ 25*Omg/l

N. HC1 0 . 25m l / l

Added as  complex (Na .EDTA 
(

2 . Omg/1

(E eC l3 l .O m g / l

H.B0 
3 3

2 .4 3 m g /l

MnClg. 4H20 1 .3 9 m g /l

( r a 4 ) 6Mo7° 24.  4h 2o 1 .0 0 m g /l

V ita m in  B^2 250 y g / l

Thiam ine HC1 lm g / l

B i o t i n lm g / l

pH to 7 -5



'1

%

The mixed f l a s k  c o n s e n ts  were f i l t e r e d  u n d e r  n e g a t iv e  p r e s s u r e ,  "v

th ro u g h  a  Whatman GF/C g l a s s  f i b r e  f i l t e r  p a p e r .  The f i l t e r  

p a p e r  was th e n  c u t  i n t o  sm a l l  p i e c e s  and t r a n s f e r r e d  to  a s to p p e r e d  

t e s t  tu b e .  10ml o f  b o i l i n g  9°% m e th an o l was p o u red  o n to  th e  p i e c e s

o f  f i l t e r  pad , th e  tu b e  was s to p p e r e d  and k e p t  a t  4°C o v e r n ig h t

N

i n  th e  d a rk .  The m e th an o l p igm en t e x t r a c t  was d e c a n te d  and th e  

p i e c e s  o f  f i l t e r  pad washed w i th  5ml 9^f° m e th a n o l .  The w ash ings  

were d e c a n te d  and p o o le d  w i th  th e  p igm ent e x t r a c t .  The p igm ent 

e x t r a c t  was c e n t r i f u g e d  and th e  s u p e r n a t e n t  made up to  20ml w i th  

90% m e th a n o l .  The o p t i c a l  d e n s i t y  o f  th e  p igm ent e x t r a c t  was 

m easured  i n  a  s p e c t r o p h o to m e te r  a t  663nm (ODl) and 7 5 0 ^  (0D 2).

The c o n c e n t r a t i o n  o f  C h lo ro p h y l l  a  i n  th e  f l a s k  c o n t e n t s  (A) 

was th e n  c a l c u l a t e d  from th e  e q u a t i o n : -  'f

A _ 13*9 • (ODl -  0D2) • volume o f  e x t r a c t  (ml
0*&A) l i g h t p a t h  (cm)" volume o f  f i l t r a t e  (1

4
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The m ethods o f  s t a t i s t i c a l  a n a l y s i s  u se d  i n  t h i s  i n v e s t i g a t i o n  

a r e  d e s c r ib e d  i n  d e t a i l  by B a i le y  ( 1969) and Moroney (1970).

A norm al d i s t r i b u t i o n  o f  th e  d a t a  i s  assumed.

\

v  i s  e x p r e s s e d  a s  a  p e r c e n t a g e .
100sV  »

X

%
V

2 .9  METHODS OF STATISTICAL ANALYSIS SEE ALSO ADDENDUM |

Si
■m1

i

%
%

2 .9*1  The Mean (x )

£  c  where -  i s  th e  sum o f  i n d i v i d u a l  -*ff
n  m easurem ents  o f  th e  v a r i a b l e  x

-jiir
-  n i s  th e  number o f  m easurem ents  o f  x .

4
I

. . i
/  X ' $2 .9*2  The S ta n d a rd  D e v ia t io n  ( s )

The s t a n d a r d  d e v i a t i o n  i s  a  m easure  o f  th e  v a r i a b i l i t y  a b o u t  th e  mean f|

2 w  — \ 2 A
s  = X ( x  -  1 )  * 'I

“  - 1 I

s = / T * •

* l )  s^  i s  th e  v a r i a n c e  j

2 S2) S ! (x  -  x )  i s  b e s t  c a l c u l a t e d  a s ; -  %

-,s:(x-S)2 = s:xg - .(a)2 |
n s1

.  ■

2 . 9 . 3  C o e f f i c i e n t  o f  V a r i a t i o n  ( v ;

The c o e f f i c i e n t  o f  v a r i a t i o n  i s  a  s t a n d a r d i z e d  m easure  o f  th e  

s t a n d a r d  d e v i a t i o n .  Thus e s t i m a t e s  o f  v  may be compared d i r e c t l y  

w i th  one a n o t h e r .
1
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2*9*4 T e s ts  o f  S ig n i f i c a n c e

a )  Comparison o f  th e  means o f  two l a r g e  sam ples o f  s i z e s  

n x >-30 , n 2 > 3 0

d -  x^ -  x ?

. 2  2
A

nl  n 2

The a b s o lu t e  v a lu e  o f  d i s  th e n  r e f e r r e d  to  T ab le  13 i n  

o r d e r  to  a s s e s s  th e  s i g n i f i c a n c e  o f  th e  d i f f e r e n c e  betw een 

th e  means.

■b) Comparison o f  th e  means o f  two sm a l l  sam ples  (unknown v a r i a n c e s  

assumed e q u a l ) .

t  S3 X^ —  X2

s/i + A 
. / “  1 n 2

where s i s  c a l c u l a t e d  a s  f o l l o w s  

2s
V  n2 -  2

STx2 -  + 2 x 2 -
nn n,1 2 

f~2
B ~  V s

The s i g n i f i c a n c e  o f  th e  d i f f e r e n c e  i s  d e te rm in e d  by r e f e r r i n g  to  

X a  t a b l e  o f  th e  s t u d e n t s *  t  -  D i s t r i b u t i o n  ( s e e  A ppendix 2, 

B a i l e y  19^9) w i th  n^ + -  2 d e g re e s  o f  f reedom .
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- -TABLE 13 P r o b a b i l i t y  (p )  L e v e l s , f o r  D i f f e r e n t  V a lues  o f  d
(see S e c t io n  2.9*4&)

d P r o b a b i l i t y

1 ,645 0 .10

1 .960 0 .0 5

2.326 0 .02

2 .576 0 .0 1

3.090 0 .002

3 .291 0.001

\
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c )  Comparison o f  means o f  two sm a l l  sam ples (unknown v a r ia n c e s  

no t assumed equal)

2 2The e q u a l i t y  o f  th e  v a r i a n c e s  s^  and s^, i s  t e s t e d  s t a t i s t i c a l l y

u s i n g  th e  v a r i a n c e  r a t i o  o r  F - t e s t .  I t  i s  c o n v e n ie n t  to  l a h e l

From a  t a b l e  o f  th e  F d i s t r i b u t i o n  ( s e e  f o r  example Appendix 

B a i le y  1969) th e  a p p r o p r i a t e  v a lu e  o f  F f o r  th e  chosen  l e v e l  

o f  s i g n i f i c a n c e  c o r r e s p o n d in g  to  f ^  = n ^ -1  d e g re e s  o f  freedom  

i n  th e  n u m e ra to r  and f ^  = - 1  d e g re e s  o f  freedom  i n  th e

d en o m in a to r  i s  fo u n d .  I f  t h i s  t a b u l a t e d  v a lu e  i s  exceeded  i n  

th e  d a t a  th e  r e s u l t  i s  s i g n i f i c a n t .  The t e s t  th e n  p ro c e e d s  

a s  f o l lo w s

d  ~  x ^  -  x ^

b u t  d i s  now t r e a t e d  a s  b e in g  d i s t r i b u t e d  a p p ro x im a te ly  l i k e

‘ S t u d e n t ’ s* t  w i th  f  d e g re e s  o f  freedom , th e  l a t t e r  b e in g  g iv e n  by

1  __

o p
th e  v a r i a n c e s  so t h a t  s j  i s  l a r g e r  th a n  s^

2

X

+ M-si2
n i"*1

w h e r e  u
S 1  t  n l  
2 /  2 /  

V n l  +  S 2 / n 2

80



2 • 9 • 5 R e g re s s io n  A n a ly s i s

L e t  y  « a  + bx be th e  e q u a t io n  o f  th e  t r u e  r e g r e s s i o n  l i n e

th e n  b ( t h e  s lo p e )  -

2El(x -  x ) 2 

and a  ( t h e  c o n s t a n t )  -  y  -  bx

I n  o r d e r  to  t e s t  f o r  th e  e x i s t e n c e  o f  some d e g re e  o f  a s s o c i a t i o n  i t  

i s  n e c e s s a r y  to  d e te rm in e  w h e th e r  th e  o b se rv e d  r e g r e s s i o n  c o e f f i c i e n t ,  

b ,  i s  s i g n i f i c a n t l y  d i f f e r e n t  from th e  h y p o t h e t i c a l  v a lu e  z e r o .

I f  n  i s  g r e a t e r  th a n  30 th e  s t a n d a r d  e r r o r  o f  b may be c a l c u l a t e d  a s : -

r , -------
V  V *  ~  XJ

where s =

and s « 1
n -2

S ( y - y ) 2 ~ D s (x ~ x )  ( y - y ) ]  

( x  -  x ) 2

The o r d i n a r y  t e s t  f o r  n o rm a l ly  d i s t r i b u t e d  e s t i m a t e s  th e n  a p p l i e s  : 

f o r  example i f  b i s  more th a n  1*96 s t a n d a r d  e r r o r s  away from z e ro ,  

th e n  i t  i s  s i g n i f i c a n t  a t  th e  5 Pe r  c e n t  l e v e l  (p  = 0 , 05 )*

X The p e r c e n ta g e  o f  th e  t o t a l  v a r i a t i o n  a b o u t y  e x p la in e d  by th e  

r e g r e s s i o n  l i n e  (R ) ,  may be c a l c u l a t e d  as  f o l l o w s :~

b [ s ( x  ~ x )  (y  -  y )  ]R . 100

se(y  -  y ) 2
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3 .1  RESULTS OP RESERVOIR SURVEY

3 .1 .1  R e se rv o ir  Water

f
3 .1 .1 .1  C h lo rophy ll  and Phaeophytin

The r e s u l t s  o f  c h lo ro p h y l l  and phaeophytin  d e te rm in a t io n s  on 

r e s e r v o i r  w ater  samples over th e  two y e a r  p e r io d  o f  th e  i n v e s t i g a t i o n  

a r e  summarised in  Tab le  14* The r e s u l t s  o f  c h lo ro p h y l l  

d e te i ’m in a tio n s  a r e  i l l u s t r a t e d  g r a p h ic a l ly  in  P ig u re s  7 and 8 .

Table 14 shows th e  ran k  o r d e r  i n  mean c h lo ro p h y l l  and phaeophytin  

c o n c e n t ra t io n s  to  be C ropston r e s e r v o i r  <  Sw ith land  r e s e r v o i r  <  

Thornton x 'e se rv o ir .  The s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  
between r e s e r v o i r s  i n  th e  mean c o n c e n t ra t io n s  o f  c h lo ro p h y l l  and 
phaeophytin  was t e s t e d  by th e  method d esc r ib e d  in  s e c t i o n  2 .9*4a 

w ith  th e  fo l lo w in g  r e s u l t s s -

D if fe re n c e  Between in  C h lo rophy ll  
c o n c e n t ra t io n

in  Phaeophytin  
c o n c e n t ra t io n

Cropston and S w ith land  
r e s e r v o i r s

Cropston and Thornton 
r e s e r v o i r s

Sw ith land  and Thornton 
r e s e r v o i r s

NS *

SS (P=0 .00 l)  

SS (P=0 .00 l)

NS
SS (P -0 .0 1 )  ' 

NS

*K ey:-  NS -  Not ( s t a t i s t i c a l l y )  S ig n i f i c a n t

SS -  S t a t i s t i c a l l y  S ig n i f i c a n t ,  p r o b a b i l i t y  l e v e l  
(p) g iven  i n  b r a c k e t s .

t
s e e  a l s o  a l s o  a d d e n d u m
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T ab le  14

Summary o f  R e s u l t s  o f  D ete rm in a t io n s  o f  C h lo rophy ll  and 
Phaeophytin  i n  R e s e rv o ir  Water Samples taken  in  th e  
P e r io d  A p r i l  1973 to  March 1975_____________ _____________

C hlorophy ll
( W i )

RESERVOIR
Cropston Sw ith land Thornton

Mean 4 .2 4 .5 12.5
Range 0 .0 -2 3 .5 0 .0 -4 8 .9 0 . 3- 95.8

S tandard  D ev ia t io n 3*97 7.83 17.0
C o e f f ic ie n t  o f  V a r ia t io n 94$ 173$ 136$

P h a e o p h y t i n
( m e/  1) ............................... ...............

RESERVOIR
C r o p s t o n S w i t h l a n d T h o r n t o n

1*10 c*t A
R a n g e

S t a n d a r d  D e v i a t i o n  
C o e f f i c i e n t  o f  V a r i a t i o n

r\  e  
\j *  j

0 . 0 - 6 . 6 

0 .93
199$

A A
\ j  • y

0 . 0- 22.3

2.75
299$

1.7
0 .0 -2 3 .0

3 .3 4
201$
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3 . 1 . 1 . 2  V it  amin B-ip

S ig n i f i c a n t  l e v e l s  o f  i n t e r f e r e n c e  (a s  judged by th e  use  o f  

i n t e r n a l  s ta n d a rd s )  were r a r e l y  found in  b io a ssay s  f o r  v itam in  Bjp*

The r e s u l t s  p re s e n te d  in  t h i s  s e c t i o n  a r e ,  however, c o r r e c te d  f o r  

i n t e r f e r e n c e ,  when a p p r o p r ia te ,  by th e  method d e sc r ib e d  i n  s e c t io n  . 

2 .5 .2 .

3 . 1 . 1 . 2 . 1  D isso lved  Vitamin B ip ^

The r e s u l t s  o f  b io a s sa y s  f o r  d is s o lv e d  v itam in  B ^  on r e s e r v o i r  

w a te r  samples tak en  over th e  two y e a r  p e r io d  o f  th e  i n v e s t i g a t i o n  

a re  summarized i n  Table  15 and i l l u s t r a t e d  g r a p h ic a l ly  in  

F ig u re s  9 to  14* C h lo rophy ll  d a ta  a r e  in c o rp o ra te d  in t o  th e s e  

g raphs to  f a c i l i t a t e  v i s u a l  assessm ent of. th e  a s s o c i a t i o n  between 

th e  two v a r i a b l e s .

T ab le  15 shows th a t  f o r  a l l  t h r e e  methods o f  b io a s sa y ,  th e  mean 
c o n c e n t ra t io n  o f  d is so lv e d  v itam jn  Bio fo llo w s  th e  same rank  o rd e r  

as  c h lo ro p h y l l ,  t h a t  i s ,  Cropston r e s e r v o i r  < S w ith land  r e s e r v o i r  <  

Thornton r e s e r v o i r .  The s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  

between i*eservo irs  i n  th e  mean c o n c e n t ra t io n s  o f  d is s o lv e d  v i tam in  B^p 
was t e s t e d  by th e  method d e s c r ib e d  i n  s e o t io n  2.4«9a w ith  th e  fo l lo w in g  
r e s u l t s * -

D if fe re n c e  Between Assay Organism
E . g r a c i l i s L . le ich raan i i O.malhamensis

Cropston and S w ith land  
r e s e r v o i r s
C ropston  and Thornton 
r e s e r v o i r s

Sw ith land  and Thornton 
r e s e r v o i r s

SS(P=0.02)

SS(P=0.001)

SS(P=0.00l)

SS(P-O.Ol)

SS(P^O.OOl)

SS(P=O.Ol)

NS *

NS

NS

* Keys- NS -  Not ( s t a t i s t i c a l l y )  S i g n i f i c a n t .

SS -  S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) g iven  in  b r a c k e ts .

t
s e e  a l s o  a d d e n d u m
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T ab le  15 -i:ft

Summary o f  R e s u l t s  o f  B ioassays f o r  D isso lved  Vitamin B12 
i n  R e s e rv o ir  Water Samples ta k e n  in  th e  p e r io d  A p r i l  1973 
to  March 1975_____   =_____ _______ .14

I

Vitamin B- p̂ ( n g / l ) RESERVOIR

Cropston Sw ithland Thornton

E . g r a c i l i s  a ssay

Mean 24.5 29.3 41.1
Range 4-68 6-62 10-150

Standard  D ev ia t io n 10.7 12.2 24.2
C o e f f ic ie n t  o f  V a r ia t io n 44$ 42$ 5 9$

L . le ic h m a n i i  a s say

Mean 14.0 18.9 2 6 .6
Range 2-56 4-45 6“ 84

S tandard  D ev ia t io n 8.71  • 9.87 18.4
C o e f f ic ie n t  o f  V a r ia t io n 62$ 52$ 69$

O.malhamensis a ssay

Mean 2.67 3.11 3 .21
Range 0 .0 -1 2 .0 0 .0 -2 4 .0 0 . 0- 17.0

S tanda rd  D ev ia t io n 3.35 3.15 2.24
C o e f f ic ie n t  o f  V a r ia t io n 126$ 101$ 70$

I
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L in e a r  r e g r e s s io n  a n a l y s i s  was used  to  t e s t  th e  degree  o f  a s s o c i a t i o n  

between th e  i n d i v id u a l  r e s u l t s  o f  d is s o lv e d - v itam in  B-jg and 

c h lo ro p h y l l  d e te r m in a t io n s .  The c h lo ro p h y l l  d a ta  was tran sfo rm ed  

b e f o r e  r e g r e s s io n  a n a l y s i s ,  by ta k in g  lo g a r i th m s  to  th e  b a se  10.
S ince  th e  raw c h lo ro p h y l l  d a ta  in c lu d e d  some zero  v a lu e s ,  i t  was 

n e c e s s a ry  to  add a p o s i t i v e  c o n s ta n t  (O . l )  to  th e  d a ta  b e f o r e  

making th e  t r a n s f o r m a t io n .

The s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  c a l c u l a t e d  r e g r e s s io n  l i n e  Y/as 

a s s e s s e d  by d e te rm in in g  w hether  th e  s lo p e  o f  th e  l i n e  was s i g n i f i c a n t l y  

d i f f e r e n t  from z e ro .  The p e rc e n ta g e  o f  th e  v a r ia n c e  in  th e  

c h lo ro p h y l l  d a ta  accoun ted  f o r  by th e  r e g r e s s io n  (R^) was a l s o  

c a l c u l a t e d ,  see  s e c t i o n  2.9*5* The fo l lo w in g  r e s u l t s  were o b ta in e d ? -

R eg res s io n  Between 
C h lo ro p n y ll  and 
D isso lv ed  Vitam in Bjg

RESERVOIR

CR0FST0N SWT.THLAND THORNTON
Slope R2 Slope R2 Slope R2

V T7* ~ 4 1 4 ~ ~ ---------jl « o

2 . L . le ic h m a n i i  a s say

3 .  O.malhamensis a s sa y

m o  r\ ~\r<f 
.HU

NS ' • 0 .5 $  

NS 3 .1 $

•»ro -» *<<f A w

NS . 1*4$

P o s i t i v e
SS 5 .2 $
(P---0.1)

irr» m rs.
XHk> " U # £ />

NS 2 .8 $

P o s i t i v e .
SS 6 .8 $  
(P«0.05)

* Key*- NS -  Not ( s t a t i s t i c a l l y )  S ig n i f i c a n t

SS -  S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) given, i n  b r a c k e t s .

The s lo p e s  o f  b o th  s t a t i s t i c a l l y  s i g n i f i c a n t  r e g r e s s io n  l i n e s  i n  

th e  above t a b l e  a r e  p o s i t i v e .  D isso lv ed  v i ta m in  as  assayed

x  v /ith  O .m alham ensis, cannot t h e r e f o r e  be c o n s id e re d  a l i m i t i n g

n u t r i e n t  in  e i t h e r  Sv^ithland o r  T hornton  r e s e r v o i r s .  However, w i th in  

r e s e r v o i r s ,  th e  c o n c e n t r a t i o n  o f  d i s s o lv e d  v i tam in  B ^  d id  show 

changes which sometimes p rece d ed ,  c o in c id e d  w i th ,  o r  fo llow ed  peaks 

i n  th e  c o n c e n t r a t i o n  o f  c h lo ro p h y l l  (arrow ed in  F ig u re s  9“ 14)«
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F ig u re s  9 t 0 14 show n o  ev idence  o f  any c o n s i s t e n t  s e a so n a l  v a r i a t i o n  

i n  th e  c o n c e n t r a t io n  o f  d i s s o lv e d  v i tam in  B^g in  th e  r e s e r v o i r s *

W ith in  r e s e r v o i r s ,  th e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  d i f f e r e n c e s  

i n  mean d i s s o lv e d  v i ta m in  B-^g c o n c e n t r a t io n  assayed  w i th  th e  t h r e e  

d i f f e r e n t  organism s was t e s t e d  by th e  method d e s c r ib e d  i n  s e c t i o n  

2*9*4a* The fo l lo w in g  r e s u l t s  were o b ta in e d s -

D if f e re n c e  Between • • RESERVOIR

Cropston Sw ith land Thornton

E * g r a c i l i s  and 
L . le ic h m a n i i  methods SS(P=0.001) SS(P=0.00l) SS*(P=0.00l)

\

E . g r a c i l i s  and 
O.malhamensis methods SS(P-O.OOl) SS(P=0.00l) SS (P=0.001)

L . le ic h m a n i i  and 
O.malharaensis methods SS(P=0.00l) SS(P=O.00l) SS (P -0 .0 0 1 )

* Key?- SS -  S t a t i s t i c a l l y  s i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) i n  b r a c k e t s .

A com parison o f  th e  mean c o n c e n t r a t io n s  o f  d i s s o lv e d  v i ta m in  B ^  assay ed  

w ith  th e  t h r e e  organism s shows t h a t  i n  a l l  r e s e r v o i r s ,  th e  E . g r a c i l i s  

a s sa y  gave th e  h ig h e s t  r e s u l t s ,  th e  Q.malhamensls a s sa y  gave th e  

low es t r e s u l t s ,  and th e  L . le ic h m a n i i  a ssay  in t e r m e d ia te  r e s u l t s .  The 

mean c o n c e n t r a t io n s  o f  d i s s o lv e d  v i ta m in  B-^g assayed  w ith  

Q.malhamensls were 8 -11$  o f  th e  comparable E . g r a c i l i s -  r e s u l t s ,  and 

12- 19$ o f  th e  comparable h . l e ic h m a n i i  r e s u l t s ,  s u g g e s t in g  t h a t  

ap p rox im ate ly  10$ o f  d i s s o lv e d  v i ta m in  B^g assayed  w ith  E . g r a c i l i s  

and ap p rox im ate ly  1'6$ o f  d i s s o lv e d  v i ta m in  B^g assay ed  w ith  

L . le ic h m a n i i  was ’ true*  v i ta m in  B-^g (s e e  Table 2 ) .

The s p e c i f i c i t y  p a t t e r n s  o f  L . le ic h m a n i i  and E . g r a c i l i s  ( s e e  Tab le  2) 

show t h a t  L . le ic h m a n i i  responds  to  more v itam in  B-^g analogues  th a n  

^oes E . g r a c i l i s * I t  was t h e r e f o r e  somewhat s u r p r i s i n g  to  f i n d  th e  
mean c o n c e n t r a t io n  o f  d i s s o lv e d  v i ta m in  B^g, to  be h ighe i ' i n  a l l



t h r e e  r e s e r v o i r s ,  when assay ed  w ith  E . g r a c i l i s , th a n  when assayed
€

w ith  L . l e i c h m a n i i«

3 . 1 . 1 . 2 . 2  S o lu b le  (F ree )  and Complexed (Bound) Vitamin

The r e s u l t s  o f  b io a s s a y s  w ith  E .g r a c i l i s  to  d e te rm ine  th e  

d i s t r i b u t i o n  o f  d i s s o lv e d  v i ta m in  among s o lu b le  and complexed 

f r a c t i o n s  o f  th e  v i ta m in  i n  r e s e r v o i r  w a te r  samples a r e  summarized 

in  T ab le  16. D e te rm in a t io n s  were made a t  monthly i n t e r v a l s  

d u r in g  1974.

As t e s t e d  by th e  methods d e s c r ib e d  in  s e c t io n s  2«9*4b and 2 .9«4c ,  

th e  d i f f e r e n c e s  between r e s e r v o i r s  i n  th e  mean c o n c e n t r a t io n s  o f  

f r e e  and bound v i tam in  a*1® no-fc s t a t i s t i c a l l y  s i g n i f i c a n t .

The r e s u l t s  do i n d i c a t e  however t h a t  bound forms o f  th e  v itam in  

do e x i s t  i n  th e  r e s e r v o i r s  s tu d ie d  and may acc o u n t,  on av e ra g e ,  f o r  

between 10 and 15$ o f  th e  t o t a l  d i s s o lv e d  v i ta m in  B^g. T his  
o b s e rv a t io n  may p a r t i a l l y  e x p la in  th e  u n ex p ec ted ly  h ig h e r  mean 

c o n c e n t r a t io n  o f  d i s s o lv e d  v i ta m in  B^g assayed  w ith  E . g r a c i l i s  

compared w ith  a ssay s  w ith  L . l e i c h m a n i i , s in c e  complexed forms o f  th e  

v i ta m in  may be made a v a i l a b l e  to  E . g r a c i l i s  b u t  n o t  to  L . le ic h m a n i i  

d u r in g  th e  r e s p e c t iv e  methods o f  b io a s s a y .

t
s e e  a l s o  addendum



T ab le  16

Summary o f  R e s u l t s  o f  D e te rm in a t io n s  o f  S o lub le  (F ree )  
and Complexed (Bound) V itam in  ^ i n  R e se rv o ir  Water Samples

Vitam in B1? ( n g / l )
RESERVOIR

C ropston Sv/ith land Thornton

F ree Bound F ree Bound F ree Bound

Mean 22 .1 4-4  ' 26 .9 3 .4 2 28.3 5 .27
Range 15-29 1-10 18-38 0-10 10-42 0-13

S tan d a rd  D e v ia t io n 4.81 2.83 6.56 3 .34 9-71 4 .61
C o e f f i c i e n t  o f  V a r ia t io n 22 $ 64$ 24$ 342 88$



"f*3 • 1 .1 .2 .3  P a r t i c u l a t e  V itamin Bj^

The r e s u l t s  o f  b io a s s a y s  f o r  p a r t i c u l a t e  v i tam in  B ^  w ith  E . g r a c i l i s  

a r e  summarized i n  T ab le  17 and i l l u s t r a t e d  g r a p h ic a l l y  i n  F ig u re s  15 

and 16. C h lo ro p h y ll  d a ta  a r e  in c o rp o ra te d  i n t o  th e se  graphs to  

f a c i l i t a t e  v i s u a l  assessm en t o f  th e  a s s o c i a t i o n  between the . two 
v a r i a b l e s .

T ab le  17 shows t h a t  th e  mean c o n c e n t r a t i o n  o f  p a r t i c u l a t e  v i ta m in  B ^ ,  

l i k e  th e  mean c o n c e n t r a t io n s  o f  c h lo ro p h y l l ,  phaeophy tin  and d i s s o lv e d  

v i ta m in  ( a l l  methods o f  b io a s s a y ) ,  was h ig h e r  i n  Thornton  r e s e r v o i r  

th an  i n  e i t h e r  C ropston  o r  S w ith land  r e s e r v o i r s .  The s t a t i s t i c a l  

s i g n i f i c a n c e  o f  th e  d i f f e r e n c e s  between th e  mean c o n c e n t r a t io n s  o f  

p a r t i c u l a t e  v i ta m in  B-^ was t e s t e d  by th e  method d e s c r ib e d  in  

s e c t i o n  2*9*48' w i th  th e  fo l lo v / in g  r e s u l t s s —

D if f e r e n c e  Between i n  mean p a r t i c u l a t e  
v i tam in  c o n c e n t r a t i o n

C ropston  and S w ith la n d NS *
r e s e r v o i r s

C ropston  and Thornton SS(F-O.Ol)
r e s e r v o i r s

S w ith land  and Thornton SS(P=0.01)
r e s e r v o i r s

* K ey :-  NS -  Not ( s t a t i s t i c a l l y )  S i g n i f i c a n t

SS -  S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) i n  b r a c k e t s .

x  L in e a r  r e g r e s s io n  a n a l y s i s  was used  to  t e s t  th e  d eg ree  o f  a s s o c i a t i o n  

between th e  i n d i v id u a l  r e s u l t s  o f  p a r t i c u l a t e  v i ta m in  and 

c h lo ro p h y l l  d e te rm in a t io n s .  The c h lo ro p h y l l  d a t a  was f i r s t -  

t ran s fo rm e d  as d e s c r ib e d  i n  s e c t i o n  3 . 1 . 1 . 2 . 1 .  The s t a t i s t i c a l  , 

s i g n i f i c a n c e  o f  th e  c a l c u l a t e d  r e g r e s s io n  l i n e  was a s s e s s e d  by 

d e te rm in in g  w hether th e  s lo p e  o f  th e  l i n e  was s i g n i f i c a n t l y



T ab le  17

Summary o f  R e s u l t s  o f  B ioassays  f o r  P a r t i c u l a t e  V itamin 
i n  R e s e rv o ir  Water Samples ta k en  in  th e  p e r io d  A p r i l  1973 
to  March 1979_______   ■ _____  ■

P a r t i c u la - t e  V itamin B-.0  
( n g / l )  12

RESERVOIR

C ropston Sw ith land Thornton

Mean
Range

S tanda rd  D e v ia t io n  
C o e f f i c i e n t  o f  V a r ia t io n

1*53 
0 .4 -5 * 5

1 .05
69$

1*45 
0 .2 -4 .6

1 .02
10%

5*35
0 . 4- 83.2

11*53 
21 Gfo

v

m

i

I

%

■S

I
i
1*£
I
■%
£aI
1!

■ 4
■x

1

.55

I
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d i f f e r e n t  from z e ro .  The p e rc e n ta g e  o f  th e  v a r ia n c e  i n  th e
g

c h lo ro p h y l l  d a ta  accounted  f o r  by th e  r e g r e s s io n  (R ) was a l s o  

c a l c u l a t e d ,  see  s e c t i o n  2.9*5* The fo l lo w in g  r e s u l t s  were o b t a i n e d : -

R e s e rv o i r
R e g re s s io n  between C h lo rophy ll  and P a r t i c u l a t e  

Vitamin B^p

Slope Sign o f  s lo p e r 2

C ropston SS(P=0.0 l) P o s i t i v e 1 1 .9 $
Sw ith land SS(P=0.0 l) P o s i t i v e 13 .7#
Thornton SS(P=0.01) P o s i t i v e 1 3 .6$

Although p a r t i c u l a t e  v i ta m in  B^p cannot be c o n s id e re d  a l i m i t i n g  

n u t r i e n t  th e  above r e s u l t s  do i n d i c a t e  t h a t  p a r t i c u l a t e  v i ta m in  B-^p 

a cco u n ts  f o r  a s i g n i f i c a n t  p r o p o r t i o n  o f  ’th e  v a r ia n c e  i n  c h lo ro p h y l l  

c o n c e n t r a t io n  in  each r e s e r v o i r .

On av e ra g e ,  p a r t i c u l a t e  v i ta m in  B-^p c o n s t i t u t e d  between 5$

(S w ith lan d  r e s e r v o i r )  and 12^ (T horn ton  r e s e r v o i r )  o f  th e  t o t a l  

( d i s s o lv e d  p lu s  p a r t i c u l a t e )  v i ta m in  B^p p r e s e n t  i n  th e  r e s e r v o i r s .  

Beaks i n  th e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  v i ta m in  B-^p p re c e d in g ,  

c o in c id in g  w i th ,  and fo l lo w in g  peaks in  c h lo ro p h y l l  c o n c e n t r a t io n  
were observed .  The h ig h e s t  observed  c o n c e n t r a t io n  o f  p a r t i c u l a t e  

v i tam in  B-^p, 8 3 .2 n g / l ,  o c c u rre d  i n  Thornton r e s e r v o i r  2 weeks a f t e r  

a  peak in  th e  c o n c e n t r a t i o n  o f  c h lo ro p h y l l  on th e  28 J u ly  1974 due to  

a l a r g e  p o p u la t io n  o f  Aphanizomenon.

No ev idence  o f  any c o n s i s t e n t  s e a s o n a l  v a r i a t i o n  i n  th e  

c o n c e n t r a t io n  o f  p a r t i c u l a t e  v i ta m in  B^p was observed  in  th e  

r e s e r v o i r s  ( s e e  F ig u re s  15 and 1 6 ) .
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3.X . 1*3 I ro n

The r e s u l t s  o f  i r o n  d e te rm in a t io n s  on r e s e r v o i r  w a te r  samples o ver  

th e  one y e a r  p e r io d  o f  i n v e s t i g a t i o n  a r e  summarized in  T ab le  18 and 

i l l u s t r a t e d  g r a p h ic a l l y  i n  F ig u re s  17 ’ to  19* C h lo ro p h y ll  d a ta  a r e  

in c o rp o ra te d  i n t o  th e s e  g raphs to  f a c i l i t a t e  v i s u a l  a ssessm en t o f  

th e  a s s o c i a t i o n  between th e  two v a r i a b l e s .

T ab le  18 shows t h a t  th e  mean c o n c e n t r a t i o n s  o f  a l l  i r o n  f r a c t i o n s ,  

l i k e  th e  mean c o n c e n t r a t i o n s  o f  c h lo ro p h y l l ,  p h aeo p h y tin ,  d i s s o lv e d  

and p a r t i c u l a t e  v i ta m in  were h ig h e r  in  Thornton  r e s e r v o i r  than

in  e i t h e r  Cropston  o r  S w ith land  r e s e r v o i r s .  The s t a t i s t i c a l  

s i g n i f i c a n c e  o f  th e  d i f f e r e n c e s  betv/een r e s e r v o i r s  i n  th e  mean 

c o n c e n t r a t io n s  o f  th e  i r o n  f r a c t i o n s  was t e s t e d  by th e  method 

d e s c r ib e d  In  s e c t i o n  2.9«4& w i th  th e  fo l lo w in g  r e s u l t s i -

D if f e re n c e  Between
• I ro n  F r a c t io n

S o lu b le Complexed P a r t i c u l a t e T o ta l

C ropston  and 
Sw ith land  r e s e r v o i r s

C ropston  and 
T hornton  r e s e r v o i r s

S w ith land  and 
Thornton r e s e r v o i r s

SS(P*0 .00 l)

S S(P= 0 .l)

SS(P=0.02)

S3(P=0.00l)

SS(P=0.01)

SS(P=0.002)

SS(P=0.001)

SS(P=0.l)

SS(P-O.OOl)

sstp=o.ooi)

NS

SS(P=0.01)

* K ey :-  NS -  Not ( s t a t i s t i c a l l y )  S i g n i f i c a n t

SS -  S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) in  b r a c k e t s .

L in e a r  r e g r e s s io n  a n a l y s i s  was used  to  t e s t  th e  degree  o f  a s s o c i a t i o n  
between th e  i n d i v id u a l  r e s u l t s  o f  i r o n  and c h lo ro p h y l l  d e te rm in a t io n s .  

The c h lo ro p h y l l  d a ta  was f i r s t  transform ed  as d e s c r ib e d  in  s e c t io n  

3 * 1 .1 .2 .1 .  The s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  c a l c u l a t e d  r e g r e s s io n  

l i n e  was a s s e s s e d  by d e te rm in in g  w hether th e  s lo p e  o f  th e  l i n e  was 

s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .  The p e rc e n ta g e  o f  th e  v a r ia n c e  in  
t

s e e  a d d e n d u m



Summary o f  R e s u l t s  o f  D e te rm in a t io n s  o f  I ro n  in  
R e s e rv o i r  W ater Samples ta k e n  in  th e  P e r io d  
December 1973 to  March 1975 ________

I r o n  ( ) i g / l )
RESERVOIR

C ropston S w ith land Thornton

a) S o lub le •

Mean 12.1 4 .7 8 .6  ’ *
Range 0-52 0-35 *0-25

S tan d a rd  D e v ia t io n 10.1 6 .6 7 .2
C o e f f i c i e n t  o f  V a r ia t io n  ' 8 /$ 140$ 84$

b) Complexed •
Mean 73 .2 30 .8 50.7
Range 23-140 7-127 11-145

S tan d a rd  D ev ia t io n 37*5 24 .2 28.9
C o e f f i c i e n t  o f  V a r ia t io n ■5 n  ci_j J.+/" n n d j \ r

c) P a r t i c u l a t e
Mean 79 .2 27.3 130.5
Range 7-370 0-124 2-2003

S tan d a rd  D e v ia t io n 66 .6 23.3 302 .5
C o e f f i c i e n t  o f  V a r ia t io n 8456 86$ 232$

d) T o ta l
Mean 162.3 61 .6 188.9
Range 52-500 15-178 50-2040

S tan d a rd  D e v ia t io n 87 .3 34 .7 298.3
C o e f f i c i e n t  o f  V a r ia t io n 54$ % $ 158$
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2
t h e  c h lo ro p h y l l  d a ta  accoun ted  f o r  hy th e  r e g r e s s io n  (R ') was a l s o  

c a l c u l a t e d ,  see  s e c t i o n  2.9*5*

The fo l lo w in g  r e s u l t s  were o b ta in e d

R e s e rv o ir  and 
I ro n  F r a c t i o n

... ................. - ........................... ■ili WI« w ^ . . r « . - i .  ............................................. .nr- -  -  tii .1 » r  r - i T i

R e g re ss io n  Between C h lo rophy ll  and I ro n

Slope Sign o f  S lope R2

CROPSTON

a) S o lu b le NS 1 .2 $
b) Complexed NS 3*8$
c) P a r t i c u l a t e NS . 1 .8 $
d) T o ta l NS 0 .0 $

SWITHLAND

a )  S o lu b le NS 5 .1 $
b )  Complexed NS 0 .2 $
c) P a r t i c u l a t e NS 2 .8 $
d) T o ta l NS 0 .9 $

THORNTON

a) S o lub le SS(P=0.001) N ega tive 50 .9$
b )  Complexed SS(P=0.002) N egative 23 .0$
c) P a r t i c u l a t e NS 0 .4 $
d) T o ta l NS • 1 .2 $

The r e s u l t s  s t r o n g ly  su g g es t  1hat s o lu b le  and complexed f r a c t i o n s  

o f  i r o n  in  Thornton r e s e r v o i r  were a c t i n g  as l i m i t i n g  n u t r i e n t s  

d u r in g  th e  s tu d y  p e r io d .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  t o t a l  

c o n c e n t r a t io n  o f  i r o n  i n  T hornton  r e s e r v o i r  showed no s t a t i s t i c a l l y  

s i g n i f i c a n t  a s s o c i a t i o n  w ith  c h lo ro p h y l l  over  th e  same p e r io d .  On 

two o cca s io n s  i n  Thornton r e s e r v o i r  ( i n  June and September 1974) th e  

c o n c e n t r a t i o n s  o f  s o lu b le  and complexed i r o n  d ec re ase d  as  th e  
c o n c e n t r a t io n  o f  c h lo ro p h y l l  in c re a s e d  ( s e e  F ig u re s  1 7 .and 18).

S im i l a r l y ,  on two o cca s io n s  i n  S w ith land  r e s e r v o i r  ( i n  May and June 

1974) th e  c o n c e n t r a t io n  o f  complexed i r o n  d ec re ase d  as  th e



c o n c e n t r a t i o n  o f  c h lo ro p h y l l  in c r e a s e d  (se e  F igure  18) .

There i s  good rea so n  to  "believe t h a t  th e  mean c o n c e n t r a t io n  o f  i r o n

i n  C ropston  r e s e r v o i r  was h ig h e r  th a n  normal’ d u r in g  th e  s tudy

p e r io d .  F i r s t l y  th e  r e s e r v o i r  was em ptied in  th e  W in ter  o f  1973 to

1974 to  a llow  th e  i n s t a l l a t i o n  o f  a sco u r  main. As th e  w a te r  l e v e l

i n  th e  r e s e r v o i r  d e c re a se d ,  th e  c o n c e n t r a t io n  o f  i r o n  in c re a s e d .

The r e s e r v o i r  was a l low ed  to  r e f i l l  i n  March 1974 h u t  rem ained , on

a v e ra g e ,  l e s s  th an  h a l f  f u l l  d u r in g  th e  i n v e s t i g a t i o n .  Secondly ,

a l th o u g h  th e  mean c o n c e n t r a t i o n s  o f  i r o n  i n  Sw ith land  and Thornton

r e s e r v o i r s  c a l c u l a t e d  from th e  r e c o rd s  o f  th e  Severn T ren t  Water

A u th o r i ty  ( f o r  th e  y e a r s  1967 to  1972 in c lu s iv e )  show good agreement

w ith  th e  means g iven i n  T ab le  18, th e  mean i r o n  c o n c e n t r a t io n  f o r

C ropston  r e s e r v o i r  g iven  i n  T ab le  18 (162*3 >ig/l) i s  c o n s id e ra b ly

h ig h e r  th a n  t h a t  c a l c u l a t e d  from th e  re c o rd s  o f  th e  Severn T ren t

Water A u th o r i ty  ( 9 8 jp g / l ) .  The c o n c e n t r a t io n  o f  complexed i r o n  i n

C ropston  r e s e r v o i r  showed some ev idence  o f  a s e a s o n a l  v a r i a t i o n

( s e e  F ig u re  18 ) ,  b u t  i t  i s  n o t  c l e a r  what in f lu e n c e  th e  low -water

l e v e l  may have had on th e  r e s u l t s .  The c o n c e n t r a t io n  o f  complexed

i r o n  d ec re ase d  r a p i d l y  between Jan u a ry  1975 and th e  end o f  th e  s tu d y

p e r io d .  T h is  d e c re a se  c o in c id e d  w ith  th e  r a p id  n a t u r a l  f i l l i n g  o f

th e  r e s e r v o i r  from 60$ o f  t o t a l  c a p a c i ty  to  100$ o f  t o t a l  c a p a c i ty  
6 3(2 .5 3  x 10 m ) .  C le a r ly  th e  e f f i c i e n c y  o f  m ixing o f  an e n t i r e  w a te r  

column w i l l  be in f lu e n c e d  by i t s  d e p th .
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3.1 '. 1 .4  Manganese

The r e s u l t s  o f  manganese d e te rm in a t io n s  on r e s e r v o i r  w a te r  samples 

over th e  one y e a r  p e r io d  o f  i n v e s t i g a t i o n  a re  summarized in  Tab le  19 

and i l l u s t r a t e d  g r a p h ic a l ly  i n  F ig u re s  20 and 21. C h lo rophy ll  d a ta  
a r e  in c o rp o ra te d  in t o  th e s e  graphs to  f a c i l i t a t e  v i s u a l  assessm ent 

o f  th e  a s s o c i a t i o n  between th e  two v a r i a b l e s .

Table 19 shows t h a t  th e  mean c o n c e n t ra t io n s  o f  a l l  manganese f r a c t i o n s ,  

l i k e  th e  mean c o n c e n t r a t io n s  o f  c h lo ro p h y l l ,  phaeophy tin ,  d is s o lv e d  

and p a r t i c u l a t e  v i tam in  B^g and a l l  i r o n  f r a c t i o n s ,  were h ig h e r  in  

Thornton r e s e r v o i r  th an  i n  e i t h e r  C ropston o r  Sw ith land  r e s e r v o i r s .
The s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  between r e s e r v o i r s  

i n  th e  mean c o n c e n t ra t io n s  o f  th e  manganese f r a c t i o n s  was t e s t e d  by 

th e  method d e sc r ib e d  in  s e c t io n  2 . 9 . 4a w ith  th e  fo l lo w in g  r e s u l t s

D if fe re n c e  Between
Manganese F ra c t io n

So lub le Complexed P a r t i c u l a t e T o ta l

Cropston and Sw ith land  
r e s e i 'v o i r s

SS(P=0.001) NS SS(P=0.l) SS*(P=0.001)

Cropston and Thornton 
r e s e r v o i r s

NS NS NS NS

Sw ith land  and Thornton 
r e s e r v o i r s

SS(P=0.1) NS SS(P=0.01) SS(P=0.01)

* Key*- NS -  Not ( s t a t i s t i c a l l y )  S ig n i f i c a n t

SS -  S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) in  b r a c k e ts .

NL in ea r  r e g r e s s io n  a n a ly s i s  was used  to  t e s t  th e  degree  o f  a s s o c i a t i o n  

between th e  in d iv id u a l  r e s u l t s  o f  manganese and c h lo ro p h y l l  

d e te rm in a t io n s .  The c h lo ro p h y l l  d a ta  was f i r s t  tran sfo rm ed  as d e s c r ib e d  

i n  s e c t i o n  3 * 1 .1 .2 .1 .  The s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  c a l c u l a t e d  

r e g r e s s io n  l i n e  was a s s e s se d  by d e te rm in in g  w hether th e  s lo p e  o f  th e  l i n e  
was s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .  The p e rce n tag e  o f  th e  v a r ia n c e  

t
see addendum



T ab le  19

Summary o f  R e s u l t s  o f  D e te rm in a t io n s  o f  Manganese i n  
R e s e rv o i r  Water Samples ta k en  in  th e  P e r io d  
December 1973 to  l ia rch 1975_. ______ _______________

Manganese ( p g / l )
RESERVOIR - ‘

C ropston Sw ith land Thornton

a) S o lu b le

Mean 6 9 .0 34 .0 59.7
Range 0-147 3-142 0-316 ‘

S tanda rd  D ev ia t io n 46 .5 34.6 77 .2
C o e f f i c i e n t  o f  V a r ia t io n 67# 102$ 129#

b) Complexed

Mean 3 .0 3 .3 4 .0
Range 0-45 0-33 0-56

S tandard  D ev ia t io n 9 .1 7 .2 10.7
C o e f f i c i e n t  o f  V a r ia t io n OGCiCt 00 rwl oc&d.c.uv>/̂

c )  P a r t i c u l a t e

Mean 18 .4 10.9 29 .9
Range 0-107 0-49 0-193

S tanda rd  D ev ia t io n 25-3 10.7 42 .9
C o e f f i c i e n t  o f  V a r ia t io n 1.37# 98# 144#

d) T o ta l

Mean 90 .7 48 .0  .. 87 .4
Range 30-227 7-204 4-284

S tan d a rd  D ev ia t io n 48 .5 4 4 .5 90 .4
*» C o e f f i c i e n t  o f  V a r ia t io n 53# -93# 104#
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2
i n  th e  c h lo ro p h y l l  d a ta  accoun ted  f o r  by th e  r e g r e s s io n  (it ) was a l s o  

c a l c u l a t e d ,  see  s e c t i o n  2o9*5. The fo l lo w in g  r e s u l t s  were o b t a i n e d : -

R e s e rv o ir  and 
Manganese F r a c t i o n

R e g re s s io n  between C h lo ro p h y ll  
and Manganese

Slope Sign o f  Slope
2R

CROPSTON

a) S o lu b le  
b j  P a r t i c u l a t e  
c) T o ta l

NS
SS(P«0 .00 l)
SS(P=0.05)

P o s i t i v e
P o s i t i v e

0 .6 $
29^6$
13 .7$

SWITHLAND

a) S o lub le
b) P a r t i c u l a t e
c)  T o ta l

NS
SS(F«0.OOl)
SS(P«0.02)

P o s i t i v e
P o s i t i v e

5 .9 $
3 1 .1 $
12 .3$

THORNTON

a) S o lu b le
b) P a r t i c u l a t e
c) T o ta l

NS
SS(P= 0.l)
NS

P o s i t i v e
1 .8 $
7 .9  $  
0 .0 $

The r e g r e s s io n  l i n e ’s between c h lo ro p h y l l  and complexed manganese 

•were n o t  c a l c u l a t e d  because  o f  th e  h igh  freq u en cy  o f  ze ro  r e s u l t s  

f o r  t h i s  f r a c t i o n  observed  in  each r e s e r v o i r .

Although p a r t i c u l a t e  manganese canno t be c o n s id e re d  a l i m i t i n g  

n u t r i e n t ,  th e  above r e s u l t s  do i n d i c a t e  t h a t  t h i s  f r a c t i o n  accoun ts  

f o r  a  s i g n i f i c a n t  p ro p o r t io n  o f  th e  v a r ia n c e  i n  c h lo ro p h y l l  

c o n c e n t r a t io n  i n  C ropston  and S w ith land  r e s e r v o i r s .  The v a r ia n c e  

i n  c h lo ro p h y l l  c o n c e n t r a t i o n  accoun ted  f o r  by th e  c o n c e n t r a t i o n  o f  

t o t a l  manganese, a l th o u g h  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  a l l  r e s e r v o i r s ,  

i s  p ro b ab ly  due alfuost e n t i r e l y  to  th e  p a r t i c u l a t e  component.

On t h r e e  o c c a s io n s  i n  Thorn ton  r e s e r v o i r  (Ju n e ,  August and September 

. 1974) and on two o c c a s io n s  i n  Sw ith land  r e s e r v o i r  (May and June 1974)
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th e  c o n c e n t r a t io n  o f  s o lu b le  manganese d ec re a se d  as  th e  c o n c e n t r a t io n  
o f  c h lo ro p h y l l ,  in c re a s e d  ( s e e  F ig u re  2 0 ) ,  s u g g e s t in g  t h a t  s o lu b le  

manganese may have been a c t i n g  as a l i m i t i n g  n u t r i e n t  a t  th e s e  t im e s .

S o lu b le  manganese showed a  d i s t i n c t  se a so n a l  v a r i a t i o n  i n  a l l  t h r e e  

r e s e r v o i r s  w ith  a peak on 24 August 1974 i n  Sw ith land  and Thornton  

r e s e r v o i r s  and a peak two weeks l a t e r  i n  C ropston  r e s e r v o i r .  

P a r t i c u l a t e  manganese showed a  d i s t i n c t  s e a so n a l  c y c le  i n  S w ith land  

and Thornton r e s e r v o i r s ,  b u t  no t i n  Cropston  r e s e r v o i r ,  w ith  a peak 

on 20 J u ly  1974 w hich, t h e r e f o r e  p receded  th e  peak  in  s o lu b le  

manganese c o n e e n t r a t io n  by f o u r  weeks.

1 1 6



3*>}.•» 1 c5 Oq.pprx* _

The results of copper determinations on reservoir water samples over 
the two year period of the investigation are summarized in Table 20 
and illustrated graphically in Figures 22 to 25» Chlorophyll data 
are incorporated into the graphs to facilitate visual assessment of 
the association between the two variables.

Table 20 shows that the mean concentrations of particulate and total 
copper follow the same rank order as chlorophyll and dissolved 
vitamin * that is Cropston reservoir <  Swithland reservoir <  
Thornton reservoir. With the exception of complexed copper, the 
mean concentrations of all other copper fractions, like the mean 
concentrations of chlorophyll, phaeophytin, dissolved and particulate 
vitamin B^p, all iron and manganese fractions, were higher in Thornton
reservoir than in either Cropston or Swithland reservoirs* The 
statistical significance of the differences between reservoirs 
in the mean concentrations of the copper fractions was tested by 
the method described in section• 2 . with the following results*—

Difference Between Copper Fraction
Soluble Complexed Particulate Total

Cropston and Swithland 
reservoirs S3 02

I 1 1 i

NS SS(P-O.Ol) NS*

Cropston and Thornton 
reservoirs SS(P-0.02) m  ■ SS(P«0.01) S S ( P * 0 .0 0 1 )

Swithland and Thornton 
reservoirs S S ( P = 0 . 0 l ) NS NS SS(P«0.0i)

* Keys— NS — 17ot (statistically) Significant
SS — Statistically Significant, probability 

level (P) in brackets

Linear regression analysis was used, to test the degree of association 
between the individual results of copper and chlorophyll determinations. 
The chlorophyll data was first transformed as described in section

t  5s e e  a d d e n d u m
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T ab le  20

Summary o f  R e s u l t s  o f  D e te rm in a t io n s  o f  Copper i n  R e s e rv o ir  Water 
Samples taken  in  th e  p e r io d  A p r i l  1973 to  March 1 9 7 3 ________

Copper ( } x g / l )
RESERVOIR

Cropston Swithland Thornton

a) S o lub le

Mean 16.7 16.4 25.6
Range 0-130 1 0-56 4-157

S tandard  D ev ia t io n 18.1 10.8 24.3
C o e f f ic ie n t  o f  V a r ia t io n 108$ 66$ 95$

b) Complexed

Mean 1 .4 1.6 1.5
Range 0-12 0-11 0-14

S tandard  D ev ia t io n 2.6 2.6 3 .1
C o e f f ic ie n t  o f  V a r ia t io n 186$ 163$ 208$

c) P a r t i c u l a t e

Mean 4 .5 7-9 9 .4
Range 0-27 0-43 0-88

Standard  D ev ia t io n 5 .8 7-7 12.2
C o e f f ic ie n t  o f  V a r ia t io n 128$ 98$ 131$

d) T o ta l

Mean 23.5 26.4 38.1
Range 2-136 6-71 8-158

S tandard  D ev ia t io n 20.4 13.4 28.4
C o e f f ic ie n t  o f  V a r ia t io n 87$ 51$ 75$
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3 .1 .1 * 2 .1 .  The s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  c a l c u l a t e d  r e g r e s s io n  

l i n e  was a s s e s se d  by d e te rm in in g  w hether th e  s lo p e  o f  th e  l i n e  was 

s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .  The p e rc e n ta g e  o f  th e  v a r ia n c e  

in  th e  c h lo ro p h y l l  d a ta  accoun ted  f o r  by th e  r e g r e s s io n  (R ) was a l s o  

c a l c u l a t e d ,  see  s e c t i o n  2.9*5* The r e g r e s s io n  l i n e s  between 

c h lo ro p h y l l  and complexed copper were- no t c a l c u l a t e d  beca tise  o f  th e  

h ig h  f requency  o f  zero  r e s u l t s  f o r  t h i s  f r a c t i o n  observed  i n  each 

r e s e r v o i r .  The fo l lo w in g  r e s u l t s  were o b t a in e d : -  * '

R e s e rv o i r  and 
Copper f r a c t i o n

R eg ress io n  between C h lo rophy ll  and 
Copper

Slope Sign o f  S lope R2 .

CROPSTON

a) S o lub le
b) P a r t i c u l a t e
c) T o ta l

SS(P-0.002)
S3(P~0.02)
SS(P=0.001)

P o s i t i v e
P o s i t i v e
P o s i t i v e

15*5$
11 .3$
22./!$

SWITHLAND

a) S o lu b le
b) P a r t i c u l a t e
c)  T o ta l

SS(P«=0.02)
NS
SS(P«0.02)

N ega tive

N ega tive

9*5$
2.5?'

10 .0$

THORNTON

a) S o lub le  
b j  P a r t i c u l a t e  
c )  T o ta l

NS
NS
SS(P=:0.05) P o s i t i v e

2 .8 $
1 .6 $
6 .4 $

Although copper canno t be c o n s id e re d  a l i m i t i n g  n u t r i e n t  i n  

Cropston  r e s e r v o i r ,  th e  above r e s u l t s  do i n d i c a t e  t h a t  b o th  

N f r a c t i o n s  o f  t h i s  m ic r o n u t r ie n t  accoun t f o r  a s i g n i f i c a n t  
p r o p o r t io n  o f  th e  v a r ia n c e  i n  c h lo ro p h y l l  c o n c e n t r a t i o n .  In  

S w ith land  r e s e r v o i r ,  however, th e  r e s u l t s  su g g es t  t h a t  s o lu b le  

copper may have been a c t i n g  a s  a l i m i t i n g  n u t r i e n t  d u r in g  th e  

s tu d y  p e r io d .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  i n  Thornton  r e s e r v o i r  

Y/here th e  mean c o n c e n t r a t io n  o f  s o lu b le  copper v/as s i g n i f i c a n t l y  

h ig h e r  than  t h a t  i n  S w ith land  r e s e r v o i r ,  th e  r e g r e s s io n  o f
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s o lu b le  copper on c h lo ro p h y l l  was no t s t a t i s t i c a l l y  s i g n i f i c a n t .

However, a major cause  o f  tem pora l v a r i a t i o n  i n  th e  c o n c e n t r a t i o n  

o f  copper in  th e  r e s e r v o i r s  was caused by a p p l i c a t io n s  o f  copper 

s u lp h a te  to  c o n t r o l  th e  growth ( o r  expec ted  growth) o f  b lu e  g reen  

a lg a e .  T h is  f a c t  may go some way i n  e x p la in in g  th e  s i g n i f i c a n t  

p o s i t i v e  a s s o c i a t i o n s  observed  betw een copper and c h lo ro p h y l l  

c o n c e n t r a t io n s  i n  C ropston  and Thorn ton  r e s e r v o i r s .



3 .1 .1 .6  Z inc ^

The r e s u l t s  o f  z in c  d e te rm in a t io n s  on r e s e r v o i r  w ater  samples over  

th e  two y ea r  p e r io d  o f  th e  i n v e s t i g a t i o n  a re  summarized in  T ab le  21 

and i l l u s t r a t e d  g r a p h ic a l ly  i n  F ig u re s  26 to  29* C hlorophy ll  d a ta  

a re  in c o rp o ra te d  in to  th e s e  g raphs to  f a c i l i t a t e  v i s u a l  assessm ent • 

o f  th e  a s s o c i a t i o n  bet¥/een th e  two v a r i a b l e s .

Tab le  21 shows th a t  th e  mean c o n c e n t ra t io n  o f  p a r t i c u l a t e  z inc  

fo llo w s  th e  same rank  o rd e r  as c h lo ro p h y l l ,  d is s o lv e d  v i ta m in  B-^ 

and t o t a l  and p a r t i c u l a t e  copper,  t h a t  i s  Cropston r e s e r v o i r  <  

Sw ith land  r e s e r v o i r  <  Thornton r e s e r v o i r .  The mean c o n c e n t r a t io n s  
o f  p a r t i c u l a t e  and t o t a l  z in c ,  l i k e  th e  mean c o n c e n t ra t io n s  o f  

c h lo ro p h y l l ;  phaeophy tin ; d is s o lv e d  and p a r t i c u l a t e  v itam in  

i r o n ;  manganese and s o lu b le ,  p a r t i c u l a t e  -and t o t a l  copper,  were 

h ig h e r  in  Thornton r e s e r v o i r  th a n  i n  e i t h e r  Cropston o r  Sw ith land  

r e s e r v o i r s .  The s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  
between r e s e r v o i r s  i n  th e  mean c o n c e n t ra t io n s  o f  th e  z in c  f r a c t i o n s  

wae t e s t e d  by th e  method d e s c r ib e d  in  s e c t io n  2 . 9 . 4a w ith  th e  fo l lo w in g  
r e s u l t s  :*~

D if fe re n c e  Between Zinc F ra c t io n
S o lub le Completed P a r t i c u l a t e T o ta l

C ropston and Sw ithland 
r e s e r v o i r s NS NS NS NS*

Cropston and Thornton 
r e s e r v o i r s NS NS SS(P«0.02) SS(P-O .l)

Sw ithland and Thornton 
r e s e r v o i r s NS NS S S (P»0 .l) SS(P*0.1)

* Keys- NS -  Not ( s t a t i s t i c a l l y )  S ig n i f i c a n t

\  SS -  S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y
l e v e l  (? )  i n  b r a c k e ts .

L in ea r  r e g r e s s io n  a n a ly s i s  was used  to  t e s t  th e  degree  o f  a s s o c i a t i o n  

between th e  in d iv id u a l  r e s u l t s  o f  z in c  and c h lo ro p h y l l  d e te rm in a t io n s .  

The c h lo ro p h y l l  d a ta  v«ras f i r s t  t ransfo rm ed  as d e s c r ib e d  in  s e c t io n  
3 .1 .1 .2 . .1 .  The s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  c a l c u l a t e d  r e g r e s s io n

+
s e e  addendum
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Summary of  R e s u l t s  o f  D e te rm in a t io n s  o f  Z in c . i n  
R e s e rv o ir  Water Samples tak en  i n  th e  P e r io d  
Ap r i l  1973 to  March 1973 ___________ __

Zinc ( j z g / l )
RESERVOIR

C ropston Sw ith land T hornton

a) S o lub le

Mean 5-9 5*0 5*5
Range 0-20 0-21 0-15

S tandard  D ev ia t io n 4 .0 4 .1
C o e f f i c i e n t  o f  V a r ia t io n 68$ 82 $ 71$

b) Completed

Mean 1.6 2 .4 2 .5
' Range O-19 0-15 0-24

S tanda rd  D ev ia t io n 3 .0 3 .0 3 .9
C o e f f i c i e n t  o f  V a r ia t io n 188$ 125$ 156$  .

c) P a r t i c u l a t e •

Vf/vnvNM butA 0  ■> «_ • A AT  • 20.1
. Range 0-21 0-115 0-344

S tandard  D ev ia t io n 4 .8 17.2 55.0
C o e f f i c i e n t  o f  V a r ia t io n 209$ 358$ 274$

d) T o ta l
Mean 11.6 11.8 23.7
Range 3-103 1-125 3-350

S tandard  D ev ia t io n 14.2 17.7 50.0
C o e f f i c i e n t  o f  V a r ia t io n 122$ 150$ 211$
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l i n e  was a ssecso d  by d e te rm in in g  w hether th e  s lo p e  o f  th e  l i n e  

v?as s i g n i f i c a n t l y  d i f f e r e n t  from z e ro .  The p e rc e n ta g e  o f  th e •p
v a r ia n c e  i n  th e  c h lo ro p h y l l  d a ta  accounted  f o r  by th e  r e g r e s s io n  (R “) 

was a l s o  c a l c u l a t e d ,  see  s e c t i o n  2*9*5* The r e g r e s s io n  l i n e s  

between c h lo ro p h y l l  and complexed z in c  were n o t  c a l c u l a t e d  because  

o f  th e  h ig h  f requency  o f  ze ro  r e s u l t s  f o r  t h i s  f r a c t i o n  observed  

i n  each r e s e r v o i r .  The fo l lo w in g  r e s u l t s  were o b t a i n e d i -

R e s e r v o i r  and 
Zinc F r a c t io n

R e g re s s io n  betv/een C h lo rophy ll  
and Zinc

Slope Sign o f  S lope

CROPSTON

a) S o lub le  
b j  P a r t i c u l a t e  
c)  T o ta l

S S (P= 0 .l)
NS
NS

P o s i t i v e 5 .3 *
1 .3 *
0 .0 *

SWITHLAND

o \ Qr\ 1 11 V> 1 oU> / t -f V* s..
b ) P a r t i c u l a t e
c) T o ta l

c:<z( p._n n d
JM W  —  V  *  V W . /

SS(P-O .l)
SS(P«0.02)

NTmn 4"? t r  a
t / J .  \

N egative
N ega tive

o oef.
A c - ,  <-/y

5 -5*
9 -5 *

THORNTON

a) S o lu b le
b) P a r t i c u l a t e  
e)  T o ta l

NS
NS 

■ NS

0 .9  i  
0 .4 ^  
0. tip

In  Sw ith land  r e s e r v o i r  th e  r e s u l t s  su g g es t  t h a t  z in c  may have 

been a c t in g  as  a l i m i t i n g  n u t r i e n t  d u r in g  th e  s tu d y  p e r io d .  I t  i s  

i n t e r e s t i n g  to  n o te  t h a t  in  Thornton  r e s e r v o i r ,  where th e  mean

c o n c e n t r a t io n s  o f  p a r t i c u l a t e  and t o t a l  z in c  were s i g n i f i c a n t l y
\
h ig h e r  th a n  th o s e  i n  S w ith land  r e s e r v o i r ,  th e  r e g r e s s io n  o f  z in c  

on c h lo ro p h y l l  was no t s t a t i s t i c a l l y  s i g n i f i c a n t .

No ev idence  o f  any c o n s i s t e n t  s e a s o n a l  v a r i a t i o n  i n  th e  c o n c e n t r a t i o n  

o f  z in c  was observed  in  th e  r e s e r v o i r s .
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3 .1 .1 .7  C ob a lt t

The r e s u l t s  o f  c o b a l t  d e te rm in a t io n s  on r e s e r v o i r  Y/ater samples 

o ver  th e  two y e a r  p e r io d  o f  th e  i n v e s t i g a t i o n  a r e  summarised i n  

T ab le  22 and i l l u s t r a t e d ,  g r a p h i c a l l y ' in  F ig u re s  30 and 31*

C h lo ro p h y ll  d a ta  a r e  in c o rp o ra te d  i n t o  th e se  graphs to  f a c i l i t a t e  

v i s u a l  assessm en t o f  th e  a s s o c i a t i o n  between th e  two v a r i a b l e s .

The a n a l y t i c a l  s e n s i t i v i t y  o f  th e  method o f  d e te rm in a t io n  p re v e n te d  

a c c u ra te  d i f f e r e n t i a t i o n  o f  th e  th r e e  c o b a l t  f r a c t i o n s  measured, 

b u t  s o lu b le  c o b a l t  p ro b ab ly  accounted  f o r  a t  l e a s t  90$  o f  th e  

t o t a l  a t  a l l  t im es  and in  a l l  r e s e . rv o i r s .  T ab le  22 shows t h a t  th e  

mean c o n c e n t r a t io n  o f  t o t a l  c o b a l t  fo l lo w s  th e  same rank  o rd e r  as 

c h lo ro p h y l1, d i s s o lv e d  v i ta m in  t o t a l  .and s o lu b le  copper and

p a r t i c u l a t e  z in c ,  t h a t  i s  C ropston  r e s e r v o i r  <  S w ith land  r e s e r v o i r  <  

Thornton  r e s e r v o i r .  The mean c o n c e n t r a t io n  o f  t o t a l  c o b a l t ,  l i k e  

th e  mean c o n c e n t r a t io n s  o f  c h l o ro p h y l l ;  p h aeo p h y tin ;  d i s s o lv e d  

and p a r t i c u l a t e  v i ta m in  B10; i r o n ;  manganese; s o lu b le ,  

p a r t i c u l a t e  and t o t a l  copper;  p a r t i c u l a t e  and t o t a l  z in c ,  was h ig h e r  

i n  Thornton  r e s e r v o i r  th a n  in  e i t h e r  C ropston  o r  Sw ith land  r e s e r v o i r s .  

The . s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  d i f f e r e n c e s  between r e s e r v o i r s  

i n  th e  mean t o t a l  c o b a l t  c o n c e n t r a t i o n  were t e s t e d  by th e  method 

d e s c r ib e d  in  s e c t i o n  2 .9*4a  w ith  th e  fo l lo w in g  r e s u l t s i -

D if f e re n c e  Between T o ta l  C obalt

C ropston  and S w ith land  r e s e r v o i r s  

C ropston  and Thornton r e s e r v o i r s  

S w ith land  and Thornton r e s e r v o i r s

SS*(P=0.0l) 
. SS(P=0.00l) 

SS(P«0.05)

* K ey :-  NS — Not ( s t a t i s t i c a l l y )  S ig n i f i c a n t

SS — S t a t i s t i c a l l y  S i g n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) in  b r a c k e ts

L in e a r  r e g r e s s io n  a n a l y s i s  was used to  t e s t  th e  degree  o f  

a s s o c i a t i o n  between th e  i n d i v id u a l  r e s u l t s  o f  z in c  and 

c h lo ro p h y l l  d e te rm in a t io n s .  The c h lo ro p h y l l  d a ta  was f i r s t  

t
see addendum 132
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t ran s fo rm e d  as d e s c r ib e d  in  s e c t i o n  3 * l* l « 2 r l .  The s t a t i s t i c a l  

s i g n i f i c a n c e  o f  th e  c a l c u l a t e d  r e g r e s s io n  l i n e  was a s s e s se d  "by 

d e te rm in in g  w hether th e  s lo p e  o f  th e  l i n e  was s i g n i f i c a n t l y  d i f f e r e n t  

from z e ro .  The p e rc e n ta g e  o f  th e  v a r ia n c e  i n  th e  c h lo ro p h y l l  d a ta  

accoun ted  f o r  by th e  r e g r e s s io n  (R ) was a l s o  c a lc u la te d *  see  

s e c t i o n  2.9*5* The fo l lo w in g  r e s u l t s  were o b ta in e d * -

R e s e rv o i r
R e g re s s io n  between C h lo ro p h y ll  and 

C obctlb

S lope Sign o f  Slope R2

C ropston NS 0 .0 $

S w ith land NS 2 -9 %

T hornton NS 1 . 0 $

No ev idence  o f  any c o n s i s t e n t  s e a s o n a l  v a r i a t i o n  in  th e  

c o n c e n t r a t io n  o f  t o t a l  c o b a l t  was observed  i n  th e  r e s e r v o i r s .

T ab le  22

Summary o f  R e s u l t s  o f  D e te rm in a t io n s  o f  C oba lt  i n  
R e s e rv o ir  Water Samples ta k e n  in  th e  p e r io d  
A p r i l  1973 to  March 1973___________________________ _

T o ta l  C obalt  
( ^ g / l )

RESERVOIR
C ropston S w ith land Thornton

Mean 3 .6 4 .4 5-3
Range 1-8 1-11 2-15

S tan d a rd  D e v ia t io n 1.6 2 .0 2 .6

C o e f f i c i e n t  o f  V a r ia t io n 44$ . 45$ 49$
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3 .1 • 1 .8  Thiamine and B io t in

D is so lv ed  th iam in e  and b i o t i n 'w e r e  c o n s i s t e n t l y  u n d e te c ta b le  

th e  b io a s sa y  organism s u sed .  Only a l im i t e d  number o f  

b io a s s a y s  f o r  th iam ine  w ith  M . lu th e r i  were made, bu t a l l  f a i l e d  

to  d e t e c t  th e  v i ta m in  in  th e  r e s e r v o i r  w a te r ,  d e s p i t e  th e  g r e a t e r  

s e n s i t i v i t y  o f  t h i s  method compared v/ith  b io a s s a y s  u s in g  

L .v i r i d e s c e n s . These zero  r e s u l t s  su g g es t  t h a t  th e  c o n c e n t r a t io n  
o f  th e s e  v i ta m in s  in  th e  r e s e r v o i r s  was l e s s  th an  th e  s e n s i t i v i t i e s  

o f  th e  m ethods— 5 n g / l  f o r  th iam ine  w ith  M . l u t h e r i , 5 0 n g /l  

f o r  th iam in e  w ith  L .v i r id e s c e n s  and l n g / l  f o r  b i o t i n ,  s in c e  th e  

r e s e r v o i r  w a te rs  v/ere n o t  found to  be i n h i b i t o r y  to  th e  organism s 

used (as .show n by r e s u l t s  from i n t e r n a l  s t a n d a r d s ) .

o
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3*1*1.9 Summary o f  th e  R e s u l t s  o f  th e  R e s e rv o i r  Water Survey
4

The r e s u l t s  p r e s e n te d  i n  s e c t i o n s  3*1*1.1 to  3*1*1*7 show th e  

mean c o n c e n t r a t i o n  o f  c h lo ro p h y l l ,  and th e  mean c o n c e n t r a t i o n s  o f  

one o r  more f r a c t i o n s - o f  each o f  th e  m ic r o n u t r ie n t s  s tu d i e d ,  to  

he s i g n i f i c a n t l y  h ig h e r  i n  T hornton  r e s e r v o i r  th a n  i n  e i t h e r  

C ropston  o r  Sw ith land  r e s e r v o i r s .

Of th e  m ic r o n u t r ie n t s  and m ic ro n u ti’i e n t  f r a c t i o n s  m easured, on ly  

p a r t i c u l a t e  v i tam in  B-^ and p a r t i c u l a t e  manganese showed 

a c o n s i s t e n t  and s t a t i s t i c a l l y  s i g n i f i c a n t  ( p o s i t i v e )  a s s o c i a t i o n  

w i th  c h lo ro p h y l l  in  a l l  t h r e e  r e s e r v o i r s  (a s  judged by l i n e a r  

r e g r e s s io n  a n a l y s i s ) .

L in e a r  r e g r e s s io n  a n a l y s i s  o f  th e  d a ta  a l s o  su g g e s ts  s o lu b le  

copper and s o lu b le  z in c  to  be l i m i t i n g  n u t r i e n t s  i n  S w ith land  

r e s e r v o i r ,  and s o lu b le  and com pleted i r o n  to  be l i m i t i n g  n u t r i e n t s  
n m Thornton r s s o r v o i r #

D isso lv ed  v i tam in  ( E . g r a c i l i s  and L . le ic h m a n i i  a s s a y s ) ,  com pleted 

i r o n  and s o lu b le  manganese a l s o  showed o c c a s io n a l  d e c re a se s  i n  

c o n c e n t r a t i o n  in  Sv/ith land  and T hornton  r e s e r v o i r s ,  a t  th e  same tim es 

as  in c r e a s e s  i n  c h lo ro p h y l l  c o n c e n t r a t i o n ,  s u g g e s t in g  t h a t  th e s e  

m ic r o n u t r ie n t s  may, a t  t im e s ,  a c t  as  l i m i t i n g  n u t r i e n t s  i n  th e s e  

r e s e r v o i r s .
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I
3*1*2 R e se rv o ir  Sediments

The r e s u l t s  of m ic ro n u t r ie n t  d e te rm in a t io n s  on r e s e r v o i r  sedim ent 

samples taken  in  th e  p e r io d  December 1974 to  March 1975 a re  

summarized in  Table 23 •

Three la y e r s  i n  th e  sedim ent co res  could  t y p i c a l l y  be 

d i s t i n g u i s h e d .  The f i r s t  l a y e r  a t  th e  sed im en t/w a te r  i n t e r f a c e  was 

u s u a l ly  only  a few m i l l im e t r e s  t h i c k  and c o n s is te d  o f  e a s i l y  

d i s tu r b e d ,  f l o c c u l e n t ,  c o a rse  p a r t i c u l a t e  m a t te r .  T h is  l a y e r  
o v e r la id  a second la y e r  (B), t y p i c a l l y  about 2cm t h i c k ,  o f  s o f t  

brown c layey  m a te r i a l .  This  l a y e r  cou ld  be d i s t i n g u i s h e d  on ly

from th e  t h i r d  l a y e r  (C ), o f  d a rk  grey c layey  mud which i t  o v e r l a id ,  

in  Sw ith land  and Thornton r e s e r v o i r s .  The la c k  o f  any v i s u a l  

d i f f e r e n t i a t i o n  between th e  B and C la y e r s  i n  Cropston r e s e r v o i r  i s  

r e f l e c t e d  by th e  absence o f  any s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  

between th e  mean c o n c e n t r a t io n s  o f  th e  m etal m ic ro n u t r ie n t s  in  th e  

two l a y e r s ;  see  Tab le  24*

A ll  m i c r o n u t r ie n t s ,  w ith  th e  ex ce p t io n  o f  copper in  Sw ith land  

r e s e r v o i r ,  show no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between 

r e s e r v o i r s  in  t h e i r  mean c o n c e n t r a t io n  in  th e  C sedim ent l a y e r .

The mean c o n c e n t ra t io n s  o f  v i ta m in  33̂ 2 > i r o n > manganese and copper 
i n  th e  B sediment l a y e r  o f  S w ith land  r e s e r v o i r  a re  s i g n i f i c a n t l y  

h ig h e r  than  th o se  i n  C ropston o r  Thornton r e s e r v o i r s ,  see  Tab le  25*

see a d d e n d u m
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Table 23

Summary of Results of Micronutrient Determinations on 
Reservoir Sediment Samples ______________________

Micro­
n u t r i e n t

R e se rv o ir Sediment
l a y e r

M icronu tr i  ent. S t a t i s t i c s  *
Mean
Cone.

Range o f  
Cone. S V

Vitamin B., 0 Cropston B 49 37-59 11 e 2 21%
(n g /g )  12 C 34 33-35 1.0 1%

Sw ithland B 436 397-485 44 .8 10%
C 38 32-50 10.4 21%

Thornton B 239 136-375 122.9
C 58 ' 9-87 42.9 14%

I ro n Cropston B 45 43-47 2.1 5%
(mg/g) C 42 39-52 8.8 2 1 %

Sw ith land B . 38 37-39 0 .8 2 %
C 36 32-39 3.7 ICiti -- /

Thornton B 47 41-52 5 .4 12%
C 43 30-57 19.2 45 %

Manganese Cropston B 1.2 1 . 1- 1.2 0 .04 y%
(“ 6 /e ) C 0 .9 0 . 7- 1.2 0.22 24%

Sw ith land B 2.9 2 .3 -3 .5 O.58 20%
C 0 .8 0 . 7 - 0 .9 0.10 11%

Thornton B 1.1 1 . 0- 1.2 0.06 '6 %
C 0.7 0 . 5- 0.9 0 .27 19%

Copper Cropston B 209 203-219 8 .5 4%
( g /g ) C 179 ■ 109-243 67 .2 16%

Sw ith land B 915 779-1005 119.8 11%
C .487 413-557 72.1 15 i

Thornton B 684 622-788 90.6 11%
C 296 77-515 309.7 105%

Continued
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Table  23 (C ontinued)

Micro­
n u t r i e n t

R ese rv o ir Sediment
la y e r

M ic ro n u tr ien t S t a t i s t i c s  *
Mean
Cone*

Range o f  
Cone. S V

Zinc Cropston B 294 . 283-300 9 .3 3$
( ^ g /g ) C 281 253-325 39 .0 14$

Sw ithland B 361 347-370 12.3 3 i
C 250 215-275 31 .4 1356

Thornton B 355 326-389 31.8 9$
C 186 113-259 103.2 56$

Cobalt Cropston B 23 22-24 1 .2 o i
( p e / s ) C 21 19-24 2.9 U f

Sw ith land B 23 20-26 3 .1 14f
C 17 15-19 2 .0 1 2 $

Thornton B 24 22-26 2 .0 8%
C 21 15-27 8 .5 41 i

* Key S -  S tandard  d e v ia t io n

V -  C o e f f i c i e n t  o f  v a r i a t i o n
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Table 24

S t a t i s t i c a l  S ig n i f i c a n c e  o f  D if fe re n c e s  (w ith in  r e s e r v o i r s )  
Between the  Mean Sediment M ic ro n u t r ie n t  C oncen tra t ions  in  
th e  * B* and *0* Layers ______  _ _ __________ _

M icro n u tr i  en t
R ese rv o ir

Cropston Sw ithland Thornton

Vitamin B^2 SS*(P=0.1) SS(P=0.00l) SS(P-O .l)

I ro n NS NS. NS

Manganese NS SS(P«0.0 l) SS(P=0.1)

Copper NS SS(P=0.01) NS

Zinc NS SS(P-O.Ol) SS(P=0.1)

C obalt NS SS(P-O .l) NS

* Key NS -  Not ( s t a t i s t i c a l l y )  S ig n i f i c a n t

SS -  S t a t i s t i c a l l y  S ig n i f i c a n t ,  p r o b a b i l i t y  
l e v e l  (P) in  b r a c k e ts .
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3 .2  FEEDER STREAM SURVEY f

The r e s u l t s  o f  m ic ro n u t r ie n t  d e te rm in a t io n s  on f e e d e r  s tream  w ater  

samples taken  a t  monthly i n t e r v a l s  between A p ril  1974 and March 1975 

a re  summarized in  Table  26.

C a lc u la t io n s  o f  flow r a t e s  a long  th e  brooks u s in g  th e  a r e a - v e lo c i ty  

method d e sc r ib e d  in  s e c t io n  2*6 gave h ig h ly  im probable r e s u l t s  f o r  
th e  s tream s f e e d in g  Cropston arid Sw ithland r e s e r v o i r s .  The reaso n  

f o r  t h i s  was th e  d i f f i c u l t y  o f  a c c u ra te ly  m easuring th e  sm all 
g r a d ie n ts  a long  th e  s t ream s .  U n fo r tu n a te ly ,  th e  im p ro b a b i l i ty  o f  
th e  r e s u l t s  d id  not become apparen t  u n t i l  f ig u r e s  f o r  th e  volumes 

o f  w ate r  a b s t r a c t e d  from th e  r e s e r v o i r s  d u r in g  th e  s tu d y  p e r io d  

became a v a i l a b l e  from th e  Severn T ren t  Water A u th o r i ty .

In  o rd e r  to  be ab le  to  c o n s t r u c t  m ic ro n u t r ie n t  budgets  f o r  th e  

r e s e r v o i r s ,  th e  minimum volume o f  w a te r  e n te r in g  Cropston and 

Sw ith land r e s e r v o i r s  was c a l c u la te d  from th e  t o t a l  o f  th e  volume 

a b s t r a c te d  and th e  n e t  change in  w a te r  volume in  th e  r e s e r v o i r s  over 

th e  p e r io d  A p r i l  1974 to  March 1975* I  in d e b te d  to  th e  Severn 
T ren t  Water A u th o r i ty  f o r  th e s e  f i g u r e s .  S ince s i m i l a r  

c a l c u l a t i o n s  o f  th e  minimum volume o f  w a te r  e n t e r in g  Thornton 

r e s e r v o i r  were approx im ate ly  85^  o f  t h a t  e s t im a ted  by th e  a r e a -  
v e i o c i t y  method, th e  a c tu a l  volume o f  w a te r  e n t e r in g  Cropston and 

Sw ith land  r e s e r v o i r s  was c a l c u l a t e d  a s  IOO/8 5  t im es th e  minimum 

volume. The r e s u l t i n g  w a te r  budgets  f o r  th e  r e s e r v o i r s  a re  p re s e n te d  
i n  Table  27* I t  should  be n o ted  t h a t  th e  volume o f  w a te r  a b s t r a c te d  
from Cropston r e s e r v o i r  in c lu d e s  th e  volume a b s t r a c te d  from 
Sw ithland r e s e r v o i r  s in c e  th e se  r e s e r v o i r s  a r e  o p e ra te d  to g e th e r  
f o r  w a te r  supply  pu rp o ses .

M ic ro n u t r ie n t  budgets  f o r  th e  r e s e r v o i r s  were th en  c a l c u l a t e d  from 

th e  d a ta  p r e s e n te d  i n  Tables  15, 18, 19, 20, 21, 22, 26 and 27.
The r e s u l t s  a r e  p re s e n te d  in  Table  28 . The mean m ic ro n u t r ie n t  

c o n c e n t ra t io n s  o f  w a te r  e n t e r in g  th e  r e s e r v o i r s  a re  p re s e n te d  in  

Tab le  29. I t  i s  r e a l i z e d  t h a t  T ab les  28 and 29 a r e  based  on

t
see  a d d e n d u m
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Table 26

Summary o f  R e s u l t s  o f  M ic ro n u t r ie n t  D eterm inations  on 
Feeder Stream Water Samples____________ _____ ___________

D isso lved  
Vitamin B-, 0 
(n f/ D .... .

Name o f Brook

B radgate Sw itbland S tan ton M arkfie ld

a) E . g r a c i l i s .

Mean 30 .0 16.4 30 .4 28.0
Range 12-56 6-34 11-78 13-38
S* 14.2 8 .5 18.4 8 .0
V 47$ 52# 61$ 28$

b) L c le ichm an ii »

Mean 15.0 12.4 25.6 18.7
Range 2-38 4-38 5-50 9-39
S 11.1 9 .7 15.5 9 .4
V 74$ 78$ 61$ 50$

c) O.malhamensis
Mean 2.68 2.71 3 .04 2.46
Range 1 .0 -8 .0 1 .0 -7 .6 1 .4 -5 .4 1 .2 -4 .6
S 2.01 2.19 1.62 1.03
V 75$ 81$ 53$ 42$

Continued



T ab le 26 (Continued)

M ic ro n u t r ie n t Name o f  Brook
( J ig /1) B radgate Sw ithland S tan ton M ark fie ld

Iro n
Mean 564 32 6 467 468
Range 132-3400 82-1260 122-1080 111-1460
S* 945 354 282 395
V 168$ 109$ 60$ 84$

Manganese
Mean 69*7 34 .0 57.3 46.7
Range 33-316 18-79 22-87 28-138
S 87.1 17.4 17.6 33 .7
V 125$ 51$ 31$ 72$

Copper
Mean 10.6 13.4 14.4 13.4
Range 3-17 6-26 2-27 7-19
S 4 .7 6 .8 7 .2 4 .1
V 45$ 51$ 50$ 30$

Zinc
Mean 11.5 7 .3 7 .9 9 .0
Range 3-70 4-19 4-18 4-18
S 19.5 4*4 4 .4 5 .2
V 170$ 61$ 55$ 58$

Cobalt
Mean 4 .4 4*9 6 .7 6 .3
Range 0-6 4-7 4-10 4-9
S 1.6 1.3 2 .0 2 .2
V 37$ 26$ 30$ 34$

* Key S -  S tanda rd  d e v ia t io n

V -  C o e f f ic ie n t  o f  v a r i a t i o n
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Table 27

The Water Budgets o f  C ropston , Sw ith land  and Thornton R e s e rv o ir s  
between A p r i l  1974 and March 1973     .________

RESERVOIR

Cropston S w i t h l a n d Thornton

Volume a b s t r a c t e d
xlO^ m3 6,09 2.48 2.07

Net change in  r e s e r v o i r  
volume
xlO^ m3 +2.20 +0.08 +0.24

Minimum in p u t  volume
xlO^ m3 5-54 2.56 2.31

E stim a ted  * a c t u a l 1 in p u t  
volume
xlO6 m3 6 .54 3.02 2.76

R e la t iv e  c o n t r i b u t io n s  
to  ‘ ac tua l*  in p u t  
volume from fe e d e r  s tream s

xlO6 m3 .6 ,5 4
(B radgate
Brook)

3 .02
(Sw ith land
Brook)

0.00*
(Cropston
Brook)

1.02
(S tan to n
Brook)

1.74
(M ark fie ld
Brook)

* C o n tib u t io n  from Cropston  Brook assumed 
n e g l i g i b l e  s in c e  C ropston  r e s e r v o i r  d id  
n o t  overflow  d u r in g  th e  s tudy  p e r io d .
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inad eq u a te  d a ta ,  s in c e  th e  number o f  samples tak en  was sm all ,  

s in c e  th e  flow iia t e  and m ic ro n u t r ie n t  c o n c e n t ra t io n  p robab ly  v a r ie d  

a  g re a t  d ea l  each month, and because th e  measurement o f  flow r a t e s  

in  th e  f e e d e r  s tream s proved very  d i f f i c u l t .  I t  i s  however 

b e l ie v e d  t h a t  some m eaningful co n c lu s io n s  can be drawn from th e  

r e s u l t s .  Table 29 shows th a t  w ith  th e  excep tion  o f  v i tam in  

th e  mean c o n c e n t ra t io n s  o f  a l l  m ic ro n u t r ie n ts  e n t e r in g  Sw ithland 

r e s e r v o i r  were le s s  than  th o se  e n te r in g  Thornton r e s e r v o i r .  The 

s t a t i s t i c a l  s ig n i f i c a n c e  o f  th e  d i f f e r e n c e s  betv/een fe e d e r  stream s 

in  mean m ic ro n u t r ie n t  c o n c e n t r a t io n s  a re  shown in  Table  30 and 

were a s s e s se d  by th e  methods d e s c r ib e d  in  s e c t io n s  2*9*4b and 
2*9»4c.

Table 28 shows t h a t  i r o n  and c o b a l t  accumulated in  a l l  th re e  

r e s e r v o i r s  i n  1974 to  1975» whereas manganese showed a n e t  l o s s .



3 .3  LABORATORY EXPERIMENTS WITH ALGAL ISOLATES

L abora to ry  experim ents  on a l g a l  i s o l a t e s  from th e  r e s e r v o i r s  were 
designed  to  de te rm ine  th e  e f f e c t  o f  m ic ro n u tr ie n t  c o n c e n t ra t io n  on 

th e  growth o f  th e s e  i s o l a t e s .  U n ia lg a l  c u l tu r e s  o f  C h lo r e l la  sp .  

and Scenedesmus quadricauda  .(T urpin) Brebisson  were i s o l a t e d  from 

Thornton r e s e r v o i r .  These g reen  a lg a e  were f r e q u e n t ly  dominant 

members o f  th e  p hy top lank ton  in  a l l  th r e e  r e s e r v o i r s  d u r in g  th e  

study  p e r io d .  I t  was hoped t h a t  i t  would a lso  be p o s s ib le  to  

i s o l a t e  a F r a g i l a r i a  sp .  (p ro b ab ly  F r a g i l a r i a  cro to p e n s i s  (Edwards)

K it to n  from e i t h e r  C ropston o r  Sw ithland r e s e r v o i r s ,  i n  which 

t h i s  a lg a  was f r e q u e n t ly  dominant, and an O ocystis  sp .  which was 

commonly a dominant member o f  th e  phy top lank ton  in  a l l  th r e e  
r e s e r v o i r s .  U n fo r tu n a te ly  t h i s  proved im poss ib le  i n  th e  tim e 

a v a i l a b l e .  I n s te a d  a c u l tu r e  o f  F .c ro to n e n s i s  L273 was gen ero u s ly  
g iven  by th e  F resh w a te r  B io lo g ic a l  A sso c ia t io n  and a c u l tu r e  o f  
Ooc y s t i s  a p i c u l a t a  W.West was purchased  from th e  R a t io n a l  

C u ltu re  C o l l e c t io n  c f  A lgas and P ro to zo a .  Since th e  chem ical 

com positions  o f  th e  two media used in  th e se  experim en ts ,  F.VT and 
M odified Wood’s Hole MBL (se e  S e c t io n  2 .8 ) ,  d i f f e r  c o n s id e ra b ly ,  f o r  

comparison purposes  c u l tu r e s  o f  C h lo re l la  L221 and S .quadri cauda L232 

i s o l a t e d  from la k es  i n  th e  E n g lish  JL ake D i s t r i c t  were a l s o  generously  
g iven by th e  Freshwatei ' B io lo g ic a l  A ss o c ia t io n .  These sp e c ie s  a re  
h e r e a f t e r  r e f e r r e d  to  i n  th e  t e x t  as  C h lo re l la  (FBA) and 
S .q u ad ricau d a  (FBA).

The r e s u l t s  o f  th e  r e s e r v o i r  w a te r  survey p re s e n te d  in  S e c t io n  3 . 1 .1 .  

in d i c a te d  t h a t  th e  c o n c e n t r a t io n s  o f  d is s o lv e d  v itam in  Bi 0 , 

complexed i r o n  and s o lu b le  manganese in  th e  r e s e r v o i r s  sometimes 

d ec reased  w ith  in c re a s e s  i n  th e  c o n c e n t ra t io n  o f  c h lo ro p h y l l ,  

su g g e s t in g  t h a t  a t  t im es  th e s e  m ic ro n u t r ie n ts  may have l im i te d  th e  

growth o f  a lg ae  in  th e  r e s e r v o i r s  s tu d ie d .  In  o rd e r  to  t e s t  t h i s  

h y p o th e s is ,  experim ents  v/ere perform ed to  t e s t  th e  s e p a ra te  e f f e c t s  

o f  th e  c o n c e n t ra t io n s  o f  d is s o lv e d  v itam in  B ^ ?  i ro n  and manganese on 
th e  growth o f  th e  above-m entioned a l g a l  s p e c ie s .  The method i s  
d e sc r ib e d  in  S ec t io n  2 .8 .



3 .3 •1  Vitamin B, „

No dependence o f  growth on th e  c o n c e n tra t io n  o f  v i tam in  w&s 
d e te c te d  f o r  any o f  th e  s p e c ie s  t e s t e d .  Four s e r i a l  t r a n s f e r s  o f  

th e  a lg a e  in t o  media c o n ta in in g  no added v itam in  B ^ ,  th iam ine  o r  

b i o t i n  r e s u l t e d  in  no d e p re s s io n  o f  growth compared w ith  c o n t r o l s  

grown in  th e  com plete media, s u g g e s t in g  th a t  th e  a lg ae  t e s t e d  a re  
a u to t r o p h ic .  Howevei*, i t  must be no ted  t h a t  none o f  th e  u n ia lg a l  

c u l tu r e s  t e s t e d  was a x e n ic ,  a l th o u g h  th e  c o n c e n tra t io n  o f  b a c t e r i a  

in  th e  c u l tu r e s  was ex trem ely  low. I t  i s  however p o s s ib le  t h a t  
th e se  b a c t e r i a  cou ld  s y n th e s i s e  s u f f i c i e n t  v itam in  B ^ ,  th iam ine  

and b i o t i n  to  enab le  th e  growth o f  auxo troph ic  a lg ae  in  v i t a m in - f r e e  

media, s in c e  Haines & G u i l l a rd  (1974) showed th a t  the  v i tam in  B ^  
requ irem en t o f  s e v e ra l  marine diatom s could  be s a t i s f i e d  by 

h e t e r o t r o p h ic  marine b a c t e r i a  i n  v i tam in  B-jg”" l im i te d  la b o ra to ry  
c u l t u r e s .  Hov/ever, th e  t r a n s f e r  experim ent r e s u l t s  ag ree  w ith  

th o se  summarized by P ro v a s o l i  & C ar lu cc i  (1974) f o r  C h lo re l la  s p . , 
Scenedesmus sp .  and F r a g i l a r i a  sp .  I t  i s  no t known w hether 

O .o p ic u la ta  i s  a u to t ro p h ic  o r  a u x o tro p h ic ,  bu t th e  g reen  a lg a e  as 

a group a re  p redom inan tly  a u to t ro p h ic  (P ro v a s o l i  & C a r lu cc i  1974)* 
However, i t  shou ld  be no ted  t h a t  th e  genus F r a g i l a r i a  c o n ta in s  

some s p e c ie s  au x o tro p h ic  f o r  v i ta m in  B ^ »  and th e  genus C h lo re l la  

some s p e c ie s  au x o tro p h ic  f o r  th iam in e  (P ro v a s o l i  & C a r lu cc i  1974).

3*3*2 I ro n

The r e s u l t s  o f  experim ents  to  de term ine  th e  e f f e c t  o f  i ro n  

c o n c e n t ra t io n  on th e  growth o f  th e  a lg a e  s e le c te d  f o r  s tu d y  a re  

p re s e n te d  g r a p h ic a l ly  in  F ig u re s  32 to  37* Each p o in t  on each 

graph r e p r e s e n t s  th e  average  o f  d u p l ic a te d  c u l t u r e s .  D e ta i l s  o f  
x th e  inoculum and c a r ry o v e r  o f  m ic ro n u t r ie n t  in  th e  inoculum a re  

reco rded  on each graph . I ro n - d e p le te d  in o c u la  were p rep a red  by 

s u b c u l tu r in g  th e  a lg a  in  an i r o n - f r e e  medium f o r  14 days under 
th e  c o n d i t io n s  d e s c r ib e d  in  S ec t io n  2 .8 .

152



'·' '·' 

/ 

-II. 

. \.11 
VJ 

,. 

.. ~ ·-

~~': 

Figure 32 , Effect of Iron Concentrqtion on the Growth 

of Clllorel/a sp. 
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Figure 33 EHect c! Iron Concentration on the Grovlth 

of Chlorel/a (FBA) 
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Figure 34 ·Effect of 'Iron -concentration on the ·Growth 

of S.quadricauda (FBA·) 

Inoculum 7 x 104 cells per flask 

Maximum carryover 11ng 

;zg/1 Chlorophyll 

30 

· 20 

. 10 , 0 
0 

0 

0 5 10 20 40 . 81 

pgfl Iron 

. \ 

·~ .. ,~ ~~J.!' .. ~"!)!~~.r. 

162 325 

Figure 25 Effect of !ron Concentration on the Growth 

of s. quc:::dricauda 
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Figure 36 Effect of Iron Conce·ntrction on the Growth 

of F. crotonensis 
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Fluure 37 : Effect of Iron Concentration on the Growth · 
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C h lo r e l la  (FBA), F . cro tonen js is and S .quadricauda  (FBA) 

were grown in  EVT c u l tu r e  medium and C h lo re l la  sp .

O .a p ic u la ta  and S .q u a d ricau d a  were c u l tu r e d  in  M odified 

Wood’ s Hole MBL mediums see S e c t io n  2 .8 .

C h lo re l la  sp .  and C h lo r e l la  (FBA) showed a marked dependence o f  ' 

growth on th e  c o n c e n t r a t io n  o f  i r o n  in  th e  mediums see 

F ig u re s  32 and 33 r e s p e c t i v e l y .  L i t t l e  growth, compared w ith  

th e  zero  i r o n  c o n c e n t r a t io n  c o n t ro l  occu rred  a t  i ro n  

c o n c e n t ra t io n s  o f  l e s s  th a n  40 p.g/ 1 in  e i t h e r  c u l tu r e  medium.

S .q u ad ricau d a  (FBA) and S .q u ad ricau d a  a l so  showed a marked 

dependence o f  growth on th e  c o n c e n t ra t io n  o f  i r o n  in  th e  

mediums see  F ig u re s  34 and 35 r e s p e c t iv e l y .  S .quad ricauda  
showed l i t t l e  growth, compared w ith  th e  zero  i ro n  

c o n c e n t ra t io n  .c o n t ro l ,  a t  i r o n  c o n c e n t ra t io n s  l e s s  than  

20 p . g /1. S .q u ad ricau d a  (FBA) grew r e l a t i v e l y  p o o r ly  a t  a l l  i r o n  

c o n c e n t ra t io n s  and showed l i t t l e  d i f f e r e n c e  i n  growth between 

th e  zero  i r o n  c o n c e n t ra t io n  c o n t ro l  and i ro n  c o n c e n t ra t io n s  le s s  
th an  162 p . g /1, even a f t e r  28 days in c u b a t io n .  However, th e  

c o n c e n t ra t io n  o f  manganese i n  EVT medium -  386 p . g / l 9 was l a t e r

shown to  be to x i c  to  S .q u ad ricau d a  (FBA): see  S ec t io n  3 *3 .3 .
€:

F .c ro to n e n s i s  and O .a p ic u la ta  showed a much l e s s  marked 

dependence o f  growth on i r o n  c o n c e n t ra t io n  th an  d id  th e  o th e r  

sp e c ie s  t e s t e d ,  even when an i r o n - d e p le te d  c u l tu r e  was used as 

th e  inoculum: see F ig u re s  36 and 37 r e s p e c t iv e l y .

3*3*3 Manganese

A ll  a l g a l  sp e c ie s  t e s t e d  showed l i t t l e  dependence o f  growth on 
manganese c o n c e n t r a t io n ,  excep t t h a t  c o n c e n t ra t io n s  o f  

manganese g r e a t e r  th an  100 p . g / l  were found to  be markedly to x ic  
to  S .q u ad ricau d a  (FBA): see  F ig u re  38. This f in d in g  e x p la in s

th e  r e l a t i v e l y  poor growth o f  S .q u ad ricau d a  (FBA) in  experim ents  

to  determ ine th e  e f f e c t  o f  i r o n  c o n c e n t ra t io n  on th e  growth o f



~, ". 

:--

~ 

\,J1 
-...J 

.. , 

I 

Figure 38 Effect of Mcngsnese Concentration ·on the 

Growth of S.quadricouda .. (FBA) 
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t h i s  a lg a :  see  S ec t io n  3 . 3 . 2 .  D epression  o f  growth by manganese

c o n c e n t ra t io n s  g r e a t e r  th a n  100 ^ g / l  was a l s o  observed  in  

c u l tu r e s  o f  C h lo re l la  @?BA) a f t e r  7 days in c u b a t io n ,  b u t  th e s e  

to x i c  e f f e c t s  a p p a re n t ly  d isap p ea red  a f t e r  a f u r t h e r  7 days 

incuba tion*  see  F ig u re  39* S l ig h t  i n h i b i t i o n  o f  th e  growth 
o f  F .cro tonensis  by manganese c o n c e n t ra t io n s  g r e a t e r  th a n  2 0 0  y g / l  
was observed : see  F ig u re  4 0 .  I n h i b i t i o n  o f  growth by h igh

manganese c o n c e n t ra t io n s  was no t observed  in  th e  experim ents  on 

C h lo r e l la  s p . ,  O .a p ic u la ta  and. S .quad ricauda  grown in  th e  M odified 

Wood’ s Hole MBL c u l tu r e  medium.
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4 .1  VITAMIN B12

The e c o lo g ic a l  im portance o f  v i tam in  B ^  to  th e  phy top lank ton  in  th e  

r e s e r v o i r s  s tu d ie d  i s  sugges ted  by th r e e  o b s e rv a t io n s  made d u r in g  

th e  in v e s t ig a t i o n * -

a) minima in  th e  c o n c e n t ra t io n  o f  d is s o lv e d  v itam in  B^g f r e q u e n t ly  
co in c id ed  w ith  maxima in  th e  c o n c e n t ra t io n  o f  c h lo ro p h y l l ,  

p a r t i c u l a r l y  i n  Sw ithland and Thornton r e s e r v o i r s .

b) th e  average c o n c e n t ra t io n s  o f  d is s o lv e d  v itam in  B ^
(E . g r a c i l i s  and L . le ic h m a n i i  a s s a y s ) and c h lo ro p h y l l  were 

s i g n i f i c a n t l y  h ig h e r  in  Thornton r e s e r v o i r  than  i n  e i t h e r  Cropston 

o r  Sw ithland r e s e r v o i r s .

c) th e  s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c ia t io n  between p a r t i c u l a t e  

v i tam in  B1? and c h lo ro p h y l l  c o n c e n t ra t io n s  in  a l l  th r e e  r e s e r v o i r s .  

The p o s i t i v e  n a tu re  o f  th e  a s s o c i a t i o n  could  be i n t e r p r e t e d  as

a r e f l e c t i o n  o f  th e  up take o f  d is s o lv e d  v itam in  B ^  by th e  

p hy top lank ton .

The q u e s t io n s  t h e r e f o r e  a r i s e  as to  w hether th e  growth o f  

au x o tro p h ic  a lg a e  i n  th e  r e s e r v o i r s  may have been l im i t e d  by 

v i ta m in ’ B.^* and w hether th e  mean d is so lv e d  v itam in  B ^  

c o n c e n t ra t io n  in  th e  r e s e r v o i r s  i s  cai^sally  r e l a t e d  to  th e  mean 
c h lo ro p h y l l  c o n c e n t r a t io n .

In  o rd e r  to  he lp  judge w hether v i tam in  B ^  may be l i m i t i n g  in  

n a tu r e ,  P ro v a s o l i  ( 195^) ta b u la te d  th e  d a ta  on th e  s e n s i t i v i t y  o f  
a lg a e  to  th e  v i ta m in .  The s e n s i t i v i t y ,  t h a t  i s  th e  low est 

v i tam in  B ^  c o n c e n t ra t io n  g iv in g  in c re a s e d  growth compared to  

a c o n t ro l  w ithou t v i tam in  B^2 > v a r i e s  from lOOpg/l to  5 n g / l  

depending on th e  a lg a  (P ro v a s o l i  & C a r lu c c i  1974). Droop (1957) 
found th e  s e n s i t i v i t y  o f  H onochrysis l u t h e r i  Droop to  be lOOpg/l 

and concluded th a t  v i tam in  B ^  in  th e  sea  shou ld  a t  a l l  t im es be
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s u f f i c i e n t  to  m a in ta in  a l g a l  growth* S ince th e  c o n c e n t ra t io n  o f  

v i tam in  i n f re s h w a te r  i s  u s u a l ly  g r e a t e r  than  t h a t  i n  seaw a te r ,  i t  

might he concluded th a t  v i tam in  B ^  should  always he s u f f i c i e n t  in  

f r e s h w a te r  to o .  However Droop’ s c o n c lu s io n  has not been w idely  

accep ted  (P ro v a s o l i  1970)• The main o b je c t io n s  a re  t h a t  D roop 's  

c o n c lu s io n  was based  on th e  needs o f  only  one s p e c ie s  o f  marine a lg a  

which may no t be t y p i c a l  (bu t  see  G u i l la rd  & C ass ie  1963)? and th a t  
q u a n t i t a t i v e  d a ta  from a chem osta t,  o r  indeed  from o th e r  ' in  v i t r o ' 

experim ents  w ith  c o n t r o l l e d  c o n d i t io n s  o f  n u t r i e n t  supp ly , p o p u la t io n  

d e n s i ty ,  a e r a t io n  and mixing, may no t be an a c c u ra te  r e p r e s e n t a t io n  o f  

. . .n a tu ra l  c o n d i t io n s .

Droop (1961) showed t h a t  th e  growth r a t e  of M .lu th e r l  remained u n a l te r e d  

over a l a rg e  range of  v i tam in  ^ c o n c e n t ra t io n s  (0.1  to  1 0 0 n g / l ) .  

However, Ford (195$) found t h a t  the  d iv i s i o n  r a t e  o f  Ochromonas 

malhamensis P ringsheim  doubled in  th e  range 13 to  1000ng /l .  C le a r ly  

a lg a e  d i f f e r  in  t h e i r  a b i l i t y  to  c a p tu re  needed m olecules o f  v i tam in  

B ^  from d i l u t e  c o n c e n t r a t io n s .  O ther th in g s  b e in g  e q u a l ,  0 . malhamensis 

would be r e s t r i c t e d  in  growth by a low c o n c e n tra t io n  o f  v i tam in  B .0 (say
I tL

1n g / l ) which would no t be r e s t r i c t i n g  to  l u t h e r l : a p o s s ib le  

co m p e ti t iv e  advantage f o r  th e  l a t t e r  organism . Gerome (1971) found 

t h a t  th e  growth r a t e  o f  an a l g a l  i s o l a t e  from Lake Leman, F rance was 

f a s t e r  when 20pg /l  v i tam in  B ^  was added to  th e  c u l tu r e  medium.

Wood ( 1962, reviewed by P ro v a s o l i  1970), showed in  chem ostat experim ents  

t h a t  v i tam in  B ^  c o n c e n t ra t io n s  l e s s  than  8 n g /l  reduced  th e  growth r a t e  
o f  Skeletonema costa tum  (G rev .)  Cleve by ^0% o r  more. Droop ( 1966) 
found in  chem ostat experim ents  t h a t  th e  growth r a t e  l i m i t i n g  o f  v itam in  

f ° r  M. l u t h e r i  la y  between 2 and 6 n g / l ,  t h a t  i s  a t  l e a s t  20 tim es th e  

c o n c e n t ra t io n  in d i c a te d  by D roop 's  (1961) b a tch  c u l tu r e  experim en ts .  

T h ere fo re  th e  mean c o n c e n t r a t io n  o f  ' t ru e *  d i s s o lv e d  v itam in  B g ( t h a t  i s  

th e  analogue w ith  a d im ethy lbenzim idazo le  n u c le o t id e  s id e  cha in )  in  th e  

\ r e s e r v o i r s  in v e s t ig a t e d  (2 .2 4  to  3»35ng/l ~ see Table  15) may be l i m i t i n g  
to  th o se  aux o tro p h ic  a lg a e  which can only  u t i l i s e  ' t r u e '  v i tam in  B ^ .

I n  a summary o f  th e  74 s p e c ie s  t e s t e d ,  P ro v a so l i  & C a r lu c c i  (1974) 

r e p o r te d  t h a t  36 ( i . e .  49^) o f  s p e c ie s  can u t i l i s e  only  ' t r u e '



v itam in  B ^ .  However, in  t h i s  p re s e n t  su rvey , d ec re ase s  in  th e  

c o n c e n t ra t io n  o f  d is s o lv e d  v itam in  w ith  in c re a s e s  in  th e  

c o n c e n t ra t io n  of  c h lo ro p h y l l  were u s u a l ly  observed on ly  i n  th e  

r e s u l t s  o f  b io a ssa y s  w ith  E.g r a c i l i s  and L . le i c h m a n i i , s u g g e s t in g  

t h a t  th e  a lg a e  were ta k in g  up v itam in  analogu.es, th e  

c o n c e n t ra t io n s  of th e s e  b e in g  g r e a t e r  than  th e  c o n c e n t ra t io n  o f  

' t ru e *  v itam in  B ^  "the r e s e r v o i r s  ( see s e c t io n  3 * 1 * 1 .2 .1 ) .

However, la b o ra to ry  s e n s i t i v i t y  d a ta  a re  o f  l i t t l e  v a lu e  in  judg ing  

th e  l i m i t i n g  c o n c e n t ra t io n  o f  a v itam in  i n  n a tu r a l  s i t u a t i o n s  

(P ro v a s o l i  & C ar lu cc i  1974)* In  n a tu re  an organism i s  seldom 

o p e ra t in g  under c o n d i t io n s  o f  op tim al and c o n s ta n t  te m p era tu re ,  

i n s o l a t i o n ,  s a l i n i t y  and n u t r i e n t  l e v e l s .  P a i s le y  ( 1957) p o in te d  
ou t t h a t  in  n a tu re  th e  r a t e  o f  (a lg a l )  c e l l  d iv i s io n  i s  more 

im p o rtan t  than  th e  t o t a l  y i e l d  o b ta in a b le  w ith  a g iven  amount o f  

th e  v itam in  because a c e r t a i n  r a t e  o f  growth i s  n ece ssa ry  to  b u i l d  

up a bloom t h a t  i s  s u f f e r i n g  lo s s e s  from p re d a t io n  and s in k in g ,  
f o r  example. Ohwada & Taga (1973) sugges ted  t h a t  v itam in  B-^ 

c o n c e n t ra t io n s  o f  lo s s  than  I n g / l  ( L . le ic h m a n i i  assay )  in  the s u r fa c e  

w a te rs  o f  Lake Sagami, Japan , might be low enough to  a f f e c t  the  

p h o to s y n th e t ic  a n d /o r  growth r a t e s  o f  auxo troph ic  phy to p lan k to n .  
Youngman, Johnson & B e l l in g  (1973) concluded th a t  on occas ions  

v itam in  B ^  may re a c h  l e v e l s  low enough to  e x e r t  a l i m i t i n g  e f f e c t  

on some o f  th e  p hy top lank ton  i n  Parmoor r e s e r v o i r ,  O x fo rd sh ire ,
England. The low est l e v e l  observed  by th e se  a u th o rs  was 8 n g / l  

( L . le ic h m a n i i  a s s a y ) .  In  t h i s  i n v e s t ig a t io n  a s i m i l a r l y  low l e v e l  

(7 n g / l  -  L . le ic h m a n i i  assay )  was observed in  Thornton r e s e r v o i r  in  
June 1974 a t  th e  same tim e as peaks i n  c h lo ro p h y l l  and p a r t i c u l a t e  

v i tam in  c o n c e n t r a t io n s .  The num erica l ly  dominant a lg a  i n  t h i s  

bloom was an O ocystis  s p e c ie s .  The v i tam in  requ irem en ts  o f  O ocys tis  

a r e  no t known, b u t  th e  g reen  a lg a e  as a group a re  p redom inan tly  

^au to tro p h ic  (P ro v a so l i  S c C ar lu cc i  1974)* However, l a rg e  numbers o f  
Rhodomonas were a l so  observed d u r in g  t h i s  bloom. The genus 

Rhodomonas in c lu d e s  bo th  a u to t ro p h ic  and v itam in  B^g r e q u i r i n g  

(au x o tro p h ic )  s p e c ie s ,  b u t  th e  Cryptophyceae a re  p redom inan tly  

auxo troph ic  (P ro v a s o l i  & C a r lu c c i  1974)* A minimum i n  th e  c o n c e n t ra t io n  
o f  d is s o lv e d  v itam in  B ^  in  Thornton r e s e r v o i r  in  September 1974 a l so
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c o in c id ed  w ith  a peak in  c h lo ro p h y l l  c o n c e n t r a t io n .  The 

n u m e rica l ly  dominant s p e c ie s  i n  t h i s  bloom (Rhodomonas and 

Cryptomonas s p e c ie s )  were a l s o  members o f  th e  Cryptophyeeae. I t  i s  

perhaps no co in c id en ce  t h a t  th e  abundance o f  p ro b ab le  v itam in  

auxo trophs , such as Rhodomonas and Cryptomonas, was g r e a t e r  i n  

Thornton r e s e r v o i r  where th e  mean c o n c e n t ra t io n  o f  d i s s o lv e d  

v itam in  B ^  was r e l a t i v e l y  h ig h .

L i t t l e  ev idence o f  any c o n s i s t e n t  sea so n a l  v a r i a t i o n  in  th e  

c o n c e n t ra t io n  o f  d is s o lv e d  v itam in  B ^  was observed i n  t h i s  

i n v e s t i g a t i o n .  "Taken to g e th e r  w ith  th e  absence o f  a s t a t i s t i c a l l y  

s i g n i f i c a n t  l i n e a r  and n e g a t iv e  a s s o c i a t i o n  between d is s o lv e d  v itam in  

®12 an(* c h lo r °Pby n  c o n c e n t r a t io n s  in  th e  r e s e r v o i r s ,  i t  could  be 
concluded t h a t  th e r e  i s  l i t t l e  ev idence  to  suppo rt th e  su g g e s t io n  

t h a t  th e  mean c o n c e n t r a t io n  o f  d i s s o lv e d  v itam in  de te rm ines  

to  some e x te n t  th e  mean c h lo ro p h y l l  c o n c e n t ra t io n  i.e. th e  a l g a l  
p o p u la t io n .  The s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c i a t i o n  between 

p a r t i c u l a t e  v i tam in  B^^ ar*d c h lo ro p h y l l  c o n c e n t ra t io n s  in  a l l  
t h r e e  r e s e r v o i r s ,  which could  be i n t e r p r e t e d  as r e f l e c t i n g  th e  

up tak e  o f  d is s o lv e d  v i tam in  B-^ by th e  p hy top lank ton ,  cou ld  

e q u a l ly  w e ll  be due to  a t h i r d  common f a c t o r  such as th e  degree  o f  
m ixing i n  th e  r e s e r v o i r .  Any n a t u r a l  environment w ith  c o n d i t io n s  
f a v o u r in g  b a c t e r i a l  growth i s  l i k e l y  to  be v itam in  r i c h  

(P ro v a s o l i  1970). The sedim ents  o f  la k e s  and r e s e r v o i r s  a re  such 

an environm ent. G i l l e s p i e  & M orita  (1972) found th a t  h igh  

c o n c e n t ra t io n s  o f  v i ta m in  B-^ (up to  l .B ^ u g /g  d ry  sed im ent) 

c h a r a c t e r i s t i c a l l y  o ccu rred  a t  th e  sed im en t/w a te r  i n t e r f a c e .  I n  t h i s  

i n v e s t i g a t i o n  c o n c e n t r a t io n s  o f  v i tam in  B ^  up to  485ng/g (d ry  sedim ent) 
were found in  samples o f  r e s e r v o i r  sed im ent.  Thus f a c t o r s  in c r e a s in g  

th e  degree  o f  m ixing in  a r e s e r v o i r  might be expected  to  in c re a s e  th e  

c o n c e n t ra t io n  o f  p a r t i c u l a t e  m a t te r ,  in c lu d in g  p a r t i c u l a t e  v itam in  

i n  th e  w a te r  column, as w e l l  as  in c r e a s in g  th e  supp ly  o f  n u t r i e n t s  to  

th e  eupho tic  zone which could  r e s u l t  in  in c re a se d  p hy top lank ton  b iom ass.

However, i t  i s  perhaps n a iv e  to  expect a s im ple l i n e a r  r e l a t i o n s h i p  

between any one v a r i a b l e  and c h lo ro p h y l l  ( p a r t i c u l a r l y  f o r  a n u t r i e n t  
such as v i tam in  B ^  which i s  no t r e q u i r e d  by a l l  a l g a e ) , b e a r in g  in  

mind th e  la rg e  number o f  p h y s ic a l ,  chem ical and b i o l o g i c a l  f a c t o r s

164



which a f f e c t  th e  ecology o f  th e  p h y top lank ton .

D a is ley  (1% 9) a l s o  found no ev idence o f  a c o n s i s t e n t  sea so n a l

v a r i a t i o n  in  th e  c o n c e n t r a t io n  o f  d is s o lv e d  v itam in  B .0 in  n in e12
la k e s  o f  th e  E n g l ish  Lake D i s t r i c t .  He a l s o  found a p o s i t i v e  

r e l a t i o n s h i p  between th e  average v itam in  c o n c e n t ra t io n  and th e  

r e l a t i v e  p r o d u c t i v i t y  o f  th e  l a k e s .  Gerome (1971) in  P rance ,  
s im i l a r l y  found th e  c o n c e n t r a t io n  o f  v itam in  B in  Lake Leman to  
be  l e s s  th an  t h a t  i n  th e  more e u t ro p h ic  Lake Nantua. C a r lu cc i  &

Bowes (1972) found th e  c o n c e n t ra t io n  o f  v itam in  i n  th e  o l i g o t r o p h ic  

Lake Tahoe, C a l i f o r n ia  USA to  be g e n e ra l ly  u n d e te c ta b le ,  b u t  found 

th e  c o n c e n t ra t io n  o f  th e  v itam in  in  th e  eu t ro p h ic  C lear  Lake,

C a l i f o r n i a  to  be e a s i l y  m easurab le .  The r e s u l t s  o f  th e s e  and o th e r  

workers sugges t t h a t  th e  a lg a e  them selves  may be r e s p o n s ib le  f o r  
th e  p o s i t i v e  r e l a t i o n s h i p  between th e  mean c o n c e n t ra t io n  o f  d i s s o lv e d  

v itam in  B ^  mean c o n c e n t ra t io n  o f  c h lo ro p h y l l  observed  in  th e  

r e s e r v o i r s .

Ohwada & Taga (1973) found t h a t  v i ta m in  B1p ( to g e th e r  w ith  th iam ine

and b i o t i n )  was produced when Anabaena c.yanea was a c t i v e l y  growing

in  Lake Sagami, Japan .  Gerome (1971) observed e le v a te d  l e v e l s  o f

v itam in  B^0 in  Lake N antua, P rance  d u r in g  a bloom o f  Anabaena and

O s c i l l a t o r i a  ru bescens  de C ando lle .  Youngman e t . a l .  (1973) and

G i l l e s p i e  & M orita  (’1972) observed  co n cu rren t  in c re a s e s  i n  th e
c o n c e n t ra t io n  o f  v itam in  and th e  s ta n d in g  crop o f  Aphanizomenon

f lo s - a q u a e  (L .)  R a l f s  in  Farmoor r e s e r v o i r ,  O x fo rd sh ire ,  England

and Upper Klamath Lake, Oregon USA r e s p e c t iv e l y .  I n  t h i s  i n v e s t i g a t i o n
a marked in c r e a s e  i n  th e  c o n c e n t r a t io n s  o f  d is s o lv e d  and p a r t i c u l a t e

v itam in  B ^  fo llow ed  a bloom o f  Aphanizomenon f lo s -a q u a e  in  Thornton

r e s e r v o i r  which reached  i t s  peak on 25 J u ly  1974* The f a c t  t h a t  th e
peaks i n  th e  c o n c e n t ra t io n  o f  d is s o lv e d  and p a r t i c u l a t e  v i tam in  B ^
fo llow ed  th e  peak in 'c h l o r o p h y l l  c o n c e n t r a t io n  by two weeks s u g g e s ts

t h a t  b a c t e r i a  an d /o r  th e  l y s i s  o f  A .f lo s -a q u a e  c e l l s  were r e s p o n s ib le

f o r  th e  in c re a s e  i n  v i ta m in  B .0 c o n c e n t ra t io n  r a t h e r  than  v itam in12
e x c re t io n  by th e  h e a l th y  a lg a .  G i l l e s p i e  & M orita  (1972) no ted  th e  c lo s e ,  

a p p a re n t ly  dependant r e l a t i o n s h i p  o f  A .f lo s -a q u a e  w ith  a number o f  b a c t e r i a l  

s p e c ie s ;  Lut s in c e  t h e i r  samples were taken  a t  monthly i n t e r v a l s  i t  i s
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no t p o s s ib le  to  d i s c e r n  from t h e i r  d a ta  whether th e  observed  peak 

in  v itam in  B^g ( u n f i l t e r e d  w ate r)  fo llow ed  o r  co in c id ed  w ith  th e  

peak in  th e  s ta n d in g  crop o f  A . f lo s - a q u a e . These w orkers found 

t h a t  20 ou t o f  42 b a c t e r i a l  i s o l a t e s  from th e  w a te r  and sedim ent o f  

Upper Klamath Lake, Oregon were capab le  o f  p roducing  50ng /l  o r  more 

o f  v i tam in  B ^  p e r  week in  c u l t u r e .  Severa l a lg a e ,  in c lu d in g  

e c o lo g ic a l ly  im portan t  m arine s p e c ie s ,  a l so  r e l e a s e  v itam in  

i n t o  t h e i r  c u l t u r e  medium d u r in g  growth (P ro v a s o l i  1970). I t  should  

however be remembered t h a t  th e  p ro d u c t io n  o f  v i tam in  c u l tu r e

by a g iven  microorganism does no t n e c e s s a r i l y  mean th a t  i t  w i l l  i n  

n a tu re  produce th e  v i tam in  in  excess  o f  i t s  own requ irem en t 

(D a is ley  1969)* Niewolak & S o b ie ra js k a  (1971) commented t h a t  the  
v a s t  m a jo r i ty  o f  m icroorganism s in  th e  Ilaw a la k e s ,  Poland , do n o t  

grow in  commonly used  la b o ra to r y  media, which th e r e f o r e  makes i t  

im p o ss ib le  to  e s t im a te  t h e i r  sh a re  in  th e -p ro d u c t io n  o f  v i tam in  B-^. 

Gerorne (1971) ex p la in ed  th e  in c r e a s e  in  v i tam in  B-^ c o n c e n t ra t io n  
w ith  depth  d u r in g  th e  summer s ta g n a t io n  p e r io d  i n  term s o f  the  

a c t i v i t y  o f  b a c t e r i a  p re s e n t  i n  th e  sediment and w a te r  which 

produce v i tam in  She a l s o  sugges ted  th a t  th e  g r e a t l y

in c re a s e d  c o n c e n t r a t io n  o f  v i tam in  B ^  a t  th e  bottom o f  Lake Leman 

in  November 1970 was due to  in c re a s e d  b a c t e r i a l  a c t i v i t y  which 

accompanied th e  f a l l  o f  dead a lg a e  from th e  ep i l im n io n .

The r e s u l t s  o f  th e  f e e d e r  s tream  survey  show no c o n s i s t e n t  

r e l a t i o n s h i p  between th e  mean c o n c e n t r a t io n  o f  d is s o lv e d  v itam in  B ^  

i n  w ate r  e n te r in g  th e  r e s e r v o i r s  and t h a t  in  th e  s u r f a c e  w ate rs  o f  

th e  r e s e r v o i r s .  The o b s e rv a t io n  t h a t  th e  mean c o n c e n t r a t io n  o f  

d is s o lv e d  v itam in  B ^  in  w a te r  e n t e r in g  Sw'ithland and Thornton r e s e r v o i r s  
was l e s s  than  th a t  i n  th e se  r e s e r v o i r s  a lso  su g g es ts  th e  im portance 

o f  i n t e r n a l  sources  o f  v i tam in  in  e x p la in in g  th e  d i f f e r e n c e  
between r e s e r v o i r s  in  th e  mean c o n c e n t ra t io n  o f  d is s o lv e d  v i tam in  B-^.

\0hw ada  & Taga (1973) s i m i l a r l y  sugges ted  t h a t  th e  in f lo w in g  w a te r  to  

Lake Sagami, Japan  made on ly  a minor c o n t r i b u t io n  to  th e  v itam in s  in  

th e  la k e  and concluded t h a t  th e  se a so n a l  v a r i a t i o n  in  v itam in  B-^ 

c o n c e n t ra t io n  in  th e  la k e  w a te r  was a f f e c t e d  more by b i o l o g i c a l  f a c t o r s  
in  th e  la k e .  Niewolak & S o b ie ra j s k a  ( l 9 7 l )  a l s o  concluded th a t  
v i tam in  B ^  in  th e  I law a la k e s ,  Poland  was o f  au to ch o n th ic  o r ig i n  and



t h a t  only  an i n s i g n i f i c a n t  amount e n te r s  w ith  i n f l u e n t s  to  th e  lakes*

The m ic ro n u tr ie n t  budgets  c o n s t ru c te d  f o r  th e  r e s e r v o i r s  sugges t  one 

o th e r  ex p la n a t io n  f o r  th e  lower mean c o n c e n tra t io n  of d is s o lv e d  v itam in  B. 

i n  th e  s u r f a c e  w ate rs  o f  S w ith land  r e s e r v o i r  compared w ith  Thornton 

r e s e r v o i r s  t h a t  i s  th e  n e t  expo rt  o f  d is s o lv e d  v itam in  B-^p from 

Sw ithland r e s e r v o i r  and th e  n e t  im port o f  v itam in  B-^ in to  Thornton 

r e s e r v o i r  (s e e  Tab le  2 8 ) .  However, a g r e a t e r  n e t  im port o f  d is s o lv e d  

-vitamin B- p̂ in to  Cropston r e s e r v o i r  was observed , to g e th e r  w ith  a h ig h e r  

c o n c e n t ra t io n  o f  th e  v i tam in  in  th e  in f lo w in g  w ate r  to  th e  r e s e r v o i r ?  

compared w ith  t h a t  in  th e  s u r f a c e  w a te rs  o f  th e  r e s e r v o i r .  I t  would 

th e r e f o r e  be n ece ssa ry  to  p o s t u l a t e  a n e t  d eg rad a t io n  o f  v i tam in  B-^p 

in  Cropston r e s e r v o i r  in  o rd e r  to  e x p la in  th e  r e l a t i v e l y  low mean 

c o n c e n t ra t io n  o f  d is s o lv e d  v i tam in  B-^p in  t h i s  r e s e r v o i r .

G i l l e s p i e  & M orita  (1972) found th a t  v i tam in  B^0 in  th e  sedim ent o f  
Upper Klamath Lake, Oregon, was degraded by b io l o g ic a l  and 

n o n -b io lo g ic a l  p ro c e s s e s .  P h o to - d e s t r u c t io n  a t  th e  s u r f a c e  and 
u p take  o f  v itam in  Tk„ bv th e  nhv ton lank ton  would tend  to  reduce th ei.d * v
c o n c e n t ra t io n  o f  v i tam in  B^p in  a la k e  o r  r e s e r v o i r  (Gerome 197l)« 

-C-arlucci, S i lb e rn a g e l  & McNally (1969) found t h a t  s o l a r  r a d i a t i o n  

d e s tro y e d  about 50$ o f  v i ta m in  B-^p a c t i v i t y  i n  one week. S ince th e  
r e s e r v o i r s  a re  g e o g ra p h ic a l ly  c lo s e  to  one a n o th e r ,  i t  i s  assumed 

t h a t ,  p e r  u n i t  a r e a ,  th e  r a t e  o f  d e s t r u c t io n  o f  v i tam in  B^p by l i g h t  

would be s im i l a r  in  a l l  th r e e  r e s e r v o i r s ,  bu t in  t o t a l  would be 

g r e a t e s t  in  Sw ith land  r e s e r v o i r  ( l a r g e s t  s u r fa c e  a re a )  and l e a s t  

i n  Thornton r e s e r v o i r  ( s m a l le s t  s u r f a c e  a r e a ) .  I f  p h o to - d e s t ru c t io n  

was th e  major f a c t o r  c o n t r o l l i n g  th e  c o n c e n tra t io n  o f  v i tam in  B^p in  
th e  r e s e r v o i r s  one would no t expect th e  mean o v e r a l l  c o n c e n t r a t io n  o fI
d is s o lv e d  v itam in  B- p̂ in  th e  r e s e r v o i r s  to  be lowest i n  Cropston 

r e s e r v o i r .

I t  i s  concluded th a t  th e  c o n c e n t r a t io n  o f  ' t ru e *  v itam in  B^p 

0 . malhamensis assay )  may have been l i m i t i n g  to  th e  growth r a t e  o f  

auxo troph ic  a lg a e  w ith  a mammalian ty p e  s p e c i f i c i t y  in  a l l  th r e e  

r e s e r v o i r s  th roughou t much o f  th e  s tudy  p e r io d .  I t  i s  f u r t h e r  
concluded t h a t  th e  growth r a t e  o f  auxo troph ic  a lg a e  w ith  an E .c o l i



o r  L. le lc h m a n i i  s p e c i f i c i t y  p a t t e r n  f o r  v itam in  analogues  , may

a t  tim es have "been l im i te d  hy th e  c o n c e n t ra t io n  o f  d is s o lv e d  

v itam in  B ^ .  in  th e  r e s e r v o i r s .  I t  i s  p o s s ib le  t h a t  th e  r e l a t i v e  

abundance o f  p ro b ab le  v itam in  auxotrophs such as Rhodomonas and 

Cryptomonas in  Thornton rese i*vo ir  was due in  some p a r t  to  the  

r e l a t i v e l y  h igh  mean c o n c e n t r a t io n  o f  d is s o lv e d  v itam in  in  th e  
r e s e r v o i r .

I t  i s  a l s o  concluded th a t  th e  observed  p o s i t i v e  r e l a t i o n s h i p  between 

th e  mean c o n c e n t r a t io n s  o f  d i s s o lv e d  v itam in  B ^  and c h lo ro p h y l l  in  

th e  r e s e r v o i r s  i s  p r im a r i ly  a r e s u l t  o f  th e  a l g a l  biomass produced 
in  th e  r e s e r v o i r .  I f ,  as seems l i k e l y  from th e  r e s u l t s  o f  o th e r  

w orkers ,  b a c t e r i a l  s y n th e s i s  i s  more im portan t than  a l g a l  s y n th e s i s  

o f  th e  v i ta m in ,  then  i n  the  absence o f  o rg an ic  n u t r i e n t s  in p u t  from 

fe e d e r  s tream s ,  th e  amount o f  b a c t e r i a l  s y n th e s is  in  th e  r e s e r v o i r s  

w i l l  u l t im a te ly  be dependant on th e  c o n c e n t ra t io n  o f  o rg an ic  m a t te r  
produced in  th e  r e s e r v o i r  by p h o to s y n th e s i s .  The p o s i t i v e  a s s o c i a t i o n  

between p a r t i c u l a t e  v i tam in  and c h lo ro p h y l l  c o n c e n t r a t io n s  in  a l l  

t h r e e  r e s e r v o i r s  i s  i n t e r p r e t e d  as su p p o r t in g  ev idence f o r  t h i s  th e o ry .
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The e c o lo g ic a l  im portance o f  i r o n  to  th e  phy top lank ton  in  th e  

r e s e r v o i r s  s tu d ie d  i s  su g g es ted  by two o b s e rv a t io n s  made d u r in g  

th e  i n v e s t i g a t i o n s -

a) minima in  th e  c o n c e n t ra t io n s  o f  complexed and, l e s s  f r e q u e n t ly ,  

so lu b le  i r o n  f r a c t i o n s  o f te n  c o in c id e d  w ith  maxima in  th e  

c o n c e n t ra t io n  o f  c h lo ro p h y l l  i n  Sw ith land  and Thornton r e s e r v o i r s .

b) th e  s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p s  between so lu b le  and 
complexed i r o n  f r a c t i o n s  and c h lo ro p h y l l  in  Thornton r e s e r v o i r .

The n e g a t iv e  n a tu re  o f  th e  r e l a t i o n s h i p  su g g es ts  t h a t  i r o n  was a c t in g  

as  a l i m i t i n g  n u t r i e n t  in  Thornton r e s e r v o i r  d u r in g  th e  i n v e s t i g a t i o n .

The c o n c e n t ra t io n  o f  d i s s o lv e d  i r o n  ( t h a t  i s  s o lu b le  and complexed 

i r o n  f r a c t i o n s )  dec reased  to  l e s s  th a n  20 jxg/ 1 on th e  two o cca s io n s  

in  Thornton r e s e r v o i r  and on th e  two occas ions  i n  Sw ith land  

r e s e r v o i r  when a s im ultaneous  in c r e a s e  i n  0 h .1 o r o p iJ .y jL x  coneenti*ation 

occu rred  in  th e s e  r e s e r v o i r s .  Experim ents des igned  to  determ ine 

th e  e f f e c t  o f  i r o n  c o n c e n t r a t io n  on a lg a e  i s o l a t e d  from th e  r e s e r v o i r s  
( s e e  s e c t io n  2 . 8 ) showed t h a t  b o th  C h lo re l la  s p e c ie s  t e s t e d  and b o th  

Scenedesmus quadricauda  (T urp in)  B reb isson  i s o l a t e s  t e s t e d  showed 

l i t t l e  growth (compared w ith  an i r o n - f r e e  c o n t ro l )  a t  i r o n  c o n c e n t r a t io n s  
l e s s  th a n  20-40 ) x g / l .  However, i n  s im i l a r  experim ents  w ith  o th e r  
a l g a l  i s o l a t e s ,  F r a g i l a r i a  c r o to n e n s i s  (Edwards) K i t to n  and 

O ocystis  a p i c u l a t a  W» West showed a much l e s s  marked dependance o f  growth 

on i r o n  c o n c e n t r a t io n ,  even when an i r o n - d e p le te d  c u l t u r e  was used 

as th e  inoculum. These experim ents  p ro v id e  an o th e r  example o f  s p e c ie s  

v a r i a b i l i t y  i n  m ic ro n u t r ie n t  req u ire m en ts  as d is c u s s e d  i n  s e c t i o n  1 . 1 . 

Harvey (1939) observed  t h a t  m arine diatom s appear to  be covered  by a very  
x t h i n  f i lm  o f  f e r r i c  i r o n  and produced ev idence t h a t  such f i lm s  cou ld  

p ro v id e  a source  o f  i r o n  f o r  th e  d ia tom s.  This  cou ld  e x p la in  th e  

r e l a t i v e  independance between growth o f  F .c ro to n e n s i s  and i r o n  

c o n c e n t ra t io n  observed  i n  th e s e  experim ents  and th e  in c re a s e d  

dependance observed  when an i r o n - d e p le te d  c u l tu r e  o f  th e  a lg a  was 
used  as th e  inoculum. However, f o r  th e  reasons  d is c u s s e d  in  s e c t i o n  4*1> 
th e r e  a re  many problems i n  a t te m p t in g  to  r e l a t e  th e  r e s u l t s  o f



l a b o ra to r y  c u l tu r e  experim ents  to  th e  n a t u r a l  environm ent. Even th e  

r e s u l t s  o f  la b o ra to r y  experim ents  w ith  th e  same a l g a l  s p e c ie s  
were shown to  vary  w ith  th e  method o f  c u l tu r e  by M y e r s  ( 1947) ,

This  au th o r  found t h a t  i r o n  c o n c e n t ra t io n s  between 10 and 7400 p . g / l  

gave adequate  growth o f  C h lo re l la  in  s tag n an t  c u l t u r e ,  b u t  in  

con tinuous  flow c u l tu r e s  a c o n c e n t r a t io n  o f  $00 j x g / l  i r o n  l im i te d  

growth, w h ile  c o n c e n t ra t io n s  g r e a t e r  than  5000 >*&/! were ad eq u a te .
A g r e a t e r  requ irem en t f o r  v itam in  B i n  continuous r a t h e r  than  

s ta g n a n t  c u l tu r e  was shown by Wood ( 1962, reviewed by P r o v a s o l i ,  1970)> 

see  s e c t io n  4 »1 »

E y s te r  ( 1968) g iv e s  th e  o p tim a l c o n c e n t ra t io n  o f  i r o n  in  c u l tu r e  
media w ith o u t a c h e l a to r  as $ 0  ) i g / l  and w ith  a c h e l a to r  (500mg/l EDTA) 

as 5000 p . g / l *  I f  a s u f f i c i e n t  excess o f  EDTA i s  p r e s e n t  i n  an 

F e -  EDTA m ix tu re  i t  i s  known t h a t  th e  i r o n  w i l l  be u n a v a i la b le  

to  a lg a e  (P ro v a s o l i ,  McLaughlin & Droop 1957) ' A s im i l a r  r e l a t i o n s h i p  
between i r o n  and th e  humic a c id s  a p p a re n t ly  e x i s t s  i n  th e  n a t u r a l  

environm ent. Sakamoto ( l 9 7 l )  observed  t h a t  th e  a d d i t io n  o f  h u m a te -r ic h  

s tream  w a te r  to  a Canadian experim en ta l  la k e  caused a  re d u c t io n  in  th e  

p h o to s y n th e t ic  up take o f  ca rbon .  P rakash  & Rashid  ( 1968) found t h a t  th e  

a d d i t io n  o f  humic a c id s  in  c o n c e n t r a t io n s  g r e a t e r  th a n  35mg/l caused 
a d ec re ase  in  th e  growth r a t e  and f i n a l  y i e l d  o f  Gonyaulux ta m a re n s is  

Lebour and Gonyaulux c a t e n a t a  (Levander) Cofoid in  c u l t u r e .  One may 

rea so n a b ly  ask , t h e r e f o r e ,  w hether  th e  c o n c e n t ra t io n  o f  EDTA in  th e  
c u l t u r e  media used in  th e  experim ents  w ith  a l g a l  i s o l a t e s  d e sc r ib e d  

in  s e c t io n  3 -3 »2 , might s i g n i f i c a n t l y  a f f e c t  th e  i n t e r p r e t a t i o n  o f  th e
r e s u l t s  in  term s o f  th e  n a t u r a l  environm ent.

Ryhanen ( 1968) s t a t e d  th a t  th e  average c o n c e n t ra t io n  o f  humic 

su b s ta n c e s  in  la k e s  and r i v e r s  i s  13mg/l. . On a w eight to  w eight

b a s i s  t h i s  f i g u r e  i s  no t too  d i s s i m i l a r  from th e  2mg/l EDTA in  th e
N m odified  Chu N o.10 (EVT) medium, and th e  4mg/l EDTA i n  th e  M odified  

Wood's Hole MBL medium used  i n  th e  c u l tu r e  experim en ts .-  However,

EDTA may n o t  r e f l e c t  th e  p r o p e r t i e s  o f  n a t u r a l ,  humic, c h e l a to r s  

p r e s e n t  i n  n a t u r a l  w a te rs  w ith  which i r o n  i s  known to  be a s s o c ia t e d  

(S hap iro  1967^, Ghassemi & Christm an 1968) .  S hapiro  (1967b) found 
a c lo s e  c o r r e l a t i o n  between th e  r e s u l t s  o f  b io a s s a y s  f o r  a v a i l a b l e  i r o n
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u s in g  M ic ro c y s t is  a e ru g in o sa  K utz ing  and th e  c o n c e n t ra t io n  o f  i r o n  

which r e a c te d  w ith  th io c y a n a te  a f t e r  th e  a c i d i t y  o f  th e  membrane 

f i l t e r e d  samples from M innesota USA, la k es  had been a d ju s te d  to  

pH 1-5* In  a l a t e r  pap er  S hap iro  (1969) showed t h a t  i r o n  as 
a s o lu b le  Fe-~EDTA complex a lm ost com ple te ly  r e a c te d  w ith  

th io c y a n a te  a t  pH 1.5> from which i t  may be concluded t h a t  such 

i r o n  i s  almost com ple te ly  a v a i l a b l e  to  M .ae rug inosa . In  th e  same 
p ap er ,  Shapiro  showed t h a t  a v a r i a b l e  pe rcen tag e  o f  th e  s o lu b le  i r o n  

in  th e  la k e s  d id  not r e a c t  w ith  th io c y a n a te  a t  pH 1*5* Such i ro n  

i s  presumably u n a v a i la b le ,  a t  l e a s t  to  M .ae rug inosa , and th e  

v a r i a t i o n  i n  th e  p e rc e n ta g e  o f  such i r o n  p re s e n t  may be r e l a t e d  to  

d i f f e r e n c e s  in  th e  m o lecu la r  w eigh t d i s t r i b u t i o n  o f  humic a c id s  

i n  la k e s  apparen t  from th e  work o f  Shapiro  ( l9 6 7 a )> G je s s in g  (1967) 
and Ghasserai & Christm an ( 1968) .  Ghassemi & Christman ( 1968) found 

t h a t  some i r o n  p r e s e n t  i n  w a te r  samples from stream s and la k es  

i n  Washington and A laska , USA cou ld  not be removed by EDTA. This  

R e s i s t a n t ’ i r o n  may be analogous to  S h a p i ro 's  'u n a v a i l a b l e '  i r o n .

I t  i s  c l e a r  from such work t h a t  th e  c o n c e n t ra t io n  o f  s o lu b le  i r o n  

in  a lak e  may no t a c c u r a te ly  r e f l e c t  t h a t  a v a i l a b l e  to  a lg a e ,  i f  

a n y th in g  te n d in g  to  o v e re s t im a te  th e  a v a i l a b l e  c o n c e n t r a t io n .  Indeed

. S hap iro  (1969) concluded t h a t  on ly  30$  o f  th e  s o lu b le  i r o n  p r e s e n t  
was a v a i l a b l e  to  th e  b io a s s a y  organism used  (M .aerug inosa) i n  Lake J ,  
M innesota , USA.

So f a r  as c h e l a t i o n  i s  concerned i t  i s  p ro b ab le ,  t h e r e f o r e ,  t h a t  th e  

la b o r a to r y  c u l tu r e  experim ents  a t  l e a s t  approxim ated n a t u r a l  

c o n d i t io n s ,  th e  lower c o n c e n t r a t io n  o f  c h e l a to r  p r e s e n t  in  th e  media 

p o s s ib ly  com pensating, to  some e x te n t ,  f o r  th e  p r o b a b i l i t y  t h a t  an 
unknown p e rc e n ta g e  o f  th e  d i s s o lv e d  i r o n  p re s e n t  in  th e  r e s e r v o i r s  

s tu d ie d  i s  no t a v a i l a b l e  to  th e  p hy top lank ton .

x Much o f  th e  experim en ta l  ev idence  prom pting th e  im portance o f  i r o n  
in  a l g a l  ecology i s  based  on an experim en ta l  approach no t used  in  

t h i s  i n v e s t i g a t i o n  f o r  th e  rea so n s  g iven  in  s e c t i o n  1 . 1 , t h a t  i s  

enrichm ent expe rim en ts .  U n fo r tu n a te ly ,  much o f  t h i s  im portan t  

work d id  not in c lu d e  d a ta  on th e  c o n c e n t ra t io n  o f  i r o n  a l re a d y  p r e s e n t  
i n  th e  la k es  t h a t  were th e n  ex p e r im e n ta l ly  e n r ic h e d .  Such d a ta  would 

have been v a lu a b le  i n  a s s e s s in g  w hether th e  i r o n  c o n c e n t r a t io n  p r e s e n t



i n  th e  r e s e r v o i r s  s tu d ie d  may have o c c a s io n a l ly  l im i t e d  th e  biomass 

_ o f  a lg a e  t h e r e i n .  An im p o rtan t  ex ce p t io n  i s  th e  work o f  Wetzel 

(1965 and 1966) on marl la k e s  in  In d ia n a ,  USA, many o f  which have 

a major c a t io n  com position  s i m i l a r  to  th e  r e s e r v o i r s  s tu d ie d  in  t h i s  

i n v e s t i g a t i o n  (s e e  Table  4 )* Wetzel (19&5) found th a t  adding  i r o n  
a lo n e  f r e q u e n t ly  s t im u la te d  th e  p h o to s y n th e t ic  uptake o f  carbon i n  . 

Crooked Lake where th e  e p i l im n e t ic  i r o n  c o n c e n t ra t io n  was observed  

to  vary  between 10 and 4000 ^ ig / l ,  a s im i l a r  range o f  c o n c e n t r a t io n

 to  -that observed  in  th e  r e s e r v o i r s  s tu d ie d  in  t h i s  i n v e s t i g a t i o n

(s e e  Table  1 8 ) .  Schelske  ( 1962) a l so  observed th a t  i r o n  was th e  

p rim ary  l i m i t i n g  n u t r i e n t  i n  a n o th e r  m arl la k e  in  In d ia n a ,  USA. I t  i s  

tem p tin g  to  s p e c u la te  t h a t  i r o n  d e f i c i e n c i e s  may be a common f e a t u r e  

o f  m arl la k e s .

The h ig h ly  s i g n i f i c a n t  n e g a t iv e  r e l a t i o n s h i p  betyreen i r o n  ( s o lu b le  

and complexed f r a c t i o n s )  and c h lo ro p h y l l  in  Thornton r e s e r v o i r  

s t r o n g ly  su g g e s ts  t h a t  th e s e  f r a c t i o n s  may have l im i t e d  p h y top lank ton  

biomass th roughou t th e  s tu d y  p e r io d ,  bu t does no t prove i t .  Why 
does n o t  a  s im i l a r  r e l a t i o n s h i p  a p p a re n t ly  e x i s t  i n  Swithland 

r e s e r v o i r  where th e  mean c o n c e n t r a t io n  o f  a l l  i r o n  f r a c t i o n s  a re  

— s i g n i f i c a n t l y  l e s s  th a n  th o s e  in  Thornton r e s e r v o i r  ( s e e  Tab le  18)? 
This  q u e s t io n  cannot be p ro p e r ly  answered w ithou t f u r t h e r  

ex p er im en ta l  work. One p o s s i b le  e x p la n a t io n  i s  t h a t  th e  r e l a t i o n s h i p  

does e x i s t  i n  Sw ith land  r e s e r v o i r ,  b u t  i s  masked by o th e r  f a c t o r s .

I n  th e  case  o f  s o lu b le  i r o n  th e  e x p la n a t io n  may be t h a t  th e  method 

f o r  th e  measurement o f  t h i s  f r a c t i o n  was no t s e n s i t i v e  enough. The 

mean c o n c e n t r a t io n  o f  t h i s  f r a c t i o n  in  Sw ithland r e s e r v o i r ,  4*7 
i s  ap p rox im ate ly ,  on ly  tw ice  th e  s ta n d a rd  d e v ia t io n  o f  th e  method 

(2  ) i g / 1, see Table 7)* In  th e  case  o f  complexed i r o n ,  th e  

r e l a t i o n s h i p  i n  Sw ithland r e s e r v o i r  may have been masked by a h igh  
p ro p o r t io n  o f  ’u n a v a i la b l e '  i r o n  i n  th e  complexed f r a c t i o n .

\  However to  l’ep ea t  th e  comment made e a r l i e r  when d i s c u s s in g  v i ta m in  

i t  i s  perhaps n a iv e  to  expect a s im ple  l i n e a r  r e l a t i o n s h i p  between 

any one v a r i a b le  and c h lo ro p h y l l  b e a r in g  in  mind th e  la rg e  number o f  
p h y s ic a l ,  chem ical and b i o l o g i c a l  f a c t o r s  which a f f e c t  th e  ecology 

o f  th e  p h y to p lan k to n .



The l a b o ra to r y  experim ents  o f  Morton & Lee (1974) su g g es t  t h a t  

a  lower mean c o n c e n t r a t io n  o f  i r o n  such as was found in  S w ith land  

r e s e r v o i r  compared w ith  t h a t  i n  Thornton r e s e r v o i r  may in f lu e n c e  

th e  a lga l s p e c ie s  com position  o f  th e s e  r e s e r v o i r s .  These w orkers 

found t h a t  h ig h e r  c o n c e n t r a t io n s  o f  i r o n ,  even when a l re a d y  p r e s e n t  

in  excess  o f  n u t r i t i o n a l  needs ,  favoured  th e  growth o f  some common 

b lu e  g reen  a lg a e  o ver  some g reen  a lg a e  when grown to g e th e r  in  b a tc h  
c u l t u r e .  I n  t h i s  p r e s e n t  work i t  was observed  d u r in g  th e  s tudy  

p e r io d  t h a t  b lu e  g reen  a lg a e  o c c u rre d  more f r e q u e n t ly  in  

s i g n i f i c a n t  numbers in  Thornton r e s e r v o i r ,  compared w ith  Sw ith land 

r e s e r v o i r  where th e  mean t o t a l  i r o n  c o n c e n t ra t io n  Y/as 37^ o f  t h a t  
i n  Thornton r e s e r v o i r .

I t  i s  concluded t h a t  d is s o lv e d  i r o n  may be a major l i m i t i n g  

f a c t o r  i n  Thornton and p o s s ib ly  a l s o  i n  Sw ithland r e s e r v o i r s .  

F u r th e r  experim en ta l work i s  r e q u i r e d  however b e fo re  t h i s  th e o ry  
can be proved o r  d isp ro v ed .

N
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4.3' MANGANESE

Two o b s e rv a t io n s  made d u r in g  th e  i n v e s t i g a t i o n  sugges t  th e  

im portance o f  manganese in  th e  ecology o f  th e  phy top lank ton  in  th e  

r e s e r v o i r s  s tu d ie d

a) th e  s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c ia t io n  i n  a l l  th r e e  
r e s e r v o i r s  between th e  c o n c e n t r a t io n s  o f  p a r t i c u l a t e  manganese and 

c h lo ro p h y l l .  The p o s i t i v e  n a tu r e  o f  th e  r e l a t i o n s h i p  cou ld  be 

i n t e r p r e t e d  as  a r e f l e c t i o n  o f  th e  up take  o f  s o lu b le  manganese by 

th e  p h y to p lan k to n .

b) th e  c o n c e n t r a t io n  o f  s o lu b le  manganese o c c a s io n a l ly  dec reased  

( to  a c o n c e n t r a t io n  o f  about 5 ^ g / l )  w ith  in c re a s e s  i n  

c h lo ro p h y l l  c o n c e n t ra t io n  i n  Sw ith land  and Thornton r e s e r v o i r s .

E y s te r  ( 1968) g iv e s  th e  op tim a l c o n c e n t r a t io n  o f  manganese in  

a l g a l  c u l tu r e  media as  b e in g  between 5- s / l  and 5 ^ g / l  i n  th e  absence 
o f  a c h e l a to r  and as ^ t a g / l  i n  th e  p re sen ce  o f  500mg/l EDTA. These 
r e s u l t s  sugges t t h a t  i n  th e  absence o f  a c h e l a to r ,  manganese would 

n o t  l i m i t  th e  growth o f  a lg a e  in  th e  r e s e r v o i r s  even a t  th e  low est 

c o n c e n t ra t io n  observed (abou t 5 The r e s u l t s  o f  th e  r e s e r v o i r
survey sugges t  t h a t ,  on average ,  complexed manganese c o n s t i t u t e s  

a r e l a t i v e l y  sm all  p r o p o r t io n  o f  th e  mean t o t a l  c o n c e n t r a t io n  in  th e  

r e s e r v o i r s  ( 3$  in  C ropston , 7$ in  Sw ith land  and in  Thornton 

r e s e r v o i r ) .  In  any c a se ,  th e  r e s u l t s  o f  th e  l a b o ra to r y  c u l tu r e  

experim ents  d e s c r ib e d  in  s e c t i o n  3 *3.3  i n  which th e  c o n c e n t ra t io n  

o f  th e  c h e l a to r  i s  though t to  approxim ate ( q u a n t i t a t i v e l y ,  bu t 

p robab ly  no t q u a l i t a t i v e l y )  th e  n a t u r a l  c o n c e n t ra t io n  ( s e e  s e c t io n  

4 . 2) a l s o  su g g es t  t h a t  manganese c o n c e n t r a t io n s  o f  5 >*g/3  would no t 
x s e v e re ly  l i m i t  th e  growth o f  a l g a l  p o p u la t io n s ,  a t  l e a s t  th e  

p o p u la t io n s  o f  th o se  s p e c ie s  t e s t e d .  The d i f f i c u l t i e s  i n  i n t e r p r e t i n g  

th e  r e s u l t s  o f  l a b o ra to r y  experim ents  in  term s o f  th e  n a t u r a l  

environment were b r i e f l y  d is c u s se d  in  s e c t io n  4 .1 .  Harvey (1947) 

sugges ted  t h a t  on ly  a f r a c t i o n  o f  n a t u r a l l y  o c c u r r in g  manganese 
i n  th e  sea  i s  in  a form a v a i l a b l e  to  p la n t  l i f e .  As w ith  i r o n  

th e r e f o r e ,  th e  c o n c e n t r a t io n  o f  manganese in  a q u a t ic  h a b i t a t s  may no t
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a c c u r a te ly  r e f l e c t  th e  a v a i l a b l e  c o n c e n t r a t io n .

The i n t e r p r e t a t i o n  o f  th e  r e s u l t s  o f  t h i s  s tu d y  a re  f u r t h e r  
com plica ted  by th e  i n t e r a c t i o n s  between i ro n  and manganese, and 

calc ium  and manganese, observed  by G e r lo f f  & Skoog (1 9 5 7 ) .  These 

workers found t h a t  th e  i r o n  requ irem en t o f  M ic ro c y s t i s  a e ru g in o sa  

K utz ing  was p o s i t i v e l y  c o r r e l a t e d  w ith  the  manganese c o n c e n t r a t io n  
in  th e  medium. T h is  o b s e rv a t io n ,  i f  a p p l ic a b le  to  o th e r  a l g a l  

s p e c ie s ,  would le a d  to  th e  p r e d i c t i o n  t h a t  a h ig h e r  a l g a l  requ irem en t 

f o r  i r o n  would occur d u r in g  th e  summer peak in  manganese c o n c e n t r a t io n  

observed  in  t h e ' r e s e r v o i r s  ( s e e  s e c t i o n  3*1»1»4)> and w h i l s t  no t 

n e c e s s a r i l y  s u g g e s t in g  a r o l e  f o r  manganese as a l i m i t i n g  n u t r i e n t  
does g ive  th e  element b i o l o g i c a l  s i g n i f i c a n c e .

The h igh  c o n c e n t r a t io n s  o f  manganese observed d u r in g  th e  summer 

peaks (maximum 224 ^ g / l  t o t a l  manganese in  Sw ithland r e s e r v o i r ,  

and maximum 348 } x g / l  t o t a l  manganese i n  Thornton r e s e r v o i r )  may 

a l s o  have been b i o l o g i c a l l y  s i g n i f i c a n t  because  o f  t h e i r  t o x i c i t y .
The poor growth o f  Scenedesmus quad ricauda  (Turp in)  Br«hifison (FBA) 

in  EVT c u l tu r e  medium d u r in g  experim en ts  to  de term ine  th e  e f f e c t  o f  

i r o n  on th e  growth o f  t h i s  a lg a  (se e  s e c t io n  3<>3.2) was l a t e r  
a s c r ib e d  to  th e  h igh  manganese c o n c e n t r a t io n  o f  t h i s  medium.

Guseva (rev iew ed  by Lund 1965) and G e r lo f f  & Skoog (1957) sugges t  

t h a t  manganese c o n c e n t r a t io n s  o f  200 y . g / l  o r  more in  n a t u r a l  
w a te rs  a re  to x i c  to  b lu e  g reen  a lg a e  and some o th e r  p hy top lank ton  
s p e c ie s .  P a t r i c k ,  Crum & C oles ( 1969) confirm ed t h i s  work and showed 

manganese to  be more to x i c  to  b lu e -g re e n  a lg ae  than  to  g reen  a lg a e  

and d ia tom s. However, G e r lo f f  & Skoog (1957) observed t h a t  th e  

to x i c  th r e s h o ld  c o n c e n t r a t io n  o f  manganese o f  M .aerug inosa  in c re a s e d  
v/ith  th e  calc ium  c o n c e n t r a t io n  o f  th e  medium. With 0 .5 m g /l  calc ium  

in  th e  c u l tu r e  s o lu t i o n ,  500 p - g / l  manganese was s l i g h t l y  to x i c  and 
x 2000 y g / l  manganese s topped  growth o f  th e  a lg a  co m p le te ly .  However, 

w ith  lOmg/l calc ium  p re s e n t  500 manganese d id  n o t  s i g n i f i c a n t l y
i n h i b i t  growth and 4000 ) x g / l  on ly  s l i g h t l y  reduced th e  growth o f  th e  

a lg a .  Toxic e f f e c t s  o f  manganese v/ere n o t  observed  in  c u l t u r e s  

grown in  M odified Woodf s Hole MBL medium w ith  a calc ium  c o n c e n t ra t io n  
o f  76mg/l d e l i b e r a t e l y  s i m i l a r  to  t h a t  o f  th e  r e s e r v o i r  w a te r  and 

much h ig h e r  than  t h a t  i n  th e  EVT medium (3 .4 m g / l ) .  I t  would t h e r e f o r e
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seem u n l i k e ly  t h a t  manganese would e v e r  be to x ic  to  th e  a lg ae  
i n  th e  r e s e r v o i r s  s tu d ie d .

Pew f i e l d  s tu d ie s  o f  th e  p o s s ib le  im portance o f  manganese in  

phy top lank ton  ecology have been made. The only  examples 

known to  me a r e  th o se  by Goldman ( 1964) and Wetzel ( 1966) .  Both 

o f  th e se  w orkers ' r e s u l t s  were based  on th e  r e s u l t s  o f  n u t r i e n t  

enrichm ent ex p e r im e n ts , an approach no t used in  t h i s  i n v e s t i g a t i o n  
f o r  th e  rea so n s  d is c u s se d  in  s e c t i o n  1 .1 .  As w ith  i r o n ,  th e se  

s tu d ie s  d id  no t in c lu d e  d e t a i l e d  d a ta  on th e  c o n c e n t ra t io n s  o f  

manganese p re s e n t  in  th e  la k e s  a t  th e  tim e o f  th e  experim en ts .  

Goldman ( 1964) observed a s i g n i f i c a n t  manganese d e f ic ie n c y  in  

Lake C o le r id g e ,  New Zealand and quo tes  a manganese c o n c e n t ra t io n  

in  th e  la k e  o f  4*8 } x g / l , m atching  th e  5 minimal c o n c e n t ra t io n
observed in  t h i s  p r e s e n t  s tu d y .  Wetzel (1966) found some 

s t im u la t io n  o f  p h o to s y n th e t ic  carbon up take  by manganese in  marl 

la k e s  i n  In d ia n a ,  USA and quo tes  a mean manganese c o n c e n t r a t io n  o f  
21.3  p g / l  f o r  th e  l a k e s ,  w ith  a  range  between 1 .0  and 76 .0  u g / l .
The s i m i l a r i t y  i n  m ajor c a t io n  com position  between th e s e  la k e s  

and th e  r e s e r v o i r s  s tu d ie d  was no ted  in  s e c t io n  4 .2  and th e  work 

th e r e f o r e  p ro v id es  a v a lu a b le  com parison. Wetzel ( 1965) concluded 
however, t h a t  a t  l e a s t  i n  two o f  th e  In d ia n a  la k es  manganese i s  
u n l ik e ly  to  s e r io u s ly  l i m i t  a l g a l  growth.

To summarise, th e  d a ta  reco rd ed  d u r in g  th e  survey  su g g es t  t h a t  

manganese may a t  t im es  have l im i t e d  a l g a l  growth in  Sw ith land  and 

Thornton r e s e r v o i r s .  However, on b a la n c e  th e  l i t e r a t u r e  su g g es ts  

t h a t  even th e  minimum manganese c o n c e n t ra t io n s  observed  in  th e  

r e s e r v o i r s  would no t have s e r io u s ly  l im i t e d  a lg a l  grow th. The 

s i t u a t i o n  i s  com plica ted  by i n t e r a c t i o n s  between i r o n  and manganese; 
i r o n  may have been more l i m i t i n g  d u r in g  th e  summer peak in  manganese 

c o n c e n t ra t io n  th a n  i s  su g g es ted  in  s e c t io n  4 .2 .  The p o t e n t i a l l y  

to x i c  e f f e c t s  o f  h igh  manganese c o n c e n t r a t io n s  a re  p robab ly  n u l l i f i e d  

in  th e  r e s e r v o i r s  by th e  h igh  calc ium  c o n c e n t ra t io n  of. th e  w a te r .  

However, th e  in c re a s e  in  th e  to x i c  th r e s h o ld  manganese c o n c e n t ra t io n  
ap p aren t  a t  h igh  calc ium  c o n c e n t r a t io n s  may a l s o  r e f l e c t  a  g r e a t e r  
requ irem en t f o r  manganese a t  h ig h  calc ium  c o n c e n t r a t io n s .  These 

complex i n t e r a c t i o n s  le d  G e r lo f f  & Skoog (1957 ) t o  conclude t h a t
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a

th e  op tim al l e v e l s  o f  i r o n  and manganese f o r  a l g a l  growth must 

vary  over a c o n s id e ra b le  range  and may change a b ru p t ly  w ith  

c o n d i t io n s  w i th in  a lak e  o r  between la k e s .
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4-4 Cogger

The p o s s ib le  e c o lo g ic a l  im portance o f  copper to  th e  phy top lank ton  

i n  th e  r e s e r v o i r s  s tu d ie d  i s  su g g es ted  by two o b s e rv a t io n s  

made d u r in g  th e  i n v e s t i g a t i o n s -

a) th e  s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c ia t io n  between s o lu b le  

copper and c h lo ro p h y l l  c o n c e n t ra t io n s  i n  Sw ithland r e s e r v o i r .

The n e g a t iv e  n a tu re  o f  th e  a s s o c i a t i o n  could  be i n t e r p r e t e d  as 

showing th e  up take  o f  s o lu b le  copper by th e  p h y to p lan k to n .

b) th e  mean c o n c e n t r a t io n s  o f  s o lu b le  (and p a r t i c u l a t e )  copper 
and c h lo ro p h y l l  were s i g n i f i c a n t l y  h ig h e r  in  Thornton r e s e r v o i r  
compared w ith  e i t h e r  Cropston o r  Sw ith land  r e s e r v o i r s .

The q u e s t io n s  t h e r e f o r e  a r i s e  as  to  w hether th e  growth o f  a lg a e  

in  Sw ithland r e s e r v o i r  may have been l im i te d  by th e  c o n c e n t r a t io n  

o f  s o lu b le  copper,  and w hether th e  mean s o lu b le  (and p a r t i c u l a t e )  

copper c o n c e n t r a t io n  i s  c a u s a l ly  r e l a t e d  to  th e  mean c h lo ro p h y l l  
c o n c e n t r a t i o n •

The d i f f e r e n c e  between r e s e r v o i r s  i n  mean t o t a l  copper 

co n ce n tra te  on i s  n o t  r e f l e c t e d  by th e  in f lo w in g  w a te r  to  th e  

r e s e r v o i r s  which co n ta in e d  ap p rox im ate ly  14 } x g / l  t o t a l  copper; 

s i g n i f i c a n t l y  l e s s  th a n  t h a t  observed  in  th e  r e s e r v o i r s .  The r e l a t i v e  
enrichm ent o f  th e  r e s e r v o i r  w ith  re g a rd  to  copper i s  no doubt 

ex p la in ed  by th e  p r a c t i c e  o f  'c o p p e r  s u lp h a t in g '  th e  r e s e r v o i r s  to  

c o n t ro l  th e  growth o f  b lu e  g reen  a lg a e .  The c o n c e n t ra t io n  o f  
copper i n  th e  r e s e r v o i r s  a f t e r  such t re a tm e n t  reached  l e v e l s  as 

h igh  as 158 p . g / 1, see  s e c t io n  3«1»1*5* The h ig h e r  mean le v e l  o f  
copper i n  Thornton r e s e r v o i r  can be ex p la in ed  by th e  r e l a t i v e l y  

xcommon appearance o f  s i g n i f i c a n t  p o p u la t io n s  o f  b lu e  g reen  a lg a e  in  
th e  r e s e r v o i r  and th e  consequent need to  t r e a t  th e  r e s e r v o i r  w ith  
copper s u lp h a te  to  check t h e i r  growth.

Ify s te r  ( 1968) g iv es  th e  op tim a l c o n c e n t ra t io n  o f  copper in  a l g a l
c u l tu r e  media as  b e in g  1 p g / l  i n  th e  absence o f  a c h e l a to r  and

400 ) i g / l  i n  th e  p resen ce  o f  500mg/l EDTA. M il l s  & Oglesby (1971) quote



th e  op tim al range  to  he 1 to  20 } x g / l *  These f i g u r e s  sugges t  t h a t  

th e  copper c o n c e n t r a t io n s  observed  i n  th e  r e s e r v o i r s  would not 

l i m i t  a l g a l  growth* R ile y  (1939) found between 9 and 3&3 ) x g j  1 
copper in  th r e e  C o n n ec t icu t ,  USA la k e s  and concluded t h a t  copper 
cou ld  n o t  b e . r e g a rd e d  as a l i m i t i n g  n u t r i e n t  (by d e f ic ie n c y )  in  th e se  

la k e s .  The range  o f  copper c o n c e n t ra t io n  observed by R i le y  (1939) 
i s  s i m i l a r  to  t h a t  observed  i n  t h i s  i n v e s t i g a t i o n .  In  th e  on ly
study  I  have found where copper was proposed as b e in g ,  by i t s

d e f ic ie n c y  a l i m i t i n g  n u t r i e n t ,  th e  mean c o n c e n t ra t io n  o f  s o lu b le

copper found by M il l s  & Oglesby (1971) i n  Cayuga Lake, New York, USA,
i s  a t  0 .6  } x g / l  an o rd e r  o f  magnitude l e s s  than  th e  minimum observed  r 
by R ile y  (1939) and th e  low est mean s o lu b le  copper c o n c e n t r a t io n  

observed in  th e  r e s e r v o i r s .  The amount o f  copper r e q u i r e d  by a lg a e
' / \ 2-f*i s  very  sm a l l ;  Manahan & Smith (1973 ) c a l c u la te d  t h a t  a f r e e  Cu 

c o n c e n t r a t io n  o f  only  7*6 x 10 ^ g / l  and 1 .0  x l O T ^ g / l  produced 

op tim al growth o f  r e s p e c t iv e l y  C h lo r e l l a  v u lg a r i s  B e i j e r in c k  and 

O ocys tis  masonil Lemmerman in  c u l t u r e .  Indeed Steem ann-N ielsen and 
V/ium Anderson (1970) showed t h a t  in  th e  absence o f  c h e l a to r s  and
o  *4 rfY t *1 -p  4 A  /s  -P  *1 ”1 r3 r .  1  «  -*-• —.4  J  m  X . J—I _

4* V WUVUUUO WJL OUJ-XUJLUOX iV 5J.H O  i i j  U i U JliU C  J CX UOJUUttll UX*Ct b X Uil ,

o f  on ly  1 } ! g / l  copper was to x i c  to  C h lo r e l la  py reno idosa  Chick.

I f  i t  i s  assumed t h a t  th e  c o n c e n t r a t io n  o f  copper in  th e  r e s e r v o i r s  

was too  h igh  f o r  i t  t o  a c t  as a l i m i t i n g  n u t r i e n t  to  th e  

phy top lank ton  by i t s  d e f ic ie n c y ,  th e  n e g a t iv e  a s s o c i a t i o n  between 

s o lu b le  copper and c h lo ro p h y l l  observed  in  S w ith land  r e s e r v o i r  cou ld  
be ex p la in ed  by s u g g e s t in g  t h a t  s o lu b le  copper a c te d  as a l i m i t i n g  

n u t r i e n t  by i t s  t o x i c i t y  to  phy to p lan k to n  in  th e  r e s e r v o i r .  I t  would 

th en  be n e c e ssa ry  to  sugges t  re a so n s  why a s i m i l a r  r e l a t i o n s h i p  was 

no t observed i n  Cropston r e s e r v o i r  and e s p e c i a l l y  i n  Thornton 

r e s e r v o i r  where th e  mean c o n c e n t r a t io n  o f  s o lu b le  copper was 

s i g n i f i c a n t l y  h ig h e r  and th e r e f o r e  p o t e n t i a l l y  more t o x i c .  However, 
v. i n  n a t u r a l  a q u a t ic  environm ents th e  t o x i c i t y  o f  copper may be 

reduced  by s e v e ra l  f a c t o r s  such as w a te r  hardness  (H utchinson  1957) 

and th e  p resence  o f  o rg an ic  m a t te r  (Fogg & W estlake 1955, F i t z g e r a l d  

& F au s t  1963)* Steemann N ie lse n  & Wium-Anderson (1970) showed t h a t  
c o l l o i d a l  f e r r i c  hydrox ide bound copper so much t h a t  even in  th e  
absence o f  EDTA about 50 ^pg/l copper was n ece ssa ry  to  d ep re ss  th e  
growth o f  C.x)yrenoidosa to  th e  same degree as  1 ) x g / l  copper i n



a  growth medium c o n ta in in g  6 p - g / l  i r o n .  I t  i s  i n t e r e s t i n g  to  

n o te  t h a t  th e  mean c o n c e n t r a t io n  o f  s o lu b le  i r o n  in  Cropston and 

Thornton r e s e r v o i r s  (which p robab ly  c o n s is te d  mainly o f  c o l l o i d a l  

f e r r i c  hydroxide) was s i g n i f i c a n t l y  g r e a t e r  than  t h a t  in  

Sw ith land  r e s e r v o i r  ( s e e  T ab le  18) .  F u r th e r  experim en ta l work woul 

be r e q u i r e d  to  t e s t  t h i s  p o s s ib le  e x p la n a t io n .



4.5  ZINC

The p o s s ib le  e c o lo g ic a l  im portance o f  z inc  to  th e  p hy top lank ton  

in  th e  r e s e r v o i r s  s tu d ie d  i s  sugges ted  by two o b s e rv a t io n s  made 
d u r in g  th e  s tudy  p e r io d ? -

a) th e  s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  between s o lu b le  

z in c  and c h lo ro p h y l l  c o n c e n t r a t io n s  in  Sw ithland r e s e r v o i r .

The n e g a t iv e  n a tu re  o f  th e  r e l a t i o n s h i p  could  be i n t e r p r e t e d  as 

showing th e  u p take  o f  s o lu b le  z inc  by th e  p h y to p lan k to n .

b) th e  mean c o n c e n t r a t io n s  o f  t o t a l  z in c  and c h lo ro p h y l l  were 
s i g n i f i c a n t l y  h ig h e r  in  Thornton r e s e r v o i r  compared w ith  e i t h e r  
Cropston o r  Sw ith land  r e s e r v o i r s .

Tab le  21 shows t h a t  th e  mean c o n c e n t r a t io n  o f  s o lu b le  z in c  was 

e s s e n t i a l l y  s i m i l a r  i n  a l l  t h r e e  r e s e r v o i r s  (about 5 } x g / l ) .  The 

d i f f e r e n c e  in  mean t o t a l  z in c  c o n c e n t r a t io n  between r e s e r v o i r s  i s  

due mainly to  the  p a r t i c u l a t e  f r a c t i o n .  Groth ( l 9 7 l )  concluded 

th a t  th e  phy top lank ton  was th e  p r im ary  cause o f  f l u c t u a t i o n s  in  

th e  c o n c e n t r a t io n  o f  z inc  i n  s e v e r a l  East H o ls te in  l a k e s .  I t  i s  

p o s s ib le  t h a t  th e  p hy top lank ton  and th e  r e s u l t i n g  o rg a n ic  d e b r is  

may p ro v id e  th e  ex p lan a tio n ,  f o r  th e  observed d i f f e r e n c e s  between 

r e s e r v o i r s  in  th e  mean c o n c e n t r a t io n  o f  p a r t i c u l a t e  z in c .  Zinc may 

be accumulated by l i v i n g  organism s by b o th  s p e c i f i c  and n o n - s p e c i f i c  

mechanisms (M artin  e t . a l ,  1971) .  The p o s i t i v e  r e l a t i o n s h i p  between 

th e  mean c o n c e n t r a t io n s  o f  t o t a l  z inc  and c h lo ro p h y l l  when th e  

r e s e r v o i r s  a re  compared w ith  one a n o th e r  would n o t  th e n  be seen as 
c a u s a l ,  bu t c o n s e q u e n t ia l .  The' s t a t i s t i c a l l y  s i g n i f i c a n t  and 

p o s i t i v e  r e l a t i o n s h i p  between p a r t i c u l a t e  z inc  and c h lo ro p h y l l  

c o n c e n t ra t io n s  i n  Cropston r e s e r v o i r  p ro v id es  some s u p p o r t in g  ev idence  
f o r  t h i s  th e o ry .  However, F ig u re s  28 and 29 do not su p p o r t  t h i s  

th e o ry ,  showing l i t t l e  ev idence o f  a c o n s i s t e n t  s ea so n a l  v a r i a t i o n  

i n  th e  c o n c e n t r a t io n  o f  p a r t i c u l a t e  z in c ,  which would be expec ted  
from th e  th e o ry .  These f i g u r e s  sugges t t h a t  th e  d i f f e r e n c e  between 
r e s e r v o i r s  i n  mean t o t a l  z inc  c o n c e n t r a t io n  i s  due p r im a r i ly  to  th e  

frequency  and magnitude o f  sudden in c r e a s e s  i n  p a r t i c u l a t e  z inc  

c o n c e n t ra t io n  u n r e la t e d  to  changes i n  th e  c o n c e n t r a t io n  o f  c h lo ro p h y l l .
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Many o th e r  f a c t o r s  may be invo lv ed  in  e x p la in in g  th e  d i f f e r e n c e  

in  mean, t o t a l  z inc  c o n c e n t r a t io n  between r e s e r v o i r s .  The r e s u l t s  

o f  th e  f e e d e r  s tream  su rvey , f o r  example, show th e  mean 

c o n c e n t ra t io n  o f  t o t a l  z inc  in  th e  in f lo w in g  w ater to  th e  
r e s e r v o i r s  to  be very  s im i l a r  to  t h a t  a c t u a l l y  in  th e  r e s e r v o i r s  

(s e e  Tables  18 and 29 )> su g g e s t in g  th e  p o s s ib le  im portance o f  t h i s  
sou rce  o f  v a r i a t i o n .

E y s te r  ( 1968) g iv es  th e  o p t im a l  c o n c e n t ra t io n  o f  z in c  i n  a l g a l  
c u l tu r e  media as 1 } i g / I  i n  th e  absence o f  a c h e la to r  and as 

6mg/l in  th e  p resence  o f  ^ O Om g / l  EDTA. M il ls  & Oglesby ( l9 7 l )  

quote  th e  op tim al range  to  be 0 .5  to  100 ^ g / l .  Assuming 

a c o n c e n t ra t io n  o f  c h e l a to r s  i n  n a t u r a l  w a te rs  o f  13mg/l (see  

s e c t i o n  4 *2) i t  i s  p robab le  t h a t  th e  optimum c o n c e n t ra t io n  o f  z inc  
f o r  a l g a l  growth l i e s  n e a re r  th e  lower l i m i t  given by E y s te r .

Groth (1971) concluded t h a t  th e  c o n c e n t ra t io n  of z inc  in  s e v e ra l  
E as t H o ls te in  la k e s  (2 .2  to  19.0  ,u g / l )  d id  no t l i m i t  th e  growth 

o f  th e  p hy top lank ton .  However, M il l s  & Oglesby ( l 9 7 l )  p re s e n te d  
presum ptive  evidence th a t  z in c  was a t  l i m i t i n g  l e v e l s  i n  Cayuga Lake, 

New York, USA. The mean summer c o n c e n t ra t io n  o f  s o lu b le  z inc  observed  

by th e s e  w orkers was 2.17 ^pg/l. Goldman ( 1964) observed a s t im u la t io n  
o f  p h o to s y n th e t ic  carbon up tak e  in  samples from la k e s  w ith  

a  n a t u r a l  z in c  c o n c e n t r a t io n  o f  l e s s  than  1 .2  } x g / l  ( th e  l i m i t  o f  

d e t e c t io n  o f  th e  method) when en r ic h ed  v/ith z in c ,  b u t  no 

s t im u la t io n  in  a sample from Lake Lyndon, New Zealand which had 

a n a t u r a l  z inc  c o n c e n t r a t io n  o f  9*3 .Ug/l* The d i f f e r e n c e  between 
l i m i t i n g  and n o n - l im i t in g  c o n c e n t r a t io n s  o f  z inc  i n  n a t u r a l  

environm ents may th e r e f o r e  be q u i t e  sm a l l ;  th e  mean c o n c e n t ra t io n  

o f  s o lu b le  z in c  observed  in  th e  r e s e r v o i r s  in  t h i s  i n v e s t i g a t i o n  

f a l l i n g  w i th in  t h i s  ran g e .  This  o b se rv a t io n  may e x p la in  th e  
f in d in g  o f  no s i g n i f i c a n t  and n e g a t iv e  r e l a t i o n s h i p  between th e  

x  c o n c e n t r a t io n s  o f  s o lu b le  z in c  and c h lo ro p h y l l  in  Cropston o r
Thornton r e s e r v o i r s ,  d e s p i t e  th e  f a c t  t h a t  th e  mean c o n c e n t r a t io n  o f  

s o lu b le  z inc  was not s i g n i f i c a n t l y  d i f f e r e n t  between r e s e r v o i r s ,  

because  th e  i n t e r a c t i o n  between z in c  and o th e r  f a c t o r s  may have made 
th e  c o n c e n t ra t io n  o f  s o lu b le  z in c  r e l a t i v e l y  more c r i t i c a l  to  th e  
phy top lank ton  in  Sv/ithland r e s e r v o i r .
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4 . 6  COBALT

As w ith  v itam in  copper and z in c  th e  mean c o n c e n t r a t io n  o f  c o b a l t

appears  p o s i t i v e l y  r e l a t e d  to  th e  mean c o n c e n t ra t io n  o f  

c h lo ro p h y l l  when th e  r e s e r v o i r s  a r e  compared w ith  one a n o th e r .

No seaso n a l  v a r i a t i o n  o r  changes i n  th e  c o n c e n t ra t io n  o f  c o b a l t  

which could  be a s s o c ia t e d  w ith  changes i n  c h lo ro p h y l l  c o n c e n t ra t io n  

were observed  w ith in  r e s e r v o i r s  however. The source  o f  t h i s  

i n t e r - r e s e r v o i r  v a r i a t i o n  in  mean c o b a l t  c o n c e n t ra t io n  may be th e  

in f lo w in g  w a t e r ' t o  th e  r e s e r v o i r s  in  which th e  mean c o n c e n t ra t io n  

o f  c o b a l t  was s l i g h t l y  h ig h e r  th an  t h a t  i n  th e  co rresp o n d in g  

r e s e r v o i r  (s e e  T ab les  22 and 29 ) .

According to  E y s te r  (1968) th e  optimum c o n c e n t ra t io n  o f  c o b a l t  i n  

a l g a l  c u l tu r e  media i s  4 0 n g / l ,  t h a t  i s  about two o rd e r s  o f  

magnitude l e s s  th an  t h a t  observed  in  th e  r e s e r v o i r s  (abou t 5 Mg/1 )*
Taken to g e th e r  w ith  th e  f i e l d  d a ta  c o l l e c t e d  d u r in g  t h i s  i n v e s t i g a t i o n  

i t ’would appear t h a t  c o b a l t  i s  no t l i k e l y  by i t s  d e f ic ie n c y  to  l i m i t  

th e  growth o f  th e  p h y to p lan k to n .  A gainst t h i s  co n c lu s io n  must be 

s e t  th e  r e s u l t  o f  Goldman's (1972) s tu d y  on Lake Wakatipu, New Zealand  
where a p ro g re s s iv e  in c re a s e  in  p h o to s y n th e t ic  carbon up take  was 

observed  in  w a te r  samples e n r ic h e d  w ith  c o b a l t  in  in c r e a s in g  

c o n c e n t ra t io n s  up to  20 j i g / 1. On th e  o th e r  hand Coleman, Coleman & Rice 

( 1971) sugges ted  th a t  4 0 n g /l  c o b a l t  may be to x i c  to  some a lg ae  in  

c u l t u r e .  Wetzel ( 1965) found t h a t  enrichm ent o f  w a te r  samples (which 

had a n a t u r a l  c o b a l t  c o n c e n t r a t io n  o f  l e s s  th an  2 j ig /1 )  v /i th  5 to  
50 } x g / l  c o b a l t  e x e r te d  in c r e a s in g ly  i n h i b i t o r y  e f f e c t s  on p h o to s y n th e t ic  

carbon up take  in  one marl l a k e ,  b u t  had no e f f e c t  a t  a l l  i n  a n o th e r .

The optimum c o n c e n t r a t io n  o f  c o b a l t  i n  n a t u r a l  w a te rs  i s  c l e a r l y  

very  v a r i a b l e  and as concluded by W etzel (1965) i s  p robab ly  dependent 
x on th e  q u a n t i ty  (and q u a l i ty )  o f  complexing c a p a c i ty  p re s e n t  in  th e  

w a te r .  C le a r ly  th e  b i o l o g i c a l  s ig n i f i c a n c e  o f  c o b a l t  i n  th e  r e s e r v o i r s  

s tu d ie d  cannot be p ro p e r ly  a s s e s se d  w ithou t such in fo rm a t io n ,  b u t  i t  i s  

su g g es ted  t h a t  in  th e se  r e l a t i v e l y  p ro d u c t iv e  r e s e r v o i r s  s u f f i c i e n t  
o rg an ic  m a te r ia l  i s  p r e s e n t  to  n e u t r a l i s e  th e  p o s s i b le  to x i c  e f f e c t s  
o f  th e  n a t u r a l  c o b a l t  c o n c e n t r a t i o n .
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5. CONCLUSION

The r e s u l t s  o f  th e  i n v e s t i g a t i o n  showed Swithland r e s e r v o i r  to  be 

b i o l o g i c a l ] y  and chem ica lly  d i s t i n c t  from Thornton r e s e r v o i r  w ith  

r e s p e c t  to  th e  mean c o n c e n t ra t io n s  o f  c h lo ro p h y l l  and o f  the  

m ic ro n u t r ie n t s  s tu d ie d .  Cropston r e s e r v o i r  appears  b io l o g i c a l l y  

s im i l a r  to  Sw ith land  r e s e r v o i r  and chem ica lly  s im i l a r  w ith  r e s p e c t  

to  th e  mean c o n c e n t r a t io n s  o f  c h lo ro p h y l l  and th e  m ic ro n u t r ie n ts  

v i tam in  B-^, copper, z in c  and c o b a l t .  In  t h i s  sense  th e  mean 

m ic ro n u t r ie n t  c o n c e n t r a t io n s  o f  v i tam in  copper,  z inc  and

c o b a l t  p rov ided  a b e t t e r  measure o f  th e  p r o d u c t iv i ty  o f  th e  r e s e r v o i r s  

than  d id  e i t h e r  phosphate  o r  n i t r a t e  l e v e l s  ( s e e  T ab le  4 ) a l th o u g h  

th e  l a t t e r  n u t r i e n t s  a r e  more g e n e ra l ly  cons idered  to  be th e  major 

f a c t o r s  l i m i t i n g  prim ary  p ro d u c t io n  in  a q u a t ic  h a b i t a t s .  For th e  

m ic ro n u t r ie n t s  .v itam in  Blg  and copper,  t h i s  broad c o r r e l a t i o n  w ith  
p hy top lank ton  biomass was i n t e r p r e t e d  as b e in g  c o n s e q u e n t ia l  r a t h e r  

th an  c a u s a l ,  th e  c o r r e l a t i o n  w ith  copper b e in g  alm ost c e r t a i n l y  
a r t i f i c i a l  because  o f  the p r a c t i c e  o f  ! c o p p e r - s u lp h a t in g 5 r e s e r v o i r s  to  

c o n t ro l  th e  growth o f  b lu e  green  a lg a e  which a r e  g e n e r a l ly  found 
in  g r e a t e r  abundance in  more e u t ro p h ic  h a b i t a t s .

However, th e  c o r r e l a t i o n  w ith  v itam in  observed in  t h i s

i n v e s t i g a t i o n  (and o th e r s )  su g g es ts  t h a t  t h i s  v i tam in  could  be used  

as a measure o f  e u t ro p h ic a t io n ,  th e  c o n c e n t ra t io n  o f  v itam in  B^2 
b e in g  r e l a t i v e l y  h igh  in  e u t ro p h ic  w a te rs  due to

a) in c re a s e d  in p u t  i n t o  th e  h a b i t a t  from e x te rn a l  so u rces  such as 
sewage e f f l u e n t s ;

b) a change in  th e  b a lan ce  between b io l o g ic a l  p roducers  and

\  consumers o f  th e  v itam in  w i th in  th e  h a b i t a t .  B a c te r ia  and some

a lg a e ,  mainly b lu e  g reen  a lg a e ,  a re  p roducers  o f  v i tam in  B-^; o th e r  

a lg a e ,  mainly dia tom s and d ino f l a g e l l a t e s ,  a r e  th e  main consumers.

The c o n c e n t ra t io n  o f  v i tam in  B.^ t h e r e f o r e  te n d s  to  r e f l e c t  th e  
h e t e r o t r o p h ic  a c t i v i t y  in ,  and a l g a l  sp e c ie s  com position  o f ,  a w a te r  
body.



S o lub le  and complexed. i r o n ,  s o lu b le  manganese, s o lu b le  copper, 

s o lu b le  z in c  and d is s o lv e d  v i tam in  a lso  showed n e g a t iv e  
a s s o c ia t io n s  v/ith  c h lo ro p h y l l ,  a n d /o r  o cca s io n a l  (and sometimes 

s im u ltaneous)  changes in  c o n c e n t r a t io n ,  p a r t i c u l a r l y  i n  Sw ithland 

and Thornton r e s e r v o i r s .  T h is  su g g e s ts  t h e i r  p o s s ib le  im portance 

as  f a c t o r s  in f lu e n c in g  p h y top lank ton  biomass in  th e  r e s e r v o i r s .

However, th e  d i f f i c u l t i e s  in  a t te m p t in g  to  d i f f e r e n t i a t e  between 
c a u s a l  and n o n -cau sa l  a s s o c ia t io n s  must be tak en  in t o  account and 

a re  amply i l l u s t r a t e d  in  t h i s  s tu d y .  These d i f f i c u l t i e s  a re  not 
simply due to  in h e re n t  problems in  th e  methodology used , b u t  a l s o  

to  th e  enormous v a r i a b i l i t y  betv/een a lg a e  i n  t h e i r  n u t r i e n t  
req u ire m e n ts .  The u s u a l ly  e f f e c t i v e  s c i e n t i f i c  approach o f  

d i s s e c t i n g  a complex problem in t o  a number o f  s im p le r  components 
v/hich can be t a c k le d  e x p e r im e n ta l ly  (such as the  la b o ra to r y  s tu d ie s  

used in  t h i s  i n v e s t i g a t i o n  to  de term ine  th e  n u t r i e n t  req u ire m en ts  o f  

u n i a lg a l  c u l tu i 'e s )  cannot p ro v id e  unequivocal answers i n  f r e s h w a te r  

ecology where unknown a n t a g o n i s t i c  and s y n e r g i s t i c  i n t e r a c t i o n s  between 

f a c t o r s  and a lg a e  may be im p o r ta n t .  The i n t e r a c t i o n  between t r a c e  

m e ta ls  and c h e l a t i n g  o r  complexing su b s tan ces  i s  a case  in  p o in t .  

C h e la t io n  i s  im p o rtan t  in  d e te rm in in g  th e  a v a i l a b i l i t y  o r  t o x i c i t y  
o f  m ic ro n u t r ie n t s  and in  f u t u r e  s tu d ie s  o f  t h i s  k in d  shou ld  be 
q u a n t i f i e d  as a f a c t o r  in  i t s  own r i g h t  ( p r e f e r a b ly  by b i o l o g i c a l  
methods such as t h a t  sugges ted  by Davey, Morgan & E rickson  1973)*

F in a l ly  I  would sugges t t h a t  a more e x te n s iv e  bu t a l so  more 

in t e g r a t e d  programme o f  f i e l d  v/ork by a team o f  r e s e a r c h e r s  might 
have b e t t e r  s a t i s f i e d  th e  o r i g i n a l  aims o f  th e  i n v e s t i g a t i o n ;  

a programme in c o rp o r a t in g  bo th  m o n ito r in g  schedu les  and th e  in  s i t u  

enrichm ent o f  th e  same samples w ith  th e  n u t r i e n t s  ( o r  f a c t o r s )  b e in g  

s tu d ie d .  P o s s ib le  m u l t ip le  f a c t o r  l i m i t a t i o n  o f  p hy top lank ton  

biomass might th e n  be determ ined  by m u l t i v a r i a t e  s t a t i s t i c a l  

\  te ch n iq u es  to  a n a ly se  th e  complex problem as a whole r a t h e r  th an  as 
a number o f  s e p a ra te  components.

1.86



Some o f  th e  r e s u l t s  r e p o r te d  in  t h i s  t h e s i s  were r e p o r te d  to 

an A dvisory Group j o i n t l y  convened by th e  I n t e r n a t i o n a l  Atomic 

Energy Agency and th e  Food and A g r ic u l tu r e  O rg an iza tio n  o f  th e  

U nited  N ations  to  s tu d y  and d is c u s s  i s o to p i c  t r a c e r - a i d e d  s tu d ie s  

o f  in la n d  w a te r  e u t ro p h ic a t io n  and p o l l u t i o n .  The r e l e v a n t  s e c t i o n  

o f  th e  f i n a l  r e p o r t  i s  rep roduced  in  Appendix 5*
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I
APPENDIX 1

Sources o f M a te r ia ls

Materials not' listed below were obtained from 

13DH Chemicals Ltd., Poole, Dorset, BH12 4NN, England, 

local laboratory suppliers.

Amicon UM 10 Ultrafiltration Membranes

Amicon N.V.
Mechelaarstraat 11 
Oosterhout (1\T. B „)
Hollando

Bacto B12 Assay Medium USP 

Bacto B12 Ochromonas Medium 

Bacto Biotin Assay Medium 

Bacto Euglena B]_2 Medium 

Bacto Thiamine Assay Medium

Cyanocobalamin — Glaxo Laboratories Ltd.
89I Greenford Road 
Greenford 
Middlesex UB6 OHE 
England.

)
) Difco Laboratories 
) PO Box 14 B 
) Central Avenue 
) West Molesey 
) Surrey 
) England.

 ̂Co - Vitamin B-^ *** Radiochemical Centre
Amersham
England*



D Biotin - Sigma Chemicals Ltd, 
Norbdton Station Yard 
Kingston on Thames 
Surrey KT 2 7BH 
England,

Millipore PSEB - Ultrafiltration Membranes 
Millipore (UK) Ltd, 
'Millipore House*
Abbey Road 
London NW10 7SP 
England,

Norit A «• Sigma Chemicals Ltd,
see L - Biotin for address.

Thiamine hydrochloride - Sigma Chemicals Ltd,
see 3) ~ Biotin for address.
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APPENDIX 2

S 01i r ces o f__ Cultures

ChloreIla sp0 L221 (PBA)

Freshwater Biological Association
The Ferry House
Ambleside
Cumbria LA22 OLP
England

Eu glena gra cl11s Klebs strain Z

National Culture Collection of Algae and Protozoa 
36 Storeys Way 
Cambridge CB3 OPT 
England

Frsgllaria crotonensis L273 (FBA)

Freshwater Biological Association 
see Chlurella sp fur address*

Lactobacillus leichmani i ATCC 7830

Lactobaci1lus plantarum ATCC 8014

Lactobacillus viridescens ATCC 12706

National Collection of Industrial Bacteria 
Torrey Research Station 

■ PO Box 31 
135 Abbey Road 
Aberdeen 
Scotland

Monochrysls lutheri Droop

Scottish Karine Biological Association 
Dunstaffnage Marine Research Laboratory
T>rvJ. V  J

Oban
Argyll PA34 4AD 
Scotland

Continued/
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Oc h r o m o n a s  ma l h a m e n s i s  P r i n g s h e i m

N a t i o n a l  C u l t u r e  C o l l e c t i o n  o f  A l g a e  a n d  P r o t o z o a  
s e e  E . g r a c i l i s  f o r  a d d r e s s ®

O o c y s t i s  a p i c u l a t a  W. W e s t

N a t i o n a l  C u l t u r e  C o l l e c t i o n  o f  A l g a e  a n d  P r o t o z o a  
s e e  E . g r a c l l j  s  f o r  a d d r e s s .

S c c n e de.?mug q u a d r i c a u d a  L 2 3 2  (PBA)

F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n  
s e e  C h i o r e l l a  s p  f o r  a d d r e s s .



APPENDIX J ,  '

M a n u f a c t u r e r s  o f  S c i e n t i f i c  I n s t r u r o o n t s

EEL 2 4 0  A t o m i c  A b s o r p t i o n  S p e c t r o p h o t o m e t e r  
E v a n s  E l e c t r o s e l e n i u m  Ltd.,.
H a l s t e a d  
E s s e x  C09  1BR 
E n g l a n d
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APPENDIX 4 '

Method of 01 eaning Glass and Plast,Acware

G l a s s  a n d  p l a s t i c  e q u i p m e n t '  w a s  c l e a n e d  a f t e r  u s e  b y  t h e  

f o l l o w i n g  m e t h o d *

F i r s t l y  t h e  a p p a r a t u s  w a s  b r u s h e d  c l e a n  t o  r e m o v e  

s u p e r f i c i a l  d i r t  a n d  t h e n  i m m e r s e d  i n  a  2% s o l u t i o n  ( v o l u m e  

f o r  v o l u m e )  o f  a  q u a t e r n a r y  am mo niu m d e t e r g e n t  a n d  l e f t  o v e r n i g h t *  

T h e  a p p a r a t u s  w a s  t h e n  r i n s e d  i n  h o t  w a t e r  a n d  t h e n  l e f t  

o v e r n i g h t  i m m e r s e d  i n  IN  h y d r o c h l o r i c  a c i d *  T h e  a p p a r a t u s  w a s  

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

t h r e e  c h a n g e s  o f .  d i s t i l l e d  w a t e r  b e f o r e  b e i n g  d r i e d  i n  a n  o v e n  

a n d  f i n a l l y  s t o r e d  i n v e r t e d  i n  a  c u p b o a r d  f o r  f u t u r e  u s e .



A P P E N D I X  5

Lî UVD/lL,1

REPORT AND RECOMMENDATIONS OF AN ADVSSQRY GROUP 
JOINTLY CONVENED BY THE 

INTERNATIONAL ATOMIC ENERGY AGENCY 
AND THE

FOOD AND AGRICULTURE ORGANIZATION 
OF THE UNITED NATIONS,

HELD IN VIENNA, 1 6 -2 0  JUNE 1975

V i t a m i n s  a n d  e s p e c i a l l y  v i t a m i n  B 1 2  a r e  r r . i o r o n u t r i e n t s  f o r
\

a b o u t  o f  a l g a e .  C o m p a r a t i v e  s t u d i e s  o f  t h e  v i t a m i n  B 1 2  c o n c e n t r a t i o n  

i n  l a k e s  a n d  r e s e r v o i r s  . i n d i c a t e  t h a t  t h i s  v i t a m i n  c o u l d  h e  u s e d  a s  a  

m e a s u r e  o f  e u t r o p h i c a t i o n .  T h e  c o n c e n t r a t i o n  o f  v i t a m i n  B 1 2  i s  r e l a t i v e ^ /  

h i g h  i n  e u t r o p h i c  w a t e r s .  Two f a c t o r s  a r e  i n v o l v e d :  ( a )  i n c r e a s e d

i n p u t  i n t o  t h e  l a k e  f r o m  s e w a g e  e f f l u e n t s ,  ( b )  a  c h a n g e '  i n  t h e  b a l a n c e  

b e t w e e n  b i o l o g i c a l  c o n s u m e r s  a n d  p r o d u c e r s  o f  v i t a m i n  B 1 2 .  B a c t e r i a  

a n d  s o m e  a l g a e ,  m a i n l y  b l u e - g r e e n  a l g a e  a r e  p r o d u c e r s  o f  v i t a m i n  B 1 2 .

O t h e r  a l g a e ,  m a i n l y  d i a t o m s  a n d  d i n o f l a g e l l a t e s ,  a r e  t h e  m a i n  o o n s u m o r a .

N  V i t a m i n  B.1 2  t h e r e f o r e  r e f l e c t s  t h e  i n p u t  t o  h c t e r o t r o p h i  c  

a c t i v i t y  a n d  a l g a l  s p e c i e s  c o m p o s i t i o n  o f  a  w a t e r  b o d y .  V i t a m i n  B 1 2  m a y
57

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

l a b e l l e d  v i t a m i n  B 1 2 .  T h e  m o t h o d  h a s  m a n y  p r a c t i c a l  a d v a n t a g e s  o v e r  

m o r e  c o n v e n t i o n a l  b i o a s s a y s  . f o r  t h i s  v i t a m i n .

x i . i l



M i c r o n u t r i e n t s  a r e  w e l l ' e s t a b l i s h e d ,  a s  i m p o r t a n t  c o m p o n e n t s  o f  

a q u a t i c  e n v i r o n m e n t s  * T h e y  may  l i m i t  p r i m a r y  p r o d u c t i v i t y  t h r o u g h  

d e f i c i e n c y  o r  t o x i c i t y .  B o t h  o f  t h e s e  e f f e c t s  may  b e  g r e a t l y  m o d i f i e d  

b y  t h e  c h e m i s t r y  o f  a  w a t e r  b o d y ,  e s p e c i a l l y  t h e  p r e s e n c e  o f  o r g a n i c  

m a t t e r  a b l e  t o  c h e l a t e  t r a c e  m e t a l s .  . . .. -

I n  f i e l d  a n d  l a b o r a t o r y  e x p e r i m e n t s  d e s i g n e d  t o  b i o a s s a y  t h e  

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

o f  a q u a t i c  e n v i r o n m e n t s ,  t h e  u p t a k e  o f  l a b e l l e d  s u b s t r a t e s  i s  * 

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

t o  c h e m i c a l  c h a n g e s  o f  t h e  s q u a t i c  e n v i r o n m e n t .

T r a c e ,  m e t a l  m i c r o n u t r i e n t s  may  l i m i t  a u t o t r o p h i c  a n d  

a u x o t r o p h i c  p r i m a r y  p r o d u c t i v i t y  b y  d e f i c i e n c y  ( i . e .  a s  l i m i t i n g  

n u t r i e n t s )  o r  b y  t h e i r  t o x i c i t y .  T o x i c  e f f e c t s  ma y  e f f e c t  o t h e r  

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

a u t o t r o p h i c  o r g a n i s m s ) .

B o t h  d e f i c i e n c y  a n d  t o x i c i t y  e f f e c t s  m a y  b e  g r e a t l y  m o d i f i e d  

b y  t h e  c h e m i s t r y ,  e s p e c i a l l y  t h e  p r e s e n c e  o f  o r g a n i c  m a t t e r  w i t h  

a b i l i t y  t o  c h e l a t e  t r a c e  m e t a l s .  E u t r o p h i c  w a t e r s  m a y  b e  s u b j e c t  

t o  h i g h  i n p u t s  o f  t r a c e  m e t a l s  a n d  o r g a n i c  m a t t e r .  T h e  o r g a n i c  

m a t t e r  may  i n c l u d e  m a n - m a d e  c h e l a t o r s  s u c h  a s  t h e  p o l y p h o s p h a t e s  

u s e d  a s  d e t e r g e n t  i n t e r m e d i a t e s .  N i t r i l o t r i a c e t i c  a c i d  ( N T A ) , 

a p o l y p h o s p h a t e  s u b s t r a t e ,  i s  a  p o w e r f u l  c h e l a t o r  o f  t r a c e  m e t a l s  

a n d  t h i s  p r o p e r t y  m u s t  b e  t a k e n  i n t o  a c c o u n t  w h e n  a s s e s s i n g  t h e  

e f f e c t s  o n  t h e  e n v i r o n m e n t  o f  r e p l a c i n g  p o l y p h o s p h a t e s  w i t h  NTA i n  

d e t e r g e n t  p r e p a r a t i o n s .
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A s e u t r o p h i e a t i o n  p r o c e e d s ,  t h e  b a l a n c e  b e t w e e n  t r a c e  m e t a l  

d e f i c i e n c y  a n d  t o x i c i t y  w i l l  c h a n g e .  T h e  n e t  e f f e c t  o n  a q u a t i c  b i o t a  

c a n n o t  b e  e a s i l y  p r e d i c t e d s  T h e  i n c r e a s e d  c o n c e n t r a t i o n  o f  t r a c e  

m e t a l s  may b e  p o t e n t i a l l y  t o x i c ,  b u t  e f f e c t i v e l y  c o u n t e r a c t e d  b y  t h e  

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

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

b u t  may b e  a m e n a b l e  t o  b i o a s s a y  ‘t e c h n i q u e s .



ADDENDUM



1 .  In tro d u ctio n  $
&

The s t a t i s t i c a l  methods used  in- th is  t h e s is  are in  many ways 

inap propriate  and in v a l id .  In th i3  addendum more s u ita b le

?'
t
i 4

s t a t i s t i c a l  methods are o u tlin e d  and where n ecessary  the o r ig in a l  h
|>'<

data have been re-a n a ly sed  by th ese  m ethods. The r e s u l t s  o f  t h i s  &
$r e -a n a ly s is  are compared w ith  the o r ig in a l  a n a ly s is .  |
s

Three major c r it ic i s m s  may be made o f  the s t a t i s t i c a l  methods u sed .

F i r s t ly ,  a normal d is t r ib u t io n  o f  the data was assumed. This i s  not 

j u s t i f i e d  in  many ca ses  by an in s p e c t io n  o f  the raw d ata . T herefore

&
■v',V

w ,
the t e s t s  o f  s ig n if ic a n c e  d escrib ed  in  s e c t io n  2 .9 .4  o f  the t h e s i s

are in v a l id .  A lso the a r ith m etic  mean i s  not a r e p r e se n ta tiv e  m easured
W

o f  the average, fo r  a h ig h ly  skewed d is t r ib u t io n  -  the median i s  much

b e t te r  -  and the p r o p e r tie s  o f  the standard d e v ia t io n  a s s o c ia te d  fe
n

w ith  symmetric d is tr ib u t io n s  no lo n g er  ap p ly .

v.-tf&Secondly, the t e s t s  o f  s ig n if ic a n c e  d escrib ed  in  s e c t io n  2 .9 .4  o f  

the t h e s i s  are in a p p ro p r ia te . These t e s t s  are e s s e n t ia l l y  two 

sample t e s t s  and should not be rep ea ted ly  a p p lied  to p a ir s  o f  |

samples from a m ultisam ple experim ent. feK'
;  |

F in a lly , c o r r e la t io n  a n a ly s is  ra th er  than r e g r e ss io n  a n a ly s is  would *-■§ 

have been more app rop riate in  a s s e s s in g  the degree o f  a s s o c ia t io n  

between two v a r ia b le s . I
When a n a ly s in g  data which i s  not norm ally d is tr ib u te d , non-param etric  

or 'd is t r ib u t io n  f r e e '  s t a t i s t i c a l  methods can be u sed .
If:

1
Thus w ith  h ig h ly  skewed d is tr ib u t io n s  the median i s  o f te n  rep orted  

because i t  rep resen ts  the concept o f  an average b e t t e r  than the mean. 

The measure o f  v a r ia b i l i t y  a s so c ia te d  w ith  the median i s  the sem i-  

in te r q u a r t i le  range. S im ila r ly , the K ruskal-W allis one way a n a ly s is
!«r

o f varian ce  by ranks i s  an extrem ely u s e fu l  non-param etric t e s t  fo r  §t



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

C a l c u l a t i o n  o f  K e n d a l l ' s  t a u ,  o r  S p e a r m a n ' s  r a n k  c o r r e l a t i o n  

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

a n a l y s i s .

M e t h o d s  f o r  t h e  c a l c u l a t i o n  o f  t h e  m e d i a n  a n d  s e m i - i n t e r q u a r t i l e  

r a n g e ,  t o g e t h e r  w i t h  t h e  K r u s k a l - W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  

b y  r a n k s  a r e  d e s c r i b e d  b e l o w .  T h e s e  m e t h o d s  h a v e  b e e n  u s e d  t o  r e -  

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

t h e  o r i g i n a l  a n a l y s i s .

I t  i s  n o t  c o n s i d e r e d  n e c e s s a r y  t o  r e - a n a l y s e  t h e  d e g r e e  o f

a s s o c i a t i o n  b e t w e e n  c h l o r o p h y l l  a n d  i n d i v i d u a l  m i c r o n u t r i e n t s  b y
Vs'i'-V VrT's v •' 1' ' t t • i !j , ’ • , . i

' n o ' n - p a r a m e t r i e  m e t h o d s .  ' H o w e v e r ,  i t  d s . ' a d m i t t e d  t h a t  t h e i r  u s e * * i b  v •

t o  b e  p r e f e r r e d  b e c a u s e  t h e y  a r e  ' d i s t r i b u t i o n  f r e e 1 m e t h o d s .  I t  

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

t h a n  c o r r e l a t i o n  a n a l y s i s  s i n c e  t h e  t h e o r y  b e h i n d  a n d  t e s t e d  i n  t h e  

t h e s i s  i s  t h a t  t h e  c o n c e n t r a t i o n  o f  c h l o r o p h y l l  i n  a  b o d y  o f  w a t e r  

m a y  b e  d e p e n d a n t  o n  t h e  c o n c e n t r a t i o n  o f  o n e  o r  m o r e  m i c r o n u t r i e n t s  

i n  t h a t  w a t e r .  T h e  u s e  o f  t h e  p h r a s e  t o  t e s t  t h e  d e g r e e  o f

a s s o c i a t i o n  b e t w e e n  i n d i v i d u a l  r e s u l t s  o f  ( f o r  e x a m p l e )  d i s s o l v e d  

v i t a m i n  B1 2  a ^ d  c h l o r o p h y l l  d e t e r m i n a t i o n s '  i n  t h e  t e x t  o f  t h e  t h e s i s  

i s  s o m e w h a t  m i s l e a d i n g  -  * . .  t o  t e s t  t h e  d e g r e e  o f  d e p e n d a n c e  o f  

c h l o r o p h y l l  c o n c e n t r a t i o n  o n  ( f o r  e x a m p l e )  t h e  c o n c e n t r a t i o n  o f  

d i s s o l v e d  v i t a m i n  i s  m o r e  a c c u r a t e .  R e g r e s s i o n  a n a l y s i s  a l s o

a l l o w s  a n  e s t i m a t e  t o  b e  m a d e  o f  t h e  p r e d i c t i v e  v a l u e  o f  t h e  

i n d e p e n d a n t  v a r i a b l e  o n  t h e  d e p e n d a n t  v a r i a b l e .  R e g r e s s i o n  d o e s  

h o w e v e r  r e q u i r e  t h a t  t h e  d e p e n d a n t  v a r i a b l e  b e  n o r m a l l y  d i s t r i b u t e d  

a n d  i t  w i l l  b e  r e c a l l e d  t h a t  t h e  c h l o r o p h y l l  d a t a  w a s  t r a n s f o r m e d  

b y  t a k i n g  l o g a r i t h m s  f o r  t h i s  p u r p o s e .  ( A  l o g a r i t h m i c  t r a n s ­

f o r m a t i o n  w a s  f o u n d  t o  g i v e  a  b e t t e r  v i s u a l  a p p r o x i m a t i o n  t o  t h e  

n o r m a l  c u r v e  t h a n  a  s q u a r e  r o o t  t r a n s f o r m a t i o n ) .



I

2. Methods

2 . 1 .  S t a t i s t i c a l  A n a l y s e s

2 . 1 . 1 .  T h e  m e d i a n ,  l o w e r  a n d  u p p e r  q u a r t i l e s ,  t h e  s e m i - i n t e r q u a r t i l e  

r a n g e

T h e  m e d i a n  i s  d e f i n e d  a s  t h e  c e n t r a l  v a l u e  o f  a  s e t  o f  r a n k e d  

o b s e r v a t i o n s ,  t h a t  i s  i t  i s  t h e  v a l u e  o f  t h e  v a r i a b l e  w h i c h  s p l i t s  

t h e  s e t  i n t o  t w o  e q u a l  p a r t s .  T h e  p e r c e n t i l e s  a r e  t h e  v a l u e s  o f  t h e  

v a r i a b l e  w h i c h  s p l i t  t h e  o b s e r v a t i o n s  i n t o  1 0 0  e q u a l  p a r t s .  T h e  

m e d i a n  i s  t h e r e f o r e  t h e  5 0 t h  p e r c e n t i l e  a n d  t h e  2 5 t h  a n d  7 5 t h  „ 

p e r c e n t i l e s  a r e  c a l l e d  t h e  l o w e r  a n d  u p p e r  q u a r t i l e s  r e s p e c t i v e l y .

T h e  m e a s u r e  o f  v a r i a b i l i t y  a s s o c i a t e d  w i t h  t h e  m e d i a n ,  t h e  s e m i -  

i n t e r q u a r t i l e  r a n g e  ( Q ) ,  i s  c a l c u l a t e d  f r o m  t h e  e q u a t i o n : -

Q =  W h e r e  -  i s  t h e  u p p e r  q u a r t i l e
2

-  i s  t h e  l o w e r  q u a r t i l e

2 . 1 . 2 .  T h e  K r u s k a l - W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k s

T h e  K r u s k a l - W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k s  i s  a n  

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

a r e  f r o m  d i f f e r e n t  p o p u l a t i o n s .  F u r t h e r  d e t a i l s  o f  t h e  t e s t  m a y  b e  

f o u n d  i n  S i e g e l  ( 1 9 5 6 ) .

F o r  t h e  t e s t  e a c h  o f  t h e  N o b s e r v a t i o n s  a r e  r e p l a c e d  b y  r a n k s ,  t h a t  

i s  a l l  o f  t h e  s c o r e s  f r o m  a l l  o f  t h e  k  s a m p l e s  c o m b i n e d  a r e  r a n k e d  

i n  a  s i n g l e  s e r i e s .  T h e  s m a l l e s t  s c o r e  i s  r e p l a c e d  b y  r a n k  1  a n d  

t h e  l a r g e s t  b y  r a n k  N ,  w h e r e  N i s  t h e  t o t a l  n u m b e r  o f  i n d e p e n d a n t  

o b s e r v a t i o n s  i n  t h e  k  s a m p l e s .

T h e  K r u s k a l - W a l l i s  s t a t i s t i c  H i s  c a l c u l a t e d  f r o m  t h e  f o r m u l a : -

i
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1 2  k Ei
H = ----------. 2_ —  -  3(K+1)

N(N+1) j = l  n - -  .

Where -  k  i s  t h e  number o f  s a m p le s

-  n* i s  t h e  number o f  o b s e r v a t i o n s  i n  th e  j t h  

sam ple

k
-  N « Z  n ,

j = l  J

When t i e s  o c c u r  b e tw e e n  two o r  more s c o r e s  e a c h  s c o r e  i s  g iv e n  t h e  

mean o f  th e  r a n k s  f o r  w h ich  i t -  i s  t i e d .  To c o r r e c t  H f o r  t h e  e f f e c t  

o fo f  t i e s  H i s  d i v i d e d  b y : -
S*v\ » ,‘*1 : ' 1 * U { ' ** v *" < Vl* { {? * H .' ’• * • < ,j < ’ ; . < i * .• %\

I t
i  ~

N3 -  N

Where -  T = t3  -  t

-  t  i s  th e  number o f  t i e d  o b s e r v a t i o n s  i n  a  t i e d

g ro u p  o f  s c o r e s

H i s  d i s t r i b u t e d  a p p r o x im a te ly  a s  Chi s q u a re  w i t h  k -1  d e g re e s  o f  

f reed o m  when n^ is* g r e a t e r  t h a n  f i v e .  When k=3 and  th e  number o f  

o b s e r v a t i o n s  i n  ea c h  o f  t h e  t h r e e  sam p les  i s  l e s s  t h a n  o r  e q u a l  t o

f i v e ,  t h e  Chi s q u a r e  a p p r o x im a t i o n  to  t h e  s a m p l in g  d i s t r i b u t i o n  o f

H i s  n o t  s u f f i c i e n t l y  c l o s e .  P r o b a b i l i t i e s  f o r  t h e s e  c a s e s  may be  

fo u n d  i n  T ab le  0 o f  t h e  a p p e n d ix  i n  S i e g e l  (1 9 5 6 ) .

When H i s  s t a t i s t i c a l l y  s i g n i f i c a n t ,  n o n - p a r a m e t r i c  m u l t i p l e  

c o m p a r iso n s  may be e f f e c t e d  i n  a f a s h i o n  p a r a l l e l i n g  th e  Newman-., 

K eu ls  t e s t ’ (Zar. 1974) by  u s i n g  r a n k  sums i n s t e a d  o f  means i n  o r d e r  

d e te rm in e  b e tw ee n  w h ich  o f  t h e  sam p le s  s i g n i f i c a n t  d i f f e r e n c e s  

o c c u r .

2 . 1 . 3 .  The Mann W hitney  IT t e s t

i

7
-  R j i s  t h e  sum o f  r a n k s  i n  th e  j t h  sam ple ^
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T h e  M a n n  Y / h i t n e y  U t e s t  m a y  b e  u s e d  t o  t e s t  w h e t h e r  t w o  i n d e p e n d a n t  

g r o u p s  h a v e  b e e n  d r a w n  f r o m  t h e  s a m e  p o p u l a t i o n .

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

c o m b i n e d  a n d  r a n k e d  i n  o r d e r  o f  i n c r e a s i n g  s i z e .  T h e  v a l u e  o f  U 

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

a  s c o r e  i n  t h e  o t h e r  g r o u p .  F u r t h e r  d e t a i l s  o f  t h e  m e t h o d ,  

t o g e t h e r  w i t h  t a b l e s  o f  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  v a l u e s  a s  s m a l l  

a s  o b s e r v e d  v a l u e s  o f  U m a y  b e  f o u n d  i n  S i e g e l  ( 1 9 5 6 ) .

*

2 . 2 .  A n a l y s i s  o f  R e s u l t s

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

m a n g a n e s e ,  c o p p e r ,  z i n c  a n d  c o b a l t  w e r e  s u m m a r i s e d  b y  c a l c u l a t i o n  

o f  t h e  m e d i a n s ,  l o w e r  a n d  u p p e r  q u a r t i l e s ,  a n d  t h e  s e m i - i n t e r q u a r t i l e  

r a n g e .  D i f f e r e n c e s  b e t w e e n  t h e  r e s e r v o i r s  w e r e  a n a l y s e d  u s i n g  t h e  

K r u s k a l - W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k 3 .

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

s e m i - i n t e r q u a r t i l e  r a n g e  w a s  n o t  p o s s i b l e  a s  o n l y  t h r e e  s a m p l e s  w e r e  

c o l l e c t e d  i n  t h e  f i e l d .  S i m i l a r l y  t h e  m e d i a n  i s  o f  l i t t l e  v a l u e  a s  

a n  e s t i m a t e  o f  t h e  a v e r a g e  c o n c e n t r a t i o n  o f  m i c r o n u t r i e n t s  i n  t h e  

s e d i m e n t s .  T h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  d i f f e r e n c e s  w i t h i n  

r e s e r v o i r s  b e t w e e n  s e d i m e n t  m i c r o n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  ' B 1 

a n d  *0* l a y e r s  w a s  r e - a s s e s s e d  u s i n g  t h e  M a n n  W h i t n e y  TJ t e s t .  T h e  

s i g n i f i c a n c e  o f  d i f f e r e n c e s  i n  t h e  c o n c e n t r a t i o n  o f  m i c r o n u t r i e n t s  

i n  t h e  * B '  a n d  *C* s e d i m e n t  l a y e r s  b e t w e e n  r e s e r v o i r s  w a s  r e ­

a s s e s s e d  u s i n g  * t h e  K r u s k a l - W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  b y  

r a n k 3 .

R e s u l t s  o f  a n a l y s e s  o f  m i c r o n u t r i e n t  c o n c e n t r a t i o n s  i n  w a t e r  s a m p l e s  

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



m e d ia n s ,  lo w e r  and u p p e r  q u a r t i l e s ,  and  t h e  s e m i - i n t e r q u a r t i l e  

r a n g e .  D i f f e r e n c e s  b e tw e e n  f e e d e r  s t r e a m s  w ere  r e - a n a l y 3 o d  u s i n g  

t h e  K r u s k a l - W a l l i s  one way a n a l y s i s  o f  v a r i a n c e  by  r a n k s .

To e n a b le  r e - c a l c u l a t i o n  o f  m i c r o n u t r i e n t  b u d g e t s  f o r  t h e  p e r i o d  

A p r i l  1974 t o  March 1975# m e d ia n  v a l u e s  o f  t h e  c o n c e n t r a t i o n s  

o f  m i c r o n u t r i 6 n t s .  i n  t h e  w a t e r  e n t e r i n g  th e  r e s e r v o i r s  w ere  

c a l c u l a t e d .

I
i
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3. Results

3 * 1 *  R e s e r v o i r  W a t e r

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

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

a n d  l o w e r  q u a r t i l e s *  a n d  t h e  s e m i —i n t e r q u a r t i l e  r a n g e .

A n a l y s i s  o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  i n  t h e s e  

v a r i a b l e s  b e t w e e n  t h e  r e s e r v o i r s  h a s  b e e n  p e r f o r m e d  u s i n g  t h e  K r u s k a l -  

W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k s *

T h e  r e s u l t s  a r e  p r e s e n t e d  i n  t a b u l a r  f o r m  f o l l o w e d  b y  a  p a r a g r a p h  

o u t l i n i n g  a n y  d i f f e r e n c e s  b e t w e e n  t h e  o r i g i n a l  a n d  r e - a n a l y s e s *

3 * 1 * 1 .  C h l o r o p h y l l  a n d  p h a e o p h y t l n

T a b l e  1

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

f r o m  A p r i l  1 9 7 3  t o  M a r c h  1 9 7 5  i n  r e s e r v o i r  w a t e r  s a m p l e s

C h l o r o p h y l l R e s e r v o i r

( p g / 1 ) C r o p s t o n S w i t h l a n d T h o r n t o n

M e d i a n 3 . 0 2 . 2 6 . 6

L o w e r  Q u a r t i l e 1 . 4 1 . 1 2 . 5

U p p e r  Q u a r t i l e 6 . 6 5 . 2 1 3 . 9

S e m i - i n t e r q u a r t i l e  R a n g e 2 . 6 2 . 1 5 . 7

»
A
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Table 1 co n tin u ed

P h a e o p h y t in R e s e r v o i r

C ro p s to n S w i th la n d T h o rn to n

M edian 0 .2 0*2 0 . 5

Lower Q u a r t i l e 0 . 0 0 . 0 0 . 0

U pper Q u a r t i l e 0 . 6 1 . 0 2 .5

S e m i - i n t e r q u a r t i l e  Range 0 .3 0 . 5 1 . 3

. T a b le  2

A n a ly s i s  o f  th e  d i f f e r e n c e s  i n  t h e  a v e ra g e  c o n c e n t r a t i o n s  

of chlophyH and phaeophytin between reservoirs

D i f f e r e n c e  be tw een i n  C h lo ro p h y l l  

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

i n  P h a e o p h y t in  

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

A l l  t h r e e  r e s e r v o i r s SS* p<0.001 NS

C ro p s to n  and  S w i th la n d NS

C ro p s to n  and T h o rn to n  • SS p<0 .001

S w i th la n d  and  T ho rn to n . SS . p<0 .001

*Key -  SS — S t a t i s t i c a l l y  s i g n i f i c a n t  a t  p r o b a b i l i t y  l e v e l  p  

NS -  Not s i g n i f i c a n t

The r e s u l t s  o f  t h e  o r i g i n a l  a n a l y s e s  and  r e - a n a l y s e s  o f  the"  S a ta  show 

t h e  c o n c e n t r a t i o n  o f  c h l o r o p h y l l  t o  be s i g n i f i c a n t l y  h i g h e r  i n  T h o rn to n  

r e s e r v o i r  th a n  i n  e i t h e r  C ro p s to n  o r  S w i th la n d  r e s e r v o i r s *

H-
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3*1*2 D isso lved  v itam in

T ab le  3

Summary o f  d e t e r m i n a t i o n s  o f  d i s s o l v e d  v i t a m i n  from  

A p r i l  1973 to  March 1973 i n  r e s e r v o i r  w a te r  s am p le s  by  b i o a s s a y

D is s o lv e d  V itam iri

( n g A )

R e s e r v o i r

C ro p s to n S w i th la n d T h o rn to n

E. g r a c i l i s  a s s a y

M edian 24 26 36
Lower Q u a r t i l e 19 20 29
U pper Q u a r t i l e  . 28 37 | 45
S e m i - i n t e r q u a r t i l e  Range 4 .5 8 .5 8 .0

L. l e i c h m a n i i  a s s a y

M edian 12 15 22

Lower Q u a r t i l e 9 12

Upper Q u a r t i l e 17 25 34

S e m i - i n t e r q u a r t i l e  Range 4*0 6 .5 1 0 . 0

0* m a lh am en sis  a s s a y

M edian 2 .0 3 .0 3 . 2

Lower Q u a r t i l e 1*2 1 . 6 2 .0

U pper Q u a r t i l e 3 .0 4 .1 4 .4

S e m i - i n t e r q u a r t i l e  Range 0 . 9 1 .3 1 . 2

*•
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m e d ia n s ,  lo w e r  and u p p e r  q u a r t i l e s ,  an d  t h e  a e m i - i n t e r q u a r t i l e  

r a n g e .  D i f f e r e n c e s  b e tw e e n  f e e d e r  s t r e a m s  w ere r e - a n a l y s e d  u s i n g  

t h e  K r u s k a l - W a l l i s  one way a n a l y s i s  o f  v a r i a n c e  by  r a n k s .

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

A p r i l  1 9 7 4  t o  M a r c h  1 9 7 5 *  m e d i a n  v a l u e s  o f  t h e  c o n c e n t r a t i o n s  

o f  m i c r o n u t r i ^ n t s .  i n  t h e  w a t e r  e n t e r i n g  t h e  r e s e r v o i r s  w e r e  

c a l c u l a t e d .

A
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3* R esu lts

3 . 1 *  R e s e r v o i r  W a t e r

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

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

a n d  l o w e r  q u a r t i l e s ,  a n d  t h e  s e m i - i n t e r q u a r t i l e  r a n g e .

A n a l y s i s  o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  i n  t h e s e  

v a r i a b l e s  b e t w e e n  t h e  r e s e r v o i r s  h a s  b e e n  p e r f o r m e d  u s i n g  t h e  K r u s k a l — 

W a l l i s  o n e  w a y  a n a l y s i s  o f  v a r i a n c e  b y  r a n k s .

T h e  r e s u l t s  a r e  p r e s e n t e d  i n  t a b u l a r  f o r m  f o l l o w e d  b y  a  p a r a g r a p h ^  

o u t l i n i n g  a n y  d i f f e r e n c e s  b e t w e e n  t h e  o r i g i n a l  a n d  r e - a n a l y s e s .

3 . 1 . 1 .  C h l o r o p h y l l  a n d  p h a e o p h y t i n

T a b l e  1

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

f r o m  A p r i l  1 9 7 3  t o  M a r c h  1 9 7 5  i n  r e s e r v o i r  w a t e r  s a m p l e s

C h l o r o p h y l l R e s e r v o i r

( } * g / l ) C r o p s t o n S w i t h i a n d T h o r n t o n

M e d i a n 3 . 0 2 . 2 6 . 6

L o w e r  Q u a r t i l e 1 . 4 1 . 1 2 . 5

U p p e r  Q u a r t i l e 6 . 6 5 . 2 1 3 . 9

S e m i - i n t e r q u a r t i l e  R a n g e 2 . 6 2 . 1 5 . 7

i
A



Table 4

A n a l y s i s  o f  the  d i f f e r e n c e s  i n  the  c o n c e n t r a t i o n  o f  v i t a m i n

]3^2 between r e s e r v o i r s

D i f f e r e n c e --- A s s a y  o r g a n i s m

b e t w e e n E .  g r a c i l i s l . l e i c h m a n i i 0 . m a l h a m e n s i s

A l l  t h r e e  

r e s e r v o i r s

S S * p < 0 . 0 0 1 SS p<o.odi SS p c O . O l

C r o p s t o n  a n d  

S w i t h l a n d

S S p < 0 . 0 0 1 SS p c O . O O l SS p c O . O l

C r o p s t o n  a n d  

T h o r n t o n

S S p c O . O O l SS p c O . O O l S S p < 0 . 0 1

S w i t h l a n d  a n d  

T h o r n t o n

SS p c O . O O l SS p < 0 . 0 0 1 NS

♦ K e y  — s e e  p a g e  8

T h e  r e s u l t s  o f  t h e  r e - a n a l y s i s  s h o w  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

C r o p s t o n  a n d  S w i t h l a n d  r e s e r v o i r s ,  a n d  C r o p s t o n  a n d  T h o r n t o n  r e s e r v o i r s  

i n  t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  v i t a m i n  B ^ 2 a s s a y e d  w i t h  _

0 .  m a l h a m e n s i s  n o t  a p p a r e n t  i n  t h e  o r i g i n a l  a n a l y s i s .  H o w e v e r ,  w i t h i n  

r e s e r v o i r s ,  r e - a n a l y s i s  o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  

d i f f e r e n c e s  i n  d i s s o l v e d  v i t a m i n  Bn 2 c o n c e n t r a t i o n  a s s a y e d  w i t h - t h e  

t h r e e  d i f f e r e n t  o r g a n i s m s  p r o d u c e d  e x a c t l y  t h e  s a m e  r e s u l t s  a 3  t h e  

o r i g i n a l  a n a l y s i s  ( s e e  p a g e  9 6 ) .

i
A-
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3 . 1 . 3 .  So lub le '  ( f r e e )  and complexed (bound) v i ta m in  B12

T a b l e  5

S u m m a r y  o f  d e t e r m i n a t i o n s  o f  s o l u b l e  ( f r e e )  a n d  c o m p l e x e d  

( b o u n d )  v i t a m i n  f r o m  F e b r u a r y  1 9 7 4  t o  M a r c h  1 9 7 3  

i n .  r e s e r v o i r  w a t e r  s a m p l e s

V i t a m i n  ( n g / l ) R e s e r v o i r

C r o p s t o n S w i t h l a n d T h o r n t o n

F r e e B o u n d F r e e B o u n d F r e e B o u n d

M e d i a n 2 3 5 2 7 3 3 2 3

L o w e r  Q u a r t i l e 1 9 ’ 2 2 0 0 2 0 2

U p p e r  Q u a r t i l e 2 5 6 3 2 6 3 6 9

S e m i - i n t e r q u a r t i l e 3  ‘ 2 6 3 8 3 . 5

R a n g e

R e - a n a l y s i s  o f  t h e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n s  o f  s o l u b l e  a n d  

c o m p l e x e d  v i t a m i n  B ^  s h o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  

r e s e r v o i r s .  T h i s  r e s u l t  i s  i n  a g r e e m e n t  w i t h  t h e  o r i g i n a l  a n a l y s i s  

( s e c t i o n s  2 . 9 . 4 a  a n d  2 . 9 * 4 b  i n  t h e  t h e s i s ) .

<
11



3 . 1 . 4 .  P a r t i c u l a t e  v i ta m in

T a b l e  6

S u m m a r y  o f  d e t e r m i n a t i o n s  o f  p a r t i c u l a t e  v i t a m i n  B^p, f r o m  

A p r i l  1 9 7 3  t o  M a r c h  1 9 7 5  i n  r e s e r v o i r  w a t e r  s a m p l e s  b y  

b i o a s s a y '

V i t a m i n  B - ^  ( n g / l ) R e s e r v o i r

C r o p s t o n S w i t h l a n d T h o r n t o n

M e d i a n 1 . 3 2 1 . 2 0 2 . 4 0

l o w e r  Q u a r t i l e 0 . 8 4 0 . 6 7 1 . 3 2

U p p e r  Q u a r t i l e 2 . 0 4 2 . 0 0 6 . 2 5

S e m i - i n t e r q u a r t i l e  R a n g e 0 . 6 0 0 . 6 ? 2 . 4 7

T a b l e  7

A n a l y s i s  o f  t h e  d i f f e r e n c e s  i n  t h e  c o n c e n t r a t i o n  o f  

p a r t i c u l a t e  v i t a m i n  B-^2 b e t w e e n  r e s e r v o i r s

D i f f e r e n c e  b e t w e e n i n  p a r t i c u l a t e  v i t a m i n  

B^2 c o n c e n t r a t i o n  :

A l l  t h r e e  r e s e r v o i r s S S *  p < 0 . 0 0 1

C r o p s t o n  a n d  S w i t h l a n d NS

C r o p s t o n  a n d  T h o r n t o n SS  - p c O .O O l

S w i t h l a n d  a n d  T h o r n t o n S S  p c O . O O l

*Key -  s e e  page '8
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T h e  r e s u l t s  o f  t h e  o r i g i n a l  a n d  r e - a n a l y s e a  o f  t h e  d a t a  s h o w  t h e  

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

i n  T h o r n t o n  r e s e r v o i r  t h a n  i n  e i t h e r  C r o p s t o n  o r  S w i t h l a n d  r e s e r v o i r s .



3 , 1 * 5 .  Iron

Table 8

S u m m a r y  o f  d e t e r m i n a t i o n s  o f  i r o n  f r o m  D e c e m b e r  1 9 7 3  t o  

M a r c h  1 9 7 3  i n  r e s e r v o i r  w a t e r  s a m p l e s

I r o n  ( ; i g / l ) R e s e r v o i r

C r o p s t o n S w i t h l a n d T h o r n t o n

S o l u b l e

M e d i a n 9 ’ Z 6
L o w e r  Q u a r t i l e 6 0 2

U p p e r  Q u a r t i l e 1 2 6 1 2

S e m i - i n t e r q u a r t i l e  R a n g e 3 3 5

C o m p l e x e d

M e d i a n 6 2 2 3 4 7

L o w e r  Q u a r t i l e 3 7 1 3 3 0

U p p e r  Q u a r t i l e 1 0 5 2 8 5 7

S e m i - i n t e r q u a r t i l e  R a n g e 3 4 7 . 5 1 3 . 5

P a r t i c u l a t e
*

M e d i a n 6 8 2 2 7 4

L o w e r . Q u a r t i l e 3 9 1 3 4 5

U p p e r  Q u a r t i l e 9 4 3 4 1 0 4

S e m i - I n t e r q u a r t i l e  R a n g e 2 7 .5 1 0 . 5 2 9 . 5

T o t a l

M e d i a n 1 3 7 5 6 1 2 2

L o w e r  Q u a r t i l e 1 0 7 3 4 9 3

U p p e r  Q u a r t i l e 2 0 6 6 9 1 9 2

S e m i - i n t e r q u a r t i l e  R a n g e 5 0 . 5 1 7 . 5 4 9 . 5

U



Table 9

A n a l y s i s  o f  the  d i f f e r e n c e s  in  the  c o n c e n t r a t i o n  o f  i r o n

between r e s e r v o i r s

D i f f e r e n c e • I r o n  f r a c t i o n

b e t w e e n S o l u b l e C o m p l e x e d P a r t i c u l a t e T o t a l

A l l  t h r e e  

r e s e r v o i r s

S S *  p c O . O O l SS  p c O . O O l S S  p c O . O O l S S  p c O . O O l

C r o p s t o n  a n d  

S w i t h l a n d

S S  p c O . O O l SS  p c O . O O l SS p c O . O O l S S  p c O . O O l

C r o p s t o n  a n d  

T h o r n t o n

NS S S  p c 0 . 0 5 NS NS

S w i t h l a n d  

a n d  T h o r n t o n

S S  p c O . O O l S S  p c O . O O l SS  p c O . O O l S S  p c O . O O l

*  K e y  -  s e e  p a g e  8

T h e  r e s u l t s  o f  t h e  o r i g i n a l  a n d  r e - a n a l y s e s  o f  t h e  d a t a  s h o w  t h e  

c o n c e n t r a t i o n  o f  a l l  i r o n  f r a c t i o n s  t o  b e  s i g n i f i c a n t l y  h i g h e r  i n  

C r o p s t o n  a n d  T h o r n t o n  r e s e r v o i r s  t h a n  i n  S w i t h l a n d  r e s e r v o i r *  T h e  

a b s e n c e  o f  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  C r o p s t o n  a n d  T h o r n t o n  

r e s e r v o i r s  i n  t h e  c o n c e n t r a t i o n s ■o f  s o l u b l e  a n d  p a r t i c u l a t e  i r o n  o n  

r e - a n a l y s i s  i s  e x p l a i n e d  b y  t h e  f a c t  t h a t  t h e  0 . 1  s i g n i f i c a n c e  l e v e l  

h a s  n o t  b e e n  u s e d .

9

I
ir
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3 . 1 . 6 .  Manganese

4

T a b l e  1 0

S u m m a r y  o f  d e t e r m i n a t i o n s  o f  m a n g a n e s e  f r o m  D e c e m b e r  1 9 7 3  

t o  M a r c h  1 9 7 5  i n  r e s e r v o i r  w a t e r '  s a m p l e s

M a n g a n e s e  ( ; i g / l ) R e s e r v o i r

C r o p s t o n S w i t h l a n d T h o r n t o n

S o l u b l e

M e d i a n 7 3 2 6 2 9

l o w e r  Q u a r t i l e 2 4 - 1 1 1 0

U p p e r  Q u a r t i l e 1 0 7 6 0 1 0 1

S e m i - i n t e r q u a r t i l e  R a n g e 4 1 . 5 2 4 . 5 4 5 . 5

C o m p l e x e d

M e d i a n 0 0 0

l o w e r  Q u a r t i l e 0 0 0

U p p e r  Q u a r t i l e 1 4 6

S e m i - i n t e r q u a r t i l e  R a n g e 0 * 5 2 . 0 3 . 0

P a r t i c u l a t e

M e d i a n 1 1 1 2 1 8

L o w e r  Q u a r t i l e 5 4 6

U p p e r  Q u a r t i l e 2 0 1 8 4 7

S e m i - i n t e r q u a r t i l e  R a n g e 7 . 5 7 . 0 2 0 . 5

T o t a l

M e d i a n 8 1 34. 7 6

L o w e r  . Q u a r t i l e ,  _ 5 8 2 5 2 2

U p p e r  Q u a r t i l e  • * 1 0 9 7 0 1 6 4

S e m i - i n t e r q u a r t i l e  R a n g e 2 5 . 5 2 2 . 5 7 1 . 0
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Table 11

A n a l y s i s  o f  the  d i f f e r e n c e s  in  the  c o n c e n t r a t i o n  o f

manganese between r e s e r v o i r s

D i f f e r e n c e M a n g a n e s e f r a c t i o n

b e t w e e n S o l u b l e C o m p l e x e d P a r t i c u l a t e T o t a l

A l l  t h r e e  

r e s e r v o i r s

S S *  p < 0 . 0 1 NS ' SS  p < 0 . 1 S S  p c O . O l

C r o p s t o n  a n d  

S w i t h l a n d

N S NS S S  p c O . O l

C r o p s t o n  a n d  

T h o r n t o n

SS P < 0 . 0 5 S S  p < 0 . 0 1 N S

S w i t h l a n d  

a n d  T h o r n t o n

N S NS S S  p c O . O l

*  K e y  -  s e e  p a g e  8

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

t h e  o r i g i n a l  a n a l y s i s  ( s e e  s e c t i o n  3 , 1 . 1 . 4  i n  t h e  t h e s i s ) *

F i r s t l y ,  r e - a n a l y s i s  s h o w e d  a  s i g n i f i c a n t  d i f f e r e n c e  i n  s o l u b l e  

m a n g a n e s e  c o n c e n t r a t i o n  b e t w e e n  C r o p s t o n  a n d  T h o r n t o n  r e s e r v o i r s ,  b u t  

n o  s i g n i f i c a n t  d i f f e r e n c e  i n  s o l u b l e  m a n g a n e s e  c o n c e n t r a t i o n  b e t w e e n  

C r o p s t o n  a n d  S w i t h l a n d  r e s e r v o i r s .  T h e  l a c k  o f  a  s i m i l a r l y  s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  S w i t h l a n d  a n d  T h o r n t o n  r e s e r v o i r s  i s  e x p l a i n e d  b y  

t h e  f a c t  t h a t  t h e  0 . 1  s i g n i f i c a n c e  l e v e l  w a s  n o t  u s e d  i n  t h e  r e - a n a l y s i s .

%■
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S e c o n d ly ,  r e - a n a l y s i s  showed a  s i g n i f i c a n t  d i f f e r e n c e  i n  p a r t i c u l a t e  

m anganese c o n c e n t r a t i o n  b e tw ee n  C ro p s to n  and Thornton" r e s e r v o i r s , b u t  

no s i g n i f i c a n t  d i f f e r e n c e  i n  p a r t i c u l a t e  m anganese  c o n c e n t r a t i o n  

b e tw ee n  S w i th la n d  and  T h o rn to n  r e s e r v o i r s .  The l a c k  o f  a s i m i l a r l y  

s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  C ro p s to n  and S w i th la n d  r e s e r v o i r s  i s  .

e x p l a in e d  by th e  f a c t  t h a t  t h e  0 . 1  s i g n i f i c a n c e  l e v e l  was n o t  u s e d  i n
* - >

t h e  r e - a n a l y s i s .

However, w i th  t h e  e x c e p t i o n  o f  com plexed  m anganese t h e  c o n c l u s i o n  o f  

th e  o r i g i n a l  a n a l y s i s  t h a t  t h e  c o n c e n t r a t i o n  o f  a l l  m anganese  f r a c t i o n s  

w ere h i g h e r  i n  T h o rn to n  r e s e r v o i r  t h a n  i n  S w i th la n d  r e s e r v o i r ,  r e m a in s  

v a l i d .



3 .X .7* Copper

T a b l e  1 2

*

Summary o f  d e t e r m i n a t i o n s  o f  c o p p e r  from  A p r i l  1973 to  

March 1975 i n  r e s e r v o i r  w a te r  sam p les

C o p p e r  ( ^ g / l ) R e s e r v o i r

C r o p s t o n S w i t h l a n d T h o r n t o n

S o l u b l e

M e d i a n 1 4 1 4 2 0

l o w e r  Q u a r t i l e 8 . 9 1 0

U p p e r  Q u a r t i l e 2 0 2 2 3 2

S e m i - i n t e r q u a r t i l e  R a n g e 6 . 0 6 . 5 1 1 . 0

C o m p l e x e d  • •

M e d i a n 0 0 0

L o w e r  Q u a r t i l e 0 0 0

U p p e r  Q u a r t i l e 2 3 2

S e m i - i n t e r q u a r t i l e  R a n g e 1 . 0 1 . 5 1 . 0

P a r t i c u l a t e

M e d i a n 1 7 2 1 2 6

L o w e r  Q u a r t i l e 1 2 1 5 1 9

U p p e r  Q u a r t i l e 3 0 3 4 4 7

S e m i - i n t e r q u a r t i l e  R a n g e 9 . 0 9 . 5 1 4 . 0

T o t a l

M e d i a n 1 7 2 1 2 6

L o w e r  Q u a r t i l e 1 2 1 5 1 9

U p p e r  Q u a r t i l e 3 0 3 4 4 7

S e m i - i n t e r q u a r t i l e  R a n g e 9 . 0 9 . 5 1 4 . 0
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Table 13

A n a l y s i s  o f  the  d i f f e r e n c e s  i n  the  c o n c e n t r a t i o n  o f  copper

between r e s e r v o i r s

D i f f e r e n c e C o p p e r  f r a c t i o n

b e t w e e n S o l u b l e C o m p l e x e d P a r t i c u l a t e • T o t a l

A l l  t h r e e  

r e s e r v o i r s

S S *  p < 0 . 0 5 NS * S S  p < 0 . 0 5 S S  p c O . O l

C r o p s t o n  a n d  

S w i t h l a n d

NS S S  p < 0 . 0 5 S S  p c O . 0 5

C r o p s t o n  a n d  

T h o r n t o n

S S  p < 0 . 0 5 r
S S  p c O . O O l S S  p c O . O l

S w i t h l a n d  

a n d  T h o r n t o n

SS  p < 0 . 0 1 NS S S  p c O . O l

*  K e y  -  s e e  p a g e  8

R e - a n a l y s i s  s h o w s  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  c o n c e n t r a t i o n  

o f  t o t a l  c o p p e r  i n  C r o p s t o n  a n d  S w i t h l a n d  r e s e r v o i r s  n o t  a p p a r e n t  i n  

t h e  o r i g i n a l  a n a l y s i s .  T h e  c o m m e n t s  m a d e  i n  s e c t i o n  3 . 1 . 1 . 5  ( o f  t h e  

t h e s i s )  a r e  n o t  a l t e r e d  b y  r e - a n a l y s i s  o f  t h e  d a t a .

*

i
V
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3 . 1 * 8 .  Zinc

Table 14

Summary o f  determ inations o f  z in c  from A p ril  1973 to  

March. 1975 in  r e s e r v o ir  water samples

Z in c  (}ig/L) R e s e r v o i r

C ro p s to n • S w i th la n d T h o rn to n

S o lu b le

M edian 5 . 4 5

lo w e r  Q u a r t i l e 3 1 3

U pper Q u a r t i l e 9 5 8

S e m i - i n t e r q u a r t i l e  Range 3 . 0 2 .0 2 .5

Complexed

M edian 0 1 1

lo w e r  Q u a r t i l e 0 0 0

U pper Q u a r t i l e 3 4 4

S e m i - i n t e r q u a r t i l e  Range 1 . 5 2 .0 2 .0

P a r t i c u l a t e
•

M edian 0 0 1

lo w e r  Q u a r t i l e 0 0 . 0

U pper Q u a r t i l e 3 2 3

Semi—i n t e r q u a r t i l e  Range 1 . 5 1 . 0 1 . 5

T o t a l

M edian 8 7 8

lo w e r  Q u a r t i l e 5 5 6 '

U pper Q u a r t i l e 12 9 15

S e m i - i n t e r q u a r t i l e  Range 3 .5 2 .0 4 .5
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T ab le  15

A n a l y s i s  o f  t h e  d i f f e r e n c e s  i n  th e  c o n c e n t r a t i o n  o f  z i n o

b e tw e e n  r e s e r v o i r s

D i f f e r e n c e

be tw een

Zinc  f r a c t i o n

S o lu b le Complexed P a r t i c u l a t e T o t a l

A l l  t h r e e  

r e s e r v o i r s

NS* NS NS NS

* Key -  s e e  page  8

T ab le  14 shows t h e  c o n c e n t r a t i o n  o f  a l l  z in c  f r a c t i o n s  t o  be v e r y  . 

s i m i l a r  i n  a l l  t h r e e  r e s e r v o i r s .  T h is  i s  r e f l e c t e d  i n  T ab le  15 

w h ich  shows no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  c o n c e n t r a t i o n  o f  z i n c  

be tw ee n  r e s e r v o i r s  i n  c o n t r a s t  to  t h e  o r i g i n a l  a n a l y s i s .  T h is  i s  

e x p l a i n e d  by th e  f a c t  t h a t  th e  0 . 1  and  0 .0 2  s i g n i f i c a n c e  l e v e l s  w ere  

n o t  u s e d  i n  t h e  r e - a n a l y s i s .



3 . 1 . 9 *  C o b a l t

T ab le  16

Summary o f  determ inations o f  co b a lt  from A pril 1973 to  

March 1975 in  r e s e r v o ir  water samples

Total Cobalt (p-g/l) R eservoir

Cropston Swithland Thornton

Median 3 4 5

Lower Q uartile 2 3 3

Upper Q uartile 5 6 6 .5

S e m i- in te r q u a r t i le  Range 1 . 5 1*5 1 . 8

T ab le  17

A nalys is  o f  the d i f fe r e n c e s  in  the co n cen tra tio n  o f  

c o b a lt  between r e se r v o ir s

D ifferen ce  between in  t o t a l  c o b a lt

A ll three- r e s e r v o ir s SS* p < 0 .0 1

Cropston and Swithland SS pcO.Ol

Cropston and Thornton SS pcO.Ol

Swithland and Thornton SS pcQ .05

* Key -  s e e  page  8

The comments made i n  s e c t i o n  3 . 1 . 1 . 7  o f  th e  t h e s i s  a r e  n o t  a f f e c t e d  

by r e - a n a l y s i s  o f  t h e  d a t a .  •
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3 . 2 ,  R e s e r v o i r  Sod im ents

S in c e  o n ly  t h r e e  s e d im e n t  s am p le s  w ere t a k e n  from  eac h  r e s e r v o i r *  

c a l c u l a t i o n  o f  th e  s e m i - i n t e r q u a r t i l e  r a n g e  i s  n o t  p o s s i b l e  and  t h e  

m e d ian  i s  o f  l i t t l e  v a lu e  a s  a n  e s t i m a t e  o f  th e  a v e ra g e  c o n c e n t r a t i o n  

o f  m i c r o n u t r i e n t s  i n  th e  s a m p le s .

R e - a n a l y s i s  o f  th e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  d i f f e r e n c e s  w i t h i n  

r e s e r v o i r s  be tw een  s e d im e n t  m i c r o n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  *B* 

and 'C* l a y e r s  was c a r r i e d  o u t  u s i n g  th e  Mann Y/hitney U t e s t .  The 

r e s u l t s  a r e  p r e s e n t e d  i n  T ab le  18  a s  e x a c t  p r o b a b i l i t i e s  i n  o r d e r  t o  

h e l p  t h e  r e a d e r  e v a l u a t e  w here d i f f e r e n c e s  m ig h t  l i e  had  t h e  sa m p le s  

b e e n  b i g g e r .

Tab le  18

A n a ly s i s  o f  t h e  d i f f e r e n c e s  be tw een  th e  m i c r o n u t r i e n t  

c o n c e n t r a t i o n s  i n  th e  'B* and *0* l a y e r s  o f  s e d im e n t  

w i t h i n  r e s e r v o i r s

M i c r o n u t r i e n t R e s e r v o i r

C ro p s to n S w i th la n d T h o rn to n

V ita m in c*=0.05 g6=0.05 o<=0„05

. I r o n cx=0.35 cX-0.20 cA- 0 • 60

Manganese c*=0.10 oo=0.05 c*=0.10

Copper cx-0.35 oo=0.05 £*=0.10

Zinc <x=0.35 o6=0„05 cX=0.10

C o b a l t . o6=0.20 o6=0.05 • oo=0.60



Thus r e - a n a ly s i s  shows a d d it io n a l  d i f fe r e n c e s  ( a t  oC=0.05) between  

the 'B* and 'C1 sediment la y e r s  in  the co n cen tra tio n  of v itam in  B12 
in  Cropston and Thornton rese rv o ir s*  l~

R e-a n a ly s is  o f  the s t a t i s t i c a l  s ig n i f i c a n c e  o f  d i f f e r e n c e s  between  

r e s e r v o ir s  in  the con cen tra tion  o f  m icron u tr ien ts  in  the 'B' and *0* 

sediment la y e r s  was ca rr ied  out u s in g  the K ruskal-W allis  one way 

a n a ly s is  o f  variance  by ranks. Since on ly  th ree  samples were tak en  

from each r e s e r v o ir ,  the Chi-square approximation to. the sam pling  

d is t r ib u t io n  o f  H i s  not s u f f i c i e n t l y  c lo s e .  For such c a s e s ,  ex a c t  

p r o b a b i l i t i e s  are g iven  in  Table 0 o f  the appendix in  S ie g e l  (1956)*  

Where H i s  s t a t i s t i c a l l y  s i g n i f i c a n t ,  non-parametric m u lt ip le  

comparisons between p a ir s  o f  r e s e r v o ir s  have been made by a technique
%

p a r a l l e l in g  the Newman-Keuls t e s t  (Zar 1 9 7 4 ) .  The r e s u l t s  are  

presented  in  Table 19*

Compared w ith the o r ig in a l  a n a ly s i s ,  r e - a n a ly s i s  shows no s i g n i f i c a n t  

d if fe r e n c e  between Swithland and Thornton r e s e r v o ir s  in  the  

con cen tration s  o f  iron  and copper in  the ’B* sediment l a y e r .  This i s  

expla ined by the fa c t  th a t  the 0 .1  s ig n i f i c a n c e  l e v e l  was not used  in  

the r e - a n a ly s i3 .

R e-a n a ly s is  a ls o  showed no s i g n i f i c a n t  d i f fe r e n c e  in  z in c  c o n c e n tr a t io n  

in  the *B' sediment la y e r  between Cropston and Swithland r e s e r v o i r s .  

This may be explained by the r e l a t i v e l y  low exact p r o b a b i l i ty  fo r  

H (0 ,0 8 6 )  c a lcu la te d  fo r  t h i s  m icron u tr ien t . However, i t  i s  

apparent from Table 23 o f  the t h e s i s  th a t  in  terms o f  a c tu a l  

con cen tra tion , the s i z e  o f  the d if fe r e n c e s  ( i n  mean z ino  c o n c en tr a t io n  

in  the 'B' sediment la y e r )  between Cropston.and Sw ithland, and 

Cropston and Thornton r e s e r v o ir s  are almost i d e n t i c a l . .
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3 ,3*  Feeder Streams

In  t h i s  s e c t i o n  d a t a  f o r  th e  v a r i a b l e s  m easu red  i n  th e  f o u r  f e e d e r  

s t r e a m s  to  t h e  r e s e r v o i r s  h ave  b een  sum m arised  by c a l c u l a t i o n  o f  

t h e  m e d ia n ,  u p p e r  and lo w e r  q u a r t i l e s ,  and  th e  s e m i - i n t e r q u a r t i l e  

r a n g e  (T a b le  2 0 ) .

A n a ly s i s  o f  th e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  i n  t h e s e  

v a r i a b l e s  b e tw een  f e e d e r  s t r e a m s  h a s  b e e n .p e r fo rm e d  u s i n g  th e  

K r u e k a l - W a l l i s  one way a n a l y s i s  o f  v a r i a n c e  by r a n k s  (T a b le  2 1 ) .

The r e s u l t s  a r e  p r e s e n t e d  i n  t a b u l a r  form f o l lo w e d  by a  p a r a g r a p h  

o u t l i n i n g  any  d i f f e r e n c e s  be tw een  th e  o r i g i n a l  and  r e - a n a l y s e s .

T ab le  20

Summary o f  r e s u l t s  o f  m i c r o n u t r i e n t  d e t e r m i n a t i o n s  on w a t e r  

s am p le s  from  th e  f e e d e r  s t r e a m s

. M i c r o n u t r i e n t Name o f s t r e a m

( > ig / l ) B ra d g a te S w ith la n d S t a n t o n M a r k f i e l d

I r o n

M edian 264 244 488 402

Lower Q u a r t i l e 232 120 260 186

U pper Q u a r t i l e 390 452 680 587

S e m i - i n t e r q u a r t i l e

r a n g e

79 166 210 201

M anganese

M edian 44 30 59 35

Lower Q u a r t i l e 36 24 41 28

U pper Q u a r t i l e 51 40 68 49

S e m i - i n t e r q u a r t i l e  

r a n g e

7 .5 8 .0 1 3 .5 1 0 .5
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Table  20 c o n t i n u e d

M i c r o n u t r i e n t  ! Name o f s t r e a m

— B ra d g a te S w ith la n d S ta n to n M a r k f i e l d

Copper ( y g / l )

M edian 10 14 14 14

Lower Q u a r t i l e 7 8 12 10

U pper Q u a r t i l e .16 24 19 17

S e m i - i n t e r q u a r t i l e 4*5 8 .0 3 .5 3 .5

ra n g e

Z inc  (> ig / l )

M edian 6 6 6 8

Lower Q u a r t i l e 4 5 8 5

U pper Q u a r t i l e 8 9 9 10

S e m i - i n t e r q u a r t i l e 2 .0 2 .0 0 .5 2 .5

ra n g e

C o b a l t  ( p g / l )

M edian 5 4 7 7

Lower Q u a r t i l e 4 4 5 4

U pper Q u a r t i l e 5 7 8 8

S e m i - i n t e r q u a r t i l e

r a n g e

V ita m in  ( n g / l )  

a )  E . g r a c i l i s

0 .5 1 .5 1 .5 2 .0

M edian 24 16 26 27

Lower Q u a r t i l e 23 10 14 24

U pper Q u a r t i l e 41 21 39 36

S e m i - i n t e r q u a r t i l e  

r a n g e  .

9 .0 5 .5 1 2 .5 B'.O

28
C o n t in u e d



Tab le  2 0 . c o n t i n u e d

M i c r o n u t r i e n t Name o f s t r e a m

B ra d g a te S w i th la n d S t a n t o n I . 'a rk f  i .e l  d

V ita m in  B^2 

b)  L . l e i c h m a n i i

•

M edian 1 3 8 2 1 1 4

Lower Q u a r t i l e 6 7 1 3 1 1

U pper Q u a r t i l e 1 8 1 7 4 1 2 3

S e m i - i n t e r q u a r t i l e

r a n g e 6 . 0 5 . 0 1 4 . 0 6 . 0

V ita m in  B12

c )  0 . m alh am en sis  

M edian 1 * 9 2 . 0 2 . 4 2 . 3

Lower Q u a r t i l e 1 . 5 1 . 1 1 . 6 1 . 7

U pper Q u a r t i l e 3 . 0 3 . 9 4 . 8 3 . 0

S e m i - i n t e r q u a r t i l e 0 . 8 1 . 4 1 . 6 0 . 7

r a n g e

R e - a n a l y s i s  o f  d i f f e r e n c e s  i n  th e  m i c r o n u t r i e n t  c o n c e n t r a t i o n s  o f  

f e e d e r  s t r e a m s  (T a b le  21) d i f f e r s  from  th e  o r i g i n a l  a n a l y s i s  i n  no t  

shov/ing any  s i g n i f i c a n t  d i f f e r e n c e  b e tw een  a l l  f o u r  s t r e a m s  i n  t h e  . 

c o n c e n t r a t i o n  o f  c o b a l t  and  no s i g n i f i c a n t  d i f f e r e n c e  be tw een  

M a r k f i e ld  and  S w i th la n d  s t r e a m s  i n  t h e  c o n c e n t r a t i o n  o f  v i t a m i n

» ,  •
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3 . 4 .  K u t r i e n t  B udgets

U sin g  th e  m ed ian  I’a t h e r  t h a n  th e  mean, m i c r o n u t r i e n t  b u d g e t s  f o r  t h e  

r e s e r v o i r s  have b een  r e - c a l c u l a t e d .  The r e s u l t s  a r e  p r e s e n t e d  i n  

T ab le  22. The m ed ian  m i c r o n u t r i e n t  c o n c e n t r a t i o n s  i n  t h e  w a te r  

e n t e r i n g  th e  r e s e r v o i r s  a r e  g iv e n  i n  Tab le  23.

4 .  Summary

R e f l e c t i n g  th e  p o s i t i v e l y  skewed n a t u r e  o f  t h e  u n d e r l y i n g  f r e q u e n c y  

d i s t r i b u t i o n s ,  d e t e r m i n a t i o n  o f  t h e  m ed ian  r a t h e r  t h a n  c a l c u l a t i o n  

o f  t h e  mean h a s  in  g e n e r a l  p ro d u c e d  lo w e r  e s t i m a t e s  o f  th e  a v e r a g e  

c o n c e n t r a t i o n s  o f  c h l o r o p h y l l  and m i c r o n u t r i e n t s  i n  t h e  r e s e r v o i r s  

and f e e d e r  s t r e a m s .

C om parison  o f  th e  r e s u l t s  o f  th e  p a r a m e t r i c  and  n o n - p a r a m e t r i c  t e s t ’s  

o f  s i g n i f i c a n c e  show few d i f f e r e n c e s  w here t h e  number o f  o b s e r v a t i o n s  

i s  l a r g e ,  a s  i n  t h e  r e s e r v o i r  w a te r  s u rv e y .  Many o f  th e  d i f f e r e n c e s  

t h a t  do e x i s t  o n ly  do so b e c a u se  t h e  0 .1  s i g n i f i c a n c e  l e v e l  was n o t  

u s e d  i n  t h e  r e - a n a l y s i s .  The d i f f e r e n c e s  t h a t  r e m a in  a r e  l i s t e d  

b e lo w :-

a )  The r e s u l t s  o f  r e - a n a l y s i s  show s i g n i f i c a n t  d i f f e r e n c e s  

be tw een  C ro p s to n  and  S w i th la n d  and  C ro p s to n  and  T h o rn to n  

r e s e r v o i r s  i n  t h e  c o n c e n t r a t i o n  o f  d i s s o l v e d  v i t a m i n  B^2 

a s s a y e d  w i th  0 . m a lham ensis  n o t  a p p a r e n t  i n  t h e  o r i g i n a l  . 

a n a l y s i s .

b )  The r e s u l t s  o f  r e - a n a l y s i s  show no s i g n i f i c a n t  d i f f e r e n c e  

b e tw ee n  C ro p s to n  and  S w i th la n d  r e s e r v o i r s  i n  th e  c o n c e n t r a t i o n  

o f  s o l u b l e  m anganese ,  and  no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  

S w i th la n d  and  T h o rn to n  r e s e r v o i r s  i n  t h e  c o n c e n t r a t i o n  o f

4
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. p a r t i c u l a t e  m anganese .

c )  R e ~ a n a ly s i3  shows a s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  C ro p s to n  

and  S w i th la n d  r e s e r v o i r s  i n  t h e  c o n c e n t r a t i o n  o f  t o t a l  c o p p e r  

n o t  a p p a r e n t  i n  th e  o r i g i n a l  a n a l y s i s .

d) R e - a n a l y s i s  shows a  s i g n i f i c a n t  d i f f e r e n c e  i n  v i t a m i n  

c o n c e n t r a t i o n  b e tw een  t h e  'B '  and 'C* s e d im e n t  l a y e r s  o f  

C ro p s to n  and T h o rn to n  r e s e r v o i r s

e )  The r e s u l t s  o f  r e - a n a l y s i s  show no s i g n i f i c a n t  d i f f e r e n c e  

b e tw ee n  C ro p s to n  and S w i th la n d  r e s e r v o i r s  i n  th e  c o n c e n t r a t i o n  

o f  z i n c  i n  th e  ’B* s e d im e n t  l a y e r .

f )  R e - a n a l y s i s  shows no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  c o b a l t  

c o n c e n t r a t i o n  o f  a l l  f o u r . f e e d e r  s t r e a m s .

g)  R e - a n a l y s i s  shows no s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  

M a r k f ie l d  and  S w i th la n d  s t r e a m s  i n  th e  c o n c e n t r a t i o n  o f  v i t a m i n

B12*

The d i f f e r e n c e s  shown by r e - a n a l y s i s  i n  no way a f f e c t  th e  i n t e r p r e t a t i o n  

o f  th e  r e s u l t s  p r e s e n t e d  i n  t h e  d i s c u s s i o n  and c o n c l u s i o n  s e c t i o n s  o f  

th e  t h e s i s .

5 .  R e fe r e n c e s  

S i e g e l  S. (1 9 5 6 )

N o n p a ra m e tr ic  s t a t i s t i c s  f o r  t h e  b e h a v i o u r a l  s c i e n c e s .  M cG raw -H il l ,  

New York,

Z a r  J .H .  (19 7 4 )

B i o s t a t i s t i c a l  a n a l y s e s .  P r e n t i c e - H a l l , Englewood C l i f f s .
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