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Abstract 

T h e  c h l o r o p h y l l  a c o n c e n t r a t i o n ,  t h e  numbers of A s t e r i o  n e l l a ,  
Anabaena a n d  t o t a l  a l g a l  c o u n t  and  v a r i o u s  c h e m i c a l  and  p h y s i c a l  

p a r a m e t e r s  w e r e  d e t e r m i n e d  i n  L a r a m i e ' s  s u r f a c e  water s o u r c e  f o r  a 

p e r i o d  of t h r e e  summers.  I n  a d d i t i o n ,  d a t a  were c o l l e c t e d  a t  

v a r i o u s  s i t e s  a l o n g  t h e  L a r a m i e  R i v e r  and  i n  Lake Sode rg reen .  A l s o ,  

t h e  p r e s e n c e  o f  geosmin w a s  mon i to red  by Closed Loop S t r ipp ing -Gas  

Chromatography/Mass S p e c t r o p h o t o m e t r y  A n a l y s i s .  A l l  of t h i s  was 

done t o  d e t e r m i n e  t h e  c a u s e  and  t o  predict  t a s t e  and  odor c a u s i n g  

a l g a l  blooms. N o  t a s t e  a n d  o d o r  c a u s i n g  a l g a l  blooms o c c u r r e d  

d u r i n g  t h e  t h ree  y e a r s  of t h i s  s t u d y ,  t h u s  t h e s e  d a t a  may be used  

a s  background  da ta  f o r  t h e  f u t u r e .  I t  w a s  d e t e r m i n e d  t h a t  t h e  

l a k e  was w e l l  mixed and  t h a t  t h e  r a w  water i n  t h e  p l a n t  gave  a 

r e a s o n a b l e  estimate of t h e  c h e m i s t r y  and  m i c r o b i o l o g y  of t h e  l a k e .  

Geosmin w a s  found i n  t h e  r a w  water a t  v a r i o u s  t i m e  and  t h r o u g h o u t  

t h e  water p l a n t .  There i s  q u i t e  a problem i n  t h e  r e p r o d u c i b i l i t y  

of the geosmin t e s t .  
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I n t r o d u c t i o n  

T h e  f i r s t  c o n t a c t  w i t h  c i t y  p e r s o n n e l  c o n c e r n i n g  a t a s t e  i n  t h e  

c i t y  of L a r a m i e ' s  d r i n k i n g  water came i n  t h e  f a l l  of 1983,  j u s t  

b e f o r e  t h e  water p l a n t  w a s  s h u t  down f o r  t h e  w i n t e r .  A n a l y s i s  of 

samples  

growing  

w i n t e r  

Wyoming 

of t h e  r a w  water t a k e n  a t  t h i s  t i m e  s u g g e s t e d  t h a t  a l g a e  

i n  t h e  s u p p l y  were r e s p o n s i b l e  of t h e  t a s t e .  Dur ing  t h e  

of 1983-84 a proposal  was w r i t t e n  t o  a n d  f u n d e d  by t h e  

Water Resea rch  C e n t e r  i n  t h e  amount of $3,000 t o  d e t e r m i n e  

t h e  c a u s e ( s )  of t h e  t a s t e  problems i n  Laramie's water s h o u l d  t h e y  

o c c u r  d u r i n g  t h e  summer of 1984.  I t  w a s  d e t e r m i n e d  i n  1984 t h a t  

a l g a l  blooms of A s t e r i o n e l l a  and  Anabae n a  c a u s e d  a severe t a s t e  

and odor  problem. 

T o  be ab le  t o  so lve ,  correct  a n d / o r  p r e v e n t  t a s t e  a n d  o d o r  

p rob lems  one  n e e d s  t o  have an  e a r l y  warn ing  t h a t  t h e  problem i s  

d e v e l o p i n g .  Two c h e m i c a l  compounds commonly t h o u g h t  t o  b e  

r e s p o n s i b l e  f o r  t a s t e s  a n d  o d o r s  a r e  geosmin  a n d  2 m e t h y l  

i s o b o r n e o l  ( 9 ) .  A v e r y  s o p h i s t i c a t e d  method f o r  m e a s u r i n g  t h e  

c o n c e n t r a t i o n s  of these compounds h a s  r e c e n t l y  been  d e v e l o p e d  and 

a p p e a r s  i n  t h e  1 6 t h  e d i t i o n  of " S t a n d a r d  Methods" which e n t a i l s  

t h e  u s e  of G a s  Chromatography/Mass S p e c t r o p h o t o m e t r y  ( 2 )  . T h i s  

p r o c e d u r e  i s  s e n s i t i v e  t o  t h e  2 ng/L l eve l  o f  geosmin and  2-methyl 

i s o b o r n e o l  w h i l e  humans c a n n o t  d e t e c t  t h e s e  compounds u n t i l  t h e i r  

c o n c e n t r a t i o n  i n  water i s  10-29 ng/L. U s e  of t h i s  method i s  s a i d  

t o  a l low t r e a t m e n t  t o  commence i n  t i m e  t o  p r e v e n t  d i s t r i b u t i o n  of 

water c o n t a i n i n g  t a s t e s  a n d  odors ( 1 5 ) .  The p r o c e d u r e  i s  q u i t e  

e x p e n s i v e .  My estimate from t w o  s o u r c e s  t o  p e r f o r m  t h e  a n a l y s i s  

r u n s  $200-$250 p e r  sample w i t h  i n s t r u m e n t  c a l i b r a t i o n  b e i n g  around 

$ 2 , 5 0 0  b e f o r e  t h e  f i r s t  sample c a n  be p r o c e s s e d .  I n s t r u m e n t a t i o n  

for t h i s  p r o c e d u r e  s t a r t s  a t  $80,000 and  g o e s  up .  Obv ious ly  n o t  
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a l l  c i t i e s  and most l i k e l y  only very l a rge  c i t i e s  w i l l  be ab le  t o  

rou t ine ly  use t h i s  method of de t ec t ion .  During a recent aud i t  of 

t he  c i t y  of Laramie's water treatment p l an t  b y  Richard A .  Arber 

Associates, it was suggested t h a t  chlorophyll  i n  t h e  raw water and 

t h e  lake  be monitored a s  a means of e a r l y  de t ec t ion .  Although 

t h i s  method i s  s u b s t a n t i a l l y  cheaper than  t h e  GC/MS method 

s i g n i f i c a n t  c o s t  f o r  t h e  equipment i s  s t i l l  i n v o l v e d .  

P o t e n t i a l l y ,  ref inements  i n  t h e  membrane f i l t r a t i o n  procedure 

could l e a d  t o  a r e l i a b l e ,  quick and cheap method f o r  e a r l y  

de t ec t ion  of a t a s t e  problem and t h e  establishment of an ac t ion  

l eve l  t o  i n i t i a t e  preventat ive t reatment .  

Methods t o  de t ec t  t a s t e s  and odors i n  water have u n t i l  recent ly  

invo lved  t h e  use  of t a s t e  p a n e l s  o r  t h e  c u l t u r i n g  f o r  

actinomycetes i n  t h e  raw water source (1,5). I f  actinomycetes 

were not t h e  problem cu l tu r ing  f o r  these  organisms was not of use 

and i f  actinomycetes were t h e  problem, it could t ake  1 -2  weeks 

before  t h e  organisms were recognizable  on agar  p l a t e s .  Taste 

panels a r e  d i f f i c u l t  and time consuming t o  employ. Further,  t h e i r  

u s e  u sua l ly  t e l l s  one when t h e  problem e x i s t s  and does not warn 

one e a r l y  enough t o  s t a r t  t rea tment  be fo re  " t a s t y "  water i s  

de l ive red  t o  t h e  consumer. I t  has been claimed, however, t h a t  

c e r t a i n  people with extended t r a i n i n g  can d e t e c t  odors e a r l y  

enough t o  s t a r t  treatment t o  minimize problems ( 1 5 ) .  

Apparently a l a r g e  number of compounds produced by a lgae  and 

blue green b a c t e r i a  ( a lgae )  a r e  responsible  f o r  t a s t e s  and odors 

i n  water ( 9 , 1 0 , 1 1 , 1 2 , 1 6 , 1 7 , 2 2 )  . The major products of Anabaena 

c v l i n d r i c a  have been shown t o  be d i m e t h y l a l l y l i c  a l coho l  and 

mestiyloxide (11). The compounds produced by ,- -3 t h a t  

impart a cod l i v e r  o i l  l i k e  f l avor  t o  water a r e  t r a n s ,  cis-deca - 
2 ,  4 ,  d i e n a l  and t r a n s ,  c i s  hepta - 2 ,  4 d i ena l  ( 1 0 ) .  Numerous 
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v o l a t i l e  compounds have been i d e n t i f i e d  i n  t h e  water of a shallow 

eutrophic  lake  over a summers time ( 1 2 ) .  The l a s t  t h ree  s tud ie s  

have used gas chromatography which i s  a s e n s i t i v e  procedure t h a t  

i s  suggested a s  being of value i n  t he  e a r l y  de tec t ion  of t a s t e  and 

odor compounds. 

Numerous f a c t o r s  have been i d e n t i f i e d  a s  reasons f o r  a l g a l  

blooms ( 1 8 ) .  T h e  presence of blue green b a c t e r i a  (a lgae)  i s  sa id  

t o  i n d i c a t e  eu t rophic  water o r  a previous extensive diatom bloom 

( 1 8 ) .  Low concent ra t ions  of s i l i c a t e s  may l i m i t  t h e  growth of 

diatoms ( 1 8 ) .  Low l e v e l s  of ni t rogen and phosphorus a r e  thought 

t o  be t h e  two most common l imi t a t ion  of a l g a l  growth (13,18) and, 

i n  f a c t ,  alum treatment  has been used t o  p r e c i p i t a t e  phosphates 

from eut rophic  r e c r e a t i o n a l  waters t o  prevent a l g a l  growth ( 3 ) .  

I n  some cases  phosphate can be regenerated i n t e r n a l l y ,  and other  

c o n t r o l  measures a r e  necessary ( 2 0 , 2 3 ) .  Manganese has been 

implicated a s  being responsible  f o r  a l g a l  blooms ( 7 ,  Richard A ,  

Arber, Assoc ia tes  pe r sona l  communication). Also included a s  

poss ib l e ,  c o n t r o l l i n g  f a c t o r s  of a l g a l  growth have been i ron ,  

cobal t ,  d issolved oxygen, and pH ( 4 ) .  Clearly,  one must  determine 

the cause of an a l g a l  bloom i n  each p a r t i c u l a r  case.  
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Requirements of Project  

1. T o  compare membrane f i l t r a t i o n  and t h e  counting of s p e c i f i c  

algae w i t h  t h e  chlorophyll  concentration i n  t h e  water and w i t h  

t h e  q u a n t i f i c a t i o n  of geosmin and 2 methyl isoborneol  t o  

determine t h e  e f f i c i e n c y  of each method a s  a p red ic to r  of a 

t a s t e  and odor problem a s  measured by complaints t o  t h e  c i t y  

water department. 

2 .  T o  monitor s e l ec t ed  chemical and physical  f ac to r s  i n  t h e  water 

source t o  determine why algae blooms occur. 

3 .  T o  grow t a s t e  and odor causing algae i n  laboratory cu l tu re  and 

t o  s t u d y  ways of e l iminat ing o r  con t ro l l i ng  t h e i r  growth. 
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Materials and Methods 

Algal c e l l s  were enumerated by a modification of t h e  membrane 

f i l t e r  nannoplankton f i l t e r  method of Lind ( 1 4 ) .  The f i l t e r  was 

counted a t  1 0 0  magni f ica t ion  i n  a c r o s s  s t r i p  count without 

c l e a r i n g  t h e  f i l t e r  w i t h  o i l .  One hundred m l s  of water was 

r o u t i n e l y  f i l t e r e d .  The counted f i l t e r  was then dissolved i n  5 

m l s  of 9 0 %  ace tone  made with s a t u r a t e d  magnesium carbonate  

so lu t ion .  Chlorophyll was determined a f t e r  cen t r i fuga t ion  of t he  

i c e  s to red  e x t r a c t  f o r  4 hours i n  a fluorometer (Turner Designs).  

During t h e  l a s t  year of t h i s  study 6 m l s  of 90% acetone i n  a 

13x100 mm screwcapped t e s t  tube was used t o  d isso lve  the  f i l t e r .  

The f i l t e r  was s t o r e d  i n  a r e f r i g e r a t o r  f o r  2 4  hours before  

a n a l y s i s  which was done by p lac ing  t h e  e x t r a c t i o n  tube w i t h  n o  

cen t r i fuga t ion  i n t o  the  fluorometer. This procedure was done t h i s  

l a s t  year a s  a matter of convenience f o r  t h e  water p lan t  operator .  

Chlorophyll was determined against  a standard curve of chlorophyll  

a from Anacvs t i s  n idu lans  (Sigma Chem. C o . ) .  Membrane f i l t e r s  

used were M i l l i p o r e  Corpora t ions  HA p l a i n  0 . 4 5  micrometer 

pores ize .  

The a n a l y s i s  of geosmin and 2 methyl isoborneol  was done by 

c losed  loop s t r i p p i n g  of one l i t e r  of water with t h e  t r a p  

temperature s e t  a t  4 5 C ,  t h e  l i n e  temperature was 5 6 C ,  t h e  sample 

temperature was 34C, t h e  s p  t r a p  was 43C and t h e  sp l i n e  was 5 4 C .  

The s t r i p p i n g  time was 3 hours. T h i s  was done i n  a Tekmar closed 

loop s t r i p p i n g  CLS-1  apparatus .  Samples were ex t r ac t ed  from the  

1.5mg a c t i v a t e d  carbon t r a p  with 20-3Op1 of carbon d i s u l f i d e .  

These e x t r a c t s  were given t o  Western Research I n s t i t u t e  i n  Laramie 

fo r  GC/MS ana lys i s  f o r  t he  two t a r g e t  compounds. 
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T h e  f o l l o w i n g  a n a l y s e s :  Ammonia, n i t r a t e ,  phosphorus ,  s u l f a t e ,  

s i l i c a ,  copper,  manganese,  i r o n ,  s u l f i d e ,  a n d  chemical oxygen 

demand w e r e  done  u s i n g  Hach C o .  r e a g e n t s  a c c o r d i n g  t o  Hach 

p r o c e d u r e s  ( 6 ) .  A l k a l i n i t y  and  a c t i n o m y c e t e s  e n u m e r a t i o n  were 

d e t e r m i n e d  a c c o r d i n g  t o  S t a n d a r d  Methods (1,2) . Tempera ture  w a s  

t a k e n  w i t h  a thermometer and  pH w a s  d e t e r m i n e d  u s i n g  a Beckman 

P h i s t o l  p H  meter, a n  Or ion  p H  meter o r  a pHep (pH e l e c t r o n i c  p a p e r  

- Cole P a r m e r  model 5 9 4 1 - 0 0 ) .  D i s s o l v e d  oxygen w a s  d e t e r m i n e d  

u s i n g  a Y S I  meter. 

Samples  were co l lec ted  i n  a p p r o p r i a t e l y  a c i d  c l e a n e d  b o t t l e s  

(1 ,2,6) ,  iced, t r a n s p o r t e d  t o  t h e  water p l a n t  and  a n a l y s e d .  All 

samples were processed w i t h i n  e i g h t  h o u r s  of c o l l e c t i o n .  Weekly 

s a m p l e s  were g e n e r a l l y  p r o c e s s e d  w i t h i n  4 h o u r s  of c o l l e c t i o n .  

Samples were col lected a t  weekly i n t e r v a l s  a t  Woods Landing on t h e  

L a r a m i e  River ,  i n  2-3 f e e t  of water i n  Lake  Sode rg reen  a t  t h e  c i t y  

i n t a k e  s t r u c t u r e ,  a n d  a t  t h e  r a w  water t a p  i n  t h e  water t r e a t m e n t  

p l a n t  d u r i n g  t h e  summers of 1985 and  1986.  Dur ing  1987 t r i p l i c a t e  

samples a t  e a c h  s i t e  were t a k e n  once  i n  J u n e  and  t h e n  i n  J u l y .  

Samples were t a k e n  on t h r e e  d i f f e r e n t  days  i n  August .  A l s o  d u r i n g  

t h e  l a s t  y e a r  of t h i s  s t u d y  a l k a l i n i t y ,  t e m p e r a t u r e ,  p H ,  

p h o s p o r u s ,  n i t r a t e ,  manganese,  a l g a l  c o u n t s  and  c h l o r o p h y l l  were 

d e t e r m i n e d  d a i l y  i n  t h e  raw water. Due t o  a h a s t y  and  unexpec ted  

change i n  p l a n t  operators i n  e a r l y  August t h e  J u l y  d a t a  were l o s t .  

On o c c a s i o n  samples  were t a k e n  a r o u n d  t h e  lake and  a t  v a r i o u s  

depths i n  t h e  l a k e .  These  were c o l l e c t e d  u s i n g  a van  Dorn water 

s a m p l e r  a n d  f rom a b o a t .  These  samples were g e n e r a l l y  t a k e n  

be tween  8-11 AM i n  o rder  t o  a v o i d  windy c o n d i t i o n s  which were 

common f r o m  noon i n t o  t h e  e v e n i n g .  
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Samples  were a l s o  t a k e n  a t  v a r i o u s  p o i n t s  a l o n g  t h e  L a r a m i e  

R i v e r  t o  o b t a i n  i n f o r m a t i o n  c o n c e r n i n g  t h e  a d d i t i o n  of n u t r i e n t s  

t o  t h e  r i ve r .  Seven sample s i tes  were e s t a b l i s h e d .  S i t e  7 w a s  a t  

Woods Landing .  S i t e  6 w a s  a f i s h i n g  access 2 . 3  m i l e s  above Woods 

Land ing .  S i t e  5 w a s  a f i s h i n g  access i n  Colorado 1 4 . 2  m i l e s  from 

Woods Land ing .  S i t e  4 w a s  a p i c n i c  area 26 .2  m i l e s  above  Woods 

Landing .  S i t e s  3, 2 ,  a n d  1 were 35 .1 ,  35.8 and  3 7 . 9  miles above 

Woods Landing r e s p e c t i v e l y .  

I t  w a s  at tempted t o  grow Anabaena  s p  i n  l a b o r a t o r y  c u l t u r e .  

This was done by  i n o c u l a t i n g  var ious media ASM 1, ASN 111, B G I I ,  

K r a t z  & Meyers medium C and  Mn w i t h  l a k e  water c o n t a i n i n g  Anabaena 

o r  by  a d d i n g  f i l t e r s  t h r o u g h  which lake  water had  been  f i l t e r e d .  

The media f o r m u l a t i o n s  were o b t a i n e d  from George I z a q u i r r e ,  The 

M e t r o p o l i t a n  Water D i s t r i c t  of S o u t h e r n  C a l i f o r n i a ,  Media 

f o r m u l a t i o n s  are g i v e n  i n  t h e  a p p e n d i x .  I n c u b a t i o n  i n  t h e  l i g h t  

was a t  room t e m p e r a t u r e  and 15C. A l s o  t h e  a d d i t i o n  o f  cow manure, 

P l a n t s  Tabs b r a n d  p l a n t  food, MgSO4, NH4C1, KNO3, MnSO4, and  KHZPO, 

t o  200 m l s  of l a k e  water was t r i e d  i n  a n  e f f o r t  t o  grow Anabaena.  

I n c u b a t i o n  was i n  t h e  l i g h t  a t  room t e m p e r a t u r e .  

Data were a n a l y s e d  b y  c o r r e l a t i o n  a n a l y s i s ,  A n a l y s i s  of 

Var i ance  a n d  Duncans N e w  M u l t i p l e  Range Test. 

9 



R e s u l t s  

P r e s e n t e d  i n  Table 1 are  t h e  r e s u l t s  of c o r r e l a t i o n  a n a l y s i s  of 

d a t a  co l lec ted  i n  1985 f o r  t h e  parameters of ammonia, phosphorus ,  

s u l f a t e ,  s u l f i d e ,  s i l i c a ,  manganese and  c h l o r o p h y l l  f o r  t h e  t h r e e  

sampl ing  s i tes  of t h e  r i v e r ,  a t  Woods Landing,  Lake  Sode rg reen  and  

t h e  r a w  water i n  t h e  water p l a n t .  Very l i t t l e  w a s  h i g h l y  

co r re l a t ed  t o  a n y t h i n g .  T h e r e  was a 0 .9409 c o r r e l a t i o n  between 

t h e  s u l f a t e  i n  t h e  lake  a n d  t h a t  i n  t h e  r a w  water .  A 0 . 9 1 3 0  

c o r r e l a t i o n  e x i s t e d  between t h e  manganese i n  t h e  raw water and  t h e  

c h l o r o p h y l l  i n  t h e  l a k e .  The re  w a s  a c o r r e l a t i o n  v a l u e  o f  0 .8796 

between t h e  manganese i n  t h e  l a k e  and  t h e  c h l o r o p h y l l  i n  t h e  r a w  

water. Some h i g h  c o r r e l a t i o n s  e x i s t e d  f o r  ammonia c o n c e n t r a t i o n s .  

Between ammonia i n  t h e  lake and  c h l o r o p h y l l  i n  t h e  lake t h e  v a l u e  

was 0.8766.  C o r r e l a t i o n  v a l u e s  between t h e  lake and  t h e  r a w  water 

and  be tween  t h e  r i v e r  and  t h e  l a k e  fo r  ammonia were 0 .7996 and  

0 .9235,  r e s p e c t i v e l y .  T h e  c o r r e l a t i o n  between phosphorus  i n  t h e  

r i v e r  and  phosphorus  i n  t h e  raw water was 0.7951.  A l s o ,  t h e r e  was 

a n e g a t i v e  c o r r e l a t i o n  b e t w e e n  s u l f a t e  i n  t h e  l a k e  a n d  t h e  

c h l o r o p h y l l  i n  t h e  lake .  T h i s  v a l u e  w a s  - .8094.  

I n  1986  a c t i n o m y c e t e s  were e n u m e r a t e d  i n  a d d i t i o n  t o  t h e  

p r e v i o u s l y  s ta ted  parameters. The c o r r e l a t i o n  v a l u e s  f o r  t h e  d a t a  

o b t a i n e d  i n  1986 are g i v e n  i n  Table 2 .  The c o r r e l a t i o n  v a l u e s  f o r  

s u l f a t e  between t h e  r iver  and  t h e  l a k e  w a s  0 .9204 and  between t h e  

l a k e  and  t h e  r a w  water was 0.9883.  These v a l u e s  f o r  t h e  number o f  

a c t i n o m y c e t e s  w e r e  0 .9053 a n d  0 .9211 r e s p e c t i v e l y .  T h i s  i n d i c a t e d  

t h a t  s u l f a t e  and  a c t i n o m y c e t e s  went almost d i r e c t l y  from t h e  r i v e r  

t h r o u g h  t h e  l a k e  t o  t h e  water p l a n t .  A l s o  t h e  same t w o  v a l u e s  f o r  

ammonia were 0 .8699  a n d  0 .7613 r e s p e c t i v e l y .  When manganese i n  

t h e  l a k e  was compared t o  manganese i n  t h e  r a w  water t h e  v a l u e  was 
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Ammonia 

Phos- 

phorus 

Sulfate 

w w Sulfide 

Silica 

Man- 

Qanese 

Chloro- 

phyll 

Ammonia 
River lake 

River 1.0000 

lake .9235 1.0000 

Raw .7996 .7217 1.0000 

River .4690 -.0074 .6129 

lake .2093 .3712 .2403 

Raw .4023 .7217 .I256 

River .4655 .1543 .4888 

Lake .0820 -.1583 .lo73 

Raw .2606 -.0328 .1423 

River .5450 .6230 5629 

Lake .3630 .2592 .1453 

Raw .3882 .6713 .6141 

River .4125 .3512 .4459 

lake .0434 -.0618 .2851 

Raw 5976 .4885 .6280 

River .2769 .3031 -.1179 

Lake -.0005 -.3026 .0104 

Raw .5511 .0143 -.0740 

River .6315 .3796 .4229 

Lake .2191 .a766 .0566 

Raw S332 3856 .0859 

1 .oooo 
.1586 1.0000 

.7951 .4637 1.0000 

.0515 -.I993 -.lo16 

-.1534 -.5755 m.0869 

.0778 -.0869 -.0160 

-.0263 .0243 -.2166 

.1253 .2095 -.2193 

-.0170 .3403 -.0039 

-.0580 -.3408 .2034 

.3514 -.0682 .2321 

.5764 .2519 .4563 

-.0416 .7632 .6523 

-.2010 -.4872 -.4105 

.6173 -.5362 -.3805 

-.2313 .3110 m.0774 

-.1926 .0231 -.4060 

-.2269 .2916 -.3268 

1 .oooo 

.6353 1.0000 

.6753 .9409 1.0000 

.0870 -.0655 -.1707 

.1499 .2357 .2095 

.1636 -.2278 -.1941 

.3378 .2057 .2557 

.3739 .1939 .la17 

.4167 .0103 -1757 

-.0964 -.2203 -. 2609 
.3595 .6753 .5144 

.1971 .0334 .1366 

-.5119 .2479 .2362 

.5835 -.a094 .2059 

.6369 .2254 .3303 

1 .oooo 

.1457 

.6761 

.2923 

-.1418 

-01 99 

.0693 

.1812 

-.0378 

- .663 1 
-.0377 

.1415 

1 .oooo 

3703 1.0000 

.0744 .3147 

.0101 -.0259 

.lo35 .2489 

.2362 .2444 

.3939 -.0564 

-.1588 -.2251 

.1467 .1368 

-2007 -.3003 

.0779 .1699 

Table 1. Correlation of Various Parameters Between S arnole Sites in 1985 
PhosDhorus Sulfate Sulfide Silica Unaanese ChloroDhvll 

River lakg River Lake &y River Cake River lake Raw River &!Y River Lake Raw 

I 

1 .oooo 
-6350 1.0000 

.6179 5328 1.0000 

-.4954 .-2615 -.3738 1.0000 

-.0484 -.1399 -.5997 .0780 1.0000 

.5045 .2827 .3492 -.7665 -.2846 1.0000 

.1137 .2607 .1571 .5975 .1602 -. 1306 1 .OOOO 

.2374 -8802 .3193 -.4844 .a796 .9130 .1532 1.0000 

-.0277 -.0899 .0461 .6634 .1903 -.0282 .6154 .3521 1.0000 



Table 2. Correlat ion o f  Various Parameters Between Sample S i t e s  i n  1986 

Ammon ia P hosporus Sulfate Sulfide Silica Manaanese C hloroDhvll Actinomvcetes 
River Lake &&! River  Lake &&y River L&Q Raw River h!S €h?l W Lake River J&& Raw River -b 

Ammo- River 1.0000 

nia Lake 3699 1.0000 

Raw .8980 .7613 1.0000 

Phos- River -.1194 -.0377 -.1215 1.0000 

phorus Lake -.0681 .0150 .1162 .6945 1.0000 

Raw -.0560 .0499 .1231 .1161 .4865 1.0000 

Sulfate River -.1210 -.3181 -.3805 .0047 .0388 -.3460 1.0000 

Lake -.2501 -.4352 -.5061 .1429 .1296 -.3200 .9204 1.0000 

Raw -.3243 -.5388 -.4437 .la79 -.0170 -.2852 .9358 .9883 1.0000 

Sulfide River -.6807 -.6539 -.5203 -.6807 .1274 -.0727 -.0358 .1820 .2251 1.0000 

Lake -.2726 -.3631 -.0842 -.0291 -.0697 .1498 .0529 .2336 .2636 .6328 1.0000 

Raw -.2905 -.1785 -.3000 .1630 -.1678 -.0995 .lo51 .0910 .2134 .1998 -0910 1.0000 

Silica River -.4909 -.4826 -.la68 -.1766 -.1828 .1218 -0546 -.0172 .0792 .1768 -.0346 .0995 1.0000 

Lake -.0776 .0171 -.0071 -.1329 .1490 .4956 -.2533 -.2366 -.2322 -.0472 ,1231 .0910 .3425 1.0000 

Raw -.2589 -.lo28 .0239 -.2483 .0440 .2356 -.2986 -.1340 -.1608 .2262 -.1340 .0824 .7918 .6026 1.0000 

Man- River -.0379 .1121 .2680 .1395 .0264 2427 -.7291 -.6708 -.6429 .0969 .0043 -.0196 .2853 .4125 .4501 1.0000 

ganese Lake .3911 5041 .5181 -.0446 .0678 .3825 -.6810 -.6743 -.6707 .0710 .I365 -.2102 .0510 .3445 .4724 .6344 1.0000 

Raw .3043 .4498 5448 -.1244 .2355 .4303 -3032 -.3068 -.a100 -.0285 -.3068 -.0479 .0353 .3745 ,3662 .7292 .a740 1.0000 

Chloro- River -.1818 -.1155 -.3441 .3813 -.lo22 .0838 .0149 -.0272 .6524 .4811 -.2234 .0249 5689 .2066 .1589 .4861 -.0674 .1230 1.0000 

phyll Lake -.1174 .la58 -.1606 -.1184 -.0199 .1496 -.0513 -.3099 -.3019 .0665 -.3457 .0319 -.1719 -.3058 -.3043 -.4318 -.0482 -1486 -1377 1.0000 

Raw -.2622 .1224 -.2365 -.0804 .1191 .3418 .2258 -.2504 -.2399 -.1632 -.0551 .3177 .0033 -.2670 .0030 -.la51 -.0693 .2581 .3220 .7070 1.0000 

Actino- River .7500 .8086 .7973 -1541 .0982 -.0021 -.4543 -.5813 -.5602 -.2926 -.1716 -.1912 .lo78 .0252 .2701 .3874 .7212 .5584 -.1617 -.1430 -.1195 1.0000 

rnyceteLake .7520 .7262 .9118 .0199 .1934 .1918 -.5160 -.5770 -.5386 -3045 -.1735 -.2872 -.4780 .lo39 .4928 -.5662 .a771 .6948 -.3050 -.2658 .1195 .go53 1.0000 

Raw .6808 .7013 .0836 .1350 .2705 .3232 -.3956 -.6715 -.6565 -.6468 -.I976 -.3373 .0388 .1681 .3961 .7047 .9271 .7589 -.1679 -.2332 -.I703 .7514 .9211 1.000 

I 



0 . 8 7 4 0 .  A l s o  t h e  c o r r e l a t i o n  v a l u e s  f o r  t h e  c o m p a r i s o n s  o f  

manganese  i n  t h e  l a k e  t o  a c t i n o m y c e t e s  i n  t h e  l a k e  a n d  t o  

a c t i n o m y c e t e s  i n  t h e  r a w  water  were 0 . 8 7 7 1  a n d  0 . 9 2 7 1  

r e s p e c t i v e l y .  T h e r e  were n e g a t i v e  c o r r e l a t i o n s  of -0.8100 f o r  

s u l f a t e  i n  t h e  r a w  water compared w i t h  manganese i n  t h e  r a w  water 

and  0.8032 f o r  s u l f a t e  i n  t h e  r i ve r  compared w i t h  manganese i n  t h e  

raw water a n d  -0 .8032 f o r  s u l f a t e  i n  t h e  r iver  compared w i t h  

manganese i n  t h e  r a w  water. 

Dur ing  1987 t h e  sampl ing  p l a n  was changed .  I t  was d e c i d e d  n o t  

t o  sample  t h e  l a k e  a n d  t h e  r i v e r  v e r y  o f t e n  b u t  i n s t e a d  t o  take  

d a i l y  samples of t h e  r a w  water.  The r e s u l t s  of c o r r e l a t i o n  

a n a l y s i s  of d a i l y  samples of t h e  r a w  water a p p e a r  i n  Table 3 .  

Days were c o r r e l a t e d  w i t h  a l k a l i n i t y  ( 0 . 8 3 0 5 ) ,  a l k a l i n i t y  

c o r r e l a t e d  t o  p H  ( 0 . 8 4 8 8 ) .  T h e  c o r r e l a t i o n  v a l u e s  f o r  f l o w  w i t h  

t e m p e r a t u r e  w a s  0 .7128 and  f o r  days  w i t h  n i t r a t e  w a s  0 .7130.  Over 

a l l  three y e a r s  no s u r p r i s i n g  c o r r e l a t i o n s  were s e e n .  

S i n c e  p a r t  of t h i s  p r o j e c t  w a s  t o  compare c h l o r o p h y l l ,  a l g a l  

c o u n t s  and  geosmin,  c o r r e l a t i o n  a n a l y s i s  o f  c h l o r o p h y l l  and  a l g a l  

c o u n t s  were done a l o n e  w i t h  t h e  r e s u l t s  shown i n  Tables 4 and  5 .  

Geosmin w a s  n o t  i n c l u d e d  i n  t h e s e  a n a l y s e s  b e c a u s e  o f  q u e s t i o n s  

c o n c e r n i n g  t h e  r e l i a b i l i t y  of t h e  d a t a .  Anabae n a  c o u n t s  i n  t h e  

l a k e  had  a c o r r e l a t i o n  v a l u e  of 0.8592 when compared t o  t h o s e  i n  

t h e  r a w  water i n  1985 (Table 4 )  and  t h i s  v a l u e  w a s  0.8690 i n  1986 

( T a b l e  5 ) .  N o  o ther  c o r r e l a t i o n s  were v e r y  h i g h .  Thus it appears 

t h a t  t h e  d e t e r m i n a t i o n  of Anabaena numbers i n  t h e  r a w  water would 

be r e a s o n a b l y  r e p r e s e n t a t i v e  o f  what i s  i n  t h e  l a k e .  

T h e  chemical a n d  m i c r o b i o l o g i c a l  da ta  which h a d  been  a n a l y s e d  

by c o r r e l a t i o n  a n a l y s i s  p l u s  some a d d i t i o n  parameters were grouped 

by months o v e r  t h e  t w o  y e a r  p e r i o d  a n d  t h e  d a t a  r e a n a l y s e d  by 
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Table 3. Correlation values o f Parameters assaved in the Raw Water on a Dailv Basis durina 1987 

Days 

Alkalinity 

Flow mgd 

Raw Tem- 

perature 

Raw pH 

Nit rate 

Phosphorus 

Anabaena 

Asterionella 

Total Algal 

count 

Ammonia 

Chlorophyll 

Manganese 

P * 

m 
1 .ooo 
.8305 
.3348 
.3691 

.6961 

.7130 
-.4107 
.0926 
-.2240 
-.6780 

-.2508 
-.1917 
.1484 

Alka- 
l in i tv 

1 .oooo 
.5655 
.5904 

.8488 
,5721 
-.4478 
.2603 
,0049 
-.5083 

-.2511 
-.3586 
-.0241 

Flow 

mad 

1 .oooo 
.7128 

.5169 

.0555 
-.2447 
.2390 
.0745 
-.0573 

.1420 
-. 171 7 
-. 1545 

Total 
Raw Tern- Raw N i t -  Phos- Ana- Aster- Algal Amm- Chloro- Man- 
p2uuLe g!i rate ghorus baena inella, count pniq ghvll g;anex 

1 .oooo 

.5144 1 .oooo 

.0127 .4154 1.0000 
-.2866 -.4458 -. 1403 1 .OOOO 
.5382 .3392 -.1162 -.1447 1.0000 
.0733 -.1167 -.1429 .0361 -.0696 1 .OOOO 
-.0723 -.4263 -.4994 .3267 .0780 .3088 1.0000 

.2111 -.0818 .2861 .1471 .0145 .0404 ,2748 1.0000 

-.3549 -.2331 -.1478 .3244 m.0363 -.2690 .1810 -.1603 1.0000 
-. 1835 -.0137 .2874 .3160 -.0754 -.0216 -.0122 .2988 .3831 1 .oooo 



Table 4. Correlational of Chlorophyll and Anabaena Cou nts Between the Lake and the Raw 
Water in 1985, 

............................................................. 
Lake Raw 

m C h lorop hvl I Anabaena C h lo rop hvll Anabaena 

Days 10000 

Lake Chlorophyll -.4763 1 .oooo 
Anabaena - . I  108 - .I  295  1 .oooo 

1 .oooo Raw Chlorophyll - . I  208 .3521 - .0561 
Anabaena -.0973 - . 2 4 1 0  .8592 -.3285 1 .oooo 
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Table 5. Co rrelational Of Chlorophvll. Anabaena a nd Aste rionella Counts Bet ween the L a k  
and the Raw Water in 1986, 

Lake Raw 
Chloro- Ana- Asteri- Chloro- Ana- Aster- 
ghvl l  baena onella ghvl l  b n a  ionella rn 

Days 1 .oooo 

Lake chlorophyll -2208 1 .OOOO 
Anabaena .0975 .0145 1.0000 
Asterionella 5936 .0333 -.I486 1.0000 

Raw Chlorophyll -.4694 .7070 -.0323 -.2910 1 .OOOO 
Anabaena .0921 -.0333 .8690 - . I055  .0076 1.0000 
Asterionella .3294 .0034 -.I756 .5335 -.I079 -.I534 1.0000 
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a n a l y s i s  o f  v a r i a n c e .  T h e  v a l u e s  f o r  t h e  r iver a t  Woods Landing 

a r e  g i v e n  i n  Table 6 .  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 s  

(P>O. 01)  w e r e  s e e n  f o r  Ammonia, S u l f a t e ,  S i l i c a ,  D i s s o l v e d  Oxygen, 

C h l o r o p h y l l  a n d  Ac t inomyce te s .  Duncan ' s  N e w  M u l t i p l e  Range t e s t  

was u s e d  t o  d e t e r m i n e  what t h e  d i f f e r e n c e s  were. I t  w a s  found 

t h a t  t h e  ammonia c o n c e n t r a t i o n  i n  June  1986 w a s  h i g h e r  t h a n  a l l  of 

t h e  rest  of t h e  months.  The c h l o r o p h y l l  c o n c e n t r a t i o n  i n  May 1986 

was g r e a t e r  t h a n  t h e  c o n c e n t r a t i o n  i n  October 1985, Oc tobe r  1986 

o r  J u n e  1986 .  The s i l i c a  c o n c e n t r a t i o n  was t h e  lowest i n  June ,  

August  a n d  Sep tember  of 1985 w h i l e  t h e  c o n c e n t r a t i o n s  of t h e s e  

p a r a m e t e r  i n  May, J u l y ,  August a n d  October 1986 w e r e  h i g h e r  t h a n  

t h o s e  of  J u l y  1 9 8 5  a n d  S e p t e m b e r  of  1 9 8 6 .  The s u l f a t e  

c o n c e n t r a t i o n s  were t h e  h i g h e s t  i n  J u l y  1985, May 1986 a n d  June  

1986 w h i l e  t h e  J u n e  1985 c o n c e n t r a t i o n  w a s  s i g n i f i c a n t l y  lower. 

T h e  d i sso lved  oxygen c o n c e n t r a t i o n  was t h e  lowest i n  J u l y  1985 

w h i l e  t h e  a c t i n o m y c e t e s  were most numerous i n  May a n d  J u n e  of 

1 9 8 6 ,  t h e  o n l y  y e a r  t h e y  were enumera ted .  

The a n a l y s e d  data  f o r  Lake  Sode rg reen  i s  p r e s e n t e d  i n  Tab le  

7 .  T h e  number of a c t i n o m y c e t e s  a n d  t h e  d i s so lved  oxygen were 

h i g h e s t  i n  May a n d  J u n e  ( P > O . O l ) .  The ammonia c o n c e n t r a t i o n  i n  

June 1986 w a s  t h e  h ighes t  (P>O.Ol). The c h l o r o p h y l l  c o n c e n t r a t i o n  

i n  J u l y  1985 w a s  h i g h e r  t h a n  t h e  rest of t h e  months e x c e p t  f o r  

J u l y  a n d  September  1986 ( P > O . o l ) .  T h e  s i l i c a  c o n c e n t r a t i o n  i n  

August of 1985 w a s  s i g n i f i c a n t l y  lower t h a n  t h e  res t  of t h e  months 

e x c e p t  f o r  J u n e  a n d  September  of 1985 ( P > o . O l ) .  The v a l u e s  of 

s i l i c a  i n  May a n d  J u l y  1986 were s i g n i f i c a n t l y  h i g h e r  t h a n  any 

v a l u e s  found  i n  1985 ( W O . 0 1 ) .  The phosphorus  c o n c e n t r a t i o n  was 

h i g h e r  i n  J u n e  1985 t h a n  a l l  of t h e  o t h e r  v a l u e s  e x c e p t  J u l y  1985 

( P > O . O l ) .  T h e  s u l f a t e  i n  August  1985 w a s  s i g n i f i c a n t l y  h i g h e r  

t h a n  a l l  t h e  res t  e x c e p t  J u l y  1985.  A l s o ,  t h e  v a l u e s  i n  May, June  

a n d  J u l y  1986 and  J u n e  1985 were t h e  lowest ( P > O . O l ) .  Anabae na  
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Table 6. Monthlv Means of Various Parameters in the River at Woods Landina for 1985 -1 986 

Parameter 
Ammonia 
Nit rate 
Sulfide 
Sulfate 
Silica 
Phosphorus 
Manganese 

Iron 
Dissolved Oxygen 
Chemical 
Oxygen Demand 
Chlorophyll 
Anabaena Sp. 

03 Actinomycetes 

Copper 

P 

Concen- 
tration 
mg/L 
mg/L 
PS/L 
mg/L 
mg/L 
mg/L 
mg/L 

mg/L 
mg/L 

mg/L 
P9/L 
cells 
cel Is/m I 

Pg/L 

June 
1985 
0.1 4 
0.00 
3.0 
7.6 
8.2 
0.1 5 
0.040 
0.01 
0.005 
7.9 

- -  
- -  
- -  
-- 

July 
- 1985 
0.1 8 
0.05 
3.9 
70.8 
10.2 
0.1 7 
0.042 
0.03 
0.004 
7.0 

Aug 
1985 
0.1 4 
0.1 3 
3.9 
53.6 
8.6 
0.08 
0.026 
0.01 
0.01 0 
7.3 

Sept 
1985 
0.07 
0.08 
2.0 
46.8 
8.8 
0.13 
0.021 
0.00 
- -  
- -  

- -  
11.9 
0.0 
- -  

Oct 
- 1985 
0.1 3 
0.01 
10.0 
31.8 

0.1 3 
0.000 
0.00 

- -  

- -  
- -  

- -  
7.4 
0.0 
- -  

May 
1986 
0.09 
0.00 
4.8 
8.2 
13.3 
0.1 1 
0.067 
0.05 
- -  
- -  

- -  
27.9 
0.0 
19 

June 
- 1986 
0.42 
0.00 
0.0 
6.9 
11.2 
0.1 0 
0.061 
0.00 
- -  
- -  

- -  
11.5 
0.3 
44.3 

July 
1986 
0.23 
0.01 
0.0 
22.5 
11.8 
0.10 
0.030 
0.05 
- -  
- -  

- -  
16.2 
0.0 
9.7 

Aug 
1986 
0.1 9 
0.00 
3.0 
44.5 
12.0 
0.1 4 
0.027 
0.00 
- -  
- -  

15.1 
22.6 
0.0 
4.2 

Sept Oct Level of 
- - -  1986 1986 F value Sianificance 
0.1 8 
0.02 
0.4 
29.8 
11.1 
0.01 . 
0.034 
0.03 
- -  
- -  

12.1 
18.4 
0.0 
8.4 

0.1 9 
0.00 
7.0 
30.1 
13.5 
0.1 0 
0.031 
0.02 
- -  
- - -  

5.3 
8.4 
0.0 
8.0 

9.221 7 
1.21 89 
0.9694 
19.61 99 
12.8367 
1.5869 
1.881 8 
0.5875 
0.4485 
7.0843 

0.41 54 
3.2958 
0.6821 
5.1523 

0.01 
None 
None 
0.01 
0.01 

None 
None 
None 
None 
0.01 

None 
0.01 

None 
0.01 
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Table 7. Monthlv Means of Various Parameters in Lake Soderareen for 1985-1 986 

Concen- 
jration 
mg/L 
mg/L 

mg/L 
mg/L 
mg/L 
mg/L 

mg/L 
mg/L 

P9/L 

P9/L 

May 
1986 
0.1 4 
0.00 
3.3 
11.5 
12.6 

0.051 
0.04 

0.08 

June 
_1986 
0.47 
0.00 
0.8 
6.9 
11.5 
0.08 
0.06 1 
0.01 

July 
1986 
0.30 
0.00 
0.6 
17.0 
11.4 
0.09 
0.036 
0.05 

Aug 
1986 
0.20 
0.00 
3.0 
41.1 
11.2 
0.1 0 
0.030 
0.04 

Sept 
1986 
0.20 
0.02 
6.6 
36.9 
10.9 
0.01 
0.024 
0.02 

Oct 
1986 
0.1 6 
0.00 
7.0 
28.7 
11 . 1  
0.04 
0.027 
0.02 

Oct 
1985 
0.1 6 
0.00 
10.3 
26.6 

Aug. 
1985 
0.1 3 
0.08 
5.1 
59.2 
8.5 
0.05 
0.036 
0.01 
0.013 
7.2 

Sept 
1985 
0.09 
0.13 
5.0 
45.8 
8.8 
0.09 
0.028 
0.00 

July 
1985 
0.1 6 
0.1 4 
1.8 
50.7 
9.4 
0.1 9 
0.144 
0.02 
0.01 2 
7.4 

June 
1985 
0.1 3 
0.01 
1.5 
7.2 
8.3 
0.28 
0.000 
0.00 
0.005 
7.5 

Level of 
Significance 
0.01 
None 
None 
0.01 
0.01 
0.05 
None 
None 
None 
0.05 

F value 
8.4584 
0.9486 
0.81 61 
44.4275 
7.5644 
2.6480 
0.3934 
0.9528 
1.1428 
5.6987 

Parameter 
Ammonia 
Nit rate 
Sulfide 
Sulfate 
Silica 
Phosphorus 
Manganese 

iron 
Dissolved Oxygen 
Chemical 
Oxygen Demand 
Chlorophyll 
Anabaena Sp. 

$ Actinomycetes 

Copper 

0.1 0 
0.035 
0.00 

mg/L 
P9/L 
cells 
cell/ml 

14.3 
20.7 
40.8 
2.8 

12.5 
14.7 
3.6 
3.8 

7.5 
15.1 
0.0 
3.3 

0.2004 None 
3.9665 0.01 
3.6028 0.01 
5.7621 0.01 

- -  - -  - -  - -  
- -  49.4 29.5 24.5 
- -  3.5 47.0 24.3 

- -  - -  
24.7 19.2 
1.8 0.00 
19.7 29.4 

- -  
30.6 
0.4 
5.3 

21.5 
1.3 



numbers i n  August 1985 were h i g h e r  t h a n  t h e  rest  e x c e p t  f o r  J u l y  

1985 and  August 1986 (P>O.Ol) .  

The data  f o r  t h e  r a w  water are g i v e n  i n  Table 8 .  The ammonia 

c o n c e n t r a t i o n  i n  June  1986 was t h e  h i g h e s t  (P>O.Ol) .  S i l i c a  had 

t h e  h i g h e s t  c o n c e n t r a t i o n  i n  May of 1986 and  August and  September 

of t h a t  y e a r  y i e l d e d  t h e  lowest c o n c e n t r a t i o n s  (P>O.Ol ) .  The 

s u l f i d e  c o n c e n t r a t i o n  i n  September  1985 w a s  h i g h e r  t h a n  a l l  of t h e  

res t  of t h e  months e x c e p t  f o r  August 1986 ( P > 0 . 0 5 ) .  For s u l f a t e  

t h e  h i g h e s t  v a l u e s  were s e e n  i n  J u l y  a n d  August of 1985 (P>O.Ol) .  

T h e  v a l u e  i n  J u l y  of 1986 w a s  s i g n i f i c a n t l y  lower t h a n  those found 

i n  Sep tember  o r  October 1985 a n d  Augus t ,  September  a n d  O c t o b e r  

1 9 8 6  ( P > O . O l ) .  T h e  lowes t  v a l u e s  were found  i n  J u n e  1985, May 

1985 a n d  J u n e  1986.  T h e  h i g h e s t  n i t r a t e  c o n c e n t r a t i o n  was found 

i n  September  1985 (P>O.O5).  The numbers of m a b a e n a  i n  August 

1985 w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  those f o u n d  t h e  rest  of t h e  

months e x c e p t  f o r  September  1985 and  August  1986 (P>O.Ol). The 

h i g h e s t  c o n c e n t r a t i o n s  of i r o n  was found i n  June  1985 (P>0 .05)  and 

of  A c t i n o m y c e t e s  i n  May a n d  J u n e  1986 ( P > O . O l ) .  T h e  lowest 

d i s s o l v e d  oxygen w a s  found i n  J u l y  ( P > O . O l ) .  

Given i n  Table 9 are  t h e  r e s u l t s  of 3 samples t a k e n  a t  t h e  

three s i t e s  for June ,  J u l y  and  August 1 9 8 7 .  A l l  of t h e  s t a t e m e n t s  

made i n  t h i s  p a r a g r a p h  are s i g n i f i c a n t  a t  P>O.O5. For ammonia t h e  

lowest v a l u e s  a t  a l l  t h ree  s i t e s  were f o u n d  i n  J u n e  w h i l e  t h e  

h i g h e s t  were f o u n d  i n  Augus t .  A l s o  t h e  v a l u e  found  i n  t h e  l a k e  

was h i g h e r  t h a n  t h a t  f o u n d  i n  t h e  r i v e r  i n  J u l y .  The n i t r a t e  

c o n c e n t r a t i o n  i n  t h e  r i v e r  and  t h e  raw water i n  August and  i n  t h e  

lake  and  t h e  r a w  water i n  J u l y  were s i g n i f i c a n t l y  h i g h e r  t h a n  a l l  

th ree  s i t e s  i n  J u n e .  The s i l i c a  c o n c e n t r a t i o n  i n  t h e  l a k e  and  t h e  

raw water i n  J u n e  were s i g n i f i c a n t l y  lower t h a n  t h e  r iver  i n  June  

o r  a l l  t h r e e  s i t e s  i n  J u l y .  The phosphorus  c o n c e n t r a t i o n  i n  t h e  
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Table 8. Monthlv Means of Various Parameters in the Raw Water in the Plant for 1985-1986 

Pa ram e te r 
Ammonia 
Nitrate 
Sulfide 
Sulfate 
Silica 
Phosphorus 
Manganese 

Iron 
Dissolved Oxygen 
Chemical 

Copper 

Concen- 
tration 
mg/L 
mg/L 
P9/L 
mg/L 
mg/L 
mg/L 
mg/L 

mg/L 
mg/L 

PS/L 

June 
1985 
0.1 3 
0.00 
4.5 
5.0 
8.8 
0.1 2 
0.020 
0.02 
0.035 
7.3 

July 
1985 
0.1 9 
0.03 
2.7 
54.2 
10.1 
0.1 7 
0.096 
0.03 
0.006 
6.2 

Aug. 
1985 
0.1 5 
0.1 0 
2.1 
57.2 
8.0 
0.04 
0.036 
0.01 
0.01 2 
6.8 

Sept 
- 1985 
0.13 
0.35 
0.0 
34.0 
8.0 
0.13 
0.025 

Oct 
1985 
0.1 4 
0.03 
14.0 
32.3 
- -  
0.07 
0.034 
0.00 

May 
1986 
0.1 3 
0.02 
4.0 
11.8 
14.3 
0.1 1 
0.052 
0.07 

- -  

June 
1986 
0.55 
0.00 
0.0 
6.7 
12.1 
0.07 
0.053 
0.01 

July 
1986 
0.27 
0.00 
1.8 
16.4 
11.7 
0.08 
0.041 
0.04 

Aug - 1986 
0.1 3 
0.00 
7.5 
39.9 
11.9 
0.04 
0.027 
0.03 

Sept 
- 1986 
0.22 
0.01 
6.0 
32.2 
10.9 
0.04 
0.023 
0.03 

Oct 
1986 
0.21 
0.00 
1.5 
26.7 
11.4 
0.02 
0.023 
0.02 
- -  

F value 
6.4 1 25 
2.51 68 
2.6479 
37.31 88 
14.0781 
1.7881 
1.9942 
1.6213 
6.441 2 
9.8850 

Level of 
Sia nificance 

0.01 
0.05 
0.05 
0.01 
0.01 

None 
None 
None 
0.05 
0.01 

14.2 11.7 4.3 0.4420 None 
1.7954 None 

23.3 2.8 0.5 4.3492 0.01 
3.6 3.0 8.9535 0.01 

- -  - -  - -  - -  - -  - -  - -  - -  Oxygen Demand mg/L 

Anabaena Sp. cells 
- -  32.5 23.0 16.6 20.3 24.9 17.1 22.0 19.6 13.7 8.3 
- -  6.8 39.3 6.5 0.5 1.8 0.5 0.6 

C hlo rop hy I I 

Actinornycetes cells/ml - -  - -  - -  - -  - -  18.0 26.1 6.1 1.3 

w- 



Table 9. Chemical Data Collected at Three Sites During 1987. 

Value PhOS- 
Montb Site Presented Ammonia Nitrate Silica ghorus Sulfate Sulfide 

mg/L mg/L mg/L mg/L mg/L pg/L 

June River mean .I 5 0.00 11.6 .05 24.1 26.0 
Lake mean .I 7 0.00 9.1 .oo 19.3 21.0 
Raw mean . I 3  0.00 10.1 .I 0 21.2 20.0 

July River mean .30 .06 1 1  -7 .03 76.9 18.0 
Lake mean .40 .I 1 12.1 .07 76.9 31.0 
Raw mean .38 .I 2 12.1 .05 77.7 17.0 

August River mean .66 .I 4 
Lake mean .62 .06 
Raw mean .59 . I  4 

.02 71.6 32.0 

.06 65.8 33.0 

.03 64.0 33.3 

22 



r a w  water i n  J u n e  was s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  i n  t h e  r i v e r  

i n  J u l y ,  t h e  lake i n  J u n e  o r  t h e  r a w  water or r i v e r  i n  Augus t .  

T h e  s u l f i d e  c o n c e n t r a t i o n s  i n  t h e  r i v e r  i n  June ,  t h e  lake i n  J u l y  

and  a l l  t h r e e  s i tes  i n  August were s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  

l a k e  and  r a w  water i n  June  a n d  t h e  r iver  and  r a w  water i n  J u l y .  

F i n a l l y ,  f o r  s u l f i d e  t h e  c o n c e n t r a t i o n  i n  t h e  r i v e r  i n  August was 

s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  l a k e  o r  raw water t h i s  month.  

A l l  t h r e e  s i t e s  h a d  h igher  c o n c e n t r a t i o n s  i n  J u l y  t h a n  J u n e  o r  

August w i t h  no  d i f f e r e n c e s  between s i tes .  T h e  lowest v a l u e s  were 

found i n  J u n e  w i t h  no d i f f e r e n c e s  between s i tes .  

P r e s e n t  i n  Table 1 0  are t h e  mean v a l u e s  f o r  data  co l lec ted  a t  

s e v e n  sample s i t e s  a l o n g  t h e  L a r a m i e  R i v e r  T h e  s i l i c a  

c o n c e n t r a t i o n  a t  t h e  d i v e r s i o n  of t h e  L a r a m i e  River  back t o  t h e  

Cache LaPoudre River  was s i g n i f i c a n t l y  lower t h a n  a t  any  of t h e  

o the r  s i x  sampl ing  s i t e s  ( P > 0 . 0 5 ) .  The o n l y  o ther  parameter t o  be 

s i g n i f i c a n t l y  d i f f e r e n t  w a s  s u l f a t e  ( P > 0 . 0 5 ) .  T h e  v a l u e  a t  t h e  

f i s h i n g  access i n  Colorado  w a s  h igher  t h a n  t h e  f o u r  ups t r eam s i t e s  

a n d  t h e  t w o  f u r t h e s t  downstream s i tes  had  s i g n i f i c a n t l y  h i g h e r  

c o n c e n t r a t i o n s  t h a n  t h e  f i v e  ups t r eam s i tes .  

T h e  p e r i m e t e r  of t h e  lake w a s  su rveyed  t o  see i f  any p a r t i c u l a r  

p a r t  of t h e  l a k e  was d i f f e r e n t  t h a n  any  o t h e r  p a r t .  T h e  r e s u l t s  

of t h i s  s t u d y  are  p r e s e n t e d  i n  Table 11. T h e  p H  a t  3 meters d e p t h  

i n  t h e  n o r t h e a s t  c o r n e r  w a s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  p H  a t  

3 meters of t h e  i n l e t ,  t h e  middle east ,  t h e  s o u t h w e s t  c o r n e r  and  

t h e  s o u t h e a s t  c o r n e r  ( P > 0 . 0 5 ) .  The o n l y  o t h e r  d i f f e r e n c e  found  

w a s  t h a t  t h e  manganese c o n c e n t r a t i o n  i n  t h e  s o u t h w e s t  c o r n e r  a t  2 

meters d e p t h  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  a t  a l l  of t h e  rest of 

t h e  s a m p l i n g  s i t e s  (P>O.Ol). Thus f o r  most t e s t s  a sample  

anywhere a round  t h e  l a k e  s h o u l d  be r e p r e s e n t a t i v e  of t h e  l ake .  
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Table 10. Mean Values for Various Parameters in the Laramie River 

Level of Concen- SamDle S i t e *  
t r a t  - ion L 2 3 4 5 h 1 l? Value i f  i cance I I ,  

Ammonia mg/L 0.13 0.12 0.14 0.15 0 .16  0.17 0.15 0.2348 None 

N i t r a t e  m g / L  0 . 0 0  0.02 0.02 0 . 0 1  0 .06  5 r e p s  no s t a t i s t i c s  run 0 . 0 0  

3.7 3.8 1 . 5  0.4 0 .8  0 .4 4 r e p s  no s t a t i s t i c s  run S u l f i d e  CLdL 

S u l f a t e  m g / L  1.1 1 .2  0.5 2 . 0  1 3 . 6  37.3 36.5 25.5265 0 . 0 1  

Phosphorus m g / L  0.16 0.18 0 . 1 0  0.13 0.18 0 . 2 1  0.15 1 .0626  None 

Chemical Oxy- 
gen Demand m g / L  6.3 2.5 3.8 6.3 9 . 1  6.2 3 r e p s  no s t a t i s t i c s  run 

Chlorophyl l  pg/L 8.7 11.2 9.9 10.1 1 3 . 1  1 4 . 4  1 8 . 0  1.3015 None 

Actinomycetes c e l l s / m l  9.3 4.8 3 .7  9.3 1 2 . 5  15.2 3 reps no s t a t i s t i c s  run 

1.7178 None Manganese m g / L  0.024 0.025 0.019 0.033 0 .024  0.057 0.032 

* Sample Site M i l e s  Abo ve Woods Landinq 
1 37.9 
2 35.8 
3 3 5 . 1  
4 26.2 
5 14.2 
6 2 .3  
7 0 



Tab 1 1 1  e . M ea n V  a l u e s  f o r  V a r i o u s  P a r a m e t e r s  a r o u  n d me P e r  imeter of T,ake S o d e r a r e e n  

L e v e l  of 
Para- Concen-  3meters 2 m e t e r s  3 m e t e r s  3meters 3 m e t e r s  2 m e t e r s  3meters 3meters 3 m e t e r s  3meters F S i g n i f  i- 

_cance meters trati0I-l deeP &!2E d.eel2 LkeE .52!32E de!a Lh32 deep d.!=.E deep V a l u e  

N C e n t e r  N E a s t  C o r  n e r  O u t l e t  I n l e t  S W e s t  C o r n e  r S C e n t e r  S E C e n t e r  E C e n t e r  

mg/L 0 . 1 3  0 . 1 4  0 . 1 1  0 . 1 4  0 . 1 4  0 . 1 7  0 . 1 6  0 . 1 3  0 . 1 2  0 . 1 4  0 . 2 3 4 9  None Ammonia 

0 . 0 2  no s t a t i s t i c s  r u n  0 . 0 1  0 . 0 7  0 . 0 1  0 . 0 2  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  Nit ra te  m g / L  0 . 0 0  

0 . 0  6 . 0  7 . 4  3 . 0  0 . 0  8 . 2  7 . 9  1 . 5  no s t a t i s t i c s  run  S u l f i d e  pg/L 7 . 5  -- 

None 

None 

S u l f a t e  m g / L  4 2 . 2  4 2 . 0  3 9 . 6  4 1 . 8  4 1 . 3  4 0 . 1  4 3 . 5  4 1 . 5  4 1 . 8  3 9 . 8  0 . 9 9 1 6  

S i l i c a  mg/L 1 1 . 2  1 0 . 8  1 0 . 9  11.1 1 1 . 4  1 0 . 7  1 0 . 8  -- 1 1 . 9  1 0 . 8  1 . 5 9 0 4  

P h o s p h o r u s  m g / L  0 . 1 4  0 . 1 1  0 . 2 2  0 . 1 7  0 . 1 8  0 . 0 8  0 . 2 0  0 . 1 1  0 . 1 3  1 . 2 5 0 7  None 0 . 6 1  

0 . 0 4 2  0 . 0 3 0  0 . 0 3 6  0 . 0 3 1  0 . 0 7 2  0 .037  0 . 0 3 2  0 . 0 3 5  7 . 8 2 2 2  0 . 0 1  Manganese  m g / L  0 . 0 3 2  -- 

gen Demand m g / L  1 8 . 7  -- 

Copper p g / L  0 . 0 7  -- 

N 
~n Chemical Oxy- 

11.3 no s ta t i s t ics  r u n  11.3 -- -- -- 4 4 . 4  11.3 1 8 . 7  

0 . 0 5  0 . 0 4  0 . 0 4  0 . 0 8  0 . 2 6  0 . 0 3  0 . 0 2  2 . 1 2  None  0 . 0 1  

T e m p e r a t u r e  O C  1 6 . 5  1 6 . 5  1 6 . 6  1 6 . 5  1 6 . 3  1 6 . 1  1 6 . 0  1 6 . 0  1 6 . 5  1 6 . 5  0 . 3 9 3 0  None 

PH u n i t s  8 . 2  8 . 2  8 . 3  8 . 2  8 . 1  8 . 2  8 . 1  8 . 2  8 . 1  8 . 1  n o  s t a t i s t i c s  r u n  

S e c c h i  disc feet 7 . 0  8 . 5  -- 7 . 0  8 . 0  8 . 0  -- 6 . 5  8 . 1  8 . 0  no s t a t i s t i c s  r u n  

Zhloro- p g / L  1 6 . 8  1 5 . 7  2 2 . 9  2 9 . 3  2 1 . 5  2 0 . 9  3 7 . 5  2 4 . 9  2 0 . 9  1 7 . 9  1 . 0 0 1 2  None 
P h Y l l  

2 7 . 0  31.3 3 1 . 0  1 9 . 8  2 2 . 8  1 9 . 8  33.3 2 3 . 8  4 2 . 0  0 . 9 3 9 0  None Anabaena  c e l l s  1 4 . 3  

As te r ione l l a  ce l l s  1 .5  0 . 0  1 . 0  1 . 0  5 .5  2 . 0  2 . 3  0 . 0  2 .5  2 . 3  0 . 6 5 9 1  None 

* One d e t e r m i n a t i o n  o n l y .  



A s e r i e s  of samples was a l s o  taken a t  one meter i n t e r v a l s  from 

top  t o  bottom a t  t h e  cen te r  of t h e  l ake .  T h e  da t a  which were 

ana lysed  by a n a l y s i s  of v a r i a n c e  a r e  shown i n  Table 1 2 .  

Chlorophyll and Manganese concentrations were s i g n i f i c a n t l y  higher 

a t  1 0  meters depth than a t  any o the r  depth ( P > O . O 5 ) .  T h i s  was 

probably due t o  t h e  inc lus ion  of some sedimented ma te r i a l  i n t o  

t h i s  sample. N o  o ther  d i f fe rences  were found which indicated t h a t  

t he  lake i s  well mixed. 

Given i n  Table 13 a r e  t h e  r e s u l t s  of t r y i n g  t o  grow Anabaena 

sp .  i n  t h e  labora tory  by supplementing lake water which had c e l l s  

of n i n  it with various chemical compounds. Incubation was 

a t  room temperature i n  t h e  presence of l i g h t .  N o  Anabaena were 

ever  cu l tu red  even a f t e r  one years  incubat ion.  T h i s  experiment 

was done both years .  

Shown i n  Table 1 4  a r e  t h e  r e s u l t s  of t r y i n g  t o  grow Anabaena i n  

var ious labora tory  media. Inoculat ions were made by adding lake 

water o r  f i l t e r s  which had had 1 0 0 m l  of lake  water f i l t e r e d  

through them t o  t h e  labora tory  media. Anabae na was never grown 
however geosmin was produced i n  some c u l t u r e s  when t h e  inoculum 

was taken from growth a t t ached  t o  t h e  sediment b a s i n .  T h i s  

p roduct ion  was due t o  t h e  growth of what probably was an 

Fphanizomenon s p . .  Since Anabaena was never grown i n  t h e  

laboratory,  s tud ie s  on how t o  cont ro l  it could not be done. 

Presented i n  Table 1 5  a r e  the  r e s u l t s  of closed loop s t r ipp ing  

followed by GC/MS a n a l y s i s  f o r  geosmin when a known amount of 

geosmin had been added t o  geosmin f r e e  water .  When 4 0  ng/L 

geosmin was added t h e  recovery was between 1 9  and 1 0 3  percent of 

t h e  added amount. When 2 0  ng/L was added t h e  recovery was 2 6 % .  

T h i s  problem was never solved during t h i s  p r o j e c t .  
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Pa rame t e r s 
Concen- Deeo frQm t.he Surface 
t r a t  I I .  

Level  of 
2 4 5 6 1 s 9 u -  i on  - 1 2 i f  i c a n c e  

None Ammonia m g / L  0.20 0.18 0.18 0.17 0.18 0.17 0.17 0 .18  0.18 0.17 0.1900 

N i t r a t e  m g / L  0 . 0 0  0 . 0 0  0 . 0 0  0.01 0 . 0 1  0 . 0 0  0.00 0.02 0 . 0 1  0 .00  no s t a t i s t i c s  run  

2.0 0 .9950  None S u l f i d e  W L  1 . 5  5 . 1  2 .3  4 . 1  0 . 4  3 .0  2 . 1  2 .6  3 .9  

None S u l f a t e  m g / L  38.4 35.2 36.3 35.8 135 .4  35.0 3 5 . 1  36.4 34.4 3 8 . 1  0 .2877  

Phospha te  0.16 0.13 0.10 0 . 1 1  0.13 0 .10  0.17 0.15 0.14 0.32 1 . 7 8 3 9  None 

S i l i c a  m g / L  1 1 . 9  11 .5  11.5 11.5 11.8 11.8 1 1 . 7  11 .5  11.9 12 .4  0.5586 None 

Copper Pg/L 0.08 0.02 0.04 0.03 0.05 0.04 0.03 0.04 0 .07  0 . 1 1  1 . 1 7 3 1  None 

h, 
U 

Chemical Oxy- 
gen Demand m g / L  18.8 1 6 . 6  1 0 . 0  . 1 1 . 2  9.6 19.2 19.2 1 3 . 4  2 5 . 1  0 . 0  no s t a t i s t i c s  run  

Tempe r a t  u r e  

PH 

OC 

u n i t s  

1 7 . 8  14.5 14 .7  1 4 . 6  1 4 . 1  1 4 . 1  1 4 . 1  1 4 . 2  1 4 . 1  1 4 . 6  0.2884 

8.2 8.0 8 . 1  8 . 0  8 .0 8.0 8.0 7.9 7 . 9  7 . 7  1 .4477  

None 

None 

5 . 4  1.0509 None Anabaena ce l l s  13 .8  7.9 1 5 . 4  1 2 . 2  5 .4  5 . 1  3.9 4.3 6 . 8  

A s t e r i o n e l l a  ce l l s  3 . 6  1 .9  2.0 1 .5  3.0 1 . 0  2 . 3  0 . 9  0 . 3  0 . 0  no s t a t i s t i c s  run  

1 4 . 0  15.7 16 .8  14.2 1 4 . 4  1 2 . 4  1 5 . 2  20 .6  1 8 . 3  40.5 2.7853 0 . 0 1  C h l o r o p h y l l  Pg/L 

0 . 0 1  Manganese m g / L  0 . 0 3 1  0.028 0.057 0 .026  0 .030  0.030 0.034 0 .046  0 .062  0 . 1 3 1  3 .8689  



Table 13. Growth of Alaae in Supplemented Lake Water Incubated at 
Room Temperature 

Algal 
Growth 

Growth of 
Anabaena 

Geosmin 
Produced 

Milligrams 
Addendum Added per 200 ml 

Cow Manure 100 
2 0 0  

+ 
+ 

Plantables 1 1 - 1  5-20 8 
Aquarium Plant Food 16 

2 4  

+ 
+ 
+ 

MgS04.7H20 .191 
.382 

+ 
+ 

NH4CI 

KNO3 

,068 + 

.15 

.30 
+ 
+ 

MnS04 .191 
.382 

+ 
+ 

KH2P04 .09 
.I8 
.36 

+ 
+ 
+ 

KH2P04 + KNO3 .09 + .I5 
-18 + .30 
.I8 + .60 

+ 
+ 
+ 

KH2P04 + MnS04 .09 + .191 
.18 + .191 
.18 + .302 

+ 
+ 
+ 

Material from Sedi- 
ment Basin 

0.1 ml + 

None 

-----__-----_----------------------------------------------- 
+ means growth or production 
- means no growth or no production 
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Table 14. Growth of Algae in complete media incubated at 15OC 

Medium 
Algal 
mQw!l 

Growth of Geosmin 
bnabae nq Produced 

ASN3 
ASMI 
BGI 1 
Manganese 
Kratz and Meyer's 

Medium C 
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Table 15. St rippina Ef ficiencv of Geos min 

----------- -------- -------- 
--- 

Concentration 
added na/L 

Concentration 
'recovered na/L mean 

standard 
deviation 

40  41.1, 9.6, 7.5, 30.6 22.20 16.36 

2 0  4.8, 5. 5.1 0 0.42 
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Shown i n  Table 1 6  a r e  t h e  resul ts  of geosmin determinations i n  

t he  raw water i n  1986 and 1 9 8 7 .  Geosmin was found i n  August of 

1 9 8 6 ,  J u l y  and August of 1 9 8 7  and sporad ica l ly  a t  o the r  t imes.  

The amounts which were recovered v a r i e d  q u i t e  a b i t .  T h i s  

probably was due t o  t h e  techniques more than what was ac tua l ly  i n  

t he  water. Low l e v e l s  of geosmin (1-2 ng/L) were de tec tab le .  N o  

increas ing  l e v e l s  of geosmin were noted and 2 methyl isoborneol 

was never found. 

Presented i n  Table 1 7  a r e  t h e  r e s u l t s  of looking f o r  geosmin a t  

var ious loca t ions  w i t h i n  t h e  treatment p l a n t .  Geosmin was found 

throughout t h e  p l a n t .  There were no s i g n i f i c a n t  d i f f e r e n c e s  

between any s i t e  whether a l l  t h r e e  da t e s  were lumped toge ther  or  

analysed i n d i v i d u a l l y  ( P > O . O 5 ) .  A problem developed during the  

J u l y  ana lys i s  which was never solved i n  t h i s  p r o j e c t .  S i x  samples 

were being processed by closed loop s t r i p p i n g  and a f t e r  sample 

four  t h e  a i r  pump of t h e  closed loop s t r i p p i n g  instrument q u i t .  

I t  had t o  be taken a p a r t  and cleaned, then it functioned again.  

A s  can be seen from t h e  da ta  very l a rge  va r i a t ions  i n  recovery of 

geosmin occurred. One sample from t h e  south sediment basin which 

was s t r ipped  j u s t  before the  pump q u i t  had a recovery of 0 . 0  while 

t h e  recovery i n  t h e  dupl ica te  sample which was s t r ipped  a f t e r  t he  

pump was worked on recovered 51.8 ng/L of geosmin. This leads one 

t o  wonder how much e f f i c i ency  i s  l o s t  between samples i n  any r u n  

s e r i e s .  A s tandard compound needs t o  be added t o  each sample t o  

be ab le  t o  ca l cu la t e  recovery. This was not done i n  t h i s  p ro jec t .  

The r e s u l t s  of two experiments t o  see i f  ozonation can be used 

t o  remove geosmin from t h e  water a r e  given i n  Table 1 8 .  Twelve 

l i t e r s  of raw water were spiked with 4 0  ng/L of geosmin. Samples 

were then taken f o r  geosmin recovery.  The remaining water was 
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Table 16. Geos min In the R a w m e r  of thg ba ramie Water 
Treatment Plant 

1986: 

7 - 2  
7 - 2 3  
8 - 6  
8 - 1  3 
8 - 2 0  
8 - 3 0  
9 - 2 0  

1987: 

5 - 1  4 
6 - 5  
6 - 2 4  
6 - 3 0  
7 - 1  0 
7 - 1 4  
7-1 7 
7 - 2 1  
8 - 2 4  
9 - 2 9  

Concentration na/L 

0.00 
0.00 
0.1 4 
0.00 
3.30, 10.20, 13.80 
4.20 
2.00 

5.70, 
0.00 
0.00 
3.60 

0.00 

15.40 
8.10, 37.40 
15.30 
0.00 
2.20, 1.00 
3.60, 3.60 

Mean 

9.1 0 

2.85 

22.75 

1.60 
3.60 

Standard 
Deviation 

5.34 

4.03 

20.72 

0.85 
0.00 
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Tab1 e 17 . Geosmin in Various Locat i ons with ' i  n ramie's Water Treatment 
Plant in 1987. 

Lo cation Concentration Standard F* Level of 
Date and Condition Recovered (na/L) mean deviation Value Sianificance 

7 - 1 4 South sediment basin 0.0, 51.8 25.9 36.6 1.3729 None 

7- 1 4 North sediment basin 20.4, 51.8 36.1 22.2 

7- 1 4 Raw Water 8.1, 37.4 22.8 20.7 

cleaned 

dirty 

8-24 New filter effluent 0.0, 4.0 2.0 2.8 
8-24 Old filter effluent 1.8, 2.6 2.2 0.6 
8 - 24 Raw Water 2.2, 1.0 1.6 0.8 

9 - 2 9 New filter used 6 weeks 4.8, 3.8 4.3 0.7 
9-29 New filter used 1 week 3.6, 4.0 3.8 0.3 
9 - 2 9 Raw water 3.6, 3.6 3.6 0.0 
9 - 2 9 North sediment basin 2.2 

9 - 2 9  Spiked 40 ng/L 30.6 
dirty 

*The F value for just the 8-24 data was 0.0619 and for the 9-29 data was 1.3448, neither of 
which was significant. 
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Table 18. Effect of Ozonation Upon Geosmin in Raw Water 

Concentration Standard 
ecove red Mean Deviation F value 

raw + 40 ng/L geosmin 10.5, 7.8 9.1 5 1.91 

spiked as above then bubbled 11.2, 7.8 9.50 2.40 6.5607 
at 3 U min with air 

ozonated - 3 Umin at 3 amp 4.2, 2.7 3.45* 1.06 
setting 

*Significantly lower P > 0.05 
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b u b b l e d  w i t h  a i r  a t  a f l o w  r a t e  of 3 L/min.  A f t e r  1 0  min of 

b u b b l i n g  samples were t a k e n  a g a i n  f o r  geosmin a n a l y s i s .  Then t h e  

water was o z o n a t e d  f o r  1 0  min a t  a f l o w  r a t e  of 3 L/Min a t  a 3 amp 

s e t t i n g  on  t h e  o z o n a t i o n .  The ozone  r e s i d u a l  a f t e r  1 0  m i n u t e s  was 

2 . 0  (Hach D P D  p r o c e d u r e ) .  The v a l u e  of g e o s m i n  l e f t  a f t e r  

o z o n a t i o n  w a s  s i g n i f i c a n t l y  lower t h a n  a f t e r  e i the r  s p i k i n g  w i t h  

g e o s m i n  o r  b u b b l i n g  w i t h  a i r  (P>O.O5). N o  work w a s  d o n e  t o  

d e t e r m i n e  t h e  optimum c o n d i t i o n s  of o z o n a t i o n .  
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Conclusions 

1. There were no Anabaena o r  any o the r  t a s t e  and odor causing 

a l g a l  blooms during the  t h r e e  years of t h i s  s t u d y .  Therefore 

t h e  da ta  i n  t h i s  repor t  should be considered background data  

against  which t o  compare fu ture  da t a .  

2 .  Anabaena could not be grown i n  t h e  l abora to ry  t h e r e f o r e  

experiments on how t o  l i m i t  growth could not be done. 

3 .  There were very few highly cor re la ted  parameters f o r  both years 

a t  t h e  t h r e e  s i t e s .  Those t h a t  d id  occur general ly  showed t h a t  

t he  r i v e r  was connected t o  the  lake which was connected t o  the  

water p l a n t .  There was a 0 .85  co r re l a t ion  between the  Anabaena 

i n  t h e  lake and t h e  i n  t h e  raw water, t h u s  counts i n  

t he  raw water should representa t ive  of what i s  i n  t he  lake.  

4 .  The lake i s  well  mixed and a sample a t  any loca t ion  o r  depth 

l i k e l y  w i l l  produce r e s u l t s  r e p r e s e n t a t i v e  of t h e  lake  i n  

g e n e r a l .  The one p o s s i b l e  except ion  i s  t h a t  manganese 

concentration i n  t h e  southwest corner was s i g n i f i c a n t l y  higher 

than a l l  of t h e  o ther  s i t e s .  I f  manganese concentrations i s  a 

p red ic to r  of a l g a l  growth t o  come, it would be wise t o  sample 

t h i s  loca t ion  occasional ly .  

5 .  Some chemicals and b a c t e r i a  a r e  washed i n t o  t h e  water w i t h  

spr ing  snow melt ,  o the r s  a r e  d i l u t e d  a t  t h i s  time and s t i l l  

o thers  become more concentrated a s  t h e  summer progresses.  None 

of t h i s  i s  new information. 
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6 .  Geosmin w a s  f o u n d  t h r o u g h o u t  t h e  water p l a n t  upon o c c a s i o n  

a n d  may be p r o d u c e d  by  o r g a n i s m s  which were g rowing  i n  t h e  

sed iment  b a s i n s .  

7 .  I t  appeared t h a t  o z o n a t i o n  may be u s e d  t o  e l i m i n a t e  geosmin 

from t h e  water, however much more work n e e d s  t o  be done t o  

d e t e r m i n e  t h e  optimum c o n d i t i o n s  of o z o n a t i o n .  
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Recommendations 

1. The city should continue a monitoring program so as to have 
data to compare to these should a bloom of taste causing algae 

occur again. 

2. Samples should be taken occasionally of the lake and in 

particular the southwest corner just to see that the raw water 

is representative of the lake. 

3. Geosmin determinations should not be pursued unless a large 

number of samples can be run which will cost considerable 

money. 
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a 
Appendix A. Raw Data Collected in 1985-1 986. 

River 

- -  1985 Ammo--Nit- Phos- Sul- Sul- Man- Chlor- Temper- Actino- Ana- Aster i -  Dissolved 
- Date - nia rate phorus fate fide Silica ~ a n e ~ e  ophvll Cower ature &I mycetes baena onella Iron oxyaeq OCD 
5 - 2 4  5.8 7.7 
5 - 3 0  .03 0 .31 3.4,8.5 8.0 6.8 
6 - 4  8.5 7.1 8.3 

- 

6-12 .24 0 .05 9.2 3 9.4 .060 0 8.0 7.3 .o  7.7 
6 -19  -15 0 .09 9.2 3 6.9 .060 .02 13.0 7.4 -01 7.7 
6 - 2 7 .  .12 0 .14 - -  .ooo 13.0 7.6 7.7 
7 - 5  . .13 0 .11 59.7 0 11.3 .060 12.2 14.5 7.8 
7 -10  .14 .28 .35 65.9 4.5 11.1 .120 8.8. 18.0 7.9 
7 - 1 2  .15 0 .09 65.4 3 10.5 .OOO 12.2 .02 19.5 7.8 0 

7 - 1 5 .  .28 0 .38 54.8 - - 9.8 .OOO 11.2 .02 18.5 8.4 .01 6.6 
7 -24  .19 -03 .08,.07 69.6 3 9.0 ,037 23.6 0 

7-29  .21 0 .17,.11 109.6 9 9.4 .040 25.0 .04 14.5 7.8. .01 7.4 
8 - 1  .13 0 .13 61.5 3 9.0 .034 27.0 0 17.0 
8 - 5  .17 0 .03,.13 56.3 6 8.0 .031 15.6 0 15.0 7.2 0 0 7.1 
8 - 9  -12 .07 .02 63.4 1 2  7.6 .031 17.0 0 

8 - 1 4  .12 .23 -02  47.3 0 10.5 .021 1 .o .02 19.0 8.3 1 0 7.4 
8 - 2 0  .15 .07 .07 59.7 0 8.0 .021 17.4 0 12.0 8.6 0 0 .7.3 
8 -22  .10 0 .16 43.4 0 8.3 -018 8.2 18.0 8.0 0 .03 .7.5 
8 -26  .21 .51 .06 43.4 6 - -  .027 17.4 13.0 7.3 0 .02 7.4 
9 - 3  .12 0 .09 76.6 3 - -  - -  11.8 17.5 8.2 0 
9 - 1 2  .06 .25 . I 8  38.2 3 9.0 ,021 15.4 12.0 7.8 0 
9 -19  .03 0 .13 25.5 0 6.9 ,021 8.4 14.0 7.6 
10 -1  .21 .05 .ll 30.1 21  10.5 - - 11.2 1 .o 7.5 
10 -3  .05 0 .29 35.5 - - - -  5.8 10.0 7.2 
10-10 .13 0 .09 36.3 9 - -  - -  7.0 7.0 0 

10 -24  .17 0 .08 31.8 0 - -  6.8 2.0 7.5 0 
10-29 .10 .02 .07 25.5 - - - -  5.6 7.0 - -  



River 
Chlor- 
ophvll Copper 
37.1 
24.2 .02 
26.6 . 1 1  
23.5 .02 

17.4 - -  
7.4 0 

0 - -  

Phos- 
phorus 
. I  1 
. l l  
.07 
.06 
.18 
.20 
.09 

Sul- 
- fate 
12.7 
9.2 
5.9 
6.5 
6.6 
5.3 
10.6 

Sul- 
fide Silica 
6 13.8 
12 11.7 
3 14.3 
0 13.8 
3 13.0 
0 11.7 
0 12.5 

Man- 
ganese 
. 0 65 
.054 
.061 
.087 
.068 
.095 
.065 

Temper- 

ature&! 
1986 
Date 
4-30 
5-6 
5-1 5 
5-20 
5-30 
6-4 
6-1 2 
6-1 8 
6-1 9 
6-25 
7-2 
7-9 
7-1 6 
7-23 
7-30 
8-5 
8-13 
8-20 
8-26 
9-2 
9-1 1 
9-1 8 
9-22 
9-30 
10-9 
10-1 4 
10-21 
10-28 

Asteri- Dissolved 
onella iron oxvaen OCD 

Ammo- Nit- 
& - rate 

.oo 0 

.oo 0 

.13 0 

.13 0 

.19 0 

.30 0 

.52 0 

Actino- 
mvcetes 

Ana- 
baena 

2.0 6.6 
5.0 7.2 
10.0 7.3 
8.0 7.4 
10.0 6.9 
9.0 6.8 
11.0 6.9 

5.5 
24.5 
27.0 
20.0 
65.0 
70.0 

.43 0 

.43 0 

.24 0 

.22 0 

.24 0 

.22 .03 

.21 .03 

.24 0 

.22 0 
-19 0 
.12 0 
.I5 . I 0  
.08 0 
.24 0 
.26 0 
.19 0 
.21 0 
.I9 0 
.21 0 
.13 0 

.05 

.07 

.16 

.07 

.02 

.03 

.20 

.03 

.27 

.16 

.09 

.oo 

.02 

.oo 

.oo 

.oo 

. I  3 

.I3 

. I  3 

.02 

4.6 
7.2 
14.9 
14.4 
22.8 
31.8 
28.6 
56.7 
42.9 
42.3 
35.9 
34.4 
28.8 
31.4 
29.4 
25.2 
25.2 
29.4 
32.9 
32.9 

0 10.5 
0 10.1 
0 11.3 
0 12.1 
0 12.1 
0 13.0 
0 10.9 
- -  12.6 
3 1 I .4 
3 10.6 
- -  13.5 
6 11.2 
0 11.0 
15 10.3 
0 1 1  .o 
21 12.2 
0 12.6 
28 14.3 
0 13.5 
0 13.5 

.037 

.047 

.044 

.037 

.024 

.024 

.021 

.024 

.024 

.034 

.024 

9.3 
12.0 
22.6 
19.7 
19.1 
11.6 
8.1 
11.6 
31.3 
23.2 
24.3 
13.9 
17.0 
38.2 
12.5 
10.2 
6.5 
10.2 
7.4 
9.3 

10.0 7.0 
12.5 7.0 
13.0 7.0 
15.0 6.9 
14.0 8.1 
15.5 7.9 
17.0 8.2 
17.0 8.3 
15.5 8.6 

22.0 
24.0 
12.0 
35.0 
4.5 
4.5 
0 
6.5 
6.0 

41.4 
0 
11.3 
7.5 

11.0 8.1 
8.0 7.9 
9.0 7.9 
9.0 7.8 
5.0 7.9 
10.0 8.0 
1.5 7.6 
5.0 7.9 
4 7.9 

5.5 
8.0 
13.0 
5.5 
10.0 

35.3 
0 
14 
3.7 
7.5 
1 .o 
7.5 

- -  
.034 

- -  
.07 
0 
-02 

- -  
9.0 
4.0 
11.0 

0 
.04 
-02 

- -  
.031 

7.5 



m e n d i x  A. Continued 
_I_ Lake 

1985 Ammo--Nit- Phos- Sul- Sul- Man- 
Date nia j a te  phorus fate fide Silica ganese Copper ature a mycetes baena onella iron pxvaen a 
5 - 2 4  6.1 8.0 
5 - 3 0  .01 0 .44 4.0 11.0 7.0 8.2 
6 - 4  11.0 7.4 7.8 
6 -12  .22 0 .06 7.2 0 8.7 0 0 13.0 7.4 .01 7.5 
6 -19  .17 0 .57 5.9 3 8.0 0 0 20.0 7.8 0 7.3 
6 -27  -13 .03 .05 12.0 0 17.0 7.9 7.7 
7 - 5  .15 0 .05 39.2 0 8.7 0 33.2 .04 19.0 7.5 .02 7.5 
7 -10  .19 .02 .35 51.7 0 8.7 0 17.0 0 21.5 7.2 .01 
7 -12  .15 .03 .02 46.0 0 9.8 0 84.0 .04 20.5 8.0 6.0 .02 
7 -15  .15 .75 .43 58.9 10.7 1.005 35.6 19.5 8.4 1 .o .01 7.0 
7 - 2 4  .17 .03 .14,.13 58.0 3 9.0 .037 49.6 .02,. 04 

7 -29  .17 0 .13,.29 50.1 6 9.4 .031,.037 74.0 0,.02 17.0 8.2 0 7.7 
8 - 1  .13 0 -07 69.6 0 9.4 .040 52.8,39.0 0 19.0 38.0 
8 - 5  .17 0 0,.03 67.4 15  8.3 .047 41.4 0 17.0 7.6 24.0 .01 6.9 
8 - 9  .12 .10 .05 63.4 0 7.6 .054 34.0 0 

.01 6.9 8 - 1 4  .12 0 0 56.3 6 9.0 .040 22.0 0 19.0 8.2 13,16 
8 - 2 0  .13 .05 .08 54.7 0 8.0 .031 27.6 .02 15.0 8.1 106 .01 7.3 
8 - 2 2  .13 .02 .04 44.7 0 .024 17.6 18.0 8.0 44  .02 7.1 
8 -26  .13 .42 .ll 58.0 1 5  .018 24.8 16.0 7.5 88  .02 7.6 
9 - 3  .10 0 .05 54.7 1 2  .027 36.6 0 17.5 8.1 62  .01 
9 - 1 2  .10 .23 .16 47.3 3 10.1 .031 5.8 14.0 7.9 11  
9 -19  .08 .15 .05 35.3 0 8.0 .027 31.2 13.0 8.1 0 
10 -1  .21 0 .08 33.5 3 8.3 .027 22.8 5.0 7.5 1 
10 -3  .05 0 .25 27.8 - - .044 24.0 7.0 7.4 2 

1 10-10 .19 0 .09 32.7 3 8 . 5  - -  
10-24  .15 0 .03 29.3 25  .034 22.0 0 4.0 7.4 1 
10-29 .20 0 .05 24.8 17.2 7.5 7.5 - -  

Chlor- Temper- Actino- Ana- Asteri- Dissolved 



ApPendix A. Continued 

1986 
- Date 
4 - 3 0  
5 - 6  
5 - 1 5  
5 - 2 0  
5 - 3 0  
6 - 4  
6 - 1  2 
6 -1  9 
6-25 
7 - 2  
7 - 9  

;f; 7 -16  
7 - 2 3  
7 - 3 0  
8 - 5  
8 - 1 3  
8 - 2 0  
8 - 2 6  
9 - 2  
9 - 1  1 
9 - 1  8 
9 - 2 2  
9 - 3 0  
1 0 - 9  
10-1  4 
10-21 
10 -28  

- Lake 
Ammo- -Nit- 
- n ia 

0 
0 
.15 
.28 
.26 
-34  
.52 
-54  
-49 
.49 
.32 
.19 
.22 
.26 
.24 
-24  
.15 
-1  5 
.15 
.13 
.26 
-24  
.24 
.17 
.20 
-1  0 
.15 

rate 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.08 
0 
0 
0 
0 
0 
0 
0 
0 

Phos- 
phorus 
.13 
.07 
.09 
.06 
.05 
.10 
.11 
.03 
.07 
.11 
.03 
.07 
.05 
.19 
.03 
.22 
.08 
.05 
.01 
.02 
0 
-02  
0 
0 
.13 
0 
.01 

Sul- 
fate 
12.7 
17.5 
12.0 
7.9 
7.6 
5.3 
10.6 
5.3 
6.5 
10.6 
7.2 
15.9 
24.1 
27.0 
38.4 
42.9 
38.2 
44.8 
41 .O 
36.7 
32.8 
30.7 
28.1 
32.1 
26.4 
27.5 
28.8 

Sul- 
fide 
0 
9 
3 
0 
4.5 
0 
3 
0 
0 
0 
0 
0 
3 
0 
- -  
3 
3 
- -  
0 
1 2  
0 
6 
1 5  
3 
2 5  
0 

0 

Silica 
10.5 
11.3 
14.7 
14.3 
12.3 
12.5 
11.7 
11.7 
10.1 
10.1 
10.5 
12.1 
12.5 
11.7 
12.2 
11.8 
10.6 
10.3 
10.3 
11.4 
11.0 
11.0 
11.0 
11.8 
11.8 
8.8 
12.2 

Man- 
ganese 
.044 
-054 
.047 
.051 
.061 
.051 
.087 
.05 1 
0.54 
.031 
.044 
.044 
.034 
.027 
.031 
.034 
.03 1 
-024 

.021 

.027 

.024 
-023 

.034 

.02 1 

.027 

- -  

Chlor- 
ophvll 
33.3 
27.0 
28.4 
10.0 

10.0 
6.5 
23.2 
37.1 
36.5 
40.5 
27.8 
30.7 
17.4 
23.2 
23.2 
19.7 
16.7 
18.5 
17.4 
13.9 
12.3 
11.6 
15.3 
14.1 
8.8 
22.0 

Temper- Actino- 
Copper ature mvcetes 

.02 

.10 

.02 
0 

.02 
0 
.02 
.01 
.16 
.02 
0 
.01 
.07 
0 
.07 
0 

.09 

.03 

.05 

.02 
0 
0 

.04 

.01 
0 

6.0 
8.0 
12.0 
9.0 
14.0 
11.0 
14.0 
14.0 
15.0 
16.0 
17.0 
17.5 
17.0 
17.5 
17.5 
17.0 

- -  
12.0 
12.0 
17.0 
8.0 
11.5 
4.0 
6.0 
5.5 

6.8 
7.2 8.0 
7.4 18.0 
7.3 33.0 
6.9 18.5 
7.0 55.0 
6.9 30.0 
7.0 14.0 
7.0 11.0 
7.0 6.5 
8.2 2.5 
- -  4.0 
8.0 2.5 
8.2 2.5 
8.4 3.5 
8.4 

2.5 
- -  4.0 
8.0 4.0 
8.0 1.0 
8.1 3.5 
8.0 6.5 
8.2 
7.7 4.0 
- -  2.5 
8.1 3.5 

Ana- 
baena 

2 
3 
2 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 

2 
1 6  
9 8  
47  
1 6  
1 
1 
0 
0 

0 
0 
0 
0 

Asteri- Dissolved 
onella iron o x v w  a 

0 
0 
1 
3 
0 
9 
1 4  
0 
0 
1 
0 
5 

0 
0 
0 
0 
1 9  
16  

0 
4 
45 

38.4 
0 
11.3 

7.5 
39.9 
11.3 
2.0 
7.5 
2.0 
7.5 
11.3 

3.7 



I 

1986 

Date 
4 - 3 0  
5 - 6  
5 - 1 5  
5 - 2 0  
5 - 3 0  
6 - 4  
6 - 1 2  
6 -1  9 
6 -25  
7 - 2  
7 - 9  

0 7 - 1 6  
7 - 2 3  
7 - 3 0  
8 - 5  
8 -1  3 
8 - 2 0  
8 -26  
9 - 2  
9 - 1  1 
9 - 1 8  
9 - 2 2  
9 - 3 0  
1 0 - 9  
10-1 4 
10-21 
10-28 

.b 

Ammo- -Nit- 
nia 

- -  
0 
.18 
.21 

.32 

.95 

.47 

.45 

.26 

.32 

.28 

.26 

.21 

.17 

.21 

.15 
0 

.17 

.19 

.20 

.26 

.28 

.19 

.26 

.22 

.15 

- -  

- rate 
0 

0 
0 

0 
.08 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.05 
0 
0 

0 
0 
0 
0 
0 
0 

Phos- 
phorus 
.13 
.09 
.17 
.05 
.10 
.10 
.09 
.03 
.06 
.06 
.07 
.09 
.10 
.10 
.03 
.12 
0 
.01 
0 
.09 
0 
.08 
.01 
.09 
0 
0 
0 

Sul- 
fate 

14.9 
11.3 
9.2 

3.4 
12.0 
5.3 
5.9 
11.3 
7.9 
15.9 
25.5 
21.5 
38.4 
43.8 
38.2 
39.3 
38.4 
35.2 
30.0 
29.4 
28.1 
28.8 
25.8 
27.3 
24.7 

- -  

- -  

Sul- 
- fide 

0 
1 2  
0 

- -  

- -  
0 
0 
0 
0 

9 
0 
0 

0 
0 
- -  
0 
15  
- -  
0 
9 
1 2  
0 
9 
6 
0 
0 
0 

Silica 

13.0 
14.7 
15.2 

- -  

- -  
12.1 
14.3 
11.7 
10.1 
10.9 
11.3 
12.1 
13.0 
11.3 
11.8 
11.0 
10.6 
14.3 
10.3 
11 .o 
11.4 
10.6 
11.0 
11.4 
11.4 
11.4 
11.4 

Man- 
aanese 

.051 

.054 

.051 

- -  

- -  
.057 
.065 
.047 
.044 
.047 
.044 
.051 
.037 
.027 
.027 
.027 
.034 
.018 
- -  
.02 1 
,021 
.027 
.021 
- -  
.024 
,024 
.021 

Raw Water 
Chlor- 
ophvll 

27.0 
31.3 
16.4 

- -  

- -  
12.3 
15.1 
19.3 
31.3 
33.6 
15.6 
26.6 
20.3 
13.9 
15.1 
22.0 
18.5 
22.9 
16.2 
11.6 
12.7 
14.2 
13.7 
7.4 
10.9 
- -  
6.5 

Te rnpe r- Actino- 
. cetes Copper ature bl_ mv 

- -  
.02 
.13 
.02 
.11 
0 

.01 
0 

.05 
0 
.07 
.01 
-07  
0 
.07 
.01 
.05 
.01 
.04 
0 
.04 
.05 

.05 
0 
0 

6.0 
8.0 
12.0 
9.0 
14.0 
11.0 
14.0 
14.0 
15.0 
16.0 
17.0 
17.5 
17.0 
17.5 
17.5 
17.0 
- -  
- -  
12.0 
12.0 
11.0 
8.0 
9.0 
4.0 
6.0 
5.5 

7.2 
7.4 8.0 
7.2 22.5 
- -  23.5 
7.0 23.5 
7.0 45.0 
7.1 15.0 
7.0 21.0 
7.0 8.5 
6.8 10.0 
8.0 2.5 
- -  5.0 
7.3 4.5 
8.0 1.5 

0.5 
8.2 2.0 

- -  

- -  - -  
- -  5.5 

5.0 
- -  3.0 
8.3 2.0 

2.5 
7.9 

- -  

4.0 
3.0 
2.0 

Ana- 
baena 

3 
0 

4 
0 
0 

1 
0 
1 
1 
0 
0 
1 
1 
8 
1 4  
4 4  
2 7  
1 2  
0 
2 
0 
0 
0 
0 
0 
0 

Asteri- Dissolved 
onella lron oxvaen OOD 

0 
0 
3 
2 
0 
6 
6 
0 
2 
0 
0 
1 
0 

0 
0 

0 
11,23 
0 

0 
0 
7 

38.4 
3.7 
11.3 

3.7. 
33.5 
7.5 
3.7 

2.0 
0 
13  
0 

- -  



Raw Water 
1986 
Date 
4 - 3 0  
5 - 6  
5 - 1  5 
5 - 2 0  
5 - 3 0  
6 - 4  
6 -12  
6 -19  
6 -25  
7 - 2  
7 - 9  

f 7-16  
7 - 2 3  
7 - 3 0  
8 - 5  
8 -13  
8 - 2 0  
8 - 2 6  
9 - 2  
9 -1  1 
9 -18  
9 -22  
9 -30  
10 -9  
10-1  4 
10-21 
10-28 

Ammo- Ni t -  
- n ia 

- -  
0 
.18 
.21 
- -  
.32 
.95 
.47 
.45 
.26 
.32 
.28 
.26 
.21 
.17 
-21 
.15 
0 
-17  
.19 
.20 
.26 
.20 
.19 
.26 
.22 
.15 

- rate 
0 
0 
0 
0 
.08 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.05 
0 
0 
0 
0 
0 
0 
0 
0 

Phos- 
phorus 
.13 
.09 
.17 
.05 
.10 
.10 
.09 
.03 
.06 
.06 
.07 
.09 
.10 
.10 
.03 
.12 
0 

.01 
0 
.09 
0 
.08 
.01 
.09 
0 
0 
0 

Sul- 
- fate 

14.9 
11.3 
9.2 

3.4 
12.0 
5.3 
5.9 
11.3 
7.9 
15.9 
25.5 
21.5 
38.4 
43.8 
38.2 
39.3 
38.4 
35.2 
30.0 
29.4 
28.1 
28.8 
25.8 
27.3 
24.7 

..- 

- -  

Sul- 
- fide 

0 
1 2  
0 

- -  

- -  
0 
0 
0 
0 

9 
0 
0 
0 
0 
- -  
0 
15  
- -  
0 
9 
1 2  
0 
9 
6 
0 
0 
0 

Silica 

13.0 
14.7 
15.2 

12.1 
14.3 
11.7 
10.1 
10.9 
11.3 
12.1 
13.0 
11.3 
11.8 
11.0 
10.6 
14.3 
10.3 
11.0 
11.4 
10.6 
11.0 
11.4 
11.4 
11.4 
11.4 

- -  

- -  

Man- 
aanese 

.051 
,054 
.051 

- -  

- -  
.057 
.065 
.047 
.044 
.047 
.044 
.051 
.037 
.027 
.027 
.027 
.034 
.018 
- -  
.021 
.021 
.027 
.021 
- -  
-024 
.024 
.021 

Chlor- 
ophvll 

27.0 
31.3 
16.4 

12.3 
15.1 
19.3 
31.3 
33.6 
15.6 
26.6 
20.3 
13.9 
15.1 
22.0 
18.5 
22.9 
16.2 
11.6 
12.7 
14.2 
13.7 
7.4 
10.9 

- -  

- -  

- -  
6.5 

Temper- Actino- 
Cower ature 
- -  
.02 
.13 
.02 
.11 
0 
.01 
0 

.05 
0 
.07 
.01 
.07 
0 

.07 

.01 

.05 

.01 

.04 
0 
.04 
.05 

.05 
0 
0 

6.0 
8.0 
12.0 
9.0 
14.0 
11.0 
14.0 
14.0 
15.0 
16.0 
17.0 
17.5 
17.0 
17.5 
17.5 
17.0 
- -  
- -  
12.0 
12.0 
11.0 
8.0 
9.0 
4.0 
6.0 
5.5 

& mvcetes 

7.2 
7.4 8.0 
7.2 22.5 
- -  23.5 
7.0 23.5 
7.0 45.0 
7.1 15.0 
7.0 21.0 
7.0 8.5 
6.8 10.0 
8.0 2.5 

5.0 
7.3 4.5 
8.0 1.5 
- -  0.5 
8.2 2.0 

- -  

- -  - -  
- -  5.5 
- -  5.0 
- -  3.0 
8.3 2.0 

2.5 
7.9 

4.0 
3.0 
2.0 

Ana- 
- baena 

3 
0 
4 
0 
0 

1 
0 
1 
1 
0 
0 

1 
1 
8 
1 4  
44  
2 7  
1 2  
0 
2 
0 
0 
0 

0 
0 
0 

Aster i -  Dissolved 
onella Iron oxvaeq 

0 
0 
3 
2 
0 
6 
6 
0 
2 
0 
0 
1 
0 
0 
0 
0 

11,23 
0 

0 
0 

7 

38.4 
3.7 
11.3 

3.7. 
33.5 
7.5 
3.7 

2.0 
0 

13  
0 

- -  

Values g iven  are i n  t h e  fo l lowing  u n i t s :  Ammonia mg/L S u l f i d e  yg/L Copper u g / L  
a 

Nitrate mg/L S i l i c a  m g / ~  Temperature O C  

~~ 

Anabaena ce l l s  
A s t e r i o n e l l a  ce l l s  

Phosphorus mg/L Manganese mg/L PH I r o n  mg/L U n i t s  
S u l f a t e  mg/L Chlorophyl l  ug/L Actinomyectes c e l l s / m l  Dissolved Oxygen mg/T 

. Chemical Oxygen Demand mg/L 



Appendix B. Chemical Data Co llected Du rina 198 7 

Site 

6 - 5 - 8 7  River 

Lake 

Raw 

7 - 7 - 8 7  River 

Lake 

Raw 

8 - 6 - 8 7  River 
Lake 
Raw 

8 - 1  1 - 8 7  River 
Lake 
Raw 

8 - 1  3 - 8 7  River 
Lake 
Raw 

Ammonia 
mg/L 

0.15 
0.1 7 
0.12 
0.15 
0.1 7 
0.18 
0.14 
0.15 
0.1 0 

0.25 
0.32 
0.32 
0.36 
0.30 
0.53 
0.34 
0.36 
0.43 

0.69 
0.66 
0.62 

0.69 
0.60 
0.62 

0.60 
0.60 
0.53 

Nitrate 
mg/L 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.07 
0.04 
0.07 
0.1 4 
0.1 1 
0.07 
0.1 1 
0.1 1 
0.1 4 

0.21 
0.04 
0.09 

0.1 1 
0.07 
0.24 

0.09 
0.07 
0.09 

Silica 
mg/L 

12.6 
11.8 
10.3 
9.2 
9.2 
8.8 
9.5 
10.6 
10.3 

12.4 
11.6 
11.2 
12.8 
11.2 
12.4 
13.2 
11.6 
11.6 

- -  
- -  
- -  

- -  
- -  
- -  

- -  
8.1 
- -  

Phosphorus Sulfate 
mg/L 

0.05 
0.07 
0.03 
0 
0 
0 
0.1 1 
0.09 
0.09 

0.05 
0.03 
0.02 
0.09 
0.1 0 
0.03 
0.07 
0.02 
0.06 

0.07 
0.04 
0.02 

0 
0.1 3 
0.02 

0 
0 
0.05 

mg/L 

25.2 
23.6 
23.6 
18.6 
20.0 
19.3 
20.0 
20.5 
23.1 

76.2 
76.2 
78.4 
78.4 
74.0 
78.4 
78.4 
78.4 
76.2 

78.4 
64.6 
64.6 

66.3 
62.9 
62.9 

70.0 
70.0 
64.6 

Sulfide 
PS/L 

2 0  
2 9  
2 9  
2 6  
1 7  
2 0  
1 7  
2 0  
2 3  

2 3  
1 4  
1 7  
3 2  
2 3  
3 8  
1 7  
1 7  
1 7  

2 9  
2 9  
2 6  

3 8  
2 9  
4 5  

2 9  
4 1  
2 9  

t 

48 



&we ndix  ' C .  Data C o  l lected a t  t h e  Water P l a n t  i n  198  7 

nate 
5 - 1  
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
5-8 
5-9 
5-10 
5 -11  
5-12 
5-13 
5-14 
5-15 

fc 5-16 
5-17 
5-18 
5-19 
5-20 
5-2 1 
5-22 
5-23 
5-24 
5-25 
5-2 6 
5-27 
5-28 
5-2 9 
5-30 
5 -31  
6-1 
6-2 
6-3 
6-4 
6-5 
6-6 

Raw Alka- 
J i n i t v  

93 
90 
8 1  
90 
92 
90 
58 
60 
6 1  
6 1  
59 
6 1  
6 1  
5 9  
6 1  
58 
56 
58 
56 
5 6  
52 
68 
68 
54 
63 
6 1  
68 
66 
68 
68 
6 8  
66 

Flow 
mcrd 
3.0 
3 .0  
3.0 
3 .0  
3 .0  
3.0 
3.0 
3.0 
3.0 
3 .0  
3.0 
3.0 
3.0 
3.0 
3 . 0  
3.0 
3.0 
3.0 
3.0 
3 . 0  
3 .0  
1 . 6  
1 .8  
1 . 8  
1 . 8  
1 . 8  
1.8 
1 .8  
1 .8  
1 .8  
1 . 8  
1 . 8  
3.0 
3 .0  
3.0 
3 . 0  
3,. 8 

Raw 
m 
10 .5  
10 .5  
1 1 . 0  
10 .0  
1 0 . 0  
9 .5 
1 0 . 0  
9.5 
9.5 
9.8 
1 1 . 0  
11 .0  
1 1 . 5  
12 .0  
1 1 . 5  
1 3 . 1  
12 .0  
1 2 . 5  
1 2 . 2  
1 1 . 5  
1 1 . 0  
1 0 . 8  
9.0 
10.0 
10 .0  
1 0 . 0  
10.5 
10 .0  
1 0 . 0  
1 0 . 5  
10 .5  
12 .0  
1 2 . 0  
12 .0  
12 .0  
1 2 . 0  
12 .5  

Raw 
eF1 
7 . 1  
6.9 
7 . 2  
8.0 
8 . 3  
8.2 
8.2 
8.0 
8.0 
8.0 
8 . 1  
7 .5  
7.6 
7.8 
7 .6  
7.7 
7 .6  
7 .4  
7 .6  
7 . 5  
7 . 8  
7 . 3  
7 . 4  
7 .6  
7 .5  
7 . 3  
7 .6  
7.7 
7.7 
7.7 
7 . 6  
7 . 3  
7 . 9  
8.0 
7 . 8  
7 . 8  
7 . 8  

N i t -  
rate 

. 04  

. o o  

.02 

. 0 4  
- 0 0  
. 0 9  
- 0 0  
.04 
.09 
.09  
.02  
.09 
.04 
. o o  
. o o  
.04 
.02 
. 0 4  
.oo  
. o o  
- 0 0  
. o o  
.oo  

A s t e r -  Total Chloro- Phos- Ana- 
phorua  baena i o n e l l a  Plaa 1 Count lbnmon i a  -l&.YLL Manaanese 

.13 

.05 

.04 

. 0 4  
f O 4  
.39  
.02 
.11 
I 1 3  
.11 
.05 
.09 
- 0 5  
.02 
. 0 4  
.02 
- 0 2  
* 04 
- 1 8  
.09 
.03  
.08 
.03  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
2 
1 
1 
1 
1 
2 
1 
3 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 

7 1  
77  
3 4  
20 
34 
22  
23  
1 8  
2 5  
2 4  
28  
32 
1 9  
1 9  
1 9  
2 4  
1 5  
11 
4 
3 1  
35 
38 
30 
4 1  

44.4 
39 .2  
44.0 

35.6 
36.7 
36.7 
33.6 
28.0 
44.0 
36 .7  
30.4 
28 .0  
25.6 
17.2 
2 1 . 6  
1 7 . 2  
36 .8  
32 .0  
62.3 
32.0 
25 .6  
38.4 
3 6 . 8  

-- 

.040 

.057 

.125 
-- 
-- 
.083 
.079 
.040 
.057 
. 0 3 1  
.028 
.060 
.047 
. 0 3 4  
.034 
. 0 3 4  
.034 
.065 
.044 
.138 
.072 
.024 
.034 
. 0 2 1  



Appendix C. Continued 

Aster- T o t a l  Chloro- Raw Alka- Flow Raw Raw Nit- Phos- Ana- 

Date linitv m a  rate I&QXUS baena i o n e l l a  UZdxQmL -on ia Dhvll Mancranese 
6-7 
6-8 
6-9 
6-10 
6-11 
6-12 
6-13 
6-14 
6-15 
6-16 
6-17 
6-18 
6-19 
6-2 0 
6-2 1 
6-22 

a 6-23 
O 6-24 

6-25 
6-2 6 
6-27 
6-28 
6-2 9 
6-30 
8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 
8-9 
8-10 
8-11 
8-12 
8-13 
8-14 

68 

68 
68 
7 3  
78  
8 1  
78  
7 3  
78  
90 
95 
90 
90 
90 
1 0 5  
107  
1 1 0  
1 1 0  
107  
1 1 0  
1 1 0  
107  
1 1 0  
116  
112  
1 1 4  
1 1 2  
1 2 4  
1 2  4 
122  
120  
1 2 2  
1 2 0  
120 
120  
120 
118  

-- 3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3 .8  
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3 .8  
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3 .8  
3.8 
3.8 
3.8 
3 .8  
3.8 

* 

1 3 . 5  
14.2 
13.2 
14.0 
1 4 . 5  
1 6 . 0  
15 .5  
1 6 . 0  
1 5 . 5  
1 5 . 2  
16.2 
16 .2  
16.2 
1 5 . 5  
15.2 
15 .2  
1 5 . 8  
16 .0  
1 6 . 2  
1 6 . 0  
1 6 . 0  
16 .0  
1 6 . 0  
1 6 . 0  
1 9 . 0  
19 .0  
1 9 . 5  
1 9 . 5  
19 .0  
18 .5  
1 8 . 5  
18.0 
1 8 . 0  
1 8 . 5  
1 9 . 0  
1 8 . 0  
1 7 . 5  
17 .0  

7.8 .oo  
7 .6  . o o  
7 .7  . o o  
7.8 . o o  
8 . 1  . 0 4  
7 . 9  . o o  
7 . 9  * 0 0  
7 .9  - 0 0  
7 .9  . o o  
7.8 .oo  
8.0 .04  
8 . 1  . o o  
8 . 1  . o o  
8.0 I 0 0  
8 . 1  .04  
7.8 .09  
8 . 1  . o o  
7 .9  .oo  
8 . 1  - 0 8  
8 . 1  * 02 
8.0 . 0 6  
8.0 ,04 
8 . 1  .09  
8.0 - 0 9  
8 .4  .04  
8 .3  * 04 
8.4 . 0 6  
8.4 .03 
8.4 .11 
8 .4  . 1 4  
8.4 .03 
8.4 - 0 6  
8 .3  I 0 4  
8.4 - 0 3  
8.3 .11 
8.3 . 0 4  
8.4 .16 
8.2 . 1 4  

.03 

. 0 9  

.03  

.04  

.05 

.02  

.04 

.02 

.02 

.03 

.05 

.02  

.03 

.02 

.03 

.03 

.03 

.05 

.03  

.02 

. o o  
I 0 2  
.03 
.07 
.02 
.02  
.03 
.03 
. o o  
- 0 2  
- 0 0  
- 03 
- 0 2  
. o o  
.04  
.05 
.02 
* 03 

0 
0 
1 
1 
0 
0 
2 
1 
3 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
1 
0 
1 6  
12  
1 5  
1 0  
1 9  
1 5  
4 
3 
4 
5 
1 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
7 
1 6  
6 
5 
6 
3 
2 
4 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

33 
30 
29  
3 1  
17  
1 3  
1 5  
11 
1 6  
11 
1 2  
12  
12  
1 0  
1 3  
24  
45 
18  
15  
32 
35 
38 
47 
33 
2 5  
18  
2 5  
1 6  
25 
24 
1 5  
11 
12 
1 0  
1 5  
11 
6 
3 

.49 

.34 

.29 
I 3 4  
.34 
.36 
.83 
. 4 1  
. 4 5  
.30 

2 9 . 6  
40 .0  
32 .0  
40.8 
27 .2  
24.8 
28 .0  
24.0 
28 .0  
32.8 
20.8 
44.8 
24 .8  
32.0 
27 .2  
20.0 
12.0 
14.4 
1 6 . 0  
16 .8  
16.0 
15 .2  
16.0 
15 .2  
28.0 
29 .6  
28.8 
36.8 
25 .6  
20.8 
14 .4  
17 .6  
18.4 
21 .6  
20.8 
14.4 
19.2 
16 .0  

.015 

.024 

. 0 3 1  

. 0 2 1  

.015 

.024 

.009 

. 0 2 1  

.027 

.024 

.015 

.015 

.015 

.024 

. 0 2 1  

.024 

.040 

.015 

. 0 9 1  

.015 

.015 

.015 

.034 

.037 

. 0 5 1  

.076 

.040 

.027 

.003 

.006 

.040 

.040 

.018 

.040 

.021  

.012 

.044 

-- 



ADDendix C. Continued 

I 

Date 
Raw A l k a -  
_linitv 

8-15 
8-16 
8-17 
8-18 
8-19 
8-20 
8 -21  
8-22 
8-23 
8-24 
8-25 
8-26 
8-27 
8-28 
8-29 
8-30 

cn 8-31 
9-1 
9-2 
9-3 
9-4 
9-5 
9-6 
9-7 
9-8 
9-9 
9-10 
9-11 
9-12 
9-13 
9-14 
9-15 
9-16 
9-17 
9-18 
9-19 
9-20 

120  
120  
1 2 2  
120  
1 1 4  
1 1 6  
112  
1 1 4  
1 1 4  
1 2 0  
110  
1 1 0  
1 1 4  
116  
112  
1 1 4  
120  
120  
1 2 0  
1 1 4  
1 1 6  
-- 
-- 
-- 
1 1 6  
116  
120  
1 2 0  
120  
1 2 0  
120  
1 2 0  
120  
120  
120 
120  
1 2 0  

F l o w  
m 

Raw 
Temr, 

Raw 
a 

N i t -  
rate 

Phos- A n a -  
w- 

A s t e r -  
l l a  

T o t a l  - Chloro- 
nhvll Manaanese 

3 .8  
3.8 
3.8 
3 . 8  
3 .8  
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
1 .6  
3.6 
3.5 
3.5 
3.5 
3.5 
3 . 5  
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3 . 5  
3.5 
3.5 
3 . 5  
3 . 5  
3.5 
3.5 
3.5 
3 . 5  
3.5 
3 . 5  
3 . 5  
3 . 5  

17.0 
16 .5  
16.0 
15 .5  
15.5 
1 5 . 5  
1 6 . 0  
16.0 
16.0 
16 .0  
15.8 
15 .5  
15.0 
14.8 
14.0 
1 4 . 0  
1 4 . 5  
14.5 
14 .5  
15.0 
1 5 . 0  -- 
-- 
-- 
14 .0  
14.0 
14 .0  
14.0 
14.0 
14 .0  
1 4 . 0  
1 3 . 0  
1 3 . 1  
13.0 
1 2 . 0  
1 2 . 0  
12 .0  

8 . 3  
8.3 
8.2 
8 .2  
8 .2  
8 .2  
8.2 
8.2 
8.2 
8.2 
8.3 
8 . 1  
8.2 
8.2 
8 . 1  
8.2 
8.2 
8.2 
8.2 
7.2 
8 . 1  -- 
-- 
-- 
8.3 
8.3 
8.3 
8.3 
8.3 
8 .3  
8 .3  
8.3 
8.3 
8 . 3  
8.3 
8 . 3  
8 .3  

. 1 6  

.16 

.02 

.14 
-21 
.26 
.16 
. 1 4  
.14 
.16 
.19 
. 2 1  
. 2 1  
.19 
. 2 1  
.19 
. 2 1  
. 2 1  
.16 
.16 
. 2 1  -- 

.09  

.09 

.14 

.14 

. 2 1  

.14 

.09 

.09 

.09 

.ll 

. 1 4  

. 2 1  
- 1 4  

I -- 
0 
0 
0 
1 

.04 0 

. o o  0 

.oo  2 

. o o  0 

.05 3 

.04 1 

.02 0 

.02 0 

. o o  0 

.03 0 

.03 0 

-- 
-- 
-- 
-- 

-- -- 
-- -- 
-- -- 
. 0 4  0 
.02 0 
.03 0 
.03 0 
.02 0 
.02 0 
. o o  0 
.03 0 
.02 0 
- 0 0  0 
.02 0 
.02 0 
.oo  0 

0 
1 
0 
0 
0 
2 
0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 -- 
-- 
-- 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 
11 
1 5  
11 
1 6  
1 7  
5 
1 2  
1 5  
4 
1 3  
4 
1 3  
9 
6 
8 
5 
7 
1 8  
3 
5 

-- 
8 
1 2  
7 
9 
1 0  
3 
8 
7 
1 0  
2 
4 
1 
2 

.39  

. 4 1  

. 23  

.15 

.98 

.45 

.22 

. 4 1  

. 45  

.30 
1 . 1 5  
. 5 1  
.47 
.45 
. 4 1  
.45 
. 5 1  
.45 
. 5 1  
.49 
.45 
-- 

.22 

.22 

.29 

.22  
- 2 9  
.22 
.20 
.25 
.18 
.25 
.15 
.25 
.18 

16.0 
22 .4  
2 1 . 6  
20 .0  
1 7 . 6  
17 .6  
1 8 . 4  
20 .0  
44.0 
17 .6  
20 .8  
12 .0  
1 4 . 4  
41.6 
44.0 
43.2 
2 1 . 6  
32.0 
38 .4  
1 8 . 4  
-- 
-- 
-- 
-- 
1 6 . 0  
21.6 
1 6 . 8  

1 6 . 0  
14 .4  
41.6 
40.0 
37 .6  
44.8 
41.6 
47.2 
2 9 . 6  

-c 

.065 

.083 

.065 
0.37 
. 0 5 1  
.044 
.024 
.065 
.095 
. 0 5 1  
. 0 9 1  
.047 
.079 
.072 
. 0 6 1  
.129 



A m e n d b  C . Cont j nued 

Date 

9-21 
9-22 
9-23 
9-2 4 
9-25 
9-2 6 
9-27 
9-2 8 
9-2 9 

Raw Alka- 
_linitv 

1 1 0  
104 
1 0 0  
1 0 6  
1 1 0  
108 
112 
1 1 0  
1 1 0  

Flow 
mcrd 

3.5 
3.5 
3.5 
2 .2  
2.2 
2 .2  
2 .2  
3.5 
3.5 

Raw 
Temn 

11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 

Raw 
QH 

8.2 
8 . 3  
8.2 
8.2 
8.2 
8.3 
8.2 
8 . 1  
8.2 

Nit- 
rate 

.07 

. 1 9  

. 2 1  

.30 

. 1 6  

.11 

.04 

.07 

.11 

Phos- Ana- 
ahorus- 

.02 0 

.05 0 

. o o  0 

. o o  0 

.07  0 

. 0 4  0 

. o o  0 

.03 3 

. o o  0 

Aster- Total Chloro- 
ionella - m o n  ia  nhvll Manaanese 

.55 

. 6 9  

.69 

.29 

.24 

.19 

.37 

.18 

. 1 9  

27 .2  
24.8 
2 1 . 6  
20 .0  
40.8 
33.6 
20.8 
1 7 . 6  
24.2 

Alkalinity in mg/L 
Temperature in O C  

Nitrate mg/L 
Cn Phosphorus mg/L 

Anabaena, Asterionella and Total Algal Count - 100 mls of water was filtered on a 0.45 micrometer pore size Millipore 

Ammonia mg/L 
Chlorophyll pg/L 
manganese mg/L 

N 

filter, a cross diameter count was done. Number of cells counted are reported. 



Bpendix D. Manaanese Data for Julv 1987 in the Raw Water 

Manganese 
Date ma/L~ 

7-1 .051 
7 - 2  .034 
7 - 3  .051 
7 - 4  .024 
7 - 5  .068 
7 - 6  .034 
7 - 7  - - 
7 - 8  .009 

Manganese 
Date ,ma/L 

7 - 9  ,021 
7-10 .057 
7-1 1 .057 
7-1 2 .034 
7-13 .054 
7-14 .095 
7-15 .044 
7-16 .I16 

Manganese 
D a t e m a / L  

7-17 .037 
7-18 .021 
7-19 .040 
7-20 .044 
7-21 .065 
7-22 .057 
7-23 - - 
7-24 .034 

Manganese 
Date ,ma/L 

7-25 .024 
7-26 .009 
7-27 .061 
7-28 .044 
7-29 .047 
7-30 .015 
7-31 .031 
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Amendix E. Raw Data for River SamPleS 

Ammonia mg/L 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area Landing 
Several miles from Hohnholtz 2nd Fish- Woods 

4/30 .I 0 0 0 0 0 0 0 
5/30 .29 .32 .I 6 .25 .I 7 .23 . I  9 
8/5 .21 .I 9 .22 .22 .32 .32 .24 
8/13 .34 .I 9 .21 .21 .I 9 .21 .22 
1019 .I 5 .I 9 .I 9 .28 .28 .21 .21 

Chlorophvll pg/L 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area Landing 
4/30 14.1 9.7 6.0 13.4 39.8 36.1 37.1 
5/30 4.4 3.7 3.0 4.6 2.8 5.6 23.5 
8/5 13.3 18.5 17.9 12.7 9.3 21.4 11.6 
8/13 6.9 6.9 9.8 8.7 5.8 9.8 31.3 
10/9 4.1 16.2 3.0 9.5 6.0 4.4 6.5 

Several miles from Hohnholtz 2nd Fish- Woods 

Phosphorus rng/L 
Several miles from Hohnholtz 2nd Fish- Woods 

Landing Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area 
4/30 .I 3 .48 .08 .09 . I  5 .I 1 . I  1 
5/30 .09 .05 .03 .03 .07 . I  1 .I 8 
8/5 .04 .03 .03 .02 .04 .04  .03 
8/13 .21 .29 .27 .I 8 .I 5 .24 .27 
10/9 .20 .24 . I  3 .20 .20 .20 . I  3 

Sulfate mg/L 
Several miles from Hohnholtz 2nd Fish- 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area 
4/30 0 0 0 0 6.5 12.7 
5/30 0 0 0 0 4.0 5.9 
815 3.3 1.6 1.6 4.9 22.0 47.8 
8/13 1.6 0 0 10.0 22.5 47.8 

17.9 27.0 10/9 3.3 4.9 1.6 1.6 

woods 
Landing 
12.7 
6.6 
56.7 
42.9 
25.2 
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m e n d  ix E. Continued 

Silica mg/L 
Several miles from Hohnholtz 2nd Fish- woods 

Landing Date Chambers lake Bridae 1 Tunnel Picnic area Lake b!uM 
4 / 3 0  9.4 8.3 9.0 8.7 12.5 12.5 13.8 
5 / 3 0  10.9 12.4 9.8 10.0 11 . I  12.1 13.0 
815 10.3 10.6 6.5 11.0 12.6 11.8 12.6 
811 3 9.9 10.6 5.5 12.6 13.5 12.2 11.4 
1019 11 .o . I  3.0 8.1 9.9 11.8 12.6 . I  2.6 

Manaanese mg/L 
Several miles from Hohnholtz 2nd Fish- Woods 

ina area Landing Date Chambers lake Bridae 1 Tunnel Picnic area Lake 
4 / 3 0  .031 .031 ,021 .034 .057 .054 .065 
5 / 3 0  .034 .033 .023 .039 .033 .057 .068 
815 .021 .021 .009 .034 .024 .027 .024 
811 3 .024 .024 -01 2 .037 .024 .031 .024 

Temp OC 
Several miles from Hohnholtz 2nd Fish- Woods 

ing area Landing Date Chambers lake Bridae 1 Tunnel Picnic area Lake 
815 7.0 9.0 9.5 13.0 15.5 18.0 17.0 
8 / 1 3  . 9.0 9.5 10.5 14.5 13.5 18.0 17.0 

10.0 1019 3.5 4.5 4.0 6.0 8.0 10.0 

-------_-----_-----_------------------------------------------------------- 
Dk! 

Date Chambe rs lake Bridae 1 Tunnel icnic a rea Lake hsuea Landing 
4 / 3 0  7.0 7.0 7.0 6.8 6.7 6.8 6.6 
5 / 3 0  7.2 7.2 7.0 7.1 7.1 7.0 6.9 
815 7.9 7.7 7.9 7.8 8.2 8.2 8.3 
8 / 1 3  . 8.2 7.7 8.3 7.9 8.4 8.5 8.6 
1019 8.1 8.1 8.0 7.7 8.0 7.8 8.0 

Several miles from Hohnholtz 2nd Fish- Woods , .  
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rmendix E. Continued 

Several miles from 
Date Chambers lake 
4/30 0 
5/30 0 
815 .03 
811 3 0 
10/9 0 

Nitrate mg/L 
Hohnholtz 2nd Fish- 

Bridae 1 Tunnel Picnic area Lake jna area 
.10 0 0 .29 0 
0 0 .03 0 0 
0 .05 0 0 0 
0 0 0 0 0 
0 .05 0 0 0 

woods 
Landing 
0 
0 
0 
0 
0 

Sulfide pg/L 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area Landing 
4/30 6 3 0 0 0 0 6 
5/30 3 6 3 1.5 3 1.5 3 
811 3 0 0 3 0 0 0 3 
10/9 6 6 0 0 0 0 0 

Several miles from Hohnholtz 2nd Fish- Woods 

Chemical Oxvaen Demand mg/L 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area Landing 
8/5 3.7 0 0 0 0 3.7 0 
8/13 11.3 0 11.3 11.3 11.3 11.3 11.3 
10/9 3.7 7.5 0 7.5 16 3.7 1 .o 

Several miles from Hohnholtz 2nd Fish- Woods 

--------------_--__--------------------------------------------------------- 
Act i no mvcete s cells/ml 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area Landinq 
5/30 27.0 12.0 10.0 24.5 32.5 43.0 27.0 
8/5 1 .o 1.5 0.0 2.0 1.5 0.0 0.0 
8/13 0.0 1 .o 1 .o 1.5 3.5 2.5 1 .o 

Several miles from Hohnholtz 2nd Fish- Woods 

________--_---_------------------------------------------------------------- 
Anabaena per I00 mls., cross diameter count 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ina area Landing 
5/30 2 

Several miles from Hohnholtz 2nd Fish- Woods 

8/5 0 0 0 1 small 0 2 small 0 
8/13 0 0 0 0 0 0 0 
10/9 0 0 0 0 0 0 0 
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m e n d i x  E. Continued 
_--__----------------------------------------------------------------------- 

Asterionella per 100 mls, cross diameter count 

Date Chambers lake Bridae 1 Tunnel Picnic area Lake ing area Landing 
815 0 0 1 5 0  0 0 0 0 
811 3 0 0 3 0 0 0 0 
1 0 / 9  0 0 0 0 0 0 0 

Several miles from Hohnholtz 2nd Fish- Woods 

Mileage up river of the sampling sites 
Woods Landing 0 
Second Fishing Area 2.3 
Hohnholtz Lake 14.2  
Picnic Area 26.2 
Tunnel 35.1 
Bridge 35.8 
Several miles from Chambers Lake 37.9 
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Chloro- Temper- 
&& ohvll ature 

PS/L OC 

North - 3 meters from surface 
8-7 11.0 
8-14 26.6 16.0 8.3 
8-18 7.5 17.0 8.2 
8-26 22.2 16.5 8.1 

Northeast - 2 meters from surface 
8-11 9.3 17.5 8.2 
8-26 22.2 16.5 8.3 
9-2 15.6 15.5 8.2 

Northeast - 3 meters from surface 
.n 8-1 1 22 17.5 8.2 
a 8-18 22 17.0 8.3 

8-26 20.8 16.5 8.3 
9.2 26.6 15.5 8.2 

Outlet - 3 meters from surface 

8-18 18.5 17.0 8.2 
8-26 27.8 16.5 8.2 

8-14 41.7 16.0 8.2 

Inlet - 3 meters from surface 

8-14 23.2 15.0 8.2 
8-1 8 26.6 17.0 8.1 

8-1 1 20.8 17.0 8.1 

8-26 15.3 16.0 8.1 

Southmiddle - 3 meters from surface 
8-14 22 16.0 8.2 
8-26 27.8 16.0 8.2 

Dissolved 

mg/L 
Oxvaen 

4.9 

5.2 

4.9 

Chemical 
Oxygen Ammo- 
pernand 

mg/L mg/L 

.15 
18.7 .15 

.10 

.12 

.15 

44.4 .10 
.12 
.12 

.I3 
11.3 .I5 

.I 5 

.17 
18.7 .13 

.12 

.15 

.10 

N i t r a  
mg/L 

0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0 .o 

0.0 
0.0 
0.0 

0 .o 
0 .o 
0 .o 

0.00 
0.1 3 

~ 

PhOS- 
Dhorus 
mg/L 

.19 

.oo 

.24 

.21 

.oo 

.37 

.29 
0 .o 

.24 

.oo 

.27 

.34 

.oo 

.21 

.22 

.18 

Sul- 
k& 
mg/L 

43.8 
43.8 
39.2 

42.9 
41 .O 

40.1 
37.8 
41 .O 

45.8 
41.9 
37.6 

41.9 
41.9 
40.1 

42.9 
40.1 

Sul- 
Silica 

pg/L mg/L 

9 .o 11.4 
6 .O 11.8 

10.6 

11.0 
10.6 

0 .o 11.4 
10.3 
11.0 

3.0 11.0 
9.0 11.8 

10.6 

9.0 11.8 
3.0 1 1  .o 
10.3 - - 

6 .O 11.8 
10.3 

Man- 
aaneSe 
mg/L 

.034 

.027 

.034 

.031 

.047 

.037 

.037 

.031 

.021 

.034 

.040 

.034 

.037 

.037 

Ana- 
baena 
cells 

14 
2 
5 
36 

20 
42 
19 

18 
38 
45 
24 

1 1  
37 
45 

5 
22 
14 
38 

18 
48 

Asteri- 
gnella 
cells 

3 
2 
1 
0 

0 
0 

3 
0 
0 

2 
0 
1 

6 
15 
1 
0 

0 
0 

CoDDer 
wg/L 

0.05 
0.07 
.10 

.07 

0.00 
0.09 

0.01 
0.03 
0.07 

.01 

.03 

.07 

.01 

.01 

Secchi- 
& 
feet 

7 

9 

8 

9 
8.5 
8 
8 

7 
7 

9 
7 
9 
7 

6 
7 



Chemical 
Chloro- Temper- Dissolved 

m P h v l l a t u r e D H  Oxvaen 
OC mg/L 

Asteri- Secchi- 
onella Copperdisc 
cells pg/L feet 

Oxygen Ammo- 
D e m a n d n i a  

mg/L mg/L 

PhOS- 
NitrateDhorus 

mg/L mg/L 

Sul- 
fate 
mg/L 

Sul- 
fide Silica 
pg/L mg/L 

Man- 
aaneSe 

mg/L 

Ana- 
baena 
cells 

Southwest corner - 2 meters from surface 
8-1 1 8.1 17.0 8.1 5.8 

8-26 36.1 16.0 8.2 
9-2 17.4 15.5 8.2 

8-1 4 22.0 16.0 8.3 
9 
10 
45 
27 

2 8 
4 .10 
0 .05 

8 

.17 

.13 

.20 

0.00 .09 
0.00 .15 
0.03 .OO 

41 .O 
39.3 
40.1 

3.0 11.0 
10.6 
10.6 

.031 

.031 

Southwest corner - 3 meters from surface 
8-1 1 17.9 16.5 8.0 6.0 
8-14 75.3 16.0 8.2 
8-26 44.0 16.0 8.0 
9-2 12.7 15.5 8.1 

5 
1 1  
30 
33 

7 8 
0 .43 7 
0 .09 6 

8 

.oo 

.32 

.15 

0.00 0.61 
0.00 1.21 
0.05 .oo 

45.8 
42.9 
41.9 

0 11.4 
10.3 
10.6 

.083 

.060 

Southeast - 3 meters from surface 
8-14 12.7 16.0 8.1 
8-18 17.4 17.0 8.1 
8-1 8 31.8 17.0 8.1 
8-26 21.5 16.0 8.1 

9 .03 7.5 
0 9 
1 9 
0 7 

.13 
11.3 .15 
11.3 .08 

.12 

0.00 .24 
0.00 .oo 
0.00 .oo 
0.05 .19 

I 41.9 
42.9 
42.9 
39.3 

6.0 12.6 
3.0 11.4 
12.0 10.8 
10.6 

.040 

.027 

.03 1 

.031 

20 
27 
10 
38 

Middle East - 3 meters from surface 
8-14 9.8 16.0 8.1 
8-18 20.3 17.0 8.1 
8-26 23.6 16.5 8.1 

4 .01 
3 9 
0 0.3 7 

.15 
11.3 .17 

.10 

0.00 .I9 
0.00 .oo 
0.05 .19 

40.1 
41 .O 
38.4 

0 11.4 
3.0 10.6 
- -  10.3 

.040 

.037 

.027 

20 
47 
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Appendix H. Formulations of Alaal Media 

Compound Medium C ASM-1 
Micromo les per liter Kratz a nd Mvers mediuq 

NaNO3 
KNO3 
NaCl 
MgC12 
MgS04.7H20 
CaC12 
Ca( N03) 2.4 H 2 0  
K2HP04 
Na2HP04 
FeC13 
Fez( S04)3.6H20 
Fe EDTA 
Na2 EDTA 
Na citrate.2H20 

MnC 12.4 H20 
MnS04.4 H20 
Moo3 
ZnCI2 
ZnS04.7H20 

H3B03 

CuS04.5H20 
cuc12 
coc12 

- -  
10,000 
- -  
- -  
1 0 0 0  
- -  
1 0 5  
5 7 5 0  

- -  
15.4 

-- 
1700 
4 6  
1 1  
- -  
0.1 23 
- -  
0.77 
0.32 

2000  

- -  
2 0 0  
2 0 0  
2 0 0  
- -  
1 0 0  
1 0 0  
4 

- -  
2 0  
- -  
4 0  
7 

- -  
3.2 

- -  
0.0008 
0.08 
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IAgpendix H. Continued 
Amounts (a/ L) in medium 

I naredient BG- I  1 - MN ASN-Ill 

NaCl 
MgC12.6H20 
KCI 
NaN03 
K2H P04.3H20 
MgS04.7H20 
CaC12.2H20 
Citric acid 
Ferric ammonium citrate 
EDTA (disodium magnesium salt) 
Na2C03 

Trace metal mix A5 + Co* 
Sea water 
Deon ized Water 
pH after autoclaving and cooling 

- -  
I .5 
0.04 
0.075 
0.036 
0.006 
0.006 
0.001 
0.02 

I ml 1 - 1  

1000 ml 
7.4 

- -  

- -  
0.75 
0.02 
0.038 
0.01 8 
0.003 
0.003 
0.0005 
0.02 

I ml 1 - 1  
750 ml 
250 ml 
8.3 

25.0 
2.0 
0.5 
0.75 
0.02 
3.5 
0.5 
0.003 
0.003 
0.0005 
0.02 

I ml 1 -1  

1000 ml 
7.5 

*Trace metal mix A5+Co contains (g/L): H3BO3, 2.86; MnC12.4H20, 1.81 ; 
ZnS04.7H20, 0.222; Na2Mo04.2H20, 0.390; CuS04.5H20, 0.079; Co(N03)2.6H20, 
0.0494. 
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Append ix G. Raw data for samples from the middle of the lake. 

~ ~~~~ 

7 / 23  719 7.9 7.9 7.9 7.5 7.3 7.0 7.0 6.8 
713 0 8.0 8.1 7.9 8.0 8.0 7.9 7.9 7.6 7.5 
817 8.2 8.2 8.2 8.2 8.2 8.1 8.1 8.0 8.0 7.9 7.8 
8 /11  8.2 8.2 8.2 8.1 8.1 8.1 8.2 8.2 
8 / 1 8  8.2 8.1 8.1 8.1 8.1 8.1 8.1 7.9 7.9. 7.8 
8/26 8.1 8.1 8.0 8.0 
912 8.2 8.2 8.0 8.0 
911 5 8.1 8.2 8.0 8.2 8.2 8.2 8.2 8.2 8.1 
9 / 2 3  7.9 7.9 7.9 7.9 7.9 7.9 8.0 7.9 7.9 
10121 7.8 7.8 7.8 7.8 7.9 7.9 8.0 8.2 

7/23 
7 / 3 0  17  1 7  17  16.5 16.5 16  16  16 15 
817 20 20 19  18.5 18.5 19  19 18 18 18  18.5 
8/11 16.5 16.5 16.5 16.5 16  16 16 16 
8 /18  17  17  1 7  1 7  1 7  16.5 16.5 16 16.5 16 
8 /26  16 16 16.5 16 
912 15.5 15.5 15.5 14.5 
911 5 13 13 13  13 13 13 13 12.5 12.5 
9 /23  12 12 12  12  12 12 12  12  11.5 
10121 6 6 6 6 6 6 6 6 

7/23 
7 /30  3 6 
817 0 6 
8 /11  0 9 
8 / 1 8  3 3 
8/26 
912 
911 5 0 
9/23 6 
10121 6 

0 0 0 0 0 9 
0 6 0 9 3 3 0 
0 0 3 0 
0 3 0 6 0 0 

3 0 
0 0 0 0 3 0 
3 6 12 3 18 0 
0 6 0 0 0 
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&pendixG. Co n t in ued 

Sulfate mg/L 
Date MO M i  M2 M3 M4 M5 M6 M7 M8 M9 M1O 

7 / 2 3  
7/30 29.3 31.8 29.3 29.3 30.1 27.0 27.8 28.6 31.0 34.4 
8 / 7  41.9 41.0 34.4 36.7 38.4 38.4 37.6 37.6 38.4 40.1 40.1 
8 /11  42.9 38.4 43.8 41.9 43.8 41.9 45.8 42.9 
8 / 1 8  39.3 42.9 42.9 40.1 41.0 43.8 42.9 45.8 39.3 42.9 
8 / 2 6  37.6 39.3 39.3 40.1 
912 41.0 40.1 39.3 42.9 
911 5 32.9 33.6 35.2 32.9 32.1 34.4 29.4 32.9 
9/23 31.4 32.9 31.4 28.8 32.9 31.4 30.0 27.5 35.2 
10 /21  28.1 28.8 29.4 30.7 28.1 28.1 31.4 30.0 

7 /23  
713 0 .27 .31 .26 .16 .14 .09 .32 .29 .32 .64 
8 / 7  .12 .I 1 .09 .08 .04 .04 .16 .15 .21 .23 .26 
8/1 1 .05 .21 .13 .19 . I  6 .22 .22 .06 
817 8 .19 .13 .08 .12 .ll .21 .27 .13 .12 .47 
8 / 2 6  .16 .19 .32 .24 
912 .oo .oo .oo .oo 
911 5 .OO .OO .OO .OO .OO .OO .OO .OO .32 
9 / 2 3  .18 .21 .24 .29 .16 .I 9 .21 .I 9 .26 
10121 .OO .OO .01 .16 .OO .OO .OO .04 

7 / 2 3  
7 /30  . I 0  
817 .03 .01 .01 .03 .03 .OO .01 .OO .OO .OO -00 
811 1 .05 .03 .03 .05 .07 -05 -09 .36 
8 /18  .14 .05 .07 .07 .07 .03 .07 .09 .03 
8/26 .07 .03 .07 .07 
912 
911 5 
9/23 .02 ..04 .OO .04 .07 .OO .02 .05 .30 
10121 .01 .04 .02 .04 .02 .02 .04 .13 
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Appendix G. Continued 

----------- 
7 / 2 3  
7 / 3 0  .034 
817 .037 
8 / 1  1 .027 
8 / 1 8  .027 
8 / 2 6  
912 
911 5 
9 / 2 3  
1 0 / 2 1  

.037 .034 .034 .040 .040 .037 .044 .095 ,296 

.034 .037 .031 .037 .031 .037 .044 .076 . I  16 .219 

.027 .031 .031 .031 .034 .037 . I 2 0  

.027 .034 .031 .031 ,031 .044 .040 .051 . I 3 4  
.213 .031 .047 .076 

.006 .021 
.018 .021 .021 .021 ,024 .018 .021 .087 
.027 .027 .024 .027 .027 .027 .024 .031 
.024 .021 .021 .021 .024 .029 .032 .083 

7 / 2 3  
7 / 3 0  11.7 13.0 12.5 12.5 12.5 12.5 12.5 12.1 13.0 14.7 
817 12.2 12.2 12.2 12.6 12.2 12.2 12.2 12.2 12.2 12.6 13.9 
8 / 1 1  12.2 11.8 13.0 13.0 13.0 12.2 11.8 11.8 
8 / 1 8  11.4 11.0 11.4 11.0 12.2 12.2 11.8 11.4 12.2 12.6 
8 / 2 6  11.0 11.0 11.8 12.2 
912 11.0 10.6 11.0 11.4 
911 5 10.3 10.3 11.4 11.4 10.3 10.6 9.9 10.6 11.0 
9 / 2 3  9.9 10.3 9.9 9.9 11.0 10.3 10.3 11.4 12.2 
1 0 / 2 1  12.6 11.8 11.8 11.6 12.2 12.4 12.6 12.6 

_______________---------------------------------------------- 
- -  - -  7 / 2 3  2 4 3 5 0 1 0 

7 / 3 0  8 9 3 3 2 4 4 0 0 
817 8 6 4 7 5 2 2 0 3 0 1 
8 / 1 1  1 8  2 0  3 0  1 2  4 6 5 0 
8 / 1 8  2 1  2 6  3 5  3 0  2 7  2 8  1 9  1 2  6 0 
8 / 2 6  5 0  4 4  2 4  2 6  
9 / 2  2 6  2 3  1 8  2 7  
9 / 1 5  0 1 0 0 0 0 0 1 0 
9 / 2 3  0 1 0 0 1 0 3 0 0 
1 0 / 2 1  0 0 0 0 0 0 0 0 

- -  
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UpendixG. Co n tinued 

7/23 
7/30 .24 .21 
817 .I7 . I 9  
811 1 .22 .22 
8/18 .I7 .22 
8/26 
912 
9/15 . I  7 
9/23 .I3 
10/21 . I  2 

.21 .I 9 .I 9 .I 9 .22 .22 .22 .I 9 

. I  9 .21 .21 . I  7 .21 . I  9 . I  9 .24 . I  9 

.21 .21 .I9 .28 .21 .21 

. I 5  .I7 .I7 . I 5  . I 5  .I3 .I7 

.I2 .I7 .30 .26 

.I3 .I3 .I7 .21 

.34 . I  5 . I  9 . I  5 . I  7 . I  3 . I  9 . I  3 

. I  5 . I  2 . I  5 .I3 . I  2 . I  5 . I  7 .08 

.12. . I 5  .I3 .I2 .I3 . I 0  . I 0  

-------_----------------------------------------------------- 
7/23 24.3 28.4 20.8 24.3 28.9 26.6 28.9 54.4 34.7 
7/30 23.7 24.9 24.9 24.9 24.9 23.2 25.5 27.8 24.9 67.7 
8/7 5.8 3.5 5.8 8.1 5.2 2.9 10.4 2.3 4.6 10.4 19.1 
8/1 1 12.7 19.7 22.0 6.9 22.0 3.5 19.7 60.2 
8/18 13.9 8.1 9.3 6.9 9.3 9.8 8.1 17.9 8.1 64.8 
8/26 27.8 26.4 18.8 18.1 
912 16.2 20.8 9.3 15.6 
911 5 13.9 13.2 11.3 11.3 9.3 10.8 10.9 13.8 17.3 
9/23 22.6 12.0 9.0 9.6 13.2 12.5 11.2 16.4 15.2 
10/21 8.8 8.5 17.4 8.3 8.2 7.6 7.8 15.1 
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