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ABSTRACT

In-situ measurement of suspended solids in water is
often implemented using simple light transmission
measuring transducers. A11 such transducers are
subject to fouling of the optical surfaces by
various contaminant mechanisms. The evolution of
sensor design has resulted in the use of solid
state light sources, and the objective of this
research was to try to establish any benefits
accruing fron the selective use of source \ilave-
length.

After initially reviewing the mechanisms of
contaminant growth, the dominant cause of light
attenuation \ras thought to be the presence of algal
blooms. It has always been recognised that
bacter ia,  deposit ion of sal ts and detr i tus are
present, but are considered generally less signi-
f icant.

A laboratory experiment was set up with the advice
of consultants to attempt controlled measurements.
This consisted of generating colonised surfaces on
glass slips in river waters under visible and
infra-red lighting. fhe consultants analysed the
resulting growths and presented a report on their
f indings.

It was concluded that ambient light, even when
scatt,ered before reaching the transducers is a
najor cause of surface contamination. Assuming
that this effect can be minimised, the use of
infra-red l ight instead of v is ible l ight s igni f i -
cantly reduces algaI growth. It is surprising that
so few proprietary instruments use infra-red
sources as they are readily available and easy to
apply. Hydraulics Research Ltd manufactured their
own transducers using infra-red more than l0 years
ago. The results of this research suggest that
further effort should be put into producing new
designs of infra-red emit t ing transducers.
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I II{TRODUG"IIOf,

T h e  o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  e s t a b l i s h
whe the r  t he  use  o f  an  i l l um ina t i on  sou rce  hav ing  a
se lec ted  em iss ion  wave leng th  w i l l  p rove  bene f i c i a l
i n  reduc ing  fou l i ng  e f f ec t s  expe r i enced  w i th
conven t i ona l  f i l amen t  l amp  sou rces  used  i n  op t i ca l
sed imen t  t r ansduce rs  dep loyed  i n  r i ve rs  and
e s  t u a r i e s  .

Du r i ng  the  i n i t i a l  phase  o f  l i a i son  (as  i nd i ca ted
in  4  o f  t he  schedu le )  i t  became c lea r  t ha t  a  con -
t r o l l e d  e x p e r i m e n t  i n  t h e  f i e l d  a s  s u g g e s t e d  i n  t h e
Prog ramme o f  Work  wou ld  be  unsa t i s fac to ry  due  to :

a )  u n c o n t r o l l e d  f l o w  v a r i a t i o n s l
b )  e f f e c t s  o f  s u n l i g h t ;
c )  p o s s i b l e  e l e c t r o c h e m i c a l  e f f e c t s  a t  s i t e s

where  expe r imen ts  cou ld  be  conven ien t l y
moun ted ;

d )  c o s t  o f  f r e q u e n t  s i t e  v i s i t s  n e e d e d l
e )  d i f f i c u l t y  o f  e l i m i n a t i n g  s o u r c e  t e m p e r a t u r e

e f f e c t s ,  e t c .

Our  d i scuss ions  a t  t he  Un i ve rs i t y  o f  Abe rys tw th ,
F r e s h w a t e r  B i o l o g i c a l  A s s o c i a t i o n  ( F B A ) r
Ins t i t u t i on  o f  Mar ine  and  Env i ronmen ta l  Resea rch
and  the  Wate r  Resea rch  Cen t re  conv inced  us  t ha t  a
con t ro l l ed  l abo ra to ry  expe r imen t  wou ld  be  the
app rop r i a te  me thod i  a l l hough  FBA s t rong l y  adv i sed
p rocu remen t  o f  f i e l d  samp les  we  were  unab le  t o
comp 1y .

O u r  R e p o r t  S R  1 7 3 ,  M a r c h  1 9 8 8  d e s c r i b e d  t h e
d i f f i c u l t i e s  w e  e x p e r i e n c e d  i n  e s t a b l i s h i n g  t h e
w o r k  o n  a  s o u n d  s c i e n t i f i c  b a s i s  t o  t h e  b e s t  a d v i c e
a v a i l a b l e ,  i n c l u d i n g  s t a f f i n g  p r o b l e m s .  O u r
s u b m i s s i o n  r e f .  T E / S R / 3 9  d a r e d  3  A u g u s r  1 9 B B
r e q u e s t e d  p e r m i s s i o n  t o  s u b - c o n t r a c t  a  s i g n i f i c a n t
p a r t  o f  t h e  p r o j e c t  ( a p p r o x .  4 4 %  o f  t h e  t o t a l
v a l u e )  t o  f g e .  T h e i r  p r o p o s a l  t o  a n a l y s e  s a m p l e s
f  o r  a lga l ,  bac te r i a l  and  o rgan i c  depos i t i on  r { ras
p r e s e n t e d ,  i n c l u d i n g  c l e a r  m e t h o d s  f o r  p r o c e e d i n g ,
on  24  June  1988 .  Subsequen t l y  pe rm iss ion  to  go
ahead  was  g ran ted  by  DOE.

A l though  Ehe  p rocedu re  ou t l i ned  i n  t he  schedu le  has
no t  been  adhe red  to ,  t he  ove ra l l  ob jec t i ve  rema ined
the  same.  We  have  no t ,  howeve r ,  had  adequa te
fund ing  to  cons t ruc t  a  p ro to t ype  f i e l d  t r ansduce r
a s  o r i g i n a l l y  e n v i s a g e d .

The  March  repo r t  i nc luded  a  rev iew  o f  t he
env i ronmen ta l  f ac to rs  a f f ec t i ng  a lga l  g row th ,  t he
t y p e s  o f  a l g a e  e x p e c t e d  i n  t y p i c a l  w a t e r s ,  t h e
g ro$ r th  p rocesses  and  the  abso rb t i on  o f  l i gh t .
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Var ious  des igns  o f  op t i ca l  sed imen t  mon i to rs .  a re
used  by  HR L td  t o  measu re  t he  i n - s i t u  concen t ra t i on
o f  mud  and  s i l t  i n  suspens ion  i n  r i ve rs  and
es tua r i es .  Deve lopmenEs  o f  senso r  des igns  have
e f fec ted  improvemen ts  re la t i ng  t o  t he  f ou l i ng  o f
t he  op t i ca l  su r faces ,  bu t  bas i c  mechan i sms
respons ib le  f o r  t he  deg rada t i on  have  neve r  been
p r o p e r l y  e s t a b l i s h e d .  T h e  o b j e c t i v e  o f  t h i s
resea rch  p ro jec t  i s  t o  p roduce  an  unde rs tand ing  o f
t he  p rocesses  i nvo l ved  and  as  a  resu l t  make
recommenda t i ons  on  the  poss ib i l i t i es  o f  senso r
improvement .

The  e f f o r t  has  b_een  concen t ra ted  on  the  fou l i ng
caused  by  t he  g row th  o f  a l gae  on  the  su r faces .  I t
i s  we l l  known  tha t  sa l t s  f r om the  h ra te r  (pe rhaps

>a  ca l i . gun  ca rbona te )  and  f i ne  mud  pa r t i c l es  a re  a l so
d e p o s i t e d  b u t  i t  i s  f e l t  t h a t  t h e s e  a r e  l e s s
d o m i n a n t  i n  m a n y  o f  t h e  a p p l i c a t i o n s ,  e s p e c i a l l y  i n
some mar ine envi ronments.

P rog ress  w i th  t he  wo rk  has  been  f rus t ra ted  fo r
s e v e r a l  r e a s o n s ,  a s  d e s c r i b e d  b e l o w .

The  s ta f f  member  do ing  the  wo rk  res igned ,  and  i t
n a s  n o t  p o s s i b l e  t o  r e c r u i t  a  s i m i l a r l y  q u a l i f i e d
pe rson  to  con t i nue  Ehe  work .  I t  was  dec ided  to
t rans fe r  t he  p ro jec t  w i t h i n  t he  company  to  t he
sed imen ta t i on  l abo ra to ry  as  t he  th rus t  o f  t he
a c t i o n  w a s  o r i e n t e d  t o w a r d s  c h e m i c a l / b i o l o g i c a l
ana l yses  more  app rop r i a te  t o  t ha t  sec t i on  t han  to
the  i ns t rumen ta t i on  sec t i on .

Ea r l y  Ln  L987188  an  op t i ca l  dev i ce  h ras  o rde red
f r o m  O r i e l  S c i e n t i f i c  L t d .  T h i s  i s  a  b r o a d  b a n d
q u a r t z  h a l o g e n  s o u r c e  c o n n e c t e d  ! o  a n .  o p t i c a l
f i l t e r  u n i t  w i r h  a  f i b r e  o p t i c  l i n k .  T h e  p u r p o s e
o f  t he  f i b re  i s  t o  remove  any  hea t i ng  e f f ec t s  f r om
the  cu l t u re  med ia  t o  e l im ina te  any  i n f l uence  tha t
the  wa rmth  o f  t he  sou rce  may  have  on  the  a lga l
g rov r th .  The  f i l t e r  un i t  pe rm i t s  t he  t r ansm iss ion
o f  s e l e c t e d  w a v e l e n g t h s  o f  l i g h t  i n t o  t h e  m e d i u m
( r i v e r  w a t e r )  i n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t s
o f  t h e  d i f f e r e n t  p a r t s  o f  t h e  s p e c t r u m  o n  t h e
g row th .  Th i s  equ ipmen t  h ras  no t  rece i ved  un t i l
a f t e r  t h e  d e p a r t u r e  o f  t h e  s t a f f  i n v o l v e d ,  n e a r l y
f i ve  mon ths  a f t e r  t he  o rde r  was  p laced .

D u r i n g  i n i t i a l  t e s t  w o r k l  t h e  l a m p  s o u r c e  f a i l e d
a f te r  abou t  50 -60  hou rs .  I t  r das  re tu rned  to  t he
supp l i e r  and  was  sen t  back  to  HR nea r l y  two  mon ths
I  a t e r .
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The  l anp  fa i l ed  aga in .  On  i nves t i gaE ion  i t  was
discovered that  the source rsas a pro jector  lamp
wh ich  on l y  had  a  spec i f i ed  l i f e  o f  50  hou rs .  Th i s
was unknown to us and is  not  ment ioned anywhere in
the  documen ta t i on .  Th i s  was  qu i ce  use less  f o r  ou r
pu rposes ,  and  i t  becaue  necessa ry  t o  f i nd  ou t  i f
any  a l t e rna t i ve  t ype  o f  l amp  cou ld  be  f i t t ed  t o  t he
equipment . .  This  was done but  the mechanical
changes needed were not  implemented as la ter  advice
nega ted  the  bene f i t s .

Subsequen t .  t o  t he  above  a t t emp ts  t o  esEab l i sh  t he
exper imenta l  work,  contact  was made r^ t i th  the Fresh

W a t e r  B i o l o g i c a l - A s s o c i a t i o n  ( F B A )  a s  d e s c r i b e d
above .  The i r  adv i ce  changed  the  d i rec t i on  o f  t he
work,  and the method recommended is  descr ibed in
2.  Everyth ing we have at tempted has turned out  to
be  fa r  more  d i f f i cu l t  t han  env i saged  and  i s
exp la ined  l a te r .

I t  has become qui te c lear  that  many of  the problems
w i th  t he  t ype  o f  t r ansduce rs  used  a re  caused  by
the  pene t ra t i on  o f  sun l i gh t  i n to  t he  wa te r ,
encouraging sur face contaminant  growth.  The
contr ibut ion to th is  growth produced by the
t ransduce r  l i gh t  sou rce  o r  hea t  gene ra ted  i s  sma l l
i n  compar i son  w i th  sun l i gh t  e f f ec t s .  Howeve r '  many
t ransduce rs  a re  sh ie lded  f rom d i rec t  sun l i gh t  i n
use  ( t he  ou tpu t  s i gna l s  a re  i n f l uenced  by  amb ien t
l i gh t i ng  Eo  a  deg ree  dependen t  on  the  t ype ) ,  and  so
the concept  that  reduct ion of  growth could be
ach ieved  by  se lec t i ve  spec t ra l  em iss ion  i s  s t i l 1
va l i d .  Howeve r ,  i t  i s  c l ea r  t ha t  a l l  t r ansduce rs
shou ld  be  sh ie lded  f rom sun l i gh t  i Fespec t i ve  o f
whe the r  o r  no t  t hey  have  been  des igned  to  re jec t
amb ienE  l i gh t i ng  e f f ec t s  f r om the  s ig i ra l s  t hey
p roduce .

I t  has  been  no t .ed  t . ha t  a t  l eas t  one  manu fac tu re r
h a s  c l a i m e d  t h a t  t h e  u s e  o f  s o l i d  s t a t e  I . R .
dev i ces  i ns tead  o f  f i l amen t  l amps  reduces  opE ica l
f ou l i ng .  Th i s  s ta tmen t  has  no t  been  suppo r ted
by  ev idence :  t h i s  was  the  ob jec t  o f  t he  resea rch .

O the r  me thods  to  reduce  fou l i ng  \ t e re  cons ide red ,
i nc  t ud ing :

a)  leaching ef fects f rom the proxiar i ty  of  nearby
me ta l s  o r  ma te r i a l s .  Th i s  was  un l i ke l y  t o  be
p rac t i ca l  due  to  t he  cons tan t  rep len i shmen t  o f
waEer  nea r  t he  senso r  f r om reve rs ing  f l ows  e t c .



b )  s u r f a c e  c o a t i n g s .  A n y  c o a t i n g  o n  t h e  g l a s s
su r faces  a re  bound  to  a f f ec t  op t i ca l  t r ansm i t t ance ,
and  i f  t he  opac i t y  va r i ed  w i th  t ime  i t  wou ld  have
t h e  o p p o s i t e  o f  t h e  d e s i r e d  e f f e c t - .  A g a i n ,  i t  i s

, a  un l i ke l y  t ha t  mar ine  i nh ib i t e r s  n f f by  wou ld  p reven t'  
t he  f ou l i ng  o f  t he  senso r  su r face l "

c ) ex i s t i ng  me thods  fo r  au tooa t i c  w ip ing  o f
s u r f a c e s  a r e  a v a i l a b l e .  U s u a l l y ,  a  m o t o r  d r i v e n
ac tua to r  i s  used .  These  a re  no rma l l y  ru led  ou t  f o r
our  work because the t ransducers are much more
expensive,  and the motors consune power.  In
add i t i on ,  mov ing  pa r t s  unde rwa te r  f o r  l ong  pe r i ods
m u s t  g i v e  r i s e  t o  c o n c e r n  a b o u t  r e l i a b i l i t y .

4



2 COtrSITLTANTS
RBCO{HBI{DATIOtrS

I n i t i a l  con tac t  was  made  w i th  F reshwa te r  B io log i ca l
Assoc ia t i on  a t  t he  W inde rmere  Labo ra to ry ,  and
subsequent ly  referred to the nominated expert  at
t he  Eas te rn  R i ve rs  Group  based  a t  t he  I ns t i t u te  o f
Te r res t i a l  Eco logy ,  Monkswood  Expe r imen ta l  S ta t i on .
D i seuss ions  abou t  ou r  ob jec t i ves  resu l t ed  i n  t he
p roposed  sub -con t rac t  shown  i n  Append i x  I .

I t  was  c lea r  t ha t  ou r  unde rs tand ine  o f  t he
p rocesses  i nvo l ved  were  non -ex i s tF I t .  Examp les  o f
t he  p rob lems  ou t -1 ined  by  F .B .A .  i nc luded :

a )
b )
c )

d )
e )
f )

e f f ec t s  o f  wa te r  t emperaEure  change ;
s a  1  i n i t y ;
d i f f e rences  be tween  popu la t . i on  g row th  i n
day l i gh t  and  i n  da rkness ;
s e a s o n a l  v a r i a t i o n s ;
e f f e c t . s  o f  f l o w i n g  o r  s t i l 1  w a t e r ;
des t ruc t i on  o f  one  t ype  o f  popu la t i on  by
ano the r  i . e .  i t  i s  conce i vab le  t ha t  a  g row th
may appear in  the shor t  term and then be
consumed  by  someth ing  d i f f e ren t  l a te r .

The advice g iven inc luded a st rong recommendat ion
to  unde r take  a  con t ro l l ed  expe r imen t  i n  t he  f i e l d
so  tha t  samp les  ob ta ined  cou ld  be  compared  w i th
those  p roduced  i n  Ehe  same wa te r  i n  a  l abo ra to ry
env i ronmen t .  Wh i l s t  t he  w i sdom o f  t h i s  i s
acknowledged wi thouE any doubt ,  rde hrere unable to
imp lemen t  t he  f i e l d  t es t  due  to  l ack  o f  s ta f f ,  t ime
and  money .  I n  t he  even t ,  t . he  budge t  was  en t i r e l y
consumed  by  t he  cos t  o f  t he  sub -con t rac t  and  HR
t ime  i n  o rgan i sa t i on  o f  Ehe  l abo ra to ry  expe r imen t .



3 I,ABOAATORY
APPARATUS

The  requ i remen ts  we re  as  f o l l ows :

a ) The  i ncuba to r  shou ld b e  s u i t a b l e  f o r  e x p o s i n g
r e d  l i g h t ,  a n d  t o  f i l a -

s a m e  s p e c t r a l  d i s t r i b u -
t y p i c a l  t r a n s d u c e r .

m i c r o s c o p e  s l i p s  t o  i n f r a
ment lamp l ight having the
t ion  as  the  lamp used in  a

b)  Samp les  o f  r i ve r  l t a te r  t aken  f rom one  o f  t he
f i e l d  measu remen t  s i t es  shou ld  be  used .

c )  F a c i l i t e s  f o r  l o a d i n g  a n d  w i t h d r a w i n g  s l i p s
a t  t he  requ i red  _ t ime  i n te rva l s  w i t hou t  caus ing
undue  d i s tu rbance  to  rema in ing  samp les .

d )  The  r i ve r  na te r  t empera tu re  mus t  be
con t ro l l ed  a t  o r  nea r  t he  t empera tu re  o f  t he  r i t a te r
a t  t h e  f i e l d  s i t e .

e )  A 1 1  m a t e r i a l s  u s e d  m u s t  b e  f r e e  f r o m
cor ros ion  o r  con tam ina t i on  p rob lems .

B y  f a r  t h e  m o s t  d i f f i c u l t  r e q u i r e m e n t  w a s  ( d ) .

Genera l l y ,  l abo ra to ry  cons tan t  t ennpe ra tu re  wa te r
tanks  use  d i rec t  hea t i ng  e lemen ts ,  t he rmos ta t i c
con t ro l  and  s t i r r e r s  t o  m in in i se  t he  tempera tu re
g rad ien ts .  The  l a rge  mass  o f  wa te r  t o  be  con t ro l -
l e d  d i c t a t e s  a  r e l a t i v e l y  h i g h  p o w e r  h e a t e r .  I n
add i t i on ,  wha t  we  needed  was  coo l i ng  ra the r  t han
hea t i ng ,  t o  p reven t  wa rm ing  o f  t he  rda te r  by  t he
f i l amen t  l amps  o r  by  cen t ra l  hea t i ng  du r i ng  the
w in te r  mon ths .  Th i s  wou ld  have  requ i red  the  pu r -
c h a s e  ( o r  d e s i g n )  o f  a  s u i t a b l e  t a n k  f o r  w h i c h  n o
funds  were  ava i l ab le .  The  o the r  p rob lem w i th  such
a  t a n k  w o u l d  b e  t h e  s t i r r i n g ;  t h i s  i s  u s u a l l y
qu i t e  v i go rous  and  wou ld  have  caused  a  l o t  o f  d i s -
t u rbance  to  t he  samp les  (more  than  wou ld  no rma l l y
be  expe r i enced  i n  r i ve r  f l ow)  and  wou ld  make  the ro
v e r y  d i f f i c u l t  t o  h a n d l e .  T h e  s l i p s  a r e  v e r y  l i g h t
a n d  f r a g i l e .

T h e  s o l u t i o n  a d o p t e d  w a s  t o  u s e  a  g l a s s  f i s h  t a n k
suspended  i ns ide  a  much  l a rge r  t ank  so  tha t  wa te r
cou ld  c i r cu la te  f r ee l y  a round  the  i nne r  t ank .  The
a r rangemen t  i s  shown  i n  t he  pho tog raphs ,  and  two
sepa ra te  samp le  t anks  a re  accommoda ted .  Wa te r
f rom the  ma ins  en te rs  t he  ou te r  t ank  a t  t he  bo t tom
o f  one  end  and  ex i t s  a t  t he  t op  o f  t he  o the r  end .
The  samp le  t anks  a re  suppo r ted  f ree  o f  t he  base  so
t h a t  w a t e r  c i r c u l a t e s  a r o u n d  t h e  o u t s i d e .  A d h e s i v e
a lum in ium fo i l  and  a  l i d  ove r  t he  t op  sh ie lds  t he
samp le  t anks  f rom day l i gh t .  The  tanks  a re  d i v i ded
i n t o  t w o  s e c t i o n s  b y  a  p . v . c .  p a r t i t i o n  w i t h  c r o s s
member^s ,  t o r suppo r t  t he  g lass  s l i p  t r ays .  The  s l i ps

. (> lu-tg 4 6.;"'
are *e$6d" i rn€l i  a  perspex t ray which has ver t ica l
s t r i ps  used  to  l ower  t hem in to  and  ou t  o f  t he  wa te r
(no t  shown  i n  t he  pho tos  ) .
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I t  was found that  mains tap vrater  remained at  a
ve ry  s tab le  t empera tu re  t h roughou t  t he  expe r imen ts ,
and  was  c lose  to  t he  t empera tu re  o f  t he  o r i g i na l
r i ve r  samp les .  The rmocoup les  we re  used  to  mon i to r
the  re la t i ve  t empera tu res  i ns ide  the  tanks  and  a
p lo t  i s  shown  i n  F igu re  1 .  I t  can  be  seen  tha t  t he
tempera tu re  g rad ien t  rdas  l ow  and  a l so  s tab le  w i t h
t ime  w i th in  abou t  +2oC ove r  l ong  pe r i ods .  The  f l ow
ra te  o f  t he  coo l i n [  wa te r  was  ad jus ted  eup i r i ca l l y ,
and qte found that  the tap was an adequate pressure
regu la te r  ( i . e  t he  ma ins  p ressu re  d id  no t  change
ve ry  much ) .  I t  shou ld  be  no ted  tha t  t he  t he rmo-
c o u p l e s  d i d  n o t  h a v e  a  h i g h  a c c u r a c y  ( + 2 o C ) ,  b u t
the  i n ten t i on  was  to  demons t ra te  a  reasonab l y
s tab le  t empera tu re  ra the r  t han  an  accu ra te l y
c o n t r o l l e d  o n e .

One  ha l f  o f  each  tank  was  i l l um ina ted  by  an  i n f ra
r e d  ( I . R .  )  s o l i d  s t a t e  l a m p  ( F i g u r e  2 )  a n d  t h e
o the r  ha l f  by  a  g roup  o f  6  n in ia tu re  f i l amen t  l amps
o f  t he  t ype  used  i n  t yp i ca l  senso rs .  The  f i l anen t
l a m p  v o l t a g e  \ d a s  s e t  a t  1 l V  ( f o r  1 2 V  l a m p s )  a s  t h i s
me thod  i s  used  to  ex tend  l au rp  l i f e  i n  t he  t yp i ca l
s e n s o r s .  T h e  s p e c E r a l  d i s t r i b u t i o n  o f  t h e  e m i t t e d
t i gh t  shou ld  t hen  be  s in i l a r  t o  t ha t  gene ra ted  by
t h e  f i e l d  t r a n s d u c e r s .  S i n c e  t h e  I . R .  s o u r c e  i s
i n v i s i b l e ,  a  m e t h o d  f o r  c h e c k i n g  t h a t  t h e  e m i s s i o n
s ras  p resen t  was  needed .  The  i l l um ina t i on  t es t
c i r c u i t  o f  F i g u r e  3  w a s  u s e d  f o r  t h i s .  T h e  d e t e c -
t o r  i s  v e r y  s e n s i t i v e  s o  a  n e u t r a l  d e n s i t y  f i l t e r
w a s  u s e d  t o  r e s t r i c t  t h e  i n t e n s i t y  t o  s r i t h i n  t h e
dynamic  range .  The  em i t t e r  has  a  na r row  band  ou t -
pu t  o f  950  nn  w i th  ha l f  po l re r  po in t s  a t  +50nmr  bu t
t h e  d e t e c t o r  h a s  a  r e l a t i v e  r e s p o n s e  a t  - 5 0 2  f r o m
about  600nm to 1000nm, wi th a peak at .  about  920nrn.

An  i n i t i a l  t r i a l  expe r imen t  had  to  be  abandoned  as
a lum in ium t rays  we re  used  to  suppo r t  t he  s l i ps ,  and
g ross  con tam ina t i on  was  found  due  to  some  fo rm o f
co r ros ion  occu r r i ng .  Th i s  happened  even  though  no
o the r  me ta l s  we re  p resen t  i n  t he  wa te r ,  and  no
e lec t r i ca l  connec t i ons  we re  made  to  t hem.  The
o t h e r  m a t e r i a l s  w e r e  o n l y  p . v . c .  a n d  g l a s s .  P e r s -
pex  t rays  we re  used  l a te r  t o  avo id  t he  p rob lem.

H a n d l i n g  o f  t h e  m i c r o s c o p e  s l i p s  w a s  d i f f i c u l t  d u e
to  ou r  l ack  o f  expe r i ence  i n  t he  use  o f  t hem.  I , l e
were  adv i sed  to  mark  t he  tops  o f  t he  s l i ps  w i t h  a
d iamond  t i pped  too l  so  t ha t  t he  su r face  to  be
e x a m i n e d  c o u l d  b e  e a s i l y  i d e n t i f i e d  l a t e r .  T h e
s l i p s  u s e d  w e r e :

a )

b )

c o v e r  g l a s s ,  C h a n c e  P r o p p e r  N o . 1  1 6 m n
d i a m e t e r ,  t h i c k n e s s  0 . 1 2  t o  0 " 1 7 n m .

As  above ,  22mm d iame te r .



They are very f ragi le  and we found that  the mark ing
on  the  su r face  se t  up  s t resses  wh ich ,  a f t e r  immer -
s ion  i n  rda te r  f o r  seve ra l  weeks ,  caused  f rac tu r i ng .
As wi th the a luminium contaminat ion problem, i t  was
on l y  d i scove red  a f t e r  some  t ime  bu t  resu l t ed  i n  t he
re -s ta r t  o f  t he  t es t s  ye t  aga in .  A f t . e r  seve ra l
f a l se  s ta r t s ,  t he  de f i n i t i ve  ces t s  we re  begun ,
reg re t t ab l y  ra the r  l a te  i n  t he  season l  i t  was  no t
unt i l  the second week of  November that  the r iver
wa te r  samp les  we re  co l l ec ted  fo r  t he  Ees ts  (we  were
adv i sed  no t  t o  use  any  o f  t he  p rev ious l y  re ta ined
samples,  even though they had been kept  in  the
dark,  due to warming in the laboratory and the
poss ib le  nu l t i p l i ca t i on  o f  o rgan i s  c  no t  f ound  i n
f resh  samp les ) .  We  unde rsEand  tha t  t he  p resence  o f
va r i ous  m ic ro  o rgan i sms  i s  seasona l ,  and  i t  wou ld
have  been  much  be t te r  t o  use  samp les  co l l ec ted  i n
the summer.  However,  due to the var ious problems
encoun te red  th i s  was  no t  poss ib le ,  and  we  were  con -
s t ra ined  to  t he  t esEs  f i na l l y  i n  t he  w in t . e r  mon ths .

Two  samp les  o f  r i ve r  wa te r  we re  used ,  one  ob ta ined
from a t ida l  reach of  the Thames at  T i lbury Power
S ta t i on ,  and  the  o the r  f r om the  Seve rn  a t .  B r i s to l
Docks .  The  Thames  sa ry le  was  co l l ecEed  a t  l ow
I i ta ter  and had a h igh concentrat ion of  sediment
wh ich  se t t l ed  ou t  i n  t he  Les t  t ank  and  cove red  the
su r face  o f  t he  s l i ps .  The  Seve rn  wa te r ,  a l t hough
aga in  f r om a  t i da l  l oca t i on  and  nea r  t o  1ow l ra te r
had  a  ve ry  l ow  concenL ra t i on  o f  suspended  s i l t .

A s inple test  of  leaving some r{ rater  in  a beaker in
sun l i gh t  demons t raEed  Cha t  t he  g row th  o f  o rgan i sms
was  g rea t l y  acce le ra t . ed  compared  w i th  t he
a r t i f i c i a l  l i g h t i n g  i n  t h e  t e s t  t a n k s .

In  o rde r  t o  co r re la te  t he  m ic roscop i c  ana l ys i s  t o
b e  d o n e  b y  F . B . A .  w i t h  t h e  o c c l u s i o n  o f  E r a n s m i t t e d
l i gh t ,  i t  was  i n tended  to  measu re  t he  re la t i ve
a t tenua t i on  o f  a  l i gh t  beam by  each  o f  t he  samp le
s l i p s  b e f o r e  t h e y  w e r e  s e n E  f o r  a n a l y s i s .  T h e
de tec to r  shown  i n  F igu re  3  was  used .  The  s imp le
me thod  evo l ved  was  as  f o l l ows :

a )

b )

c )

d )

p lace  c lean  s l i ps  be tween  f i l amen t  l amp
sou rce  and  de tec to r ;
ad jus t  l amp  vo l t age  to  p rov ide  a  re fe rence
d e t e c t o r  o u t p u E  o f  1 0 . 0  v o l t s ;
remove  the  c lean  s l i p  and  i n te rpose  the
s a m p l e  s l i p ;
reco rd  t . he  reduced  de tec to r  ouEpu t  vo l t age .

The  me thod  worked  we l1 ,  bu t  t he  resu l t s  we re  no !
wor th  cons ide r i ng  as  t he  su r face  g row th  was  noE
su f f i c i en t l y  homogeneous  and  was  a f f ec ted  by  t he
depos i t ed  s i l t  such  tha t  repea tab le  read ings  were
a lmos t  imposs ib le  t o  ach ieve .



4

4. r

Irmrers ion
a f  t e r
3 weeks
6 weeks
9 weeks

TOTALS

SAUPLING REGIUB

In i t i a l  expe r imen t

a )
b )
c )

The  samp les  rde re  t o  be  ana l ysed  fo r :

a lga l  g row th
o rgan i c  ca rbon  depos i t s
bac te r i a

12  s l i ps  we re  imrne rsed ,  and  4  co l l ec ted  a f t e r  3 ,  7
and  13  days .  S l i ps  a )  and  c )  we re  s to red  i n  sma l l
v i a l s  con ta in ing  2% fo rma l i n ,  and  s l i ps  b )  we re  a i r
d r i ed  and  s to red .  A f te r  14  days  they  we re  hand
d e l i v e r e d  t o  F . B ; A .  f o r  a n a l y s i s .

The  resu l t s  o f  t h i s  l ead  to  t he  conc lus ion  tha t  t he
g row th  was  s lower  t han  f i r s t  expec ted ,  and  tha t  t he
sarnples would need to be imrnersed for  longer
pe r i ods .  Th i s  i s  pe rhaps  no t  su rp r i s i ng ,  because
the  s l i ps  we re  i l l um ina ted  by  l amps  above  the  su r -
f ace  o f  t he  rda te r  t anks ,  so  i t  i s  l i ke1y  tha t  t he
l ight  in tensi ty  AT TI IE LENS of  a submerged t rans-
duce r  wou ld  be  h ighe r  t han  i n  t h i s  expe r imen t .
Sone  l i gh t  i s  bound  to  be  l os t  by  re f l ec t i on  and
re f rac t i on  a t  t he  a i r /wa te r  i n te r face  i n  t he  Ees t
tank.

The  o the r  p rob lem was  LhaE  i nsu f f i c i en t  ca rbon  had
been  co l l ec ted  to  pe ru r iE  a  sens ib le  measu remen t ,  so
the  sau rp l i ng  was  nod i f i ed  i n  t he  l a te r  expe r imen t
to  p rov ide  a  g rea te r  su r face  a rea .

The  fo l l ow ing  was  repea ted  fo r  v i s i b l e  l i gh t  and
I .R .  l i gh t  f o r  bo th  t he  Thames  samp les  and  Ehe
Seve rn  samp les  whe re  poss ib le ,  bu t  sub jec t  t o  a
l i r o i t a t i on  o f  l a rge r  d iame te r  s l i ps  and  the  space
needed  to  accommodaEe  them on  the  samp le  t r ays .

4.2 Recommended regime.

M ic rob io log i ca l s amp les
l 6 n n  s l i p s

2  s l i p s ,  2  p o t s
2 2
2 2

6 LARGE pots each
w i t h  I  s l i p  i n  2 %
forma l in .
S t o r a g e  p o s s i b l e

A1ga l  samples
16nn s l ips

2  s l i p s ,  2  p o t s
2 2
2 2

6 SMALL pots each
w i t h  1  s l i p  i n
freshwater.  Must.
del iver innediatelyl

Carbon  samp les
2 2 m m  s l i p s

6  s l i ps ,  3  po t s
63
63

9 LARGE pots each
w i th  2  a i r  d r yed
s  l i p s .  S t o r a g e

p o s s  i b l e .

As  the  f resh  wa te r  sEo red  samp les  had  to  be
de l i ve red  as  soon  as  t he  s l i ps  h re re  removed  f rom
the  tanks ,  a l l  t he  s l i ps  we re  de l i ve red  toge the r  by
hand  a t  t he  requ i red  t ime  i n te rva l s .



5 CONCLUSIOIIS ANI)
RECOUUBtrDATIONS

The  conc lus ions  o f  t he  ana l ys i s  a re  p rov ided  i n  t he
'  Consu l t an t s  Repo r t  (Append i x  I I ) .  These ,  Eoge the r

wi th our  comments about  the exper imenEal  work,  are
summar i sed  be low .

5 . I  The  expe r imenEa l  wo rk  we  were  ab le  t o  do  was  l ess
thorough than rdas p lanned.  The main reasons for
th i s  a re  desc r i bed  i n  t he  i n t roducE ion .  I n  t he
event ,  rde rdere only able to do Ehe laboraEory
inves t i ga t  i on .

5 .2  The re  we re  many  p rob lems  i nvo l ved  w i th  se t t i ng  up
the  con t ro l l ed  expe r imen t  ( see  sec t i on  3 ) .  The
Consu l t an ts  f i na l  r ecommenda t i ons  i nc lude  a
sugges t i on  t ha t  t he  samp le  s l i ps  be  suspended
ve r t i ca l l y  i n  t he  i ncuba t i on  t anks .  We  accep t  t h i s
po in t  bu t  t he  s l i ps  we re  moun t .ed  ho r i zon ta l l y
i n i t i a l l y  t o  caLch  the  f l oa t i ng  de t r i t us  as  i t  was
depos i t ed .  The  adv i ce  o r i g i na l l y  sugges ted  tha t
th i s  wou ld  he lp  t o  encou rage  the  a1ga l  g row th .  I n
the event ,  there was far  too rnrch detr i tus and
th i s ,  i n  f ac t ,  i nh ib i t ed  t he  g row th  by  p reven t i ng
l i g h t  p e n e t r a t i o n  o n t o  t h e  s l i p s .

5 . 3  I t .  w a s  n o t  p o s s i b l e  t o  s e n s i b l y  c o r r e l a E e  t h e
measu red  a t t en tua t i on  o f  l i gh t  by  t he  con tam ina t i on
due  to  t he  ve ry  pa tchy  naLu re  o f  t he  depos i t s .
Uneven  fou l i ng  was  found  to  be  ve ry  s i gn i f i can t .
T ransduce rs  t ha t  o f f e r  compensa t i on  f o r  uneven
fou l i ng  shou ld  be  ve ry  advan lageous .

5 . 4  B a c t e r i a l ,  c h e m i c a l  a n d  d e t r i t a l  e f f e c t s  a r e
p resen t  i r r espec t i ve  o f  any  i l l um ina t i on  sou rces .

5 .5  Nacu ra l  l i gh t  pene t ra t i on  t o  t he  senso r  (even  by
sca t te r i ng  ra the r  t han  d i rec t  i l l um ina t i on )  i s  ve ry
s ign i f i can t  i n  caus ing  a lga l  g row th .  A11  amb ien t
l i ghL  shou ld  be  exc luded ,  even  where  t ransduce rs
inco rpo ra te  e lec t ron i c  me thods  fo r  e l im ina t i ng  t he
e f fec t s  o f  amb ien t  l i gh t  on  the  d i rec t  measu remen t .

5 .6

5 .7

I n f ra  red  sou rces  reduce  a lga l  g row th .

Fu tu re  des igns  o f  t r ansduce rs  shou ld :

a )  o f f e r  compensa t i on  f o r  uneven  fou l i ng ;
b )  u s e  I . R .  l i g h t  s o u r c e s ;
c )  exc lude  d i rec t  and  sca t te red  amb ien t  l i gh t  AS

A D IRECT CONSEQUENCE o f  t he i r  des ign .  Bo l t - on
l i gh t  sh ie lds  a re  no t  cons ide red  adequa te .

l 0
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APPENDIX 1

subcon t rac t  f rom Hydrau l i cs  Research  L td  to  the  F reshwa te r
B io l os i ca l  Assoc ia t i on .  The  exam ina t i on  o f  b i o l os i ca l
o rgan i sms  i n  depos i t s  t ha t  con tam ina te  t he  op t i ca l  su r f aces
o f  t u rb i d i t y  senso rs .

Background
The  op t i ca l  su r f aces  o f  t u rb i d i t y  senso rs  a re
con tamina ted  by  m ic roo rgan isms  rap id l y  i n  na tu ra l
wa te r s  and  consequen t l y  g i ve  p rog ress i ve l y  f au l t y
resu l t s .  T rad i t i ona l l y  t he  l i sh t  sou rce  em i t s  i n  t he
v i s ib le  pa r t  o f  t he  spec t rum and  thus  p rov ide  a  i i sh t
sou rce  f  o r  su r f  ace  g row ing  a lgae .  A i thoush  IR  sens ,o rs
have  been  deve loped  recen t l y  t o  avo id  t h i s  p rob lem,
he te ro t roph ic  o rgan isms  do  no t  requ i re  l i sh t  and  w i i l
s t i I l  con tam ina te  t he  su r f aces .  Mo reove r  i no rgan i c
depos i t i on  t akes  p l ace  unde r  a  w ide  va r i e t y  o f
cond i  t  i ons  .

Ob j  ec t  i ves
L .  To  i den t i f y  t he  ma jo r  a l gae  p resen t  on  senso r

su r f  aces  .
2 .  To  es t ima te  numbers  o f  m ic roo rgan isms  g row ing  on

these  su r f aces .
3 .  To  es t ima te  t he  o rgan i c  con ten t  o f  t he  depos i t s

g row ing  on  t he  op t i ca l  su r f aces .

Methodo logy
L .  ( i )  The  ma in  con t rac to r  w i l l  cons t ruc t  an

incuba to r  f i t t ed  w i t h  i r r ad iances  sou rces
w i t h  wave lens th  em iss i ons  comparab le  t o  t hose
in  t he  t u rb i d i t y  senso rs .  I r r ad iance  l eve l s
shou ld  a l so  be  comparab le .  The  i ncuba to r
t empera tu re  shou ld ' be  a t  ma in ta i ned  a t  t he
cu r ren t  r i . ve r  t empera tu re .

( i i )  T ! .  s imu la ted  op t i ca l  su r f aces  may  be  e i t he r
m ic roscope  s i i des  o r  m i c roscope  cove r  s l i ps .

( i i i )  The  ma in  con t rac to r  w i l l  deve lope  a  me thod
o f  measu r i ng  t he  t r ansm iss ion  o f  I i sh t
t h rough  t he  s imu la ted  op t i ca l  su r f aces  be fo re
and  a f t e r  immers ion  i n  r i ve r  wa te r .  and
p rov ide  t h i s  da ta  f o r  t he  subcon t rac to r .

( i v )  The  ma in  con t rac to r  w i l l  be  respons ib l e  f o r
t ranspor t i ns  the  samp les  to  the  subcon t rac to r
by  a  mu tua l l y  ag reed  me thod .

2 .  ( i )  The  subcon t rac to r  w i l l  exam ine  t he  s l i des  o r



cove rs l i ps  and  repo r t  on  con tam ina t i on  by
a lgae  and  o the r  m ic roo rgan isms .

( i i )  The  subcon t rac to r  w i l l  es t ima te  t he  o rgan i c
b iomass  p resen t .  I f  su f f  i c i en t  ma te r i a l  i s
p resen t  ch lo rophy i l  a  w i l i  be  es t ima ted ,
o the rw i se  ox id i zab le  o rgan i c  ca rbon  w i  1  I  be
es t ima ted  by  s tanda rd  we t  combus t i on .

( i i i )  Resu l t s  w i l l  be  compared  w i t h  t r ansm iss ion
da ta  p rov ided  by  t he  con t rac to r .

Repor t  i  ncr
A t  t he  end  o f  t he  subcon t rac t ,  a  repo r t  w i  I  I  be  p rov ided
to  t he  ma in  con tac to r .

T ime  Sca  1e

Cos ts
Samp les  w i l l  be  ana l ysed  a t  t he  ra te  o f  L  samp le  pe r
day .  Th i s  i s  based  on  t he  assump t i on  t ha t  samp les  w i l l
be  p rov ided  as  a  t ime  se r ies  and  tha t  i t  w i  i  I  no t  be
poss ib l e  t o  s to re  b i o l og r i . ca l  deg radab ie  ma te r i a l .  The
samp les  w i l l  be  ana l ysed  by  Sc ien t i s t s  o f  t he
Freshwa te r  B io log i ca l  Assoc ia t i on  a t  Monks  Wood  and  a t
Windermere .

L5 days work:  € ,5300

Nomina ted  O f f i ce r s
Dr  A .F .H .  Ma rke r  Mr  I .  Shephe rd
F reshwa te r  B io l og i ca l  Assoc ia t i on  Hyd rau l i c s  Resea rch
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1. Sununarv

L.1 Incubators were constructed by Hydraulics Research Ltd to

simulate the light quality and intensity provided by Partech

suspended solids sensors. ll icroscope coverslips were used to

simulate the glass optical- surfaces of the sensors. Experiments

were carried out at Hydraulics Research Ltd and transported to

the Freshwater Biological Associationrs Eastern Rivers Group at

Monkswood by staff of Hydraulics Research Ltd.

I.2 Preliminary experiments were carried out in October 1988.

1.3 lrlater was taken from the Rivers Thames and Severn in December

1988 and the main experiments were carried out between December

1988 and the end of February 1989. The microscope coverslip

samples from these experiments were taken from Thames water after

3, 6 and 9 weeks and from Severn water after 6 and 9 weeks.

I.4 Although bacterial numbers were very variable, there did not

appear to be consistent differences between visilcle and infra-red

treatments.

1.5 Water from the River Thames was taken during a period of high

turbidity in the estuary and a thick layer of detritus was

deposited on the coverslip which largely inhibited algal growth,

due to the blocking of the light path. The dominant alga was a

marine centrj-c diatom. probably a spore of Thalassiosira, but was

present in very small numbers compared with the detritus.



1.6 Samples from the clear water of the River Severn showed

considerable algal growth in visible but very little in infra-red

radiation. There was significantly greater quantities of organic

matter under visible radiation. Under infra-red radiation

organic matter was stil l 40-60t of that found under visible

radi-ation.

I .7  Conc lus ions

1.7.1 Detr i tal  deposit ion wi l l  occur on glass surfaces

irrespective of the guality of the light source. Bacterial

numbers are likewise unaffected.

I.7.2 Patchy distribution of these deposits may also affect the

long term stability of the sensors.

1.7.3 Direct dayl ight fal l ing on in-si tu sensors wiI I  i teself

generate algal growth. Light shields should always be kept

in place and the sensor and shield kept in as low light as

is reasonably practical.



2. Background and Introduction

Towards the end of May 1988 the Freshwater Biological Association

(FBA) was formally approached by Hydraulj-cs Research Ltd for advice on

the interference of the light path of optical transducers by algae and

other forms of contamination. This probrem is particularly severe

when instruments are inunersed in water bodi-es to monitor turbidity and

suspended solids roads over proronged periods. specifically the FBA

was asked to anaryze samples, which would be provided by Hydraulics

Research Ltd, for:

A) tlpe of growth,

B) relat ive weight /  uni t  area or thickness,

C) possible information on growth rate.

After discussions during June and JuIy 1988 the FBA agreed to

become biological consultants to Hydraulics Research Ltd, e>rperts in

instrument design. In out l ine:

A. (i) Hydraulics Researeh would construct an incubator fitted with

irradiance sources with wavelength emissions and i-rradiance

levels comparable to those in the turbidity sensors. The

incubator would be maintained at current river temperatures

when the samples were taken.

(ii) The simulated optical surfaces would be either mi-crocsope

sl ides or coversl ips.

(ii i) Hydraulics Research Ltd would. develop a method of measuring

the transmission of light through the sfumrlated optical

surfaces before and after immersion in river water, and

provide this data for the FBA.

(iv) Hydraulics Research would transport the sa4>les to the FBA.



B .  ( i ) The FBA would examine the slides or coverslips,

contamination by algae and other micro-organisms

estimate the organic biomass present.

Results would be compared with transmission data

Hydraulics Research.

report on

and

( i i ) provided by

After a period during whi-ch the apparatus was constructed by

Hydraulics Research preliminary experiments were carried out in late

september 1988 and extended for two to three weeks into october.

Based on very lirnited argal growth over this period, and the need for

modifications to the apparatus the main experiments were started in

December and then extended for 9 weeks.



3 .

3 . 1 Samples

Methods

Since the contaminating surfaces on the optical

transducers were clear,  plane-f lat  glass, excel lent
a

substitute surfaces erere provided by clean coversli.ps.

Coverslips were carefully transported from Hydraulics

Research at Wallingford to the FBA Eastern Rivers Group

at Monkswood near Hunti-ngdon.

CoverslJ-ps were placed on glass slides and a second

coverslip placed on top to prevent evaporation. Numbers

of live algae were estimated by direct microscopic

counts. Macroparticulate organj-c and inorganic

detritus and algal abundance were estimated as

percentage cover by the method described by Greig-Smith

(1983).  Clean, uncolonized areas were also est imated

in the same way and included the thin covering of

bacteria since they were not visi.ble using this simple

microscopic technigue fn three sets of samples

(Thames water: 3, 6 and 9 weeks) so mrch detritus was

present that samsrles could not be estimated directly.

In these cases loose superficial material was washed

off and the remaining material estimated directly as

above. The washings, however, were made up to a known

volume, and sedimented in Lugol's iodine in

sedimentation chambers and counted under an inverted

microscope (Lund, Kipl ing and LeCren, 1958).

3 . 2 AIgae

3.3 Bacteria The bacterial biofilm was allowed to develop on glass

coverslips at Hydraulics Research Ltd. The coverslips

'i

I



3 . 4

were fixed inunediately in the 0.2)rm membrane filtered

2t formaldehyde solution provided by the FBA. The

surface to be analysed was marked prior to colonization

by scratching the upper surface.

The bacteria colonizing the surface were enumerated

using a direct epifluorescence microscpoe technigue

(Porter and Feig, 1980).  The coversl ips were i runersed

in 4'6-diamidino-2-phenylindole (DAPI) for at least 5

minutes to stain the bacteria with fluorochrome. The

.indiviilual bacteria were counted using a Leitz

Orthoplan mi-croscope fitted with a ploempack

illuminator and selecting ultra-violet light for the

incident excitation wavelength. The fluorescing

bacteria were counted at a total magnificatj-on of

1200x.

Each coverslip was counted along three transects of 2O

fields (60 f ie lds in total)  and the f ie ld area vras

selected according to the concentration of bacteria in

the biofilm. The nurnber of bacteria was calculated per

cm= of surface.

Organic matter was estimated by measuring its reducing capacity.

Pairs of dried coverslips were placed in a solution of

K=Cr=O, in concentrated H2SO4 at 100-C for one hour.

The decrease in oxidant was measured by titration



against ferrous anunoniun sulphate. The method was

essentially that described by Mackereth, Heron and

Tal l ing (1978, p1.02) except that a solut ion of glucose

was used as a standard and the titration end point was

detected using 1,10-Phenanthrol ine-ferrous sulphate-

complex solution as the indicator.

i
t l

L

L



4 .

4 . 1 .  B a c t e r i a

Results

4-1-1. Problems encountered. a) container for sampre No 20 was empty;

b )  The sampJ.es  numbered 28 ,42 ,43 ,5G an i l  57  were  no t  marked to

indicate the surface to be counted; c) Samples ZL, 22, 29, 29,

35, 36, 42 & 43 aII contained a large amount of particulate

detritus and this caused some interference with the counting

procedure. OnIy bacteria attached to particles on the glass

surface and those directly attached were enumerated.

4.7.2. Results are gi-ven in Table 1. Widely var iable numbers of

bacteria were encountered, making statistical interpretation

difficult. However, it can be seen that there is no evidence for

either increasj-ng numbers of bacteria during the period of

irmnersion or for a difference between visible and IR irradiance.

The highest count was 5.92 x 10'  cm-=. I f  i t  is assumed that one

bacterium occupies 1 micron= (probably an overestimate) then the

surface cover by bacteria would be Iess than 6e".

4 . 2 .  A l g a e

4 . 2 . 1 .  R i v e r  T h a m e s

There was little algal material in these samples at any time

during the 9 weeks of irrunersion. Clearly there was much suspended

material in the water when it was taken, probably because the

river was in spate. Consequently the coverslips became covered

with a thick Iayer of detritus (Plates 1 and 2) which must have

largely obscured the light path and prevented algal growth. To

make adequate counts samples were separated into material which

closely adhered to the coverslip (Tables 2 - 4) and the overlying

10



suspension (Tabres 5 - 7). rnitially the dominant diatom was

marine, a restingl spore, probably a Thalassiosira sp or a close

relat ive (Plate 5).  At the end of 9 weeks there were fewer

individuals with cellular contents but plenty of empty frustules,

suggesting that they had germinated and either died or left the

irrunediate vicinity of the coversrip. phormidi-um spp. (prates 7

and 8) began to occur towards the end of the period of i:runersion

in visible but not IR radiation. Throughout the period of

irnnersion detritus occupied between 10 -20% of the coverslip

whi le algae were less than 1t (Tables 2-4') .

4 . 2 . 2 .  R i v e r  S e v e r n

The suspended solids road was mrch rower in the water from the

River Severn and hence the light path was not obstructed.

Although 3 week irunersion samples were not provided, coverslj-ps

exposed to visible radiation showed a large increase in algal

growth between 6 and 9 weeks (Tables 8 and 9). At the end of 9

weeks algae were the most important component interfering with

the light path, although detritus remained a significant

component throughout (Table 9). rn contrast coversrips exposed

to IR radiation showed very sparse algal growth although the

detritar component remained- rn the samples exposed to visible

radiation diatoms (Bacillariophyceae) and phormidiurn spp

(Cyanophyceae) predominated. The conununity which developed was

cleari-y associated with the glass either as strongly motile forms

(Nitzschia spp.,  Plates 6 and 8; C!.rnatopleura sp.,  plate 7) or

weakly motile (Phormidium spp., plates 7 and 8) or attached

(P innu lar ia  sp . ,  P la te  7 ) .

I

L 1



4.2.3. Table 10 shows the distr ibut ion of organic matter between the

material closely adhering to the coverslip and the loosely

associated suspended material (River Thames). Most of the

material did not closely adhere to the coverslip. Bearing in

mind that between 10-20% of the coverslip was covered by detritus

after the overlying material had been removed, the light path to

the original coverslip must have been largely obscured. Curiously

the amount of detritus in the samples exposed to visible

radiation progressi-vely dropped until, after 9 weeks, the

difference was statisticalry significant. why this should be so

is unclear and no explanations are offered here since they would

be pure conjecture.

The large increase in the algal component of samples exposed

to visible radiation in Severn water was reflected in the orqanic

mass analyses (Table 11). Both at 6 and 9 weeks there r,,ras

significantly more organic matter in samples exposed to visible

radiation. However, in spite of low algal numbers under IR

radiation, organi-c matter l-evels were stil l 60% and 50% lower

than those exposed to visible radiation levels after 6 and 9

weeks respectively.

12



5. Discussion, conclusions and reconunendations

Fouling of submerged artifacts in natural waters is widespread

and well documented. Indeed glass surfaces, generally microscope

slides, have been widely used to assess microalgal growth in natural

waters for decades (see Butcher, 1932; Tippett. 1.970; Munilanu and

Maly, 1981, for example). Si-nce the purpose of these investigations

was to examine microbial growth on optical glass surfaces, it was

natural to use an artificial glass surface for these experiments. We

chose to use microscope coverslips for ease of later analyses, and

their use in estjmating periphy.ton is also documented (Dilks and Meir,

1 e 8 1 ) .

Since the primary pu4)ose of these i-nvestigati-ons was to

identify the significance of biological contamination on optical glass

surfaces, no attempt was made to produce a complete species list. The

most important criterion was whether contamination was due to growing

organisms, passi.ve deposition of detritus or chemical corrosion and

precipi tat ion.

Three main tlpes of micro-organisms were found growing on the

glass surfaces. Firstly, very small- numbers of protozoa and even

smaller numbers of rotifers, secondly a thin covering of bacteria

directly on the glass and thirdly a range of algae (in which we

include the Cyanophyceae, otherwise known as Cyanobacteria).

Three main tlpes of "attachment" were observed:

(1) Organisms loosly associated wi- th detr i tus (Plates 1 and 2) but

not directly attached in any way:

( i )  Centr j -c diatoms (Plate 5)

(2) Moti le organism growing direct ly on the glass surface:

( i )  N i tzsch ia  spp.  (d ia toms) .  P la te  6  and 8 ,

1 3



( 3 )

( i i )Cymatopleura sp. (diatom) .

Organisms attached directly to

moti le:

P la te  7 ,

the glass surface or only weakly

( i )  Vort icel la (Protozoa), P la tes  3 ,

7 and 8.( i i )Phormidium spp. Plates

( ii i )Tube-dwelling diatoms,

( iv )  Rot i fe rs  (P la te  4 ) .

eg Pinnular ia sp, Plate 7

Associated with the organisms were varying amounts of detritus.

It is unfortunate that the sample of Thames water, used for the main

experiment, was taken during spate conditions when the suspended

solids load was exceptionally high. This lead to the deposition of a

thick Iayer of detritus on the coverslip, obscured the light path and

effectively prevented the algal growth which would otherwise would

have occurred. Coverslips i.nunersed in Severn water, which carried a

more normal suspended solids load, showed a much more vigorous growth

of algae. Infra-red radiation does indeed inhibit the growth of algae

but makes no difference to the deposition of detritus or the growth of

bacteria, both of which must affect the correct functioning of the in

situ probes. thus swi-tching away from the visible spectrum will only

partially alleviate the problem. Furthermore variability between

replicates suggest that uneven fouling on the sensor optics may be

profoundly important, perhaps as important as the level of fouling

i tse l f .

Antifouling by prevention of adhesi.on due to the texture of the

surface is worth investigatj-ng but the new surface mrst be transparent

to the wavelengths of radiation utilized by the sensor (visi-ble or IR)

and at Ieast as smooth or smoother than glass. Most antifouling

74
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coatings are toxic (eg TBT- or Cu-based paints) and are generally

opaque as wel l  (French and Evans, 1986).

Our own experience with Partech sensors in the FBA suggests that

direct daylight may have an fuq)ortant role. We have found that direct

light affects the output by several points, even with the light-shield

protector in place. Without the shield the effect is very large

indeed. We suggest, therefore, that algae will grow over the optical

surfaces of IR sensors stimulated by the penetration of natural

dayl ight.

At the time of writing this report Hydraulics Research Ltd had

not provided light transmission data for the samples analyzed. Hence

we provide no comparison. Hydraulics Research Ltd did not find it

possible to inmerse sensors in the river concurrently with the

experiments reported on in this report. Fouling materials from in

situ sensors would have formed a valuable control in these studies and

would be worth considering in future studies. Due to the late start of

the studies the main experiment was carried out in mid-winter. Clearly

mid-sununer is more suitable for biological studies. Should these

studies be repeated in the future, it would be worth considering

modifications to the laboratory apparatus, firstly to provide lateral

Iight so that the coverslips could be suspended vertically and

secondly to provide some form of'recirculation to sirrmlate the flow of

a  r i ver .

' 1!l

i!
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Table 1

Bacterial numbers e><pressed as numbers cm-= and their standard
dev ia t ion  (SD) .

Preliminary experiment

Thames vis 3 days

vis 7 days

vis 14 days

Severn vis 14 days

Thames IR 14 days

Main e>rperiment
Thames 3 weeks vis

IR

6 weeks vis

IR

Severn 6 weeks vis

Saq>Ie number numbers SD
c m - ' x 1 0 - -

2 . 0 0  6 . 8 3
7 . 2 3  6 . 9 7
o . 7 7  L . O 2
1 . 8 1  3 . 0 0
1 . 4 9  3 . 4 2
r . 4 9  1 . 3 6
o . 2 3  0 . 3 8
o . 2 2  0 .  5 4
0 . 8 1  0 . 8 5

3
4
7
8

1 1
1 2
1 5
16
19

21
22
2gt
29
3 5
36
421,
4 3 *
49
50
56*
5 7 *

IR

o . 2 9
0 . 4 6
0 . 4 9
0 . 3 2
1 .  1 1
1 . 0 6
1. .2 r
0 . 5 1
4 . 8 7
4 . 0 1
1 . 4 5
5 . 9 2

o . 2 L
0 . 3 6
o . 4 4
0 . 2 5
0 . 7 8
0 . 9 6
0 . 9 4
o . 4 4
2 . 5 4
2 . 4 6
1 . 5 6
3 . 2 8

Samples were not marked to
indicate the surface to be counted.
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i ,

Numbers of live algae (cm2
loose covering of detritus)

3

Table 2

x 10-2) found on coversl ips (excluding the
in River Thames water.
weeks irmnersi-on -

Bacillariophyceae ( diatoms )
Thalassiosiraceae spores
Other centric diatoms
Pennate diatoms

Chlorophyceae
Encrusted colonial forms

Cyanophyceae

Flagellates

no cover
detritus
algae

Percentage cover on the coverslip between detritus, algae and no cover
(c lear  a rea)

visible
2 3  2 4

4 . 7 4  0 .  5 4
0 . 8 5  1 .  1 8
0 . 0 9  0 . 4 2

0  0 . 8 0

0  0 . 1 2

0 . 3 3  0 . 0 9

visible
2 3  2 4

8 5 . 6  8 3 . 8
l -4  .0  16 .2
o . 4  0 . 4

infra red
3 0  3 1

1 .  1 3  0 . 6 6
0 0

o . 2 4  0 . 0 5

0  0 . 2 3

0 0

0 0

infra red
3 0  3 1

8 2 . 8  8 3  . 9
1 7 . 7  1 6 . 0
< 0 .  1  < 0 .  1

?,
I

I
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Numbers of live algae (cm=
loose covering of detr i tus)

6

Table 3

x l -0-=) found on coversl ips (excluding
in River Thames water.
weeks irrunersion.

the

Bacillariophyceae ( diatoms )
Thalassiosiraceae spores
Other centric diatoms
Pennate diatoms

Chlorophyceae
Encrusted colonial forms

Cyanophyceae
Phormidium spp.
Other Cyanophyceae

4 .73
3 .60

o .76

37  . 9
5 .3

3 . 4 1
1 . 8 9
0

0

2 2 . 7 3
2  . 0 8

visible
37 38

infra red
4 4  4 5

2 . 1 3  1 - 4 2
0 0

0  .  5 2  0 . 0 9

0  0 . 0 9

i-nfra red
4 4  4 5

a 6 . 4  8 3 . 7
1 3 . 5  1 6 . 0

0 . 1  0 . 3

0 0
0 0

Percentage cover on the coverslip between detritus, algae
and no cover (clear area)

visible
3 t  3 8

n o  c o v e r  8 6 . 1  9 3 . 0
det r i tus  13 .2  6 .8
a l g a e  O . 7  O . 2
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Numbers of live algae (cm2
Ioose covering of detritus)

9

Table 4

x 10-=) found on coversl ips (excluding the
in River Thames water.
weeks innnersion.

65
Baci l lar iophyceae (diatoms)

Thalassiosiraceae spores 0.14
Other centr ic diatoms 0.19
Pennate diatoms 0

Chlorophyceae
Encrusted colonial  forms 1.56

1 1 . 0 8
0 . 3 3

66

0 . 5 0
0 . 0 5

n

1 . 1 4

7 3 . 2 0
4 . 5 9

visible infra red
7 2  7 3

1 . 3 3  0 . 7 6
0 0

0 . 0 9  0

0 . 0 5  0

0 0
0  1 . 6 5

Cyanophyceae
Phormidium spp.
Other Cyanophyceae

Percentage cover on
and no cover (clear

the coverslip
area)

between detritus, algae

no cover
detritus
algae

65

7 r .7
24.8
<0 .  1

66

1 1  . 6
2 2 - 3

0 . 1

visible infra red
7 2  7 3

8 1 . 3  7 I . 9
1 8 . 6  2 A . O
< 0 . 1  < 0 . 1

t

2 7



Table 5

Numbers of live algae (cm= x 10-=) found within the suspension of
detritus covering coverslips in River Thames water.

3 weeks inunersion.

vis ible infra-red
2 3  2 4  3 0  3 1

Bacillariophyceae ( diatoms )
Tha lass ios i raceae spores  57 .59  176.32  11 .75  20 .57
Other centr ic diatoms 8.82 26.45 0 0
Pennate diatoms 2.94 4I.1,4 0 0

Chlorophyceae
Encrusted colonial  forms A.a2 2.94 0 0

Table 6

Numbers of live algae (cm= x 10-=) found within the suspension of
detritus covering coverslips in River Thames water.

6 weeks irwnersion.

vis ible infra red
31 38  44  4s

Bacillariophyceae ( diatoms )
Tha lass ios i raceae spores  29 .39  18 .81  19 .98  22 .92
Other  cent r i c  d ia toms 2 .35  2 .35  0  0 .59
Pennate di-atoms 7 .05 4 .69 0 1. 18

Chlorophyceae
Encrusted colonial  forms I . I7 0 0 0

Table 7

Numbers of live algae (cm= x 10-') found within the suspension of
detritus covering coverslips in River Thames water.

9 weeks inunersion.

visille infra red
65 66  72  73

BacilLariophyceae ( diatoms )
Tha lass ios i raceae spores  2 .35  2 .93  5 .29  8 .23
Other centr ic diatoms I .76 3.53 0 0
Pennate  d ia toms 6 .47  5 .87  7 .77  2 .35

C y a n o p h y c e a e 0 0 1 . 0 0 0

2 2
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Numbers of
water.

Table

Iive algae (cm'

B

x 10-2) found on coverslips in River Severn

Bacillariophyceae ( diatoms )
N i tzsch ia  sp .  (<20u)
Ni tzsch ia  sp .  (20-50u)
Clmtopleura sp.
Pinnularia sp.
Melosira sp.
Other diatoms

C'yanophyceae
Phormidium spp.
Other Cyanophycese

no cover
detr i tus

Percentage cover on the coverslip between detritus, algae
and no cover (clear area)

weeks immersion.

v is ib le infra red
58 59

1 . 9 9  0
1 . 0 4  0 . 5 7
0 0
0 0

I . 2 3  0 . 0 9
0  0 . 0 9

0 0
0  0 . 1 9

infra red
58 59

9 4 . 6  9 2 . 3
5 . 3  7  . 6
0 . 1  0 . 1

0 0

5 1  5 2

3 0 . 3 0  3 1 . 8 1
5 . 8 7  1 0 . 2 3

o  2 . 8 4
o .  1 9  3 1  . 4 3
2 . O A  t  .  1 4
2 . 4 7  7  . 9 6

2 4 7 . 9 2  4 9 4 . 1 3
2 3 . 3 0  0

vi-sibIe
51 52

8 4 . 0  8 0 . 3
r 2 . 4  9 . 9

Bac i l l a r i ophyceae  2 .3  4 .1
Cyanophyceae 1.3 5.7

g

1!.

a

2 3



Numlcers of
water .

Table 9

l i ve  a lgae (cm= x  10-=)  found on

9 weeks inrnersion.

coverslips in River Severn

infra red
85 87

0 . 6 6  2 . 6 0
0 . 3 3  0 . 3 9
0 . 0 9  0 . 0 5
0 . 0 9  0 . 0 5

0 0

6 . 1 6  0
0 0

by

Bacillariophyceae ( diatoms )
N i tzsch ia  sp .  (<20u)
Ni tzsch ia  sp .  (20-50u)
Melosira sp.
Other diatoms

Chlorophyceae ( f i lamentous )

Cyanophyceae
Phormidium spp.
Other Cy,anophyceae

visible
79 80

5 2 A . 5  2 7 7 . O
4 5  . 6  4 8 1 . 0
2 3 . 4  8 1 . 0

0 0

1 7 2 . 2  0

* * * * *  * * * * *

2 4 3  . 2  1 4 5 . 0

***** VERY large masses too difficult to estimate
count ing. See table below.

Percentage cover on the coverslip between detritus, algae
and no cover (clear area)

no cover
detritus
Bacillariophyceae
Cyanophyceae

visible
79 80

7 0 . 0  5 9 . 7
3 . 7  7  . 7

1 0 . 1  1 6 . 1
7 6 . 2  1 6 .  5

infra red
86 87

9 3 . 0  8 9 .  1
6 . 9  1 0 . 8

< 0 . 1  0 . 1
< 0 . 1  0

24
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Table L0

organic mass (pg crn-') found on coverslips irrrnersed in Thames water
for three weeks. Samples were separated into adhering materiar and
Ioose debris.

coverslip suspension total
data mean data mean data mean

V i s  2 5  5 4 . 7  1 2 5 . 4  1 8 0 . 1
2 6  6 6 . 3  4 9 . 9  L 2 5 . 4  1 2 5 . 4  1 9 1 . 7  1 7 5 . 3
2 7  2 8 . B  L 2 5 . 4  1 5 4 . 2

r R  3 2  1 5 . 9  I 7 1  . 3  1 . 9 3  . 2
3 3  I l  . 4  1 4 . 0  1 1 4 . 4  1 7 8 . 3  1 9 1 . 8  1 9 2 . 3
3 4  A . 7  1 8 3 .  1  1 9 1 . 8

2 5



Table 11

organic mass (pg cm-=) analysis of materi.al found on coversrips,
together with 

-statistical 
comparison between visibre and rR

i l luminat ion.

sample data mean SD ilt" significance

River Thames
3 weeks  v is  25  180.1

2 6  1 9 1 . 6  1 7 5 . 3  1 9 .  1 6
2 7  7 5 4 . 2  2 . t t  n s

rR 32  793.2
3 3  1 9 1 . 8  1 9 2 . 3  0 . 8 1
3 4  1 9 1 . 8

6 weeks vis 39 727.7
4 0  1 6 9 . 3  1 5 6 . 0  2 9 . 9 2
4 1  1 7 6 . 9  2 . 7 2  n s

r R  4 6  1 8 4 . 5
4 1  2 4 4 . 2  2 0 5  . 7  3 3 . 4 2

. 4 8  1 8 8 . 3

9  weeks  v is  67  134.9
6 8  1 I 4 . 7  1 1 5 . 9  1 8 . 3 4
5 9  9 8 .  3  1 1 .  3 4  > 9 9 A

I R  1 4  2 2 I . 6
1 5  2 3 6 . 0  2 2 2 . 2  1 3 . 5 0
7 6  2 0 9 . 1

River Severn
5 weeks  v is  53  61 .8

5 4  6 0 . 9  6 3 . 7  4 . 1 4
5 5  6 8 . 5

rR 60 36 .  1  12  .O7 >99e"
5 1  4 1 . 8  3 9 . 0  2 . A 5
6 2  3 9 . 0

9 weeks vis 81 714.1
8 2  8 8 . 6  9 8 . 0  1 4 . 5 0
8 3  9 0 . 6

rR 88 4A.2
8 9  4 2 . 4  4 7  . 5  4 . 8 5
9 0  5 2 . 0

B.  08  >95e"

2 6





















Plate 5

Centr i -c diatom spores found in f locculent detr ius. Thames water.
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Plate 7

Photograph showing three different forms of algal growth.

7a Motile diatom, Cvmatopleura.

, fb Diatom (Pinnuraria sp. ) motile onry within a geratinous tube

{ 
which, itself 

f 
firmlV attached to the substratum.

7c Fi laments of Phormidium sp. ----  very sl ight ly moti le.

Plate 8

The same species of Phormidium (8d) as in prate 7 but with a another
mot i le  d ia tom (N i tzsch ia  sp .  - - -  8e) .
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