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THE PRESERVATION OF PHYTOPLANKTON GRAB SAMPLES

C O R N E L I U S  I. W E B E R 1 

P l a n k t o n  L a b o r a t o r y ,  D i v i s i o n  o f  P o l l u t i o n  S u r v e i l l a n c e ,

F e d e r a l  W a t e r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n ,  C i n c i n n a t i ,  O h i o

a b s t r a c t :  T h e  b a c te r ic id a l  an d  a lg ic id a l p ro p e r t ie s  o f fo rm a lin , m e rc u r ic  ch lo rid e ,
a n d  M e rth io la te  w e re  te s te d  u s in g  g ra b  r iv e rw a te r  sam p les a n d  c u ltu re s  o f S c e n e ­
d e sm u s  b iju g a  a n d  C y clo te lla  m e n eg h in ia n a . F o rm a lin  w as b a c te r ic id a l  in  g rab  
sa m p le s  a t  a  c o n c e n tra tio n  o f 1 .0 % , a n d  a rre s te d  a lg a l g ro w th  a t  a  c o n c e n tra tio n  of 
0 .0 1 %  to  0 .1 % . M e rc u r ic  c h lo r id e  w as b a c te r ic id a l  a n d  a lg ic id a l a t  1 3 -2 7  m g  p e r  
lite r. M e rth io la te  a rre s te d  a lgal g ro w th  a t  1 m g  p e r  li te r  w h e n  a c c o m p a n ie d  b y  an 
e q u a l  c o n c e n tra tio n  o f io d in e . A lth o u g h  n o t b a c te r ic id a l  a t c o n c e n tra tio n s  as h ig h  as 
1 g m  p e r  lite r, M e rth io la te  w h e n  u se d  in co m b in a tio n  w ith  io d in e  sa tis fac to rily  
s ta b iliz e d  a lg a l co u n ts  in  s to re d  sam ples an d  w a s  su p e rio r  to fo rm a lin  a n d  m e rc u ric  
c h lo r id e  in  p re se rv in g  th e  m o rp h o lo g y  a n d  co lo r o f  th e  algae.

T h e  p re se rv a tio n  of p h y to p la n k to n  g ra b  sam p les  has c h a n g ed  little  in  recen t 
years d e sp ite  th e  av a ilab ility  of a g re a t v a r ie ty  of an tib io tic  substances. T he 
p rese rv a tiv e  m ost w id e ly  u sed  to d a y  is fo rm alin . L ong  ex perience  h as  show n 
th a t th is su b s ta n c e  p rev en ts  b io d é g ra d a tio n  o f  th e  p hy to - a n d  Zooplankton in 
sam ples (W e lc h , 1948), b u t it  falls short of b e in g  an  ideal p rese rv a tiv e  in several 
im p o rta n t resp ec ts : ( a )  p re se rv e d  sam ples em it irrita tin g  vapo rs , ( b )  f re q u en t 
co n tac t w ith  so lu tions con tain ing  fo rm alin  causes th e  skin to  c rack  an d  roughen , 
a n d  ( c )  a lg a l p ig m e n ts  d e te rio ra te  rap id ly , m a k in g  id en tifica tio n s m ore d ifficu lt 
as th e  sam ples age.

M ercu ria ls  h av e  long b een  u sed  as p rese rv a tiv es  an d  d is in fec tan ts  b y  m ic ro ­
b io logists, b u t  h av e  n o t b een  gen era lly  em p lo y ed  fo r th e  p re se rv a tio n  of p lank ton  
sam ples. A m ong th e  few  rep o rts  of th e  use  o f m ercu ria ls  fo r th is  p u rp o se  are 
those  b y  W illiam s & S cott (1962) w ho a d o p te d  M e rth io la te  in  1958 as a 
p re se rv a tiv e  fo r p la n k to n  g rab  sam ples co llec ted  b y  th e  N a tio n a l W a te r  Q uality  
N etw ork , a n d  W illiam son  (1 9 6 3 ), w ho em p lo y ed  e th y l m e rc u ric  ch lo rid e  and  
m e rc u ric  io d in e  to  p rese rv e  m arin e  n e t p la n k to n  co llec ted  w ith  an  au to m atic  
sam pler.

T h e  id ea l p la n k to n  p rese rv a tiv e  w o u ld  b e : ( a )  non -vo latile  a n d  n o n -irrita tin g  
to  h u m a n  skin, eyes, an d  resp ira to ry  system , ( b )  chem ically  s ta b le  in  so lu tion  
an d  h av e  a  lo n g  sh e lf  life, ( c )  inexpensive, ( d )  toxic to  all m icro -o rgan ism s a t 
very  low  co n cen tra tio n s, ( e )  a  good  p rese rv a tiv e  of ch lo rophy ll a n d  o th e r  cell 
p igm en ts, a n d  ( f )  u n a ffec ted  b y  la rg e  a m o u n ts  o f d isso lved  an d  su sp en d ed  
o rgan ic  a n d  in o rg an ic  m a tte r  com m only  o cc u rrin g  in w a te r  sam ples.

T h e  p u rp o se  of th is  rep o rt is to  co m p are  th e  b ac te ric id a l an d  a lg ic idal 
p ro p e rtie s  of th re e  p rese rv a tiv es— form alin , m e rc u ric  ch lo ride , a n d  M erth io la te , 
an d  to  s tim u la te  re n e w e d  in te re s t in  th e  se a rch  fo r b e tte r  m e th o d s of s tab iliz ing  
p la n k to n  in  g ra b  sam ples.

M e t h o d s

B acterio log ica l tests

G ra b  w a te r  sam ples w ere  co llec ted  from  th e  O hio  an d  L ittle  M iam i Rivers 
in the  C in c in n a ti a re a , an d  tre a te d  w ith  vario u s levels o f p rese rv a tiv es . A liquots 
of raw  w a te r  w 'ere p la te d  for to ta l coun ts  im m ed ia te ly  a f te r  th e  sam ples w ere  
co llec ted , a n d  aga in  24 h r  to  10 days a f te r  tre a tm e n t. T o ta l p la te -c o u n t agar

1 T h e  a u th o r  g ra te fu lly  ack n o w led g e s  th e  la b o ra to ry  a ssis tan ce  of G re tc h e n  C ooper, 
D o n a ld  M o o re , an d  D o n a ld  S tevens.

T r a n s . A m e r .  M i c r o s c .  S o c .  8 7 ( 1 ) :  7 0 -8 1 . 1968.



W E B E R — P R E S E R V A T IO N  O F  P H Y T O P L A N K T O N  S A M P L E S  y\

w as u sed  fo r all tests, an d  p la tes  w e re  in c u b a te d  th re e  days a t am b ien t la b o ra to ry  
te m p e ra tu re s  b e fo re  cou n tin g . T h e  b a c te ria  p la tes  w e re  p re p a re d  a n d  co u n ted  
b> th e  m icrobio logy  u n it  o f th e  W a te r  P o llu tion  S u rv e illan ce  System .

A lg a l bioassays

A lgal b ioassays w e re  c o n d u c te d  w ith  p u re  cu ltu res  o f S ce n ed e sm u s bijuga  
( T u rp .)  L agerh . an d  C yclo te lla  m en eg h in ia n a  K utz.

S cen ed esm u s b ijuga  is a com m on p lan k to n ic  coccoid  g reen  alga w h ich  in 
cu ltu re  occurs as a  m ix tu re  of single cells, d o u b le ts , an d  colonies of fou r and  
e ig h t cells. T h e  cells m e asu re  4 -8  ¡x in  d ia m e te r  an d  7 -16  ¡x long. In  re p ro d u c ­
tion , each  cell d iv ides to  fo rm  tw o , four, o r e ig h t cells w h ich  m ay  or m ay  no t 
rem ain  a t ta c h e d  to  one a n o th e r  as th e y  m a tu re . T h e  s tra in  u sed  in  th is  s tu d y  
w as iso la ted  b y  th e  a u th o r  from  th e  L ittle  M iam i River.

C yclo te lla  m en eg h in ia n a  is o n e  of th e  m ost a b u n d a n t p la n k to n ic  cen tric  
d ia tom s. T h e  cells a re  cy lin d rica l, m e asu rin g  4 -1 2  ¡x in  d ia m ete r a n d  7 -1 5  /x 
long, an d  se p a ra te  soon a f te r  d iv id ing . T h e  stra in  u sed  in th is s tu d y  w as iso la ted  
b y  th e  au th o r  from  th e  L ittle  M iam i R iver.

S tock cu ltu res  of b o th  a lgae w ere  m a in ta in e d  in  C h u  M ed iu m  # 1 0  (C h u , 
1942) a t  24 C , w ith  ca. 250 ft.c . of d ay lig h t f lu o rescen t illum ination  a n d  a  12:12 
d iu rn a l ph o to p e rio d .

Bioassays w ere  ca rried  o u t in  m o d ified  C h u  M ed ium  # 1 0 , o r filte r-ste rilized  
O h io  or L itt le  M iam i R iver w ate r. E x p erim e n ta l cu ltu res  co n ta in e d  ap p ro x i­
m a te ly  50,000 c e lls /m l in  o rd e r  to  d u p lic a te  th e  p h y to p la n k to n  p o p u la tio n  dens ity  
of sam ples co llec ted  a t o u r m o re  p ro d u c tiv e  sta tions. T h e  cond itions of lig h t and  
te m p e ra tu re  w ere  those d esc rib ed  above. G ro w th  w^as d e te rm in e d  p erio d ica lly  
b y  m e asu rin g  th e  o p tica l d en s it)’ o f th e  cu ltu re  a t  600 m/x ( l ig h t p a th  17 m m ) 
w ith  a  B ausch  a n d  L o m b  S p ectro n ic  20 S p ec tro p h o to m e te r  (R o d h e , 1948; G ross 
& Koczy, 1946). O p tica l d en s ity  m e asu rem en ts  w 'ere gen era lly  ta k en  every  o th e r  
d a y  fo r th e  firs t tw o w eeks, a n d  th e n  w eekly , b i-w eek ly , an d  m o n th ly  as th e  
cu ltu res  aged.

F o r m a l in

M any  fie ld  b io log ists confuse  th e  te rm s “fo rm alin ” an d  “fo rm a ld e h y d e .” 
F o rm a ld e h y d e  is p re p a re d  com m ercia lly  b y  p assin g  a m ix tu re  of m e th an o l v ap o r 
an d  a ir over a ca ta ly st a t  h ig h  te m p e ra tu re  (N o ller, 1957). T h e  resu ltin g  fo rm ­
a ld eh y d e  a n d  th e  excess m e th an o l a re  ab so rb e d  in  w 'ater, an d  fu r th e r  co n ­
c e n tra te d  b y  d istilla tion . T h is  so lu tion , ca lled  f o r m a l i n , w hen  m a rk e ted , co n ­
ta in s  37% fo rm a ld e h y d e  a n d  5-10%  m ethano l. P lank ton  sam ples a re  usually  
p rese rv ed  b y  a d d in g  5 m l of fo rm alin  fo r ea ch  95 m l of sam ple  vo lum e ( W elch , 
1948).

F o rm a ld e h y d e  is very  rea c tiv e  chem ically , an d  causes stasis a n d  d e a th  of 
m icro-organism s b y  d e n a tu r in g  en zy m atic  p ro te in s  an d  rea c tin g  w ith  a w id e  
v arie ty  of ce llu lar co n s titu en ts . O ccasionally , ce llu lar changes ca u se d  b y  fo rm ­
a ld eh y d e  a re  so ex tensive  th a t  id e n tifica tio n  is re n d e re d  im possib le . L ackey  
(1 9 3 9 ) co m p ared  th e  co n d itio n  of 234 species of p lan k to n ic  p ro to zo a  ( in c lu d in g  
m a n y  g reen  flag e lla tes ) in  raw  a n d  fo rm alin -p rese rved  sam ples, an d  fo u n d  th a t 
fo rm alin  o ften  cau sed  d is to rtio n s in shape, loss of flagella , sh rinkage , a n d  m any 
o th e r  u n d e s ira b le  effects. T h ir ty - th re e  p e r  c e n t o f th e  p re se rv e d  o rgan ism s cou ld  
n o t b e  id e n tif ied  to  species, a n d  a  few  d is in teg ra ted  com plete ly . H e  recom ­
m e n d ed  th e  u se  o f a 4 -5%  so lu tion  of fo rm alin  for p re se rv a tio n , h o w ev er, s ta tin g  
th a t  low 'er co n cen tra tio n s k illed  too  slow ly  an d  a llow ed  tim e fo r g re a te r  cell 
d is to rtio n  a n d  ru p tu re .



7 2  T R A N S. A M E R . M IC R O S C . S O C „ V O L. 87 , N O . 1, JA N U A R Y  1968

B acterio log ica l tests
A g rab  sam p le  from  th e  O hio  R iver w as p la te d  fo r an  in itia l b a c te r ia  count, 

a n d  a liq u o ts  w ere  tre a te d  w ith  re a g e n t an d  te ch n ic a l g ra d e  fo rm alin  a t the  
fo llow ing  co n cen tra tio n s: 0.001, 0.01, 0.1, a n d  1.0%. T h e  tre a te d  a n d  u n tre a te d  
m a te ria ls  w e re  re p la te d  a f te r  s ta n d in g  24 h r  on th e  shelf. T o ta l b a c te r ia  counts 
w ere  u n a ffe c te d  b y  0.001% form alin , b u t w e re  re d u c e d  90% b y  0.01% form alin , 
a n d  99.99%  b y  0.1% fo rm alin . A p p a ren t s te rility  w as ach iev ed  w ith  1.0% form alin  
(F ig . 1 ) .

T w o  rep lica te  tu b e s  of b ra in -h ea rt in fu sio n  b ro th  w e re  in o c u la ted  w ith  
m a te ria l from  each  tre a tm e n t to  de te rm in e  w h e th e r  th e  e ffec t w as b ac te rio s ta tic  
o r b ac te ric id a l. In  th is te s t, no g ro w th  w as o b se rv e d  in  tu b e s  in o c u la ted  w ith  
m a te r ia l w h ich  h a d  b ee n  tre a te d  w ith  1.0% fo rm alin  (0.37%  fo rm a ld e h y d e ) , 
in d ic a tin g  a  c idal effect. G ro w th  d id  occur, h o w ev er, in  tu b e s  in o c u la ted  w ith  
sam ples p re se rv e d  a t low er fo rm alin  con cen tra tio n s. T h e re  w as no  d iffe rence 
b e tw e e n  th e  effec ts  o f th e  rea g en t an d  te c h n ic a l g rad e  form alin .

A lga l b ioassays
C u ltu re  of Scen ed esm u s  a n d  C yclo te lla  w e re  tre a te d  w ith  fo rm alin  a t the 

fo llow ing  co n cen tra tio n s: 0.01, 0.1, 0.5, 1.0, a n d  2.0%. T h e  S ce n ed e sm u s  cu ltu re  
in  0.01% fo rm alin  resu m ed  n o rm al g ro w th  a f te r  a  lag  p e r io d  of tw o  w eeks 
(F ig . 2 ) ,  b u t  n o  g ro w th  of Scen ed esm u s  w as o b se rv e d  a t h ig h e r  concen tra tions 
of fo rm alin . C yclo te lla  fa iled  to  g row  a t even th e  low est fo rm alin  con cen tra tio n  
(0 .01% ). T h e  fo rm a lin -trea ted  cu ltu res  w ere  ex am in ed  m o n th ly  fo r a p e r io d  of 
one y e a r  a n d  show ed  no  fu rth e r  signs of g row th .

T h ese  d a ta  in d ic a te  th a t  a  co n cen tra tio n  o f 5% fo rm alin  p ro v id es  a  ver) 
la rg e  a lg is ta tic  a n d  b a c te rio s ta tic  safe ty  m arg in . A co n cen tra tio n  of 2% form alin  
w o u ld  u n d o u b te d ly  b e  g re a t eno u g h  to  en su re  p re se rv a tio n  of th e  p la n k to n  and  
a t  th e  sa m e  tim e  su b stan tia lly  red u c e  th e  a m o u n t o f ir ri ta tin g  vap o rs  w hich  
no rm ally  p la g u e  th o se  w ho  w ork  w ith  th e  sam p les. T hese  rem ark s do  n o t apply , 
how ever, to  th e  u se  of fo rm alin  in  b io log ical sam p les co n c en tra ted  b y  c e n tr ifu g a ­
tion , n e ttin g , o r sieving.

M e r c u r i c  c h l o r i d e

T h e  u se  of H gC lo as a d is in fec tan t a n d  p re se rv a tiv e  w as p o p u la riz e d  by 
K och, w ho  d em o n s tra te d  th e  p o w erfu l g e rm ic id a l p ro p e rtie s  of th is su b stan ce  
in  1881. G e p p e rt (1 889 ) an d  o thers la te r  fo u n d  th a t  th e  effec ts  o f ino rgan ic  
m ercu ria ls  w e re  p rim arily  b ac te rio s ta tic , ra th e r  th a n  b ac te ric id a l, b u t th is  d is tin c ­
tio n  is o f n eg lig ib le  im p o rta n ce  in  p lan k to n  p re se rv a tio n . M e rc u ric  ch lo rid e  has 
b een  em p lo y ed  as a  sk in  d is in fec tan t, le a th e r  fu n g ic id e , in sec tic id e  fo r cab b ag e  
m aggo t, to  s te rilize  m ed ica l in strum en ts, a n d  to  tre a t  seed  p o ta to es , tim bers, 
a n d  p a p e r  p ro d u c ts  (B rew er, 1954). A lth o u g h  it  is gen era lly  u sed  a t  a  con­
c e n tra tio n  of 1 g p e r  li te r  ( a t  p H  5 .9 ), co n cen tra tio n s as low  as 8 m g  p e r  liter 
w e re  fo u n d  to  kill b a c te r ia  in  as lit tle  as 10 m in  (B irk h au g , 1933).

I t  is g en e ra lly  a g re e d  th a t  m ercu ria ls  a r re s t th e  g ro w th  of m icro-organism s 
b y  com plex ing  th e  su lfh y d ry l g roups of enzym es an d  o th e r  essen tia l m etab o litie s  
(B rew er, 1954). T h e  effec ts  o f m ercu ria ls  can  b e  p rev e n ted , o r ev en  reversed , 
b y  th e  a d d itio n  of g lu ta th io n e , cysteine, a n d  o th e r  su lfh y d ry l-co n ta in in g  com ­
p o u n d s  (F ild e s , 1940; B a rro n  & S inger, 1945). B rew er (1 948) w as ab le  to 
d e m o n s tra te  th is  in  v ivo  b y  rea c tiv a tin g  m e rc u ro c h ro m e-trea ted  S trep tococcus  
a f te r  it  h a d  b ee n  in je c ted  in to  m ice. T h is w as d o n e  b y  th e  in tram u scu la r 
ad m in is tra tio n  of 2, 3 -d im e rc ap to p ro p an o l (B ritish  A n ti-L ew is ite ) . T h e  BAL 
n e u tra liz e d  th e  m e rc u ro c h ro m e in th e  S trep tococcus , f re e in g  i t  from  th e  b a c ­
te rio s ta tic  res tra in t. A ll m ice  (2 0 )  receiv ing  th e  B A L tre a tm e n t w ith in  2 h r 
a f te r  in fec tion  d ied , w h erea s  on ly  tw o  of 20 in fec ted  contro ls d ied .
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F i g .  1. T h e  e ffe c t o f re a g e n t  a n d  te c h n ic a l g ra d e  fo rm alin  o n  th e  to ta l b a c te r ia  coun ts
in  a  p la n k to n  g ra b  sam p le  from  th e  O h io  R iv e r ( O  =  re a g e n t g ra d e ; •  =  te c h n ic a l g r a d e ) .

F ig . 2 . T h e  e ffe c t o f  fo rm a lin  on  th e  g ro w th  o f  S c e n e d e sm u s  ( “ o th e rs” in c lu d e  0 .1 % , 
0 .5 % , 1 .0% , a n d  2 .0 %  fo rm a lin ) .

F ig . 3. T h e  e ffe c t o f m e rc u r ic  c h lo rid e  ( a s  m g  H g  p e r  l i te r )  on  th e  g ro w th  o f  C y clo te lla
( •  _  co n tro l; O  — 0.001 m g ; ■  =  0 .01 m g ; □  =  0.1 m g ) .

F ig . 4. T h e  e ffe c t o f m e rc u r ic  c h lo r id e  (a s  m g  H g  p e r  l i te r )  on  th e  g ro w th  o f S c e n e d e s­
m u s  ( •  — co n tro l; O  =  0 .001 m g ; ■  =  0 .01 m g ; □  =  0.1 m g ) .

I t  m ay  b e  assum ed  th a t  th e  te m p o ra ry  delays in  a lg a l g ro w th  o b se rv ed  in 
o u r cu ltu res  w ere  d u e  to  th e  in ac tiv a tio n  of a su ffic ien tly  la rg e  p o rtio n  of the  
ce llu la r en zy m atic  system s to  p re v e n t ce ll division, b u t th a t  m etabo lism  co n tin u ed  
a t a re d u c e d  ra te  u n til th e  a ffe c te d  m olecu les w ere  rep la ce d , or th e  m ercu ry  
becam e b o u n d  to  o th e r  less essen tia l o rg an ic  substra tes.

T h e  ch ie f d isa d v an tag es  in  th e  u se  of m ercu ric  ch lo rid e  a re  its corrosiveness 
an d  h igh  h u m a n  toxicity . F u rth e rm o re , a t low  co n cen tra tio n s th e  a m o u n t of
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H g C L  re q u ire d  fo r b ac te ric id a l o r b a c te rio s ta tic  effects is p ro p o rtio n a l to  th e  
to ta l am o u n t o f o rg an ic  m a tte r  in  th e  sam ple.

B acterio log ica l te s ts

T w o g rab  sam ples from  th e  O hio  R iver a n d  one from  th e  L ittle  M iam i R iver 
(a l l  co llec ted  on  d iffe ren t d a te s )  w ere  tre a te d  w ith  m e rc u ric  ch lo rid e  to  give 
co n cen tra tio n s of m e rc u ry  ( H g )  ran g in g  from  0.01-100  m g  p e r  liter. C o n c e n tra ­
tions of 1 m g  H g  or less p e r  lite r  h a d  no  effec t on b a c te ria  counts. C o u n ts  w ere  
sh a rp ly  re d u c e d , how ever, in th e  ran g e  of 2 .5 -5 .0  m g  H g  p e r  liter, a n d  ap p a ren t 
ste rility  w as ach ie v ed  in  th e  ran g e  of 10-20 m g  H g  p e r  lite r. T h e  effec ts  of 
m e rc u ry  on  b a c te r ia l ac tiv ity  ob se rv ed  in  th e se  stud ies  w ere  n o t as g re a t as 
th o se  re p o rte d  b y  th e  A m erican  S ocie ty  fo r T es tin g  an d  M ateria ls  S u b co m m ittee  
on  T oxicity  of In d u s tr ia l W astes (In g o ls , 1954), w h ich  o b ta in ed  a 90% red u c tio n  
in  th e  B O D  of d ilu te d  sew ag e  tre a te d  w ith  1.1 m g  H g  (as  H g C L ) p e r  lite r, and  
co m p le te  b ac te rio s ta tis  a t 1.5 m g H g  p e r  liter. S ince th e  co n cen tra tio n  of m ercu ry  
re q u ire d  to  s te rilize  a p la n k to n  sam p le  w o u ld  d e p e n d  u p o n  th e  p H  a n d  am oun t 
of d isso lved  a n d  su sp e n d ed  o rgan ic  m a tte r  (M ille r  & Rose, 1939), som e v aria tion  
in  response w o u ld  b e  ex p ec ted  from  sam ple  to  sam ple . T h e  g rab  sam ples used  
in  th e se  tests  w ere  co llec ted  w hen  th e  river s ta g e  a n d  w a te r  tu rb id ity  w ere  h igh. 
B ecause s te rility  w as ach iev ed  w ith  20 m g H g  p e r  lite r  u n d e r  th ese  cond itions, 
i t  is rea so n ab le  to  assum e th a t  th is  co n cen tra tio n  of m e rc u ry  ( as H g C L  ) w o u ld  
b e  su ffic ien t fo r ro u tin e  sam p le  p rese rva tion .

A lga l b ioassays
T w o series of cu ltu res  of C yclo te lla  a n d  S ce n ed e sm u s  w e re  tre a te d  w ith  

m ercu ric  ch lo ride . T h e  firs t series w as p re p a re d  w ith  th e  fo llow ing  c o n c e n tra ­
tions of m ercu ry : 0.001, 0.01, 0.1, 1.0, an d  10.0 m g  p e r  liter. T h e  g ro w th  of 
C yclo te lla  w as n o t m easu rab ly  a ffec ted  a t co n c en tra tio n s  of m e rc u ry  less th a n  1.0 
m g p e r  lite r  (F ig . 3 ) .  G ro w th  w as b rie fly  re ta rd e d  a t  1.0 m g  H g  p e r  lite r, b u t 
w ith in  10 days th is cu ltu re  h a d  app ro x im ate ly  th e  sam e o p tic a l d en sity  as the  
contro l. T h e  cu ltu re  co n ta in in g  10.0 m g  H g  p e r  lite r  fa iled  to  resum e g ro w th  over 
a p e rio d  of 14 m onths.

S ce n ed e sm u s  w as m ore sensitive to  m e rc u ric  ch lo rid e  th a n  C yclo tella . T he 
g ro w th  of S cen ed esm u s  w as d e lay ed  m o re  th a n  tw o  w eeks b y  1.0 m g H g  p e r  
lite r  (F ig . 4 ) .

W h e n  no g ro w th  w as ob serv ed  in  tw o  w ee k s  in  cu ltu res  of e i th e r  species 
c o n ta in in g  10.0 m g  H g  p e r  lite r, a second  series of trea tm e n ts  w as p re p a re d  w ith  
b o th  species o f algae . C yclo te lla  cu ltu res w e re  tre a te d  w ith  0.1, 0.5, 1.0, 2.5, 
a n d  5.0 m g  H g  p e r  liter, a n d  S cen ed esm u s  w as tre a te d  w ith  0.1, 0.25, 0.50, 0.75, 
a n d  1.0 m g  H g  p e r  lite r. In  th is  series, th e  g ro w th  of C yclo te lla  w as n o t in h ib ited  
b y  0.1 or 0.5 m g  H g  p e r  lite r, b u t w as aga in  b rie fly  d e lay ed  a t 1.0 m g  F ig p er 
liter. G ro w th  w as d e lay e d  one w eek  a t 2,5 m g  H g , an d  six w eeks a t 5.0 m g  H g  
p e r  liter. A fte r one year, cells in  th e  ea rlie r  cu ltu re  w ith  10.0 m g  H g  p e r  liter 
a p p e a re d  d ea d , b u t th e ir  v iab ility  w as n o t te s te d  b y  su b cu ltu rin g .

T h e  g ro w th  of S ce n ed e sm u s  w as de lay ed  a  few  days a t 0.25 m g, ap p ro x i­
m a te ly  o n e  w eek  a t 0.50 m g, an d  tw o  w eeks a t  0.75 m g an d  1.0 m g  Fig p e r  liter. 
T h e  c u ltu re  c o n ta in in g  10.0 m g H g  p e r  lite r  re su m e d  a slow  g ro w th  a f te r  th ree  
m on ths. T h is cu ltu re  still co n ta in e d  n u m ero u s  h ea lthy -look ing  cells a f te r  14 
m on th s an d  co n tin u e d  to  show  a  g rad u a l in c re ase  in  d en sity  (F ig . 4 ) .

A lth o u g h  m e rc u ric  ch lo rid e  p ro v ed  to  b e  an  excellen t b ac te rio s ta tic  an d  
a lg is ta tic  ag e n t, p h y to p la n k to n  p rese rv ed  w ith  this su b stan ce  d ev e lo p e d  an 
o b jec tio n ab le  g ra n u la r  ap p e a ra n c e  w h ich  in te rfe re d  w ith  co u n tin g  an d  id e n tif ic a ­
tion , a n d  w as v e ry  d iffe ren t from  th e  a p p e a ra n c e  of a lg a e  in M erth io la te - 
p re se rv e d  sam ples.
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W a t e r  p o l l u t i o n  s u r v e i l l a n c e  s y s t e m

PRESERV A TIV E F O R M U L A

T h e  se a rch  for m ore  e ffec tiv e  o rg an ic  m ercu ria ls  la u n ch e d  b y  th e  p h a r ­
m a ce u tic a l in d u stry  fo llow ing  W o rld  W a r I  led  to  th e  syn thesis of a  n u m b e r 
o f com pounds w h ich  p o ssessed  vastly  im p ro v ed  g erm ic id a l p ro p e rtie s . O ne  of 
these , M e rth io la te  ( sod ium  ethy l-m ercu ri-th io sa licy lic  acid ; 50% m e rc u ry  ), has 
b e e n  a  ho u seh o ld  d is in fe c ta n t fo r m ore  th a n  a g en e ra tio n . Soon a f te r  its synthesis 
(K h arasch , S hon le  & W a ld o , 1927; W ald o , 1931), M erth io la te  w as fo u n d  to  be 
b ac te ric id a l a t very  low  con cen tra tio n s. B u ch sb au m  & Bloom  (193.1) re p o rted

CoHr, -  H g  - S _________\ ____ / ________ C O O N a

th a t  a co n cen tra tio n  of 7 m g  M e rth io la te  p e r  lite r  w as toxic to  M icrococcus  
pyrogenes. B irkhaug  ( 1933 ) ra te d  its b ac te ric id a l s tre n g th  as g re a te r  th a n  th a t 
o f m e rc u ric  chloride, b u t less th a n  th a t of p h en y l m ercu ric  n itra te .

D esp ite  its g rea t e ffec tiveness ag a in s t p a th o g en ic  b ac te ria , M e rth io la te  has 
a  re la tiv e ly  low  h u m an  tox icity . P ow ell & Jam ieson  (1931) re p o r te d  th a t  an 
a d u lt  h u m a n  co u ld  to le ra te  an  in trav en o u s in jection  of 250 m g of M erth io la te  
w ith o u t deve lop ing  sym ptom s of m e rc u ry  poisoning . R ats to le ra te  45 m g of 
M e rth io la te  p e r  kg of b o d y  w eig h t, w h ich  w o u ld  b e  co m p arab le  to  a  b ody  
b u rd e n  of 3 g  fo r a  150 lb  h u m an . T h e  le th a l dose of m e rc u ric  ch lo ride , in 
con trast, is oni)- 70-100 m g  (T h ien e s  & H aley , 1964). M e rth io la te  is h igh ly  
so lub le  in  w a te r  (1  g m /m l) ,  an d  does n o t co ag u la te  p ro te in s. T h ese  p ro p ertie s  
p ro m p te d  T a tu m  et al. (1 939 ) to  reco m m en d  its u se  ( a t  100 m g  p e r  l ite r )  to 
p rese rv e  h u m a n  b lood  frac tions. M e rth io la te  is cu rren tly  m a rk e te d  u n d e r  the  
t r a d e  nam e “T h im ero so P  b y  E li L ily  a n d  C om pany , In d ian ap o lis , In d ia n a ,1 for 
th e  p rese rv a tio n  of h u m a n  b lo o d  p la sm a an d  serum . I t  possesses m an y  of the 
p ro p ertie s  o f the  ideal p rese rv a tiv e .

T h e  p re se rv a tiv e  fo rm u la  u sed  ro u tin e ly  b y  th e  D iv ision  of P o llu tion  S u rve il­
lance , F e d e ra l W a te r  P o llu tio n  C o n tro l A dm in is tra tion  con tains M erth io la te , 
sod ium  b o ra te  (b o ra x ) ,  an d  L u g o l’s so lu tion . T h e  M erth io la te  an d  b o ra te  are 
u sed  in  th e  sam e p ro p o rtio n  (1 :1 .5 )  as reco m m en d ed  b y  E li L ily  fo r b lood  
p rese rv a tio n . T h e  L u g o l’s so lu tion  is a d d e d  to  s ta in  th e  s ta rch  in  th e  green  
a lg ae  to  a id  in  th e ir  id e n tif ica tio n  d u r in g  S edgw ick -R after counting .

T h e  so lu tion  is p re p a re d  b y  d issolving th e  fo llow ing  rea g en ts  in  one liter 
o f w ate r:

a. 1.0 g  of M erth io la te
b. 1.5 g  of sod ium  b o ra te  (b o ra x )
c. 1.0 m l of L u g o l’s so lu tion  ( a  sa tu ra te d  aqueous, iod ine-K I so lu tion

p re p a re d  b y  d isso lv ing  60 g of K I a n d  40 g of io d in e  in  o n e  lite r
of d istilled  w a te r )

P lan k to n  sam p le  b o ttle s  sh ip p e d  from  o u r lab o ra to ry  con ta in  su ffic ien t volum e 
o f th is  p rese rv a tiv e  so lu tion  to  p ro v id e  36 m g of M erth io la te , 54 m g  of sodium  
b o ra te , a n d  1.3 m g  of io d in e  p e r  lite r  o f w a te r  sam ple w h e n  th e  b o ttle  is filled  
(36  m l of p rese rv a tiv e  so lu tion  is a d d e d  p e r  lite r  o f b o ttle  c a p a c ity ) . T h e  cost 
o f m a te ria ls  is ap p ro x im ate ly  $0.01 p e r  lite r  o f sam ple. T his fo rm u la  effects 
excellen t color re ten tio n , a n d  causes no  n o ticeab le  m orpho log ica l d isto rtions or 
ce ll shrinkage. G rab  sam p les  m ay  b e  s to red  on th e  she lf fo r a  y ea r  w ith o u t 
d e te rio ra tin g  (Jackson  & B en d er, 1964; W e b er, 1966).

1 M e n tio n  of b ra n d  n a m e s  o r  co m m erc ia l sou rces does n o t  co n s titu te  e n d o rse m e n t b y  
th e  F e d e ra l W a te r  P o llu tio n  C o n tro l A d m in is tra tio n .
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F ig . 5. T h e  e ffe c t o f th e  “ c o m p le te ” M e rth io la te  p re se rv a tiv e  (a s  m g  H g  p e r  l i te r )  on 
th e  g ro w th  o f  C y c lo te lla  ( •  =  co n tro l; O  =  0 .01 m g ; valu es g re a te r  th a n  0 .5  m g  in c lu d e  
1.0, 2 .0 , 5 .0 , a n d  10.0 m g ) .

F i g .  6. T h e  e ffe c t o f  th e  “ c o m p le te”  M e rth io la te  fo rm u la  ( a s  m g  H g  p e r  l i te r )  on th e  
g ro w th  o f  S c e n e d e sm u s  ( •  =  co n tro l; O  =  0.01  m g ; ■  =  0.1 m g ; v a lu es  g re a te r  th an
2 .0  m g  in c lu d e  5 .0  a n d  10 .0  m g ) .

F ig . 7 . T h e  e ffe c t o f  M e rth io la te  a lo n e  (a s  m g  H g  p e r  l i te r )  on  th e  g ro w th  of C yclo te lla  
( •  — co n tro l; O  =  0.5 m g ; ■  =  1 .0  m g; v a lu es  g re a te r  th a n  10.0 m g  in c lu d e  2 0 .0  m g  and
4 0 .0  m g ) .

F i g .  8. T h e  e f fe c t o f  M e rth io la te  alone  ( a s  m g  H g  p e r  l i te r )  on  th e  g ro w th  of S c e n e d e s­
m u s  (v a lu e s  g re a te r  th a n  10.0  m g  in c lu d e  20 .0  m g  a n d  40 .0  m g ) .
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T A B L E  I

T o ta l b a c te r ia  co u n ts  in  r a w  a n d  p re se rv e d  L ittle  M ia m i R iv er w a te r  (o rg a n ism s .'m l)

Sample

Count after 10 days

( R aw  sample ) Control (R aw ) Preserved

A 2 X 1 0 ' 2  X  10fi 3  X  10(1
B 6 X 10:! 6 X  10° 4 X 10<;
C 5 X IO4 3 X  1 0 ' 3  X IO6
D 1 X  io4 2  X  10° 2  X IO5

B acterio log ica l tests

F o u r g ra b  sam ples, co llec ted  from  th e  L ittle  M iam i R iver over a  p e r io d  of 
one year, w e re  p la te d  fo r in itia l b a c te r ia  counts, a n d  th e n  su b d iv id ed  in to  con tro l 
( raw  ) an d  tre a te d  a liq u o ts , a n d  a llo w ed  to  s ta n d  on  th e  she lf fo r te n  days befo re  
rep la tin g . A fte r te n  days, th e  to ta l b a c te ria  coun ts in  th e  p re se rv e d  a liq u o ts  
(co n ta in in g  36 m g  M e rth io la te , 54 m g  sod ium  b o ra te , an d  1.3 m g  io d in e  p e r  
l ite r)  w ere  sim ila r to  th o se  in  th e  ra w  sam ples (T a b le  I ) ,  in d ic a tin g  th a t th e  
p rese rv a tiv e  h a d  no  m e a su ra b le  e ffec t on th e  b a c te ria l flora.

D esp ite  th e  a p p a re n t lack  of b a c te ria l con tro l a t th e  M e rth io la te  c o n c e n tra ­
tio n  no rm ally  u sed  in  W a te r  P o llu tio n  S u rve illance System  sam ples, no  algal 
d e te rio ra tio n  h as  b een  o b se rv ed  in s to red  sam ples.

A lga l bioassays
C ultu res  of C yclo te lla  a n d  S cen ed esm u s  w ere  t re a te d  w ith  stock  p rese rv a tiv e  

fo rm u la  w h ich  w as d ilu te d  to  p ro v id e  th e  fo llow ing  co n cen tra tio n s of m ercu ry  
(a s  M e rth io la te ) : 0.01, 0.1, 0.5, 1.0, 2.0, 5.0, an d  10.0 m g p e r  liter. T h e  g ro w th  
of C yclo te lla  w as n o t a ffe c te d  a t  0.01 a n d  0.1 m g  H g  p e r  liter, b u t w as de lay ed  
to  tw o  w eeks b y  0.5 m g, a n d  fo r m o re  th a n  one y e a r  a t 1.0, 2.0, 5.0, an d  10.0 
m g  H g  p e r  lite r  (F ig . 5 ) .  T h e  g ro w th  of S cen ed esm u s  w as also u n a ffe c te d  a t 
0.01 an d  0.1 m g  H g  p e r  lite r, b u t w as d e lay e d  tw o  w eeks b y  0.5 m g, six w eeks 
b y  1.0 m g, six m on th s b y  2.0 m g, a n d  m o re  th a n  one y e a r  by  5.0 an d  10.0 m ercu ry  
p e r  lite r  (F ig . 6 ) .

T h e  M e rth io la te  p re se rv a tiv e  fo rm u la  p ro v ed  to  b e  m u ch  m o re  effective 
ag a in st th e  a lg ae  th a n  th e  b ac te ria . I t  w as ev id en t th a t th e  c o n c en tra tio n  of 
M e rth io la te  ro u tin e ly  u sed  in W PSS sam ples p ro v id es  a w id e  m arg in  of safe ty  
ag a in st a lg a l grow th .

S h e lf life
S h ipm en ts of M e rth io la te  rec e iv e d  from  E li L ily  a n d  C o m p an y  w e re  accom ­

p a n ie d  b y  d irec tions fo r u se  w h ich  im p lied  th a t  aqu eo u s so lu tions of th e  p ro d u c t 
rap id ly  lose th e ir  p o te n cy an d  sh o u ld  b e  d isc a rd ed  a f te r  six w eeks of shelf 
sto rage. P ow ell & Jam ieson  (1 9 3 8 ) re p o r te d  th a t th e  p o te n cy  of re frig e ra te d  
M erth io la te  so lu tions w as u n c h a n g e d  a f te r  th re e  years, b u t d ec lin ed  m easu rab ly  
in  ten  years. T h ey  m a d e  no  m en tio n , how ever, o f so lu tions s to red  a t room  
te m p era tu re .

T h e  a lg is ta tic  p ro p e r tie s  o f stock  solu tions of th e  com ple te  M erth io la te  
p rese rv a tiv e  w h ich  h a d  b ee n  s to red  in  th e  re frig e ra to r  a n d  on th e  she lf fo r 
36 m onths in  o u r la b o ra to ry , w e re  co m p ared  w ith  those  of f re sh ly -p re p a red  
p rese rv a tiv e  b y  tre a tin g  S ce n ed e sm u s  w ith  Vio, L , an d  fu ll-s tren g th  so lu tions of 
each . G ro w th  resu m ed  a f te r  tw o  w eeks in  th e  cu ltu re  p re se rv e d  w ith  Vio s tren g th  
she lf-sto red  p rese rv a tiv e , a f te r  th re e  w eeks in  th e  cu ltu re  p re se rv e d  w ith  Vw 
re frig e ra te d  p rese rv a tiv e , a n d  a f te r  six w eeks in  th e  cu ltu re  p re se rv e d  w ith  !á
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s tre n g th  sh e lf-s to red  p rese rv a tiv e . All o th e r  cu ltu res  w e re  still in  stasis a t  the 
en d  of seven  m onths. T h ese  observa tions in d ic a te d  th a t  som e d e te rio ra tio n  
o cc u rre d  in  b o th  th e  re frig e ra te d  an d  she lf-sto red  p rese rv a tiv e . U sed  a t full 
s tren g th , how ever, stasis w as a ffec ted  fo r a t  le as t seven  m onths, an d  since the  
analysis o f o u r sam ples is ra re ly  d e lay ed  fo r m o re  th a n  th is  le n g th  of tim e, the 
d e te r io ra tio n  of th e  p re se rv a tiv e  w o u ld  n o t a ffec t its usefulness.

C o m p o n e n ts  o f th e  M erth io la te -so d iu m  bora te-iod ine fo rm u la
M erth io la te , borax , a n d  L ugo l’s so lu tion  w ere  te s te d  se p a ra te ly  a n d  in 

com b in atio n  to  d e te rm in e  th e  alg ista tic  p ro p e rtie s  o f each , an d  to  d e te c t possib le 
synerg is tic  effects.

S o d i u m  b o r a t e

N o b ac te rio lo g ica l tests  w e re  m a d e  w ith  sod iu m  b o ra te .

A lga l bioassays
C u ltu re s  o f C yclo te lla  an d  Scen ed esm u s  w e re  tre a te d  w ith  sod ium  b o ra te  at 

th e  fo llow ing  co n cen tra tio n s: 1, 2, 4, 10, 20, 40, a n d  100 m g  p e r  lite r. T h e  
g ro w th  ra te s  of th e  ex p e rim en ta l cu ltu res  d id  n o t d iffe r  sig n ifican tly  from  those 
of th e  contro ls.

E li L ily  a n d  C o m p an y  recom m ends th e  ad d itio n  of b o rax  to  so lu tions of 
M e rth io la te  to  m a in ta in  an  a lkaline  cond ition , b ec au se  th e  fre e  ac id  of M er­
th io la te  is m u c h  less so lub le  th a n  th e  sod ium  salt. O th e r  th a n  a s lig h t b u ffe rin g  
effect, th e re fo re , th is su b stan ce  p ro b ab ly  has n o  e ffec t on th e  p re se rv a tio n  of 
th e  sam ples.

L u g o l ’s  s o l u t i o n

T h e  co n cen tra tio n  of io d in e  (1 .3  m g p e r  l i te r )  ro u tin e ly  em p lo y ed  in  our 
sam ples w as co n s id ered  to  b e  too low  to h av e  a m e asu rab le  effec t on th e  b ac te ria . 
N o b ac te rio lo g ica l te s ts , th e re fo re , w e re  co n d u c ted .

A lga l bioassays
C u ltu re s  of C yclo te lla  a n d  Scen ed esm u s  w ere  tre a te d  w ith  L u g o l’s so lu tion  

to  p ro v id e  th e  fo llow ing  co n cen tra tio n s of iod ine : 1, 4, 10, 20, 40, an d  100 m g 
p e r  liter. T h e  g ro w th  o f C yclo te lla  cu ltu res  w as  n o t re ta rd e d  a t io d in e  co n ­
ce n tra tio n s of 1, 4, 10, an d  20 m g  p e r  liter. G ro w th  w as d e lay ed  th re e  m onths, 
how ever, a t 40 an d  100 m g  io d in e  p e r  liter. T h e  g ro w th  of S ce n ed e sm u s  was 
b r ie f ly  d e la y e d  a t 1 m g  io d in e  p e r  liter. T h e  d e lay  in  g ro w th  le n g th e n e d  w ith  
inc reasing  io d in e  co n c en tra tio n , reach in g  th ree  w eeks a t 40 m g  p e r  liter. G row th  
h a d  n o t re su m e d  a t th e  e n d  of five w eeks in  cu ltu res  tre a te d  w ith  100 m g 
iod ine p e r  liter.

T h ese  d a ta  in d ic a te d  th a t a t th e  co n cen tra tio n  no rm ally  u sed  in  our sam ples, 
th e  io d in e  a lo n e  p ro b a b ly  co n trib u te s  little  to  th e  stab iliza tion  of th e  p lank ton  
po p u la tio n s. E v id e n c e  of a synerg is tic  e ffec t w ith  M e rth io la te  w as ob ta ined , 
how ever, a n d  is d iscu ssed  la te r  in  th is report.

M e r t h i o l a t e  u s e d  a l o n e

In  v iew  of th e  m an y  p u b lish ed  rep o rts  reg a rd in g  th e  excellen t b ac te ric id a l 
p ro p e rtie s  o f M e rth io la te , it  w as expected  th a t sa m p le  s te rility  w o u ld  b e  ach ieved  
a t  a low  co n cen tra tio n . As m e n tio n e d  earlier, how ever, th e  to ta l b a c te ria  counts 
in  g rab  sam ples w e re  n o t m easu rab ly  re d u c e d  a t a co n cen tra tio n  of 36 mg 
M e rth io la te  p e r  lite r . S te rility  of g rab  sam ples w as n o t ach ieved  even  w ith  
1 gm  of M e rth io la te  p e r  liter.
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T A B L E  II

T h e  d e la y  in  a lgal g ro w th  ( d  =  d ay s ; M  =  m o n th s )  a t  d if fe re n t c o n c e n tra tio n s  
o f M e rth io la te -m e rc u ry

Culture
series

Culture
medium

Mg mercury (a s  M erthiolate) p e r liter

Alga 0.25 0.5 1 2 4 -5 10 20 40 80 150

A C h u  # 1 0 C a 1(1 l d 7(1 7 d 3 3 d  > 7 M < 7 M a a
B C h u  # 1 0 S a 7 d 7d 7 d 16d 54(1 > 7 M > 7 M a a
C O hio  R iv er w a te r s 4 d 6 d 8d 13d 2 0 d 3 2 d  > 5 M > 5 M a a
D L ittle  M iam i 

R iver w a te r
s 4cl 6 d 8 d 12d 2 0 d 4 6 d  > 5 M > 5 M a a

E O hio  R iv e r  w a te r s a a 14d 2 8 d  > 4 M  > 4 M  > 4 M  > 4 M  > 4 M  > 4 M

a =  No culture a t th a t concentration.
C =  Cyclotella 
S =  Scenedesmus
All cultures w ith “m ore than”  tim e values were still under observation w hen this report was written.

A lga l bioassays
F ive series o f cu ltu res  w e re  t re a te d  w ith  M e rth io la te  a t co n cen tra tio n s 

ran g in g  from  0.25-150 m g  H g  (as  M e rth io la te )  p e r  lite r. F o r  th e  sake of b rev ity , 
h ow ever, only  tw o  series a re  d iscussed  h e re  in  detail.

T h e  g ro w th  of C yclo te lla  (S eries  A, T ab le  I I )  w as a ffec ted  on ly  sligh tly  a t 
0.5 an d  1.0 m g H g  p e r  lite r, b u t  w as d e lay e d  seven days a t 2.0 m g  an d  5.0 m g, 
a n d  33 days a t 10.0 m g  H g  p e r  lite r  (F ig . 7 ) .  G ro w th  h a d  n o t re su m e d  a t th e  
e n d  of seven  m onths in  cu ltu res  co n ta in in g  20 a n d  40  m g  of H g  p e r  liter.

S cen ed esm u s  w as so m e w h a t m ore  sensitive  to  M erth io la te  th a n  w as C yclotella . 
T h e  g ro w th  of S cen ed esm u s  (S eries B, T a b le  I I )  w as d e lay ed  seven  days a t 0.5, 
1.0, an d  2.0 m g, 16 days a t 5.0 m g, a n d  54 days a t  10.0 m g  of H g  p e r  lite r  
(F ig . 8 ) .  N o  g ro w th  w as o b se rv ed  in  cu ltu res  co n ta in in g  m ore th a n  10 m g  of 
H g  p e r  liter.

A  sum m ary  of th e  effec ts  of M e rth io la te  on  a lgae  is p re se n te d  in  T ab le  II. 
D iffe rences in  th e  g ro w th  responses of th e  a lg ae  w ere  m ost likely  d u e  to  d if ­
ferences in  w a te r  q u a lity  ( p H , n u tr ie n t levels, e tc .)  a n d  a lgal sensitiv ity .

T h e  d a ta  p re se n ted  h e re  show  th a t  M e rth io la te  w as m u c h  m o re  effective 
ag a in s t th e  a lg ae  th a n  th e  b ac te ria . M e rth io la te  w as n o t as e ffec tiv e  ag a in st 
th e  a lgae  w h en  u se d  a lone  as it w as w h e n  u sed  in  com b in atio n  w ith  sod ium  
b o ra te  a n d  L u g o l’s so lu tion . T h is re su lt su g g ested  a  synerg is tic  reac tio n . T his 
possib ility  w as exp lo red  b y  te s tin g  th e  a lg is ta tic  p ro p e rtie s  o f M e rth io la te  in 
com bination  w ith  bo rax  o r iodine.

M e r t h i o l a t e  w i t h  s o d i u m  b o r a t e

S cen ed esm u s  cu ltu res  w e re  tre a te d  w ith  1 m g  M e rth io la te  p e r  lite r  an d  w ith  
sod ium  b o ra te  a t th e  fo llow ing  co n cen tra tio n s: 1, 2, 4, 10, 20, a n d  40 m g p er 
liter. G row th  w as d e lay e d  fo r seven  days in all cu ltu res d u e  to  th e  effec t of 
th e  M erth io la te , b u t th e re  w as n o  ev idence  of an  in te ra c tio n  b e tw e en  the  
M e rth io la te  an d  th e  b o ra te . T h e  c u ltu re s  con ta in in g  2, 4, a n d  10 m g  sodium  
b o ra te  p e r  lite r  a p p e a re d  so m ew h at m ore  d ense  th a n  th e  o thers  w h en  the  
ex p e rim en t w as te rm in a te d  ( 19 days ). I t  is possib le  th a t  th e  g ro w th  of the  
alga w as s tim u la ted  a t  th o se  co n cen tra tio n s of b o ra te , b u t th is  e ffec t w as n o t 
s tu d ie d  fu rth e r.

M e r t h i o l a t e  w i t h  L u g o l ’s  s o l u t i o n

T w o series of S ce n ed e sm u s  cu ltu res  w e re  p re p a re d  w ith  M e rth io la te  and  
L u g o l’s so lu tion— one in  C h u  M ed iu m  # 1 0 , a n d  one in  filte r-s te rilized  O hio  
R iver w ate r.
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T h e firs t series co n ta in e d  1 m g M e rth io la te  p e r  lite r, w ith  th e  ad d itio n  of 
iod ine ( I 2 as K IT 2) in  th e  fo llow ing  co n cen tra tio n s: 1, 2, 5, 10, 20, a n d  40 m g 
p e r  liter. G ro w th  w as d e lay ed  one w eek  in  th e  co n tro l cu ltu re  c o n ta in in g  only 
M erth io la te , b u t  h a d  n o t re su m e d  w ith in  six m o n th s  in  any  of th e  sam ples tre a te d  
w ith  iodine.

In  o rd e r  to  d efin e  m o re  p rec ise ly  th e  level of io d in e  n e e d e d  to  e ffec t stasis, 
th e  second  series w as p re p a re d  w h ich  co n ta in e d  2 m g  M e rth io la te  p e r  liter, an d  
iod ine in  th e  fo llow ing  co n cen tra tio n s: 0.01, 0.05, 0.1, 0.5, a n d  1.0 m g  p e r  liter. 
G ro w th  w as d e lay e d  th re e  w eeks in  th e  co n tro l cu ltu re  co n ta in in g  on ly  M er­
th io la te , a n d  in  th e  cu ltu res  con tain ing  M e rth io la te  w ith  1 m g  or less of iod ine 
p e r  liter. G ro w th  h a d  n o t resu m ed  in  fo u r m o n th s  in  th e  cu ltu res  con tain ing  
M e rth io la te  w ith  2 m g  o r m o re  of iod ine p e r  liter.

T h e  ab ility  of low  co n cen tra tio n s of M e rth io la te  to  e ffec t long  p eriods of 
a lgal stasis in  th e  p re se n ce  of 1 -2  m g p e r  li te r  of iod ine m ay  re su lt  from : ( a )  
a  synerg is tic  effect, a n d /o r  ( b )  a  d irec t chem ical in te rac tio n  b e tw e en  the 
M e rth io la te  a n d  iod ine , w h ich  y ie lds a p ro d u c t th a t is m ore  a lg ic idal th a n  e ith e r 
re a c ta n t. T h e  like lihood  of a  chem ical in te ra c tio n  is su g g ested  b y  th e  red u c tio n  
of th e  io d in e  color of L u g o l’s so lu tion  w h en  M e rth io la te  is a d d e d . T h is reaction  
deserves fu r th e r  study .
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