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The lagoonal estuarine sys tem on the Central  East  Coast of F l o r -  
ida consis ts  of the Indian River,  the Indian River  Lagoon, the Banana 
River,  and encompasses  the Kennedy Space Center.  The system extends 
f rom Ponce de Leon Inlet near  New Smyrna Beach to the St. Lucie Inlet.  
The mean water  depth is approximately six feet except for the width of 
the Intracoastal  Waterway. The salinity, depending on rainfall  and f resh  
water  runoff, ranges  between 12 and 36 par ts  per  thousand. Such water  
movement as occurs  is general ly wind driven (SCHNEIDER ET AL, 1973). 

Studies of sulfide ion concentrat ions in the sediments of the Indian 
River  near  Delespine and near  Veto Beach by AKIMOTO (1971), demon- 
s t ra ted  small  amounts,  frequently less than 4 rag. per  cent, in all of the 
samples.  

In a study of man-made channels and canals of the west central  
coast  of Florida,  BETZ (1971) cultured the sediments for Clostridium 
perfr ingens using a selective medium developed by MARSHALL, ET AL, 
(1965) for the study of food contamination and repor ted  their recovery  
f rom most  samples.  C. perfr ingens is a gram-pos i t ive ,  rod shaped, 
spore forming, obligate anaerobe that produces hydrogen sulfide in sui t-  
able culture media, and is known to cause gas gangrene.  SHERMAN (1972) 
also isolated gram-pos i t ive ,  spore forming,  rod shaped, anaerobic o rga-  
n isms f rom sulfide sediments collected on or near the Kennedy Space Cen- 
ter .  These believed to be Clostr idium species,  produced hydrogen sulfide 
in culture,  using ethion, a commerc ia l  pesticide,  as the only source of 
sulfur. It seemed reasonable,  therefore ,  to anticipate the isolation of 
Clostr idium species among the haloduric bacteria,  and to ascr ibe  to them 
a role in the microbiology of the lagoons. 

METHODS AND MATERIALS 

Surveys of the lagoonal waters in and around the Kennedy Space 
Center were conducted during 1972 to locate areas of relatively high bac- 
teria[ populations. When a representative area was encountered, studies 
of water columns and underlying sediments were conducted in order to de- 
termine the predominant types of bacteria and to gain some insight into 
their activities. 

Water samples were collected in sterile plastic, i00 ml. bottles 
six inches below the surface to minimize the expectancy of airborne con- 
ruminants. The capped bottles were immersed, uncapped, allowed to fill, 
and were recapped underwater. 

Water column studies required that samples be collected from the 
bottom sediments and from the water at two-foot intervals between the 
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bottom and the surface.  The water  samples were  collected f rom the p r e -  
selected depths in p re - s t e r i l i zed  self-seal ing glass  bottles. A twenty- 
foot length of monofilament fishing line was attached to a rubber  stopper.  
The stopper was placed in the mouth of a three-ounce glass  medicine 
bottle and secured with two rubber  bands as shown in Figure  1. In sub- 
sequent experiments,  a small  rubber  or  plastic ball will replace the 
stopper. The bottle was then lowered to the prese lec ted  depth in the 
holding device also shown in Figure 1. 

Figure  1. A collection bottle and sampling device for collecting s ter i le  
water  samples  at p rese lec ted  depths. 

The holding device was constructed of PVC plastic and f iberglass  
screening.  A suitable (6 inches) length of four- inch d iameter  PVC pipe 
was capped at one end and a hole was dri l led through the cap. A precut 
ring of the same pipe was covered with f iberglass  screening and was a t -  
tached to the bottom of the device by using additional f iberglass  screening 
as a flexible hinge. The device was then attached to the end of one of a 
ser ies  of three-foot  lengths of t h ree -qua r t e r  inch d iameter  PVC pipe. The 
opposite end of that length was equipped with a sc rew- type  connector .  Ad- 
ditional lengths were  fitted with al ternating male and female sc rew- type  
connectors .  When used, each length was marked at one-foot intervals .  

Sediment samples were  obtained by dragging a flat blade anchor 
and collecting the sediment sample adhering to it in a plastic bag. At 
difficult sampling sites,  a length of t h r ee -qua r t e r  inch diameter  PVC pipe 
served as a simple coring device. The sample was then expressed  f rom 
the pipe into a plastic bag. Sediment samples  collected simultaneously for 
sulfide ion analyses were  alkalinized immediately with sodium hydroxide 
pellets in o rder  to t rap volatile hydrogen sulfide as non-volati le  sodium 
sulfide, thus preventing any loss during t ranspor t  and pre l iminary  t r e a t -  
ment. 
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The samples were ordinar i ly  p rocessed  in a mobile laboratory in 
the sampling area.  Inoculations were  initiated within four hours of col lec-  
tion. When the mobile labora tory  was not available, the samples  were r e -  
f r igera ted  in an ice chest  and re turned  to the laboratory facil i t ies at Flor ida  
Institute of Technology for  process ing .  When t ranspor t  was required,  the 
t ime elapsed between collection and process ing  r a re ly  exceeded six hours.  

The bacter iological  methods used routinely were:  

1. 25 Tube MPN (most probable number) of total bacter ia  
(PORTER, 1950) 

2. Microscopic examination of Gram-s ta ined  s m e a r s  made from 
cultures (MANUAL OF MICROBIOLOGICAL METHODS, 1957) 

3. Multiple (5) Tube Presumpt ive  Coliform MPN (STANDARD 
METHODS, 1971) 

a. E M B -  E. tol l ,  confirmation 
b. E .C.  - E. coli, fecal  types 

Using s ter i le  techniques and standard procedures ,  10 ml. of each 
water  sample were  diluted in ten-fold se r i e s  f rom 10 -2 through 10 -6, in-  
clusively,  in suitable s ter i le  water  blanks. When sediments  were studied, 
one g ram,  net weight, of each sample was suspended in 100 mL of s ter i le  
distil led water  and diluted in ten-fold se r i e s  f rom 10 -3 through 10 -7, in-  
elusively. One ml. aliquots of each dilution were then used to inoculate 
tubes containing 5 ml. of NI/-I Thioglycollate medium (Difco) and 10 ml. 
aliquots to inoculate tubes containing 20 ml. of 3/2 s trength Lactose Broth 
(Difco). 

In addition to the above, SS agar  (Difco), Sabourad 's  agar  (Difco), 
�9 and Nutrient agar  (Difco) plates were  inoculated with one ml. aliquots of 
each diluted sample collected from file Banana Creek a rea  during the water  
column study. The inocula were allowed to dry before the plates were in-  
ver ted and incubated. 

Bacter ia l  hydrogen sulfide production was determined by placing 
a s tr ip of s ter i le  lead acetate paper in the neck of each thioglycollate tube 
which had been inoculated and in which growth had a l ready occurred .  The 
paper was held in place by the plastic cap. Upon reincubation at room 
tempera ture  for  24 hours ,  the s tr ips  were inspected for the appearance of 
black lead sulfide. 

Cultures in which H2 S was produced were s t reaked on petri  plates 
containing NIH Formula  Thioglycollate (Difco) medium which had been ha rd -  
ened by adding enough agar  to yield a 1.5 per  cent preparat ion.  The plates 
were  then incubated anaerobical ly for  48 hours  at 35~ in a disposable 
sys tem (Gas Pak, BBL). F re sh  tubes of fluid thioglycollate medium were 
inoculated with representa t ive  �9 colonies.  The subcultures were 
checked for purity by microscopic  examination of g ram-s t a ined  p r e p a r a -  
tions, and then forwarded to an independent labora tory  for  confirmation of 
generic  identification. 

The alkalinized sediment samples  were  placed in suitable contain- 
e r s  and dried in an oven at 100~ for  48 hours .  Twenty-five g rams  of 
each dried sediment were  weighed out and p rocessed  as descr ibed by 
AKIMOTO (1971). 
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The chemical  procedures  for sulfide ion analyses of the sediments 
were  conducted according to STANDARD METHODS (1971) as modified by 
AKIMOTO (1971), wherein the alkalinized sample was acidified with con-  
centrated hydrochlor ic  acid to l iberate gaseous hydrogen sulfide. The 
hydrogen sulfide gas was bubbled through a cadmium chloride solution, 
t rapped as cadmium sulfide, and then t i t ra ted iodometr ical ly .  

I~ESULTS 

During the preliminaxy survey, the highest bacterial counts were 
obtained from samples collected in Banana Creek. The site profiles in 
Figure 2, were developed from subsequent water column studies. It is 
evident in Figure 2 that the sediment samples taken at each site in Banana 
Creek and at selected sites immediately west of the mouth of Banana Creek 
had higher bacterial counts than did the water samples taken above them. 
The highest MPN, 1.6 x 10 8 per gram, was obtained from the sediment 
sample collected at the mouth of a waste water outfall, east of State Road 3. 
Coliforms were cultured f rom the sediments collected at the 4 si tes located 
east  of State Road 3; 2 si tes located west of State Road 3 in Banana Creek; 
anal 1 site in the open lagoon. The respect ive  MPN's  of col i forms were 106, 
10 "~, 103, 104, 10 ~, 10~  and 103 per  g ram,  wet weight, of sediment sample.  
The water  sample taken f rom the mouth of the waste water  outfall also had a 
presumptive col i form count of 103 per  100 ml. of sample. E. c o l i ,  per se 
was not cultivated f rom any sample col lected in the Banana Creek area.  Nei ther  
were  Salmonella nor  Shigella cultivated from any sample on a medium select ive 
(SS Medium, Difco) for these genera.  
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Figure  2. Distribution of haloduric bac ter ia  (MPN) and col i forms 
(Presumptive MPN) in Banana Creek and adjacent waters .  

349 



The sediments were grouped according to geological type, r e g a r d -  
less of the height of water  above the site, as follows: 

1. "Sulfide muds" - any sediment that offered olfactory evidence 
of hydrogen sulfide. Usually grey clays or  black to brown 
silty sands.  

2. "Fine sands"  - usually fine uniform sands having little ev i -  
dent plant mater ia l s  r ega rd less  of color .  

3. "Sands" - fine to medium grained sands with some shell 
f ragments .  

Their  distribution throughout the Banana Creek a rea  is shown in Figure 5. 
Those designated as sulfide muds general ly  had bacter ia l  populations an 
o rde r  of magnitude g rea t e r  than those designated as fine sands, and two 
o rders  of magnitude g rea t e r  than those designated as sand. These data 
a re  summar ized  in Figure  3. Smears  were  made f rom the mixed cul tures 
cultivated f rom the sulfide sediments and stained by G r a m ' s  method 
(MANUAL OF MICROBIOLOGICAL METHODS, 1957). The predominent 
organism was a gram-pos i t ive ,  spore - fo rming  rod that was anaerobic in 
cu l ture .  When s t reaked on thioglycollate agar  (1.5 per  cent) plates,  they 
produced colonies that were  i r regular ,  ra ised,  and erose .  
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Figure  3. Bacter ia l  populations (MPN) of sediment types regard less  of 
water  depth. 
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Sediment s amp le s  were  co l lec ted  at nine s i t e s  approx imat ing  those 
sampled  by AKIMOTO (1971) nea r  Vero Beach.  MPN's  of total  b a c t e r i a  
the re in  r e v e a l e d  that l a r g e r  numbers  of b a c t e r i a  might be expected  f rom 
s i t e s  in deepe r  wa t e r s .  Samples  co l l ec t ed  at s i t e s  under  6 or more  feet 
of wa te r ,  for  example ,  had total  b a c t e r i a l  counts between 1.4  x 107 and 
2 .4  x 108 pe r  g ram,  wet weight,  w h e r e a s  s a m p l e s  co l lec ted  at s i t e s  under  
l e s s  than six feet  had b a c t e r i a l  counts between 1.8 x 106 and 1.3 x 107 pe r  
g r a m ,  wet weight.  As demons t r a t ed  in F igu re  4, MPN's  of sulf ide p r o -  
ducing b a c t e r i a ,  e s t ima ted  as  d e s c r i b e d  f rom grown cu l tu res ,  in sed imen t s  
co l lec ted  at s i t e s  s ix feet  or  more  below the su r face  ranged between 4.5  x 
103 and 1.3 x 105 pe r  g ram,  wet weight,  with a median of 1.3 x 104 pe r  
g r a m ,  wet weight.  MPN's  of sulf ide producing b a c t e r i a  obtained f rom 
s a m p l e s  taken f rom s i t e s  with w a t e r  depths of l e s s  than six feet  ranged 
f rom 2 .0  x 103 and 7.0 x 104 p e r  g r a m ,  wet weight,  with a median of 8 .0  x 
103 pe r  g ram,  wet weight,  of sample .  S i m i l a r  r e s u l t s ,  shown in Table  1, 
w e r e  obtained during a study conducted nea r  Delespine ,  F l o r i d a .  

L / I 
i 

F i g u r e  4. Dis t r ibut ion  of sulf ide  producing b a c t e r i a  (MPN) in Indian Rive r  
sed imen t s  nea r  Vero  Beach,  F l o r i d a  
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Table 1. 

Water 
Depth 

Haloduric and haloduric sulfide producing bacter ia  (MPN) in 14 
sediment samples  collected near  Delespine, Flor ida .  

Median MPN and range 
Median MPN and range of haloduric sulfide 
of haloduric bacter ia  producing bacter ia  

Shallow, 1.3 x 10 5 1.1 x 10 4 
less than 
6 feet ( 4 . 4 x 1 0  4 - 4 . 9 x 1 0  6 ) ( 2 . 0 x  10 3 - 2 . 6 x 1 0  4 ) 

Deeper, 1.1 x 10 6 2.0 x 10 4 
g rea te r  
than 6 feet ( 7 . 0 x  10 4 - 2 . 3 x  10 6 ) ( 6 . 8 x  10 3 - 4 . 6 x  10 4 ) 

The predominant organism cultured during these studies was a 
gram-pos i t ive ,  spore-forming rod s imi lar  to those encountered in the 
other a reas  studied. Therefore ,  cul tures  representa t ive  of the several  
sampling a reas  were  sent to an independent laboratory for confirmation 
of identification. Nine of the 14 s t ra ins  submitted were conf i rmed as 
member s  of the genus Clos t r id ium.  The remaining 5 were repor ted  as 
facultative member s  of the genus Baci!lus.  
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H2S PRODUCING BACTERIA (MPN x 10 5) 

Figure 5. Distribution of haloduric bac ter ia  (MPN) and H2S producing 
bacter ia  (MPN) and sulfide levels in the sediments of Banana 
Creek and the sediment type at each site. 
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Upon re la t ing  sulf ide ion and b a c t e r i a l  population in s ed imen t s  f rom 
Banana Creek ,  it  became evident  that the highest  concent ra t ion  of sulf ide ions,  
13.68 mg. pe r  cent,  and the highest  total  b a c t e r i a l  count, 7 .0  x 107 pe r  g r a m ,  
wet  weight,  in the sed iment  s amples  were  encounte red  at a s i te  loca ted  n e a r  
the mouth of a w a s t e - w a t e r  outfall .  F i g u r e  5 d e m o n s t r a t e s  the d e c r e a s i n g  
sulf ide ion concen t ra t ions  and total  b a c t e r i a l  MPN's  with i nc rea s ing  d i s t ance  
in both d i r ec t i ons  f rom the above s i te .  The MPN's  of sulf ide producing b a c -  
t e r i a  a l so  gene ra l l y  d e c r e a s e d  as  the s i t e s  i n c r e a s e d  in d i s tance  f rom the s i te  
located near  the mouth of the w a s t e - w a t e r  outfal l .  The highest  MPN of sulf ide  
producing b a c t e r i a ,  however ,  1.7 x 106 pe r  g r a m ,  wet weight,  was obtained 
f rom the sample  co l lec ted  nea r  the mouth of a l a r g e  t r i bu t a ry  which d r a i ne d  
into Banana Creek  downs t ream from the s i t e  loca ted  nea r  the mouth of the 
w a s t e - w a t e r  outfal l .  

DISCUSSION 

Banana Creek  r e c e i v e s  much of the na tu ra l  wa te r  runoff f rom northe~ 
M e r r i t t  Is land as  wel l  as  was te  wa te r  f rom the KSC. As a r e su l t ,  much t e r -  
r e s t r i a l  and was te  m a t e r i a l s  a r e  in t roduced into Banana Creek  enr ich ing  the 
w a t e r  and e spec i a l l y  the sed iments .  The usual  w a t e r  movement  is  f rom eas t  
to wes t  into the Indian River ;  The p r e s e n c e  of copious amounts  of hydrogen 
sulf ide in the sed imen t s  located u p s t r e a m  f rom a few s m a l l  i s l ands  in the 
c r e e k  sugges t s  that these  i s l ands  impede w a t e r  movement ,  causing the depo-  
s i t ion  of the was te  m a t e r i a l s .  Since these m a t e r i a l s  a r e  en r i chmen t s ,  i t  
should be poss ib le  to locate  the i r  p robab le  s o u r c e s  by locat ing a r e a s  of i n -  
c r e a s e d  populat ions of sulf ide producing o r g a n i s m s .  Should there  be only 
one source  of in t roduced m a t e r i a l s  into Banana Creek ,  the MPN's  of sulf ide 
producing b a c t e r i a  should d e c r e a s e  with i nc r ea s i ng  d i s tance  f rom it due to 
d i spe r s ion .  As i s  evident  in F i g u r e  5 this  is  g e n e r a l l y  the case  in Banana 
Creek ,  but o ther  sou rce s  of en r ichment  a r e  a l so  sugges ted .  At the e a s t e r n -  
mos t  s i te ,  for  example ,  the MPN of sulf ide producing  b a c t e r i a  found in the 
sed iment  was r e l a t i v e l y  smal l .  The sed imen t s  co l l ec ted  f rom the o ther  th ree  
s i t e s  eas t  of State Road 3 r e v e a l e d  i n c r e a s i n g  MPN's  of sulf ide producing 
b a c t e r i a  with inc reas ing  d is tance  downs t ream.  The s amp le  f rom a s i te  
loca ted  wes t  of State Road 3 and downs t ream of the outfal l  had a lower  MPN 
of sulfide producing b a c t e r i a  than that  f rom the s i te  nea r  the outfall .  There  
i s  no apparen t  t r i bu t a ry ,  c reek ,  outfal l  or  o ther  poss ib l e  source  of in t roduced 
m a t e r i a l s  loca ted  between these s i t e s .  The sed iment  sample  co l lec ted  f rom 
a s i te  located at  the mouth of a l a rge  t r i b u t a r y  dra in ing  into Banana Creek ,  
had the h ighest  MPN of sulf ide producing b a c t e r i a  than any o ther  sample  
co l lec ted ,  and r e f l e c t s  enr ichment  f rom both the was t e  w a t e r  outfall  and the 
t r i bu t a ry .  A s l ight ly  h igher  MPN of sulf ide producing  b a c t e r i a  o c c u r r e d  in 
the sediment  at another  s i te  located at  the mouth of a s m a l l  c r eek .  

The s tudies  of the sed imen t s  co l l ec ted  nea r  Vero Beach a lso  sug -  
ges t ed  a c o r r e l a t i o n  of sulf ide ion concen t ra t ions  (AKIMOTO, 1971) , with 
the MPN's  of sulfide producing b a c t e r i a .  La rge  populat ions  of sulf ide p r o -  
ducing o r g a n i s m s  a l so  o c c u r r e d  in s ed imen t s  co l l ec ted  f rom shallow w a t e r  
s i t e s  located n e a r  the mouth of d ra inage  d i tches  and cana ls .  At Vero  Beach,  
the  H2S concen t ra t ions  and the i n c r e a s e d  MPN's  a l so  r e l a t e d  the i n c r e a s i n g  
depths  of w a t e r  ove r  the s i t e s  f rom which the s a m p l e s  we re  obtained.  Since 
the sed iments  in the open lagoon under  g r e a t e r  w a t e r  depths,  e . g .  s ix feet  
o r  more ,  a r e  probably  not as  g r ea t l y  d i s tu rbed  by vcater tu rbulence  g e n e r -  
a ted  by wind, the accumula t ion  the re in  of l a r g e  amounts  of sul fur  con ta in -  
ing m a t e r i a l s  would p robab ly  encourage  the p ro l i f e r a t i on  of anae rob ic  
o r g a n i s m s  and the development  of anoxic condi t ions  (HORNE, 1969). 
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The sediments, particularly those in areas of restricted water 
movement such as parts of Banana Creek and the mosquito control im- 
poundment, were rich in H2S. The predominant bacteria in these sediments 
were members of the genus Clostridium, many species of which are active 
H2S producers. Most clostridia produce H2S by degrading organic mate- 
rials, but certain of them, such as C. nigrificans, may employ sulfates 
and the lesser oxides of sulfur as proton aceeptors (FROBISHER, 1969). 

Members of the genera Clostridium and Bacillus are gram-positive, 
rod shaped organisms which characteristically form endospores. These 
structures may be produced in one area and transported mechanically to 
another by air or water currents, remaining dormant until they reach an 
environment suitable for germination. There remains, then, some ques- 
tions of their origin. They may, in fact, be indigenous to the sulfide sedi- 
ments or may be adventitious transients. 
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