Comprehensive Survey
of Sedimentation in
Lake Mead, 1948-49
GEOLOGICAL

SURVEY PROFESSIONAL PAPER 295

Prepared in collaboration with the U.S. Department of the Interior, Bureau of Reclamation; U.S.
Department of the Navy, Chief of Naval Operations', Bureau of Ships, Bureau of Ordnance, Bureau
of Naval Personnel, Hydrographic Ojfice, and
Navy Electronics Laboratory; U.S. Department
ofCommerce, Coast and Geodetic Survey; University
of California, Scripps Institution of Oceanography

O.

BACTERIOLOGY AND BIOCHEMISTRY OF THE SEDIMENTS
By F. D. SISLER, Scripps Institution of Oceanography

PHYSICAL AND CHEMICAL CHARACTER

A bacteriological investigation of the Lake Mead
sediments was undertaken as a result of discussions of
the Lake Mead sedimentation problem by H. K. Gould,
of the Geological Survey; E. C. LaFond and K. D.
Russell of the Navy Electronics Laboratory; and C. H.
Oppenheimer, F. D. Sisler, and C. E. ZoBell of the
Scripps Institution of Oceanography.
On January 25, 1949, Oppenheimer and the writer
joined Gould at Lake Mead and established a small
boat station within 50 yards of Hoover Dam and midway between the intake towers. On that date the elevation of Lake Mead was 1,159.8 feet above sea level,
and the surface water temperature was 51.9°F. Gould
used a specially designed mud bathythermograph that
penetrated the deep, soft sediment to a depth of
about a hundred feet and obtained a trace of the temperature as a function of depth. The temperature of
the mud near the mud-water interface was higher by
several degrees Fahrenheit than that of the water immediately above it.
To obtain samples of the sediment at various depths
for bacteriological examination, a modified Foerst
sampler was fastened above the mud bathythermograph. ( The sampler consisted essentially of a plastic
tube that could be closed at both ends simultaneously
by means of rubber stoppers activated by a system of
levers and the force of a heavy messenger. The bathythermograph, with sampler attached in the open position, was lowered into the mud with cable and winch.
After the desired depth was reached, a messenger was
dropped down the supporting cable to close the
sampler. It was assumed that most of the fluid mud
passed through the cylinder during the lowering procedure, and that the mud which collected in this
apparatus was representative of the depth reached by
the apparatus when the messenger was sent down.
Mud samples were taken from depths of about 0.4, 49,
and 99 feet below the mud surface. The physical and
chemical characteristics of the sampled materials, as
reported by Gould, are shown in table 25.
In order to reduce the effect of contamination of the
mud samples from the stated depths with mud from

TABLE 25.—Characteristics of sediment between intake towers
at Hoover Dam
Physical characteristics
Temperature (°F)

Sample

Depth i
(feet)

Appearance

S10-1C— — Light brown with thin
black organic layer at
surface.
S10-2C— — Medium brown viscous
mud.
S10-3C-— - Medium brown viscous
mud with H2S odor.

Water
content
Immedi(percent)
ately after In place
recovery

0.4

54.1

52.0

44.4

54.4

55.8

65.8

99.2

54.9

58.4

62.3

71.1

Particle-size analysis of sample obtained 9Sfeet below sediment surface
Particle
diameter 2
(microns)

Classification

31 to 62-..
16 to 31—
Finesilt--..— — ----—-———-—— — -- 8 to 16—.
4 to 8—— .-

2 to 4 —— .1 to2—— __
.5tol- — .

Percent by weight
Grade size Cumulative
0.5
.5
2.1
10.4
10.9
16.1
59.5

100
99.5
99.0
96.9
86.5
75.6
59.5

Chemical analyses
[By U.S. Department of Agriculture]
Depth of
sample '
(feet)

OaCO3
(percent)

Carbon
(percent)

Organic
matter 3
(percent)

SO4 (percent)

0.3
46
99

13.7
16.2
15.7

0.39
.47
.34

0.66
.80
.58

0.035
.056
.056

Cl (percent)

Ratio
SO4 :C1

0.011
.019
.025

3.18
2.94
2.24

1 Depths are below sediment surface.
2 Median particle size is 0.6 microns.
3 Computed from percentage of carbon, using factor of 1.7.

other depths, a situation that was unavoidable with the
sampling technique employed, the samples were placed
in sterile containers and serial dilutions were prepared
immediately afterwards in a laboratory within Hoover
Dam. Various media were then inoculated from the
serial dilutions. The purpose of this technique, performed immediately after the mud samples were obtained, was to dilute out and thereby eliminate the
contaminating bacteria before they could multiply.
The inoculated media, mud, and water samples were
taken to the Scripps Institution laboratories, where
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bacteriological and biochemical analyses continued the
following day.
The laboratory analyses included tests to determine
the bacterial populations, both total and by physiological groups, at each sampled depth. Determinations of
the biochemical oxygen demand gave confirmatory
evidence of bacterial activity and fermentation, and
the rate of migration provided a basis for judging the
capabilities for dissemination throughout the mass of
sediment. Other tests provided qualitative data as to
the effect of biochemical activity upon the characteristics of the sediment—notably the evolution of gas
and the heating and compaction of sediments—as described on pages 177-183.
BACTERIAL POPULATIONS

Several media were employed for the estimation of
bacterial populations. These media were selective for
various types of organisms according to their principal
metabolic characteristic.
For total population, a nutrient medium was prepared with a semisolid base of agar. This medium, as
well as other media employed in this study, was placed
in screw-cap test tubes which served as culture receptacles. The semisolid agar base provided for the
growth of aerobes and microaerophiles, as well as
anaerobes. Peptone, yeast extract, and a carbohydrate
(dextrose) were incorporated in the medium to favor
the growth of most of the organisms expected to be
present in the mud.
For the estimation of proteolytic bacteria, those organisms attacking protein substances, a gelatin-base medium was used. The liquefaction of gelatin, a simple
protein, by bacteria is evidence of proteolytic action.
Gelatin-liquefying bacteria, therefore, may be considered as proteolytic organisms. The presence of large
numbers of proteolytic bacteria may be indicative of
a high protein content in the source area.
For saccharolytic bacteria, which utilize carbohydrates as a principal energy source, a soluble starch
medium was employed. The destruction of the starch
in an inoculated medium, as determined by the iodine
test, is indicative of the presence of saccharolytic bacteria. The presence of large numbers of these bacteria
in the place of occurrence is possible evidence of a high
carbohydrate supply.
Simple carbohydrates are quickly consumed by bacteria, however, and are not likely to be found in high
concentrations in humus or sedimentary materials.
The destruction of the more complex polysaccha rides
such as cellulose occurs at a much slower rate. Cel-

lulose is often the principal organic energy donor in
lake- and river-bottom sediments and has been held responsible for the vigorous methane evolution that sometimes occurs in these places. Since methane evolution
had been previously observed at Lake Mead, a medium
was used for the estimation of cellulose-decomposing
bacteria. The destruction of strips of lens paper inserted in tubes of nutrient medium inoculated with
dilutions of Lake Mead sediment was taken as evidence
of the presence of cellulose-decomposing bacteria.
For bacteria that reduce nitrate to nitrite, ammonia,
or free nitrogen, a nutrient medium containing nitrate
was employed. The appearance of nitrite or nitrogen,
or the disappearance of nitrate from the inoculated
medium after incubation, was considered a positive test
for the presence of nitrate reducers. Qualitative tests
for nitrate were made by using reagents of diphenylamine and hydrochloric acid, and for nitrite by using
reagents of dimethyl alpha-naphthylamine and sulfanilic acid. The significance of nitrate reducers in
sediments is somewhat obscure. In general the presence of appreciable numbers of these organisms in the
source area is suggestive of a high content of organic
matter, but it is not indicative of a high nitrate concentration because nitrate reducers are often found in
sediments that are relatively free of nitrate. SewTage
usually contains large numbers of nitrate-reducing bacteria but seldom contains a high nitrate concentration
unless it is in an advanced stage of purification.
Sulfate-reducing bacteria are often responsible for
the foul hydrogen sulfide odor in the vicinity of sluggish streams, swamps, and tidelands. Since these organisms are strict anaerobes, their activity or relative
abundance is indicative of the reducing conditions of
stagnant or poorly oxygenated basins. Sulf ate reducers bring about the reduction of sulfate at the expense
either of organic matter serving as hydrogen donor or
of molecular hydrogen. The former process is termed
heterotrophic, and the latter autotrophic, metabolism.
The medium used for the detection of sulfate reducers
was prepared with a semisolid base of agar. In addition to other nutrients, sulfate and a trace of iron salt
were added to the medium. The organisms reduce
sulfate to hydrogen sulfide, which in turn reacts with
iron to form black iron sulfide; the appearance of
blackening in the inoculated medium after incubation
was therefore the criterion used for the detection of
sulfate-reducing bacteria. The disappearance of hydrogen gas trapped under inverted vials in the medium
was considered a positive test for the presence of hydrogen utilizers.
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The compositions of the various selective media
under consideration are as given below.
Selective media used in determination of bacterial populations
[All media were prepared with distilled water and adjusted to pH 7.0]
Total bacteria
Beef extract

Peptone,
Yeast extract
Dextrose
_
Agar_. _________ ___

perc ent
0 3

5
1
1 0
3

Cellulose decomposers
Peptone.
__

0. 1
Yeast extract. ______
.05
Glucose.______ ____
.05
(NH4)2HP04----__.02
FeCl3____________ Trace
Washed agar_ ______
.2
Strip lens paper in
each tube.

Nitrate reducers

. 5
. 1

KN03 --_-_______
Starch hydrolyzers
Beef extract

0.3
.5
.2

Peptone _
Soluble starch _
Sulfate reducers

Calcium lactate_____
Ascorbic acid.______
MgSO4 .7H2O_ ______

0 35
01
02
01

(NH 4) 2SO
K2HPO4 —---____
02
FeCl3_------__-_-__ Trace
Agar_____________
. 3
Inverted vials of H2
gas in each tube.

Gelatin liguefiers

Beef extract..______
Peptone____________
Gelatin.___________

percent
0. 3

0. 3
. 5
12. 0

As mentioned previously, serial dilutions of mud
samples taken from three different depths and a water
sample near the mud-water interface were inoculated
into selective media immediately after the samples were
obtained. The relative abundance of the various types
of bacteria inhabiting the mud was determined from
the highest dilution that afforded growth in the selective medium observed. This method for estimating bacterial populations is commonly referred to as the "minimum dilution" method. Inoculated media were
incubated at 28°C for a minimum period of 30 days, to
insure growth of dormant bacteria. In general, the
procedures and media employed for these examinations
are the ones recommended by the Society of American
Bacteriologists (1947), with the exception of those used
for hydrogen utilizers and cellulose decomposers. The
latter techniques originated in the Scripps Institution
laboratory.
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These data are interpreted as meaning that at least
1,000,000 bacteria per gram (wet weight) are contained
in the mud columns at all depths. The most abundant
flora appear near the mud surface, showing a minimum
of 10 million bacteria per milliliter. The total counts
in the mud are like those found in raw sewage, whereas
the water a few feet above the mud appeared to be practically free from bacteria.
The abundance of bacteria in the Lake Mead sediments agrees well with that commonly found in the
surficial sediment layers beneath both marine and
fresh-water bodies, but is quite different in the vertical
distribution of the organisms. In marine and natural
lake muds the number of bacteria diminishes rapidly
with depth. Listed for comparison are the totals of
bacterial populations as a function of mud depth in
three fresh-water lakes (Henrici and McCoy, 1938) and
the total of the populations found in the Lake Mead
muds. The Lake Mead sediments appear to be unique
insofar as they contain a high bacterial population distributed rather uniformly throughout a relatively deep
and loosely packed layer.
Total bacterial populations in sediments underlying fresli-water
lakes
[Minimum number per gram wet weight]
Core depth,' in feet

Lake
Alexander
100,000
i nno
inn

0— — — . — — — — —
1
1.2— — ——— — ——— —
46— — ——— — — — ——
99—— — — — ———— --

Brazelle
Lake

Lake
Mendota

100,000
1,000

100,000
10,000
1 ' 000

Lake Mead
10, 000, 000
10, 000, 000
1,000,000
1,000,000

1 Below sediment surface.

PHYSIOLOGICAL GROUPS

The results of the examination of the various selective media for the isolation of physiological types of
bacteria are condensed and included with the total
counts as follows:

TOTAL POPULATION
Bacterial populations by physiological group

The following observations were made of duplicate
tubes of medium, inoculated with samples of mud or
water and incubated for 30 days at 28°C:

Material
Water.. — _ .........
Mud.................
Do
Do...—.....

Growth in dilutions of—
Depth, i
in feet

10 2

-1.0

+
+

46
99

' Below sediment surface .

103

10 <

Sample
Material

Total bacterial population
Sample

[Minimum number per gram, wet weight]

10 5

10«

10?

Mud— — — „.
Do— — ——
Do—————-

Total Gelatin Starch Cellu- Nitrate Sulfate Hydrorerebac- lique- hydro- lose
gen
Depth,' teria flers lyzers decom- ducers ducers utilizers
posers
in
feet
-1.0
.5
46
99

102
10'
10«
10«

0
105

0

10
106

103

105
105

102
102

103

10

10
10«
105
10«

0
102
10*
103

0

103
102

10*

' Below sediment surface.

+

+
+
+

+
+
+

+
+
+

+
+
+

+

These data show a rather uniform distribution
throughout the mud column of the various physiological groups of bacteria for which tests were made. The
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anaerobic sulfate reducers and hydrogen utilizers are
most numerous at the greatest depth, which is to be
expected because reducing conditions increase with
depth in most sediments. The activity of sulfate-reducing bacteria is indicated also by the ratio of sulfate
to chloride at the various depths (see chemical analyses in table 27). Chloride may be considered a biochemically stable ion, whereas sulfate is subject to reduction by biochemical processes. Thus the ratios are
easier to interpret than absolute values, inasmuch as
the latter are affected by physical processes that vary
with depth.
BIOCHEMICAL OXYGEN DEMAND

A conventional method of determining fermentable
organic content is by biochemical oxygen demand
(BOD). These determinations were made on the
samples taken from the three different depths by the
alum flocculation modification procedure outlined by
the American Public Health Association (1946). Three
dilutions were employed, representing approximately
10-, 1-, and 0.1-percent inocula of which the 1-percent
dilutions appeared to give the most consistent results.
The BOD values obtained from these dilutions are
as follows:
Biochemical oxygen demand
Mud sample, depth
below sediment
surface, in feet
0.5 _________

46
99

________.
____________

BOD based on
20 days' incubation
of 1-percent
dilutions at 28 "C.,
in ppm

-______
-——____
.______

247
479
420

The biochemical oxygen demand is directly proportional to the concentration of fermentable substances;
for average sewage it is between 300 and 600 ppm. The
highest concentration of oxidizable material at Lake
Mead is contained in the sediments from intermediate
depths. Also, the chemical analyses of 3 samples in
table 25 indicate that the organic matter is more concentrated at intermediate depths.
MIGRATION OF BACTERIA

It is desirable to know the rate of migration of the
natural flora through the medium in order to evaluate
their activities and/ influence as geomicrobiological
agents. The physical, chemical, and biochemical nature of the medium may determine to a large extent
the migration rate of the natural flora. Other factors,
such as density, viscosity, temperature, chemical and
physical composition, available nutrients, moisture,
and convection currents, may act to promote or retard
the natural movement of the micro-organisms through
a stratum of mud.

To obtain an approximation of the migrations of
natural flora through the sediment deposits in Lake
Mead, measurements were made of the time required
for bacteria to travel through a column of sterilized
mud. Cotton-plugged, glass U-tubes containing autoclaved sediment from Lake Mead were inoculated at
one end with a bit of raw mud. Other tubes filled
with sterile mud were left uninoculated to serve as controls. The U-tubes were incubated at 5°C and 28°C.
Periodically, some of the material from the uninoculated end of the tubes was placed in nutrient broth and
streaked on agar slants. The broth tubes and agar
slants were observed for growth after incubation for
3 days at 28 °C. The results from duplicate tubes are
as follows:
Rate of migration
Length of mud solumn, in
centimeters
18
18

Temperature
of incubation, in °C

Days required for
growth to
appear

28

5-9
7-14

Average migration rate,
in cm per
day
2.5
1.8

EFFECTS OF BIOCHEMICAL ACTION
HEATING OF SEDIMENTS

Mud collected at a depth of approximately 40 feet
was used to demonstrate the effect of microbial activity
on heating of the sediments— specifically, to determine
whether the normal flora in the mud could actually
produce a measurable increase in temperature while
growing in the untreated mud. Several gallons of mud
were sterilized by autoclaving for 2 hours at 120°C.
One-quart samples were placed in sterile, cottonplugged Erlenmeyer flasks. Some of the flasks containing sterilized mud were inoculated with 1-percent
raw mud. These flasks of sterile and inoculated mud,
and flasks of raw mud, were placed in water baths of
constant temperatures.
Thermos bottles without
stoppers also were immersed in the water baths. When
the temperature of the muds and the thermos bottles
had come to equilibrium with the water baths, the
thermos bottles were filled with the mud from the
flasks, tightly stoppered, and returned to the water
After incubation for 3 to 4 weeks, the temperatures
of the muds were taken by submerging a long-stemmed
thermometer in the mud to a depth midway in the
thermos bottle. All temperature readings were taken
at the same depth from the surface. This procedure
was followed several times, and after each test the
thermos bottles were rotated—that is, the test and control thermos bottles were exchanged to neutralize differences in conductivity existing between the thermos
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TABLE 26.—Increase in temperature by bacterial action
[In degrees centigrade]
Temperature

Increase above
control sample

Test 1: After 3 weeks incubation

0.5
.6

20±1
20.8
21.5
22.1

0.7
1.3

Test 3: After 3 weeks incubation

20±1
20.2
20.6
20.7
20.8
20.6

0.5
.6
.7
.5

Test 4: After 4 weeks incubation

Water bath temperature _ . ____ . _____ ........
Sterile mud (control) _ ... _ . _ --.. .
... .
Sterile mud (control). _____ __ . ___ _ .......

per hour per gram. The probable energy would be a
hundred or a thousand times less than this maximum
estimate. By contrast, the estimated energy potential
from biochemical action is at least 10,000 times as great
as that estimated from radioactivity.
EVOLUTION OF GAS

6±1
6.4
6.9
7.0

Test 2: After 3 weeks incubation

Water bath temperature- ____________ . __ ...
Sterile mud (control) ______________ .. ......
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During the laboratory experiments, it was observed
that both the inoculated and raw muds underwent
fermentation with the evolution of gas during incubation. To determine the nature of the gas evolved from
the raw mud, 10-milliliter samples of raw mud from
three different depths were placed in Thunberg tubes
of 30 ml capacity. The tubes, containing 10 ml of mud
and 20 ml of air, were sealed and incubated at 20°C
for 6 days. At the completion of the incubation period,
the gas phase remaining over the mud in each sample
was analyzed by mass spectrometer. The analyses are
listed as follows, together with the average composition
of atmospheric gases:

22±1

22.2
22.5
23.0
228

0. 5 to 0. 8
0. 3 to 0. 6

Percent composition of gas developed during 6-day incubation
period
In mud sample at depth —

Composition

of average
Oas
bottles used in the tests. The results are summarized
atmosphere
99 feet
0.3 foot
46
feet
in table 26.
In all tests, the temperatures of the inoculated and H,_.__ .........................
0.01
0.00
0.00
0.00
11.93
20.99
17.96
10.16
— .—.————— —
raw mud samples were higher than those of the sterile Oj-6.40
.03
COj— —— —————— —
2.19
11.56
CH4--— — -- — ———— .00
.00
.06
.00
controls. Because the thermos bottles were not perfect Nt..
80.82
78.03
77.25
...........................
78.66
.94
.95
A....... .......................
1.19
.97
insulators, the amount of the heating observed under
83.2
79.8
85.0
66.1
the conditions of this experiment may well represent RatioNi/A..-.— —. — — —
only a fraction of the potential. The test data suggest
These data show evidence of an oxygen demand at
that the mud still contains appreciable fermentable
substances and that thermogenic bacteria are undoubt- all depths. The relative oxygen depletions correlate
edly quite active at the depth of occurrence. It is esti- well with the BOD's for the same samples, for both
mated that the heat obtained from the biochemical indicate the greatest oxygen demand at the intermeoxidation of oxidizable material in Lake Mead mud diate depth of 46 feet, almost as great a demand at
99 feet, and considerably less at the surface. All comis approximately 10'6 calories per hour per gram.
Heat generated from radioactive materials has been ponents of the gas mixture may be considered as biosuggested as a possible cause for the anomalous heating logically unstable, except argon, which is an inert gas
of the Lake Mead sediments. In order to estimate the and is therefore used here as a reference gas. The
amount of radioactivity in the sediments near Hoover nitrogen: argon ratios suggest a tendency of the mud to
Dam, sample material was tested by several types of bind nitrogen gas at shallower depths, indicative of
radiation counters. The most sensitive instrument activity of nitrogen-fixing bacteria.
Although traces of methane appeared in the gas
used was the Radiation Counter Laboratories scalartype Mark 9 Model 3 nucleometer, which is capable of phase over the 46-foot mud sample, the principal gas
detecting alpha, beta, and gamma radiations. A 106-mg evolved appeared to be carbon dioxide. When a larger
sample, composite of all depths, gave 10 counts per sample was incubated for a shorter period of time,
minute above background when examined with this considerable methane gas was detected. Since methaneinstrument. Assuming 10 percent of efficiency for the consuming bacteria were undoubtedly present also,
instrument and no absorption in the sample, it is esti- some of the trapped methane may have been consumed
mated that the maximum amount of energy liberated during prolonged incubation. To test this possibility,
as heat from radioactivity is less than 10'10 calories 1 quart of raw mud and 1 quart of mud sterilized by
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autoclaving were placed in sealed containers, each of
which had an air space of approximately 25 ml, and
incubated at 22 °C for 2 days. At the end of the incubation period the gas phase over the samples was analyzed by mass spectrometer. Examination of gas
analyses and change in pressure of gas phase showed
that approximately 50 percent of the gas was methane.
Twenty-five ml of methane was produced in 2 days by
1 quart of raw mud at 22°C.
Percent composition of gas developed during 2-day incubation period
Gas

Raw mud

Oi.....................................................
COs— ................................................
CH4 -_. .............
.....
N»._ ..................................................
A.................................. ...

Sterile mud

8.09
.46
54.77
36.18

70 ^Ifi

2.1

1 o

CA

19.10
Kfi

00

1 02

1 Original gas pressure adjusted to 1 atmosphere.

It is therefore doubtful that methane is escaping
from the Lake Mead sediments as fast as it is being
produced, because methane oxidizers near the surface
would probably consume part of the methane. In the
first experiment, where the muds were incubated for 6
days, methane was detected in only one of the samples
and that was only a trace. When the same sample was
incubated for only 2 days, much more methane was
found, indicating that after the methane concentration
increased, methane-oxidizing bacteria removed the
methane again according to the reaction:
OH4 + 2O2^CO2 +2H2O
In the absence of oxygen this reaction could not occur.
Thus, more vigorous evolution of methane would be expected when the oxygen concentration in the surficial
mud layer is at a minimum.
COMPACTION OF SEDIMENTS

Mechanical analyses of the sediments near Hoover
Dam, reported by H. R. Gould, show a median particle
diameter of less than 1 micron (p. 175). Such small
particles approach the colloidal realm and hence should
be affected by electrolytes or ionic charges. Lyophilic
colloids owe their stability to two factors, electric charge
and solvation, and hence are more stable than lyophobic
colloids, which depend on charge alone. The sediments
collected near Hoover Dam appear to be characteristically lyophilic, or, since water is the dispersion medium,
hydrophilic in nature. Ordinarily small changes in pH
or electrolyte concentrations have little effect on pure
hydrophilic colloid systems because of their stability.
However, since we are dealing with a colloid mixture in
the case of these sediments, a shift in the pH may ac-
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celerate the mutual precipitation of hydrophilic colloids
having different isoelectric points. Such a phenomenon
is called coacervation. Coacervation may result in the
liberation of much of the water of hydration from hydrophilic colloidal systems.
Measurements of the hydrogen-ion concentration
(pH) and oxidation-reduction potential (Eh) were
made on the samples obtained at mud depths of 0.3, 46,
and 99 feet and on a water sample taken a few feet
above the mud-water interface. The measurements
were made electrometrically with the Beckman meter
using glass electrodes for pH determinations, and platinum electrodes for Eh determinations. The samples
were 3 days old, but had been stored in completely filled
glass jars tightly capped to prevent the introduction of
air. The results of these measurements should be considered as comparative values only, since the measurements were not taken in the place of occurrence.
pH and Eh of sediment and of water at lake bottom
Samples
Depth,'
in feet

Material

(2)

"Wntar

Mud... — ———— — -- —————
Do.....—— —— — — ——— — — Do___. ................... ....— — — .

0.3
46
99

Eh, in volts
pH at 23°C. at 23°C and
pH as shown
8.1
7.15
7.22
7.28

0.471
.170
.111
.099

1 Below sediment surface. 2 A few feet above sediment surface.

In order to determine the possible effect of hydrogenion concentration upon sediment compaction, samples
of mud collected near Hoover Dam were treated with
HC1 or NaOH, and the effects of change in pH were
observed. The acid or base was added in equal volumes
to samples of mud to give a range from pH2 to pH 12.
Control tubes contained an equal volume of distilled
water in place of HC1 or NaOH solutions. After the
acid, base, or water was added to tubes of the mud, they
were shaken and left to settle. The ratio of the settled
mud to the total mud plus supernate was determined
daily using vernier calipers. After 18 days, no further
change was observed in any of the tubes.
Changes wi mud volume with changing pH
pH
2
4

_

_ _

7.25 (control) 8
10
12
_

-

Increase (+), or decrease (— )
in mud volume, in percent
___________________________ +1.3
___________________________ +1.0
___________________________
+.5
0.
-1.5
—21.6
_
_
—16. 3

The isoelectric point appears to lie around pH 10.
Since the natural mud has a lower reaction than pH
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10, an increase in pH should result in greater compaction.
Bacteria and other micro-organisms affect the pH of
bottom sediments by various processes. They may
remove or produce organic acids directly, or they may
bring about the solution or precipitation of natural
buffer systems such as carbonates. Bacteria which reduce sulfate or carbonate may raise the pH of bottom
sediments by several units. On the other hand, bacteria which oxidize sulfur compounds to sulfate may
lower the reaction to pH 2 or 3. It is generally recognized that wherever bacteria or allied microorganisms
are present and active, changes in pH usually occur.
From the tests described above, it appears that as of
January 1949 the net effect of biochemical activity at
the intake towers was to reduce the pH slightly (in
comparison with that of the lake water), and therefore
to reduce the rate of compaction of the sediment. But
since the pH of the sediment appears to increase with
depth (hence with age) a reversal of the above phenomenon may be taking place—that is, a tendency towards increase in compaction rate. However, the limited data above do not permit confident extrapolations as
to the direction and rate of pH changes of the sediment.
SUMMARY AND DISCUSSION
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reaction from pH 7.25 to pH 10 brought about a 22-percent volume reduction or compaction.
Much of the biochemical change taking place in the
sediments can be determined only by observations over
a period of time. It would be interesting to know, for
example, whether the pH of the sediments is becoming
higher or lower. It would also be worth while knowing the extent to which bacteria are increasing or decreasing the bulk of the sediments.
There are many ways in which bacteria may influence
the bulk or mass of the sedimentary material they inhabit. They may produce or destroy colloidal systems according to the nature of the organisms and their
environment. They may alter the reaction of the sediments, which may increase or decrease the bulk. The
mechanisms responsible for the change in bulk of the
sediments as influenced by pH are probably diverse.
The hydrogen-ion concentration affects the charge on
the particles. An alteration of the charge may increase or decrease the stability of a colloidal mixture,
depending on the type of colloid. The reaction may
bring about the solution of carbonates or may even
result in the evolution of gaseous carbon dioxide. The
solution of biochemically unstable substances, such as
organic matter, carbonates, sulfates, nitrates, iron, and
other metal compounds, may materially reduce bulk.
On the other hand, these same substances may be produced, directly or indirectly, through the influence of
micro-organisms.
A more critical analysis of the information presented herein might be made in a roundtable discussion with geologists, hydrologists, and other interested
parties who have participated in this sedimentation
program. Comments on the significance of some of
the data mentioned have not been made, primarily because the picture is incomplete. The extent to which
biochemical activities may have contributed to the
heating of the sediments in Lake Mead, for example,
cannot be estimated accurately until all the factors
which influence the heat budget have been evaluated.
Continued observations over a period of time should be
made if it is desired to predict with any measure of
success the directions and ultimate equilibria of the
diversified biochemical reactions now taking place.

Biochemical and bacteriological analyses have been
made of samples taken from a 100-foot vertical section
of the Lake Mead sediments near Hoover Dam. A
unique condition from a bacteriological standpoint was
found in the high bacterial populations that existed at
all depths in the 100-foot column. Laboratory tests
indicate that the abundance and activity of the microflora have contributed to the heating of the fresh sediment layer in Lake Mead, but radioactivity was found
to be negligible as a, possible source for the heating
of the sediment in Lake Mead. It is estimated that the
amount of heat from radioactivity is less than 10~10
calories per hour per gram, whereas the heat obtained
from the biochemical oxidation of oxidizable material
in Lake Mead mud is approximately 10~6 calories per
hour per gram.
The fermentable organic matter of the mud, as determined by BOD test, is as high as that found in some
raw sewage. The water above the mud, on the other
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