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ABSTRACT

The effect of oil shale leachate and salinity additions on the
productivity of freshwater algae were studied i1n the laboratory using
batch bioassays. These batch bicassays were used Lo screen variations
of ten salts in single and multiple additions of all possible combina-
tions of the ten salts; water extractions of different processed and
unprocessed o1l shales; and the concentration effects of both the
salts from 0.3 N to 0.05 N as NaCl and the cil shale extractions on
the growth of standard test algae and indigenous algae from Lake
Powell.

The batch bottle bicassays were conducted following the standard
algal assay procedure as closely as possible. Variations in the
standard algal assay procedure included media variation with the use
of indigenous algal species 1solated from Lake Powell and the use of
three different algal species for test innoculum in the biocassay
procedure. The biomass was monitored using optical density, chloro-
phyll a fluorescence, and/or cell counts.

The indigenous algal species were found to be negatively affected
but more tolerant to all salinity additions than the standard test
alga. The growth of the i1ndigenous algal species (Scenedesmus bijuga)
was also stimulated by adding o1l shale extract at lower concentra-
tions. Higher concentrations of o0il shale leachate inhibited the
1ndigenous algal growth.
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INTRODUCTION

Definition of Problem

The development of the o0il shale 1n~-
dustry will produce large quantities of spent
shale and bring to the ground surface large
amounts of formerly buried overburden mate-
rial and raw oil shale strata in the Inter~
mountain West (Pfeffer and Kerr 1974). The
raw and spent o1l shale and overburden soils
all contain high levels of salinity (Colorado
State University 1971). Consequently, any
mining disturbances which add to the percola-
tion of water through exposed soils, strata,
or wastes add to the salinity loading of
the streams and rivers (Ward and Reinecke
1872).

Percolation of water could be caused
naturally due to precipitation, or artifi-
clally as water 1s used Lo stabilize the
processed shale disposal sites after com-

paction (Holtz 1977). Even though Lhese
disposal sites will be designed as total
containment systems (USD1 1973), leachate

due to seepage from the bottom of the con-
tainment basins or during periods of heavy
precipitation could still enter the ground-
water or surface drainage system of the area.
In the state of Utah, the drainage area that
would be primarily affected would be the
White River, a Lributary Lo the Colorado
River. Along with the addition of salinity,
the leaching process through the raw and
spent oil shale could potentially load both
organic compounds and heavy metals into the
contacted drainage system.

Objectives of This Study

1. Utilization of the batch bottle bioassay
for toxicity testing
The Algal Assay Procedure: Boltle Test
18 currently accepted (APHA 1975) for bio-
stimulatory effects of wastes on phytoplank-

ton. This procedure will be extended to study
the toxic effects of wastes on phytoplankton
such as those that may be caused by the high
salinity of o1l shale leachate.

2. Effects of salinity on freshwater

phytoplankton productivity

Variations in the salinily concentration
of an aquatic system could affect the primary
productivity by causing osmotic pressure
changes within the cells. Variations in the
ions comprising the salinity could affect the
active transport of nutrients into the algal
cells.

3. Evaluation of the U.S. Army Corps of

Engineers Standard Elutriate Testl

The Standard Eluiriate Test was designed
by the U.S. Army Corps of Engineers to
characterize the pollution potential of
dredged material on water quality and aquatic
organisms (Keeley and Engler 1974). The
applicability of this test to another waste,
spent 011 shale, wi1ll be investigated.

4. Effects of oil shale leachate on fresh-

water phytoplankton productivity

Many metals are required for the growth
of algae, but are toxic in excess of the
requirement for growth. Some species of
algae can utilize organic compounds directly
as an energy source (Stewart 1974) although
some organic compounds are toxic to algae.
Therefore, a complex waste such as oil shale
leachate could either stimulate or depress
phytoplankton growth depending on the effec-
tive concentration of the waste entering the
aquatic system.

5. Application of the bicassay results to
the Colorado River System
The data gained from the batch bottle
biocassays will be interpreted to estimate
possible impacts of leachate release on the
phytoplankton of Lake Powell.




LITERATURE REVIEW

011 Shale Development

The energy contained within o1l shale 1s
potentially as large as that in all of the
known petroleum energy reserves (Petzrick
1675). However, environmental, economic,
legislative, and policy constraints have
delayed construction of commercial prototypes
(Maugh 1977). The major fraction of o1l
shale within the United States 1is contained
in the Green River formation beneath north-
western Colorado, northeastern Utah, and
southwestern Wyoming. These deposits are
estimated Lo contain 1.8 trillion barrels of
o1l {(Donnell and Blair 1970). Both 1ndus-
trial and governmental activity in oil shale
development has increased since the leasing
of the federal oil shale tracts in 1974
{(Pforzheimer 1974).
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Figure 1. Analysis of a Green River_oil
shale (Siggia and Uden 1974).

Commercial Extraction Operations

Oil shale 1s actually not a shale, but a
marlstone. The composition of a typical oil
shale is shown in decreasing detail moving
from left to right in Figure 1 (Siggla and
Uden 1974). The o1l 1is obtained from the
organic matter in the shale, largely from
a substance called kerogen. A synthetic
crude o1l called syncrude is produced with
the application of heat in retorting and
prerefinement of the retort product (Routson
et al. 1979). The retorting processes
for extracting o1l from the shale are of two
major types: The in situ process, in which
the o1l s extracted via pyrolysis within the
shale formation; and the above ground re-
torts. Above ground vertical retorts have
been proposed for development of the federal
tracts U-a and U-b, within Utah (Figure 2).

UTAH
. —-— -
e ———
e
UINTA
BASIN
N
\
AN
™~
“~
~S
N
\
AN
® Green River
N
o 0O 0 20 30 40
T p— e ——
miles

SCALE 131,000,000

Figure 2. Location of federal oil shale

tracts in Utah (USDI 1973).



Two different wvertical retorting processes
are likely 1o be used; it has been suggested
that about 85 percent of the shale be pro-
cessed via the Paraho direct heat mode
and the other 15 percent representing the
crushed fines be processed by the TOSCO 11
process {Crawford et al. 1977). Although
most of these extraction processes are
proprietary, they have been generally de-
scribed and compared (National Petroleum
Council 1972). A generalized flow diagram of
a 50,000 barrel per day oil shale mine and
processing unit is shown in Figure 3 (Conkle
et al. 1974).

Mining Operations

Three methods of mining the o1l shale
have been proposed: Open-pit, which 1is
extract ion of the shale by a drag-line after
removal of the overburden: room-and-pillar,
which 1s extraction of the shale by loader

is extraction of the shale by the 1in situ
technique. Since it has been estimated tha
1.4 x 105 metric tons per day of oil shale
will be required to operate the smallest
economical retorting plant,which would
produce 1053 barrels per day, the mine
assoclated with this development would be
larger than any mine currently operating in
the United States {Sladek 1975a).

Prerefinement Operations

On site prerefining operations are
desirable for two reasons. First, shale oils
are usually heavier and more viscous than
petroleum, which makes transport without
additional refinement difficult. Second,
the nitrogen and sulfur compounds contained
in the shale o0il poison heavy metal catalysts
utilized in refinement of oil. Therefore,
pretreatment to facilitate transportation is
desirable, and the on site prerefining
facilities may also be used to remove the
nitrogen and sulfur compounds via hydrotreat-

after selective rubblization leaving pillars ment as water availability permits (Sladek
of shale for support; and rubblization, which 1975b).
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oil shale surface processing units (Conkle et al. ).

4



Pollution Potential of the 01l
Shale Industry

Solid Waste Disposal 43

It bas been proposed to dispose of
nearly all of the solid and liquid wastes
produced from the oil shale industry on
the ground surface (Pfeffer and Kerr 1974).
The spent oil shale will occupy, even under
the greatest compaction, at least 12 percent
more space than the in-place raw shale (USDI
1673). This precludes the disposal of
all of the spent shale in the location from
which it was mined. As & supplemental or
alternative disposal site, the spent shale
could be disposed of in canyons near retort-
ing operations. For example, waste disposal
for tract U~a in Utah 1s expected to be
Southam Canyon. A retention dam would be
placed at the northern end of the canyon to
prevent contamination of the White River
(Crawford et al. 1977). Spent shale from the
Paraho process has been evaluated Lo deter-
mine tf compaction of this shale can be used
to provide an impervious layer for dam and
disposal area lining (Holtz 1977). Hand
(1969) has estimated that 1.0-1.8 x 106
metric tons of spent shale per day would be
produced by an above ground retort producing
106 barrels of syncrude per day. This is a
ratio of 5-6:1 of spent shale to oil on a
volume basis. Overall, 1t is estimated that
the total volume of the projected disposal
pile 1n Southam Canyon would reach 727 x
106 cubic meters which would occupy approx-
1mately 366 hectares (900 acres) with an
average depth of 61 meters (200 feet).

Water Use

The water requirements for Lhe oil shale
industry have been estimated at 3.7 cubic
meters of water per cubic meter of upgraded
shale 01l (Crawford et al. 1977). The uses
of the water are categorized 1in Figure 4
(Conkle et al. 1974). A number of alterna-~
tive sources are possible. One proposal
suggested the diversion of 36,000 acre feet
of the Green River annually. This diversion
would deplete 24,000 acre feet annually from
Lhe river system and return 12,000 acre feet
annually of an unspecified quality return
flow to the river. Because most o0il shale
development plans project total containment
of wastes in the spent oil shale disposal
sites, the estimate of 12,000 acre feet
annually of return flow is probably too high.
It has been estimated that this depletion
would increase the salinity of the Colorado
River at Imperial Dam by about 1.5 mg/l (USBR
1974). The estimated salinity lncreases at
Imperi1al Dam due Lo o1l shale develop~
ment are summarized in Table 1 (Siggia and
Uden 1974). However, others hypothesized that
the salinity of the Colorado River may
actually decrease due to the removal of
highly saline groundwater contributions
diverted into o1l shale processing (Crawford
et al. 1977). The maintenance of lower
salinity 1in the Colorado River is of interest
due to the economic importance of the water
to downstream users, It is estimated that
the annual economic losses are from $194,000
to $395,000 (1974 dollars) per mg/l increase
1in salinity at Imperial Dam (USDI 1974).
Additional damages occur in Mexico and create
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Table 1. Estimated salinity 1increases at
Imperial Dam (Siggia and Uden
1874).
Year

Level of Development 1555 1980 1983 1550

Shale 011 Production

(1000 Barrels Per Day) 50 300 1000 1600
Water Use
(1000 Acre Feet Per Year) g 52 155 245

Salt Diverted
At 400 mg/l
(1000 Tons Per Year)

28 84 133

wt

Increased Salinity Concen-
trations at Imperial Dam (mg/1)

Resulting from Diversion

of Water [(I 3 9 14

Resulting from Domestic

Return Flow 0.1 0.4 0.6
Total 0.5 3.1 9.4 14.6

a somewhat delicate international situation.
The salinity load 1in the Colorado River 1s
also of interest for other reasons. The
Colorado River Salinity ConLrol Act of 1974,
which provides funding for construction of
several desalting and control projects,
limits effluents from industrial discharges
and authorizes research projects on future
salinity problems and programs (Science
and Public Policy Program of the University
of Oklahoma and Radian Corpuration 1977).
The salinity of the Colorado River, both past
and present, has been discussed 1n a number
of publications (lorns et al. 1965; Hol-
burt and Valentine 1972; Blackman et al.
1973; UWRL 1975).

In order to contain potential salinity
loading from the spent o0il shale disposal
areas. all of the potential runoff must be
contained behind catchment dams (BLM 1975),
except for runoff released from the spillway
during intense runoff events. Also, large
volumes of shale are below the water table
and must be dewatered before mining. Since
much of the deeper groundwater is saline and
cannot be used or discharged to surface
waters, 1t must be treated before release or
evaporated in the solid waste disposal areas.
It 1s not uncommon for these groundwaters to
have a total dissolved solids concentration
exceeding 40,000 mg/l (National Academy of
Science 1979).

Liquid Waste Disposal

It 1is proposed Lo dispose of excess low
quality water at the spent shale disposal
sites. It bhas been estimated that a 50,000

barrel/day operation on tract U-a or U-b in
Utah would produce a low quality water
waste stream to the process shale disposal
site of between 0.4-0.7 ft3/sec (Conkle el
al. 1974). As an additional source of poor
quality water, the shale must be leached with
good quality water in order to establish
vegetation (Bloch and Kilburn 1973). Studies
(Colorado State University 1971; Ward and
Reinecke 1972) show that the process will
leach salinity ions into the water on a
continuing basis (Table 2). These studies do
not include the other solid and liquid
wastes that would comprise approximately 3
percent of the total wastes such as process
wastewaters, oily sludges, spent catalysts,
shale coke and other prerefinery waste
(Crawford et al. 1977).

Trace elements are present within the
waste, but of these only boron has been
reported in quantities that are toxic to
plant growth (Bloch and Xilburn 1973). Also,
the presence of trace organic materials
which are known carcinogens has been esta-
blished (Siggia and Uden 1974). These com-
ponents are polar and heterocyclic, which
means they are potenttially toxic. Their
polar characteristics may increase their
solubility and entrance into water systems
where bioaccumulation can occur. AL critical
tolerance levels of key terrestrial and
aquatic biota, research 1is needed for pre-
dictive purposes to understand the possible
hazards or successional changes and resulting
environmental effects of ground disposal of
shale oil wastes {(Weaver 1974; Routson et al.
1979).

Dissolved Solids and Freshwater
Phytoplankton

Total Dissolved Solids

The effects of dissolved solids on
phytoplankton has been studied in the lower
ranges (0 to 0.5 g/l) of dissolved solids
concentrations 1n order to delineate mainte-
nance media for freshwater phytoplankton.
However, little work has been done on the
effects of greater salt concentrations on
these freshwater organisms. A general
literature review of suspended and dissolved
solids effects on freshwater biota, conducted
by Sorensen et al. (1977), mentioned very few
studies of phytoplankton. Specht (1975)
reports inhibition of Selenastrum at sa-
linities greater than 9000 parts per million.

It has been shown for lakes in central
Alberta that with increase of total dissolved
solids (TDS), more nutrients become avail-
able. This increases the productive capacity
of the water to a certain point. A further
increase in the TDS in inland waters tends to
inhibit organic production, and so the
productivity of the water decreases. In
these study lakes, the optimum TDS and
alkalinity is about 1400 mg/l and 450
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Table 2. Experimental results of the percolation experiment conducted on TOSCC spent oil

shale retorting residue (CSU 1971).

Volume of Total volume Conductance Concentration (mg/l)} of sample

leachate of leachate of sample

sample (cc) (cc) (umhos/cm @250C) Nat Cat++ Mgt+ 50y, cl-
254 254 78,100 35,200 3,150 4,720 90,000 3,080
340 594 61,600 26,700 2,145 3,725 70,000 1,900
316 910 43,800 14,900 1,560 2,650 42,500 913
150 1,060 25,100 6,900 900 1,450 21,500 370
260 1,320 13,550 2,530 560 500 8,200 205
125 1,445 9,200 1,210 569 579 5,900 138
155 1,600 7,350 735 585 468 4,520 138
250 1,850 6,825 502 609 536 4,450 80
650 2,500 5,700 - - - - -
650 3,150 4,800 - - - - -
650 3,800 4,250 - - - - -
760 4,560 3,850 - - - - -
ok i 1,800 86 64 118 740 11

*These are extrapolated values and were not actually observed. These extrapolated values are

probably accurate to within + 6 percent,

mg/l respectively (Kerekes and Nursall
1966).

In the Sea of Galilee, enrichment of
water samples with an inorganic salt medium
caused radical changes in the algal composi-
tion of the enriched samples. The appearance
of a Chrysophycean flagellate, Prymnesium
parvum, in the enriched samples caused
concern because this alga is known Lo cause
toxlc blooms (Rahat and Dor 1968). Gupta
(1972) discusses the ability of blue-green
algae to withstand high levels of salinity,
but 1L 1s usually assumed that something
other than salinity controls algal growth
(Van De Kreeke et al. 1976).

Major Cations

The effect of magnesium on freshwater

phytoplankton has been studied more exten-

sively than that of the other ions because
magnesium is an essential part of chlorophyll
a (Sun and Sauer, 1972; Seitz and Seitz
T973; Bennoun 1974). Magnesium has been
found not to inhibit the growth of Selena-
strum capricornutum at concentrations Jless
than 92 mg/l (International Association of
Theoretical and Applied Limnology 1978).
The effects of ratios of calcium to magnesium
and monovalent ion to divalent ion on the
growth of phytoplankton have been discussed
by Provasolr (1958). Different genera have
optimum ratios where they dominate communi-
ties. For example, diatoms prefer waters
with a monovalent ion/divalent ion ratio
below 1.5 and have a wide flexibilaty toward
different calcium to magnesium ratios. This
wide flexibility seems to narrow with unfavor-
able total solid concentrations and mono-
valent ion to divalent 1o0on ratios. The
monovalent to divalent ion ratio (Na + K to
Ca + Mg) based on the concentration (mg/l) of

each of the 1ons was related Lo the period-
icity of species composition of freshwater
phytoplanktor by Munawar (1974). Both
diatoms and blue-green algae in that study
were found to require a monovalent to di-
valent 1on ratio of less than 1.6.

Other Metals

Most of the literature on salinity
effects on freshwater phytoplankton deals in
terms of specific cations or anions. Cations
are often discussed as groups of metals. A
study of heavy metal toxicity to algae of the
Great Lakes showed that recommended levels of
a number of metals for the Great Lakes were
toxic to algae that were exposed to these
levels of several of these metals simulta-
neously. The diatom tested displayed a
greater sensitivity to heavy metal toxicity
than the blue-green and the green algae
tested (Wong et al. 1978). The synergistic
effect of heavy metal toxicity on photosyn-~
thetic activity of freshwater phytoplankton
is discussed by Stumm and Baccini (1978).
Metal toxicity in mammals has been extensive-
ly studied (Luckey and Venugopal 1977).

Many metals which would be common in the
leachate from o0il shale are also known to be
required substances for the growth of phyto-
plankton. Many of these metals are hor-
metins, toxic agents that are stimulatory in
small doses. For these compounds 1ii 1is
customary to find the zero equivalent
point which s the concentration at which the
hormetic agent has no effect. The suggested
safe concentration is then established at
this point. The extent to which a metal is
toxic can be predicted 1in mammals by identi-
fying the group, period, and atomic weight of
the metal (Luckey and Venugopal 1%77}. These
types of toxicological studies have uvot
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been widely applied to algae: nevertheless,
the concept of hormetins is applicable to
algae because essential nutrients for algal
growth do become toxic to algae at highber
concentrations.

Required Elements for Phytoplankton
Growth

The positive effects of specific 1ons on
the productivity of freshwater phytoplankton
have also been explored. Stewart (1974)
reviewed each of the macroelements required
for inorgavic nutrition 1n algae. Macro-
elements reviewed included: sulfur, potassi-
um, .<lcium, and magnesium. Also he reviewed
each of the microelements essential to all
algae: iron, manganese, copper, zinc,
mo lybdenum, chlorine; and also the elements
required by only some algae: colbalt, boron,
si1licon, vanadium, and 1odine. Stummr and
Morgan (1970) state that the ratios of
carbon, nitrogen, and phosphorus necessary
for algal growth as 106:15:1. They define
algae stoichiometrically as CiggH2630110N16P1
(3550 g/mole) with the minor elements being
neglected. The carbon can be derived from
the aqueous phase (COs, bicarbonate, car-
bonate-inorganic carbon) as illustrated
by Goldman et al. (1972, 1974) and Lebman
(1978) or 1t can be supplied as €Oy from
the atmosphere, or from degradation of
organics 1n the water column and the sedi-
ments (Mortimer 1971: Schindler and Fee 1978:
Rudd and Hamilton 1978; Sonzogni et al.
1977). Schindler (1971) and colleagues have
shown that when other nutrients are supplied
1n adequate or excess amounts, the COy in-
vasion rate from the atmosphere is adequate
to provide sufficient carbon for algal
blooms.

Osmotic Role of Dissolved Solids

Dissolved solids can also affect the
productivity of algae osmotically. Ecological
differentiation of algae 1into marine and
freshwater forms is based on definite physio-
logical differences (Stewart 1974). For many
algae elevated osmotic pressure inhibits
photosynthesis. Positive buoyancy in some
algae 1is also under ionic control and is
regulated via the osmotic pressure of the
cell (Kabn and Swift 1978).

Osmotic pressure (7) may be calculated
in a number of different ways depending on
the equation used. The classic equation used
to calculate osmotic pressure 1s stated as
(Findlay 1919; Harnmed and Owen 1950; Moore
1963):

OSMOTIC PRESSURE (atm)

m = i CRT e e e L
where
R = gas conftant 0.820575 % atm
mol-1 k-1,

T = temperature K
C = coucerwrrat ion mol g-1, and

i = number of ions from electro-
lyte dissociation.

Another method for calculating osmotic
pressure 1is based on the equivalent conduc-
tance of the solution. The equivalent
conductance (A) can be calculated with the
following equation (Moore 1963):

EQUIVALENT CONDUCTANCE

K
A = = . . .. . . 2
£ | @)
where
K = specific conductance umhos/
cmé, and
c = normal concentration N.

This relationship is extrapolated to a zero
concentration using a linear regression Lo
determine the equivalent conductance at
infinite dilution.

Using these two variables, the Arrhenius

degree of dissociation (g) can be calculated
with the following equation:

ARRHENIUS DEGREE OF DISSOCIATION

« = & )
0
where
A = equivalent counductance ohm~1
cm? equiv.-l, and
A = equivalent conductance at
0 infinite dilution ohm-1

cm? equiv.-l,
The van't Hoff factor (i) can then be calcu~-
lated using the following equation:

VAN'T HOFF FACTOR

i = 1l -a+va . . . . . . (4)

where

v = # of ions that one molecule of
solute is capable of dissoci-
ating into, and

o = degree of dissociation.
The van't Hoff factor can then be used to

calculate the osmotic pressure of the solu-
tion shown 1n Equation 1.



The activity of the solution may also
affect productivity. The activity coeffi~-
cients (Y) can be established via the DeBye-
Hlckel equation (Barrow 1966):

- 0.5091/2%27 /v ¢

Log + vy = . (5)
L+AYc
where
A = 1
c = concentration moles % -1, and
z = absolute ion charge.

However Stumm and Morgan (1970) recommend the
use of the Davies equation for calculation of
activity coefficients in solutions with
higher ionic strengths. The Davies equation
is shown as follows:

Log + v = a/ztzr) LT _ \— 0.31
1 - /T
where e e (6)
A = 0.509,
Z = absolute 1on charge, and
1 = tonic strength of the solution.

Osmoti1c pressure and the activity
coefficient are both dependent on the 1onic
strength of the growth medium for an alga
and therefore change as the salinity of the
medium changes. Increases in these variables
have been shown to cause 1inhibition of
photosynthesis 1n some freshwater algae
(Stewart 1974). Therefore, an increase of
these variables can be indicative of a toxic
response in freshwater algae. This hypo-
thesis will be tested 1n this research.

Phytoplankton Effects on Salinity

Nol only does the salinity affect the
productivity of the phytoplankton, but the
phytoplankton directly affects the salinity
of the water. As algae photosynthesize, they
utilize carbon dioxide. This .ncreases the
pH of the water which, 1n the presence of
large quantities of calcium and carbonate
1ons, could cause the precipitation of
calcium carbonate. This precipitation causes
a phenomenon 1n the Great Lakes known as
whiting (Strong and Eadie 1978). Also, it
has been hypothesized that the electronopaque
non-rigid fibrils of approximately 3 to 10
nanometers 1n diameter that are found abun-
dantly on the surfaces of common lake mi-
crobes, free in the water column and free on
the surface of the lake bottom, may be the
principal component of an organic carrier
system for the redistribution of bound but
biologically available cations 1in lakes
(Leppard et al. 1977).

Other Potential Leachate Components and
Freshwater Phytoplankton

The effects of petroleum products on
marine phytoplankton have been studied
extensively. Dunstan et al. (1975) projected
that the significant environmental effect of
01l on marine primary production could be the
growth stimulation of particular species by
low molecular weight aromatic compounds which
would result 1n an alteration of the natural
phytoplankton community structure and 1ts
trophic relationships. Other 1invesligators
have found oils to have toxic inhibitory
effects on algae (Gordon and Prouse 1973;
Winters et al. 1976). Kauss and Hutch-
inson (1975) observed a significant stimula-
tion of algal growth after the toxic com-
pounds of the oil had evaporated. This work
was done on a freshwater alga using only the
water-soluble components of oil. Actual
o1l spills in marine environments suggest
that phytoplankton are not strongly affected
by oil when exposed for short periods (lIgnat-
iades and Mimicos 1977).

Organics

Some algae can utilize organics as a
growth substrate, and vitamin requirements
have been shown for many algal species
(Swi1ft and Taylor 1974). Organic fractions
of domestic sewage have been found to stimu-
late algal growth (Sachdev and Clesceri
1978).

Trace Metals

The trace metals present in oil shale
leachate could change the community composi-
tion of the phytoplankton. Patrick (1978)
discusses the effects of trace metal pollu-
tion on diatom communities. In the presence
of minor trace metal pollution, a shift in
the diatom genera may occur. In the presence
of larger amounts of trace metal pollution
the diatom community may be replaced by forms
of green and blue-green algae which tend to
be more tolerant of trace metal contamination
than are the diatoms. However, boron, which
is abundant 1n some spent o0il shale (Bloch
and Kilburn 1973), has been identified as a
possible requirement for diatom growth
(Thomas and Dodson 1968). Meyer (1978)
discusses the changes in algal populations
that correlate with trace metals concentra-
tions 1n a reservoir. This included cyano-
phytes as well as diatoms. It is difficult
to generalilze about trace metal toxicity
since it has been found to be species depen-
dent and also dependent on the temperature of
the environment (Cairns et al. 1978).

Algal Toxicity Tests Using Batch
Bottle Biocassays

The algal assay bottle Lest procedure,
which has been extensively applied to biosti-



ok

mulation studies, 1s presently being applied
to toxicity studies. Applying the procedures
to toxicity testing has only tentative
approval as a Standard Method (APHA 1975).
However, the USEPA has included this pro-

cedure in its latest protocol of the Selena-

strum capricornutum, Printz, algal assay
bottle test (Miller et al. 1978). It is
assumed that if algal growth remains limited
when nutrients are in sufficient supply and
the physical conditions for growth exist, a
toxicant 1s present (Payne 1976).

Test. Algae

The use of indigenous phytoplankton in
these biocassays is not recommended unless
there 15 strong evidence of the presence of
persistent sublethal toxicants to which
indigenous populations might be tolerant
(Greene et al. 1978). However, the use of
indigenous species in testing procedures has
previously been recommended by others because
the testing is presumed to be more rational.
Odum (1971) states that to study the micro-

bial activities 1in low-nutrient, constant-
flow environments, the right organisms, or
those active under natural low-nutrient

condition, must be located. These may not
be the "laboratory bugs" that have received
the most intensive study. Phytoplankton and
other organisms which have evolved in and
adapted to physically wvariable environments
would, because of their adaptations, be
better able to tolerate any toxic compound
(and possibly any perturbation) than would
morphologically similar organisms adapted to
stable environments (Fisher 1977).

Variations 1in tolerance within the same
taxonomic groups of algae have also been
discussed by Rana and Kumar (1974). This
variation was noted while studying the
tolerance of 'algae to effluents from a
zinc mine and smelter. Additional wide
varidtions 1in tolerance to this waste was
also noted between the algae of differing
taxonomic groups.

Lee (1973) stresses the importance of
chemical aspects of bioassay techniques for
proper evaluations of the environment. The
chemical aspects of a botile biocassay would
be dependent on the test alga. For example,
blue-green algae produce hydroxamate chela-
tors which appear to act as agents to sup-
press the growth of other algae by 1inducing
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iron deprivation (Murphy et al. 1976). Also
the presence of mixed algal cultures could
affect the results of the bioassay. The
presence of Scenedesmus obliquus and Selena-
strum minutum together was found Lo reduce
the algicidal effect of CuS04 which sug-
gests an 1nvolvement of some physiologicil
mechanism in this algal mixture (Dashora and
Gupta 1978). Plant polyphenols have also
been found to cause inhibition of calcite
precipitation 1n Lake Powell (Reynolds
1978). In this manner the algal assemblage
may have a direct effect on the chemistry of
carbonate lakes as well as the biocassay

flask. However, the detection of algal
growth reactions, whether 1inhibitory or
stimulatory, becomes more accurate as

detailed background information accumulates
on the physiology of a single test species.
Also, when using a single algal test species,
comparison of algal growth potentials from
different water sources is feasible (Miller
et al. 1978).

Sources of Variation

Any b1loassay whether testing Selenastrum
capricornutum, an indigenous alga, or
a mixed algal culture can have errors intro-
duced through the biomass analysis. Trees
(1978) discussed substantial errors in
suspended solids determination in waters with
a high dissolved solids content. The error
in calculating dissolved solids is magnified
when filtering smaller volumes of saline
water. The filters should be rinsed with
distilled water after filtration to maintain
a linear relationship between sample volume
and suspended solids content of the water
samples.

Problems can also be encountered with
biomass estimation via 1in vivo chlorophyll a
measurements. It has been found that the
ratio of chlorophyll a concentration to in
vivo fluorescence changes in value during the
course of bicassays. Tunzi et al. (1974)
suggested that a conversion factor to convert
in viveo fluorescence to chlorophyll a
concentration should be calculated at the
beginning and end of each algal bioassay.
Kiefer (1973) showed that the chlorophyll a
of nitrogen-starved cells fluoresced more
strongly than in unstarved cells. Therefore,
care must be taken that the differences being
measured are of algal biomass and not the
cells differential ability to fluoresce.
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MATERIALS AND METHODS

The potential effects of the salinity
and other constituents of o1l shale leachate
on phytoplankton productivity were evaluated
using both standard and modified algal assay
procedures. In general, algal assays consist
of monitoring the growth of test algae in
separate Erlenmeyer flasks. Fach flask is
innoculated with an equal amount of cells and
incubated under identical physical con-
ditions. Control flasks of the test alga and
medium were cultured along with the various
Lreatment flasks which 1included the same
test alga and medium, with the addition of
whatever was being tested. The effect of the
treatment on the growth of the algae was
determined by comparing the growth of the
algae in the treated flasks to that of the
controls. Standard algal assay procedures
were conducted to provide data which would be
comparable to other investigations (USEPA
1971: Miller et al. 1978). The modifications
to the standard algal assay procedure were
made using the general guidelines presented

"1n Standard Methods (APHA 1975)., An identi-

fication matrix of the biocassays conducted,
as listed 1o Table 3, summarizes both the
standard and modified procedures applied to
the bioassays during this study.

Algal Isolation and Culture Maintenance

The standard algal assay organisms
utilized, Selenastrum capricornutum, Printz,
and Anabaena flosaquae (Lyngb) (De Bre-
bisson)}, were secured from the National
Eutrophication Research Program. These
algae were maintained 1n AAM, a synthetic
algal nutrient medium (Table 4).

Indigenous algae utilized, Synedra
delicatissma var. angustissima and 5cene-
desmus bijuga, were 1solated [rom samples
collected by Bureau of Reclamation personnel,
under the supervision of E, G. Bywater, at
the Wahweap station on Lake Powell. These
algae are abundant in Lake Powell (Stewart
and Blinn 1976). These algae were isolated
and maintained in Lake Powell Synthetic
Medium (TDS = 780 mg/l), which is AAM modi-
fied by the addition of the major cations and
anions measured in Lake Powell (Table 5).
Unialgal cultures of all four of the test
algae (hereafter referred to as Selenastrum,
Anabaena, Synedra, and Scenedesmus) were
maintained via standard algal assay pro-
cedures except for the media modification
already described,
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Regular Bicassay Monitoring Techniques

The biocassay flasks were monitored daily
for the first five days of the bioassay and
every other day after that period until the
algae ceased to grow. Algal growth was
measured by a number of different variables:
Optical density (absorbance) was determined
at 750 nanometers on a Bausch and Lomb
Spectronic 70 1n a one centimeter cuvette
(APHA, A Turner model 111 Fluorometer equip~
ped with a #110-922 (430 nm) excitation and
#110-021 (<650 nm) emission filters, a red-
sensitive photomultiplier tube, and a high
sensitivity door (APHA 1975); 2) A Turner
model 430 Spectrofluorometer operated at a
band width of 60 nm for both excitation and
emission wave lengths of 440 nm and 670 nm
respectively. Two auxiliary emission filters
were used to block the emission interference,
a standard polarizing filter and a Corning
#2A glass filter. The procedure for chloro-
phyll a measurements on the spectrofluoro-
?g;2§ is outlined by Turner Associates (1973,

Cell counts and mean cell volume deter-
minations of unmialgal cultures of Selenastrum
were conducted on a Coulter Electronic
Particle Counter Model B with a Model J
Particle Size Distribution Plotter (Coulter
Electronics, Inc., no date; Miller et al.
1978). The aperture tube had a 100 micron
orifice, Cell counts of the mixed and other
algal cultures were conducted via direct
microscopic examination in Sedwick-Rafter
cells (APHA 1975). Specific conductance was
monitored using a Yellow Springs Instrument
Company glass conductivity cell Model No.
4303 and wheatstone bridge (APHA 1975).

Limitations were encountered with all of
the biomass monitoring techniques utilized.
Optical density did not provide good sensi-
tivity, therefore being of questionable value
during the first few days of bioassay mea-
surement. Optical density was also prone to
interference from precipitates and precipita-
tion is a common problem in samples with
high total dissolved solids content especial-
ly 1n batch bioassay systems where it 1is
common to have the pH increase during algal
growth. Chlorophyll a fluorescence was more
sensitive, therefore being of more value
during the first few days of biocassay mea-
surement. It was also less prone to inter-
ference from precipitates although this
problem was still present. However, chloro-
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Table 3.

Ident 1fication matrix for algal bioassays.

Physical
Test Algae Parameters Biomass Parameters Medium Perturbations
Cell Direct
Bicassay Selenastrum Synedra Anabaena Scenedesmus Electrical Optical Count Cell Counts Addition Addition Base
. Number Conductivity pH| Density Fluoresence (displacement) by Genera Levels (Medium)?®
g/l
I X X X X X 16.000, 14.000, NaCl, KCl, MgSO,
) 10.000, 6.585, CaS0,, NapSO4,MgClz,
4.937, 3.000, K9804, CaClz, (AAM)
5.826, 7.768,
3.00, 2.00, NaCl, KCl, MgS0,,
1.00, 0.50, Casly , NapSO4
II X X X X X X 0.25 Ks804, CaClp
111 X X X X X X all NaCl, KC1, MgS0y,
G.03N CasO4, Nazs0s4,
MgCly, K2504,
CaCly,  NaHCO3,
KHCO3, (AAM)
v )4 X X X X 0.05N, 0.10N, Same as Above
0.2N, 0.38 (L.P.S.)

v X X X X X 0.05N 411 possible two
way combinations of
the 10 salts.

(L.B.8.)

Vi X X X X X 0.05N All possible 3 and
4 way combinations
of the 10 salts

(L.P.S.)

VII X X X X X 0.05% All pessible 5, 6,
7, 8, 9, and 10
way combinations of
the 10 salts

(L.P.5.)
vITL X X X X 0.308, 0.10N 10 salts at each
(acclimated 0.05N, Shaker level and shale
for 6 months Extracted leachate (AAM)
in L.P.5.) Elutriates
IX X X X X X X X 0.05N 10 salts and 4
(42) differentials
Total = 28
(L.P.S.)
X X X X X X 5 ml, 10 ml, 0il shale elutri-
15 ml, 20 ml ates and leachate

Matching salt
solutions

(L.P.$5.)

ABase Media:

AAM = Alpal assay medium (Table 4); L.P.S. = Lake Powell Synthetic (Table 5).



fluorescence measurements were more
variable than optical density measurements
over the course of the bioassay. GCell counts
conducted on the Coulter Counter are more
sensitive and precise than both the optical

phyll a

density and fluorescence measurement tech-
niques; however, they could only be applied
Table 4. The synthetic algal nutrient
medium, AAM (USEPA 1671).
Compound Concen~ Flement Concen—
14 tration tration
(mg/1} (mg/1)
Macronutrients
NaNO3 25.500 N 4,200
K2HFPO4 1.044 P 0.186
MgClo 5.700 Mg 2.904
MgS04 7HZ0 14.700 S 1.911
CaCly-2H70 4,410 C 2.143
NaHCO3 15.000 Ca 1.202
Na 11.001
K 0.469
Compound S?gi?g; Element Eggzig;
(ug/1) (ug/1)
Micronutrients
H3803 185.520 B 32.460
MnC12 264.264 Mn 115.374
ZnCl, 32.709 Zn 15,691
CoCl, 0.780 Co 0.354
CuC12 0.009 Cu 0.004
NapyMoly » 2H,0 7.260 Mo 2.878
FeCl, 96.000 Fe 33.051
NaZEDTA-ZHZ\“ 300.000

Table 5. Salt additions to AAM for Lake
Powell synthetic medium (Medine et
al. 1977).
Concentration
Salts (mg/1)
CaCly-2H0 163.9
CaS0y, - 2Hy0 152 .4
MgSOy + THy0 308.0
NazSOa 108.7
K580y, 9.58
NaHCO 241.1
NazsiO3-9H2€‘ 50.607
Total Ions mg/l meq/l
Catt 80.160 4.0
Mgt 32,225 2,65
Nat 109.355 4.76
K+ 4.299 0.1099
sitH+ 5.001 0.7123
S04 291.15 6.062
c1- 79.04881 2.2297
HCO3™ 175.1194 2.87
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to unialgal cultures of the lunicate alga,
Selenastrum. The indigenous algae which
have attenuated morphology and clumping
tendencies, did not lend themselves to
apalysis by displacement methods, therefore,
direct microscopic counts using a Sedwick-
Rafter cell (APHA 1975) were utilized to
determine these cell counts.

The cell counts are adjusted for varia-
tion in cell sizes by the determination of
the mean cell volume. Size variation does
occur in algal cultures, with rapidly growing
cultures being composed of smaller cells
and slow growing populations being composed
of larger cells. Size variation in algal
cells can also occur with variation in the
media. The mean cell volume of the automated
cell counts of Selenastrum were determined
using a Coulter Cell Size Plotter, Model J.
The mean cell volume of the direct micro-
scoplic counts were determined with an eye-
piece micrometer. This direct microscopic
technique is less precise than the automated
techniques for cell count and cell volume
determinations.

Special Analyses

The chemical analyses performed during
the project are summarized in Table 6. The
flame photometric and atomic absorption
procedures were conducted on a Varian Tech-
tron Atomic Absorption Spectrophotometer,
AAG, model 63 (Varian Techtron, 1972; 1975).
The automated procedures were conducted on a
Technicon Autoanalyzer 11 system from Techni-
con Instruments Corporation. The infrared
combustion for the total organic carbon
analyses was performed on a Oceanography
International Corporation 0524B Total Carbon
System, with an 0.1.C. model 0512 EP elec-
tronic printer. The rapid injection technique
was utilized as explained by Oceanography
International Corporation {no date). The
activities of solutions were determined using
a Wescor HR-33T Dew Point Microvoltometer
equipped with a C-51 sample chamber psychro-
meter (Wescor, Inc. no date).

The potentiometric method utilized for
measuring the total alkalinity of the samples
had to be modified due to interference in the
test from the high total dissolved solids
concentrations of the samples. This modifi-
cation was the creation of a breakpoint curve
based on the samples being analyzed to
correct for the precipitation of low solu-
bility compounds present in the samples.
This modification is described in Stan-
dard Methods (APHA 1975).

01l Shale Extraction Procedures

Both raw and processed o1l shales were
extracted wvia two different elutriation
techniques., The first technique is shown 1in
Figure 5. The second technique (Figure 6)



Table 6.

An 1index of the chemical analyses performed.

Unit

Analytical Parameters Sengitivity

Method

Total hardness 1 mg/l; as CaCo3
Total alkalinity 1 mg/l; as €aCo3
Carbonate hardness 1 mg/1
Bicarbonate hardness 1 mg/l
Total dissolved solids 1 mg/l

Suspended solids 1 mg/l
Calcium, dissolved mg/l, 2 place
Chloride, dissolved mg/l, 2 place

Magnesium, dissolved mg/l, 2 place
Potassium, dissolved mg/l, 2 place
Sodium, dissolved mg/l, 2 place
Sulface, S04 mg/l, 2 place

mg/i, 2 place
mg/1l, 2 place
mg/l, 3 place

Barium, tot. diss.
Boron, dissolved

Cadmium, tot. diss.
Chromium, tot. diss. mg/l, 3 place
mg/l, 3 place
mg/l, 3 place
mg/l, 3 place

Copper, tot. diss.
Iron, tot. diss.
Lead, tot. diss.

mg/l, 3 place
mg/l, 3 place

Manganese, tot. diss.
Nickel, tot. diss.

Silver, tot. diss, mg/l, 3 place
mg/l, 3 place
mg/l, 3 place

Zinc, tot. diss.
Arsenic, tot. diss.
nmg/l, 2 place

Selenium, tot. diss.

EDTA Titrimetric; SM p. 202
Potentiometric; SM p. 278

Calc. from CaC03

Calc. from CaC03

Gravimetric; SM p. 92

Gravimetric; SM p. 94

EDTA Titrimetric; SM p. 189
Ferricyanide (automated; SM p. 613:
Mercuric nitrate method; SM p. 302
calc. from Tot. Hard

Flame photometric; SM p. 234

Flame photometric; SM p. 250
Methylthymol blue (automated); SM
p. 628: Turbidometric method; SM
p. 496

Atomic absorption; SM p. 152
Carmine; SM p. 290

Atomic absorption (flameless); EPA

p. 78
Atomic absorption (flameless); EPA
p. 78

Atomic absorption; SM p. 148
Atomic absorption; SM p. 148
Atomic absorption (flameless); EPA
p. 78

Aromic absorption; SM p. 148
Atomic absorption (flameless); EPA

p. 78
Atomic absorption {flameless); EPA
p- 78

Atomic absorption; SM p. 148
Atomic absorption (vapor gemera-
tion); SM p. 159

Atomic absorption (vapor genera-
tion); 8M p. 159

i

SM
APHA, 1975.

Standard Methods for Examination of Water and Wastewater, l4th Ed.,

EPA = Methods for Chemical Analysis of Water and Wastes, USEPA 1974.

used 1s the siandard technique utilized
by the Corps of Engineers for analysis of
dredged samples (Keeley and Engler 1974).

01l shale was also leached in an up-flow
column (Figure 7). An up-flow rather than a
down-flow column was used to avoid short
circuiting of the water through the shale.
This is a modification of the technique used
by Maase et al. (1975), using gravity flow
instead of a pump to force the fluid through
the bed of processed o0il shale. The shale
was air dried to a moisture content of
approximately 2 percent and then 2500 grams
of the shale was placed 1in the column without
compaction. A sieve analysis of this shale
before placement in the column is shown in
Figure 8. The sieve analysis showed this
shale to have an effective size of 0.098 mm
and a uniformity coefficient of 5.63. The
flow of distilled water through the column
varied slightly at around 1 liter per
day. This would yielid a velocity 1n the
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column of approximately 3 x 10-4 centimeters
per second. This velocity was chosen as
being approximately the velocity that the
water would percolate by gravity flow
through spent shale disposal piles. Leachate
and elutriate samples were collected and
sterilized by filtration through 0.45 micron
Millipore filters (Type HA) and placed in
sterile containers 1in the dark under refrig-
eration until use.

Bioassays

The batch biocassays were conducted to
study the effects on algae of large numbers
of variations of salts, concentrations, ltest
algae, and o0il shale extraction techniques.
The initial bioassays were used to establish
the salt effects on algal growth. The
standard test alga, Selepastrum, was used
as the test alga as suggested by the standard



100 grams of
0il shale in
500 ml Erlenmeyer
flask

A

Add
300 ml of
distilled

water

Into constant
temperature room
at 24°¢ + 2° and

constant light

at 4300 lux = 10%

Extract on shaker
for 48 hours
at 1500 rpm

011 shale elutriation technique

Figure 5.
number 1.

algal assay procedure. This series of
biocassays was followed by another series of
bloassays using an alga which 1s 1indigenous
to Lake Powell, Synedra, as the test organ-
1sm. This procedure 1s also suggested by the
APHA (1975), when testing for algal toxicity.

Afrer the salt effects on algal growth had
been measured, the o1l shale extracts were
tested. These extracts are high in salinity

and so the previous biocassays studying the
salt effects on algal growth could be applied
to the interpretation of these results.
Because changes 1in water chemistry often
cause a shift in the dominant algal species
and even the dominant algal phylum present in
a body of water, a batch biocassay was con-
ducted using equal numbers of three different
algal phyla as the test organisms. This
biocassay attempted to identify 1f the com-
pounds under study would select for a parti-
cular algal phyla.

Four bioassays were conducted using the
standard test organism, Selenastrum capri-
cornutum, Printz. In the first biloassay,
equivalent concentrations of eight different
salts were used at the same normality as
NaCl. These salt concentrations, from 3 grams
per liter to 16 g/l, were added to the
bioassay flasks in addition to AAM. A second
bioassay was run with the addition of salt
concentrations at the same normality as NaCl

as follows: 3 g/l, 2 g/1, 1 g/1, 0.5 g/1, and

0.25 g/1. The eight salts tested were:
NaCl, KCL, MgCly, CaClp, Na9S04, K2804,
MpS0Os4, and CaS04. All of the additions
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50 ml of oil
shale in a
500 ml Erlenmeyer
flask

Add
200 ml of
distilled

water

Inteo constant
temperature room
at 24°¢C + 2° and

constant light

at 4300 lux % 10%

Extract on shaker
for 30 minutes
at 1500 rpm

011 shale elutriation techni

Figure 6. 2ue
number 2 (Keeley and Engler 1974).

on the firstL two biocassays were single ‘salts
only., In the third bioassay, the effects of
two more salts were measured: NalCO3 and
KHCO3, Mg (HCO03)2 and Ca(HC03)2 were not
tested due to their relative insolubility in
water. All possible combinations of these
ten salts, taken two at a time, were tested
at the 0.03 normal level (~ 2.0 g/l as NaCl).

Another bioassay wutilized Selenastrum,
which had been acclimated for six months to a
higher salinity environment by maintaining
the stock culture in Lake Powell Synthetic
medium instead of the usual AAM medium. The
same ten salts as in Bioassay 3 were tested
again as single salt additions at three
levels: 0.3 N, 0.1 N, and 0.05 N.

Four additional bicassays were conducted
using the diatom indigenous to Lake Powell,
Synedra. Single salt additions of the
same ten salts were tested at the 0.3 N, 0.2
N, 0.1 N, and 0.05 N concentrations. Afrer
this, all possible combinations at the 0.05 N
level of the ten salts were tested. The
medium used for all of these bicassays
with Synedra was Lake Powell Synthetic;
otherwise standard algal assay procedures
were followed.

Another modified bioassay was conducted
using three algae in mixed culture. These
algae were: Synedra, Scenedesmus, and
Anabaena. The standard test alga, Anabaena,
was used with the two indigenous specles
because an appropriate cyanophyte was not




1solated 1n the water samples from Lake
Powell. These algae were tested with single
salt additions of the ten study salts at a
concentration of 0.05 N. Because of the
mixed algal cultures used as inoculum, the
biomass monitoring techniques were adjusted.
Fluorescence was monitored on the spectro-
fluorometer at three different settings to
monitor three different algal pigments as
summarized in Table 7. Direct cell counts of
each alga and beterocyst counts of Anabaena
were made. This was in addition to the total

cell counts. These cell counts were made
using a Sedwick-Rafter cell (APHA 1973).
Fach species was counted and the sum of

the three species was the total cell count.
The medium for this biocassay was Lake Powell
Syonthet ic. Other than the above modfica-
t ions, standard algal assay procedures were
fcllowed.

The o1l shale used for the elutriation
and leachate procedures are identified by an

alphabetic code. The legend for th:x code
(Appendix A-1) states that these dare un-
historied samples from prototype processes

and therefore may not be representative of a
full-scale operation. Elutriates of shales

CR, CP, DR. and DP, using elutriation pro-
201
DISTILLED
WATER
RESERVOIR
CONSTANT
WASTE <« HEAD T
OVERFLOW ILITER|  TANK
INNER | 15 FEET {46 cms)
DIAMETER
INNER 3 INCHES|{7.6 ¢cms)
DIAMETER —— L Ly LLEACHATE
1/4 INCH
{0.635 cm)
2 FEET (6! cms)
CLOSED AL.L GLASS
SYSTEM WITH TEFLON
CONNECTIONS AND
EF - VALVES
Fipure 7. The up-flow column for leaching o:l

shale (Maase et al. 1975).
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cedure number one (Fipure 5), were tested
with acclimated Selenastrum as the tLest
organism. Elutriates of shales AR, AP, BR,
BP, using elutriation procedure number
2 (Figure 6), and leachate of shale AP were
tested with Scenedesmus as the test organism.

Each of the elutriates and leachates
were subjected to the special chemical
analyses previously described. The salt
composition of the extractions, as determined
by analysis, was then used to prepare the
salt additions used in the biocassay. These
salt additioms, composed of reagent grade
salts and distilled water, were mixed to

Table 7. Fluorescence monitored for wixed
algal cultures.
Excitation Emission Pioment
Wavelength Wavelength Anagl od
{nm) e (nm) 7z
400 500 Carotenold
620 655 Phycocyanin
655 680 Chlorophyll A
' —
9 f—
8 -
? -
Peo & |
605 [ A
4 L
3 =
— 2 B
£
E
o
EdF
gt
a ’r
o 6
2 5k
b ol UNIFORMITY £ 563
g COEFFICIENT Pgq ™
3 —
EFFECTIVE
= 0098 mm
2 L SIZE P
Pio o
8 -
7+ .
6 1 [ ] L1 1 i bode
2 ] 0 B 20 3 40 50 60 70 80 85 9O
PERCENTAGE
SEDIMENT SAMPLE PASSING
Figure 8. The sieve analysis of o1l shale.



equal the salt composition of each elutriate
and leachate. The elutriates, leachate, and
salt additions were then tested at four
different concentrations of additions.

Data and Statistical Analyses

The actual analytical measurements made
during the biocassays were coded onto IBM
cards and processed on a Burroughs 6700
computer. The algal biomass data were used
to determine the maximum specific growth
rate ({ip) and the day it occurred. The
value of the growth rate for each treatment
was calculated by the formula (USEPA 1971):

where
X9 = biomass at time = 2
X1 = biomass at time = L]

The maximum growth rate was then the highest
growth rate determined for_ each treatment.
The maximum standing crop (X) of each treat-
ment and the day on which it occurred was
determined as the biomass achieved when the
increase in biomass was less ithan 5 percent
per day (USEPA 1971). The use of this
definition of maximum standing crop was
compared to the value of the maximum standing
crop using the largest biomass reading as the
definition. No significant difference
occurred 1n the statistical conclusions when
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using either definition for the maximum
standing crop determination. These param-
eters were used for statistical analyses. A
summary of the data interpretations based on
variations of iy and & is presented in Table

Statistical analyses were performed
using STATPAC (Hurst 1972). All the treat-
ments were tested against each other and the
controls wusin the t~test (Middlebrooks
1976). Duncan’'s multiple range and multiple
F tests were also conducted on the data
(Duncan 1955). Both the t-tests and multiple
range tests were paired by time of sampling
to eliminate variation with time during the
bioassay.

Table 8. Summary of probable responses
or algal assay growth parameters.
Assay Protocol Hpmax X
Initial concen- Defines Defines

tration of limiting rate limiting  biomass limiting

nutrient
Standard additions Generally Increased
of limiting and equal to biomass
other nutrients maximum -
no effect
Toxic Decreases Decreases
Materials
Growth rate Increases No effect

stimulating
chemicals
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RESULTS

Effects of Increased Salt Concentrations on
the Productivity of Selenastrum

Effects of Single Salt Additions

The concentrations of the salts under
study were used at the same normality as
NaCl. These salt concentrations, ranging
from 3 g/l to 16 g/l, were selected based on
current literature of estuarine salinity
levels effects on the growth of the same
species of Selenastrum, which would display
no effect to algistatic on the growth of
this green alga (Specht 1973). The levels
and 1on species were also within the poten-
t1al ion load of leachate from spent oil
shale and the soil overburden in the areas of
01l shale development (Colorado State Univer-
sity 1971: Ward and Reinecke 1972).

A Duncan's multiple range analyses of
the biomass data from this bicassay ranks the
sall treatments from the least growth at the
top of the listing to the greatest growth, at
the bottom of the listing (Table 9). The
growth depression of this alga was so great
at all of the levels of salt additions, as
compared to the control, that no differen-
tiation could be made between the various
treatments. Any group of treatments which
are not significantly different from each
other are connected by a line of stars to the
right of the ranking list. All of the
treatments produced biomass significantly
lower than the controls.

Bioassay two was conducted at lower
levels of salt additions (Table 10). The
concentrations of salts under study were
again equated to the normality of NaCl. The
molarity, grams per liter, activity coeffi-
clents, and osmotic pressures of each of
Lhese solutions were also calculated. The
activity coefficients were calculated using
both the DeBye-Hickel equation and the Davies
equation. The osmotic pressure calculations
included both a van't Hoff factor (i) calcu-
lated from the literature and a van't Hoff
factor calculated from the equivalent con-
ductance of the solution.

A statistical analysis of the results
was made using a split plot factorial anal-
ysis of variance (Table 11). Time was a known
source of variance and was eliminated from
the testing procedure by pairing the results.
From this analysis it was established that
significant differences at the 99 percent
level, between the treatments, exist with
differences 1n concentration and cation
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additions. However, a significant difference
does not exist with differences in anion
additions. The interactions of cations and
anions produce significant differences at the
99 percent level between the different single
salt additions. By grouping the biomass data
by monovalent versus divalent cations and
applying a completely randomized design
analysis of variance, a significant differ-
ence was found at the 95 percent level of
conf idence for the cell count data (Table
123. Based on the optical density data, no
significant difference was found. A signifi-
cant difference in cell volumes was found
when comparing the different salt treatments.
Algal growth had no apparent effect on
salinity because the electrical conductivity
of the media did not change significantly
from the first day of algal growth to
the last day of algal growth.

Linear correlation coefficients with
salt variables and growth explained very
little of the variance (Table 13). However,
the results show that correlations signifi-
cantly different from zero occur between X
versus the following concentration measure-
ments in descending order of magnitude:

molarity > calculated osmotic pressure
> normality > g/l

The activity coefficient did not correlate
significantly with the X data. Correlations
between { and the same concentration mea-
surements occurred in the following descend-

ing order of magnitude:

calculated activity > normality >
g/l > molarity > calculated osmotic
pressure

The negative slopes and correlation coeffi-
cients show the inverse relationship between
many of the salt concentration variables and
the biomass data. Therefore, as the salt
concentration increases, the algal growth
response decreases. The cell volume data did
not significantly correlate at the 95th
percentile to any of these concentration
measurements. The activity coefficient based
on the Davies equation and the osmotic
pressure based on the equivalent conductance
calculation of the van't Hoff factor provided
better correlations with the biomass data
than the activity coefficient based on the
DeBye-Huckel equation and the osmotic pres-
sure based on the literature value of the
van't Hoff factor. Because of the lack of
sensitivity of the optical density measure-
ments during the first few days of the



Table 9. Duncan's multiple range analyses of the biomass data from the
initial bioassay with Selenastrum.

Test based on: Cell Counts Optical Density
+~ s - ot
= . = 5 [ 3 g
§§ £ o é E2 §= g
(3= b= 88 -
S8 &% 5 SE v 5
22 &8f a 2 a8 8
=z La B~ Z Oh ot
26 0,24 N CABUS * 26 0,24 N CASU4 *
27 0,20 N CASo4 - 27 6,20 N CASNDG *
2& 0,1t N CASUY - 28 0,11 N CASD4 *
29 0,08 N CAS(d * 29 0,08 N LASO4 *
30 0,08 N CASDa » 30 0,05 M CAasQa *
31 0,1¢ N CASODY * 31 0,10 N CASQa: N
32 0,13 N CASDY * 32 0,13 N CASDY »
25 0,27 N CASQ4 * 2% 0,27 N C4804 *
42 0,24 N MGLL2 « 13 0,08 § «CL *
47 0,10 N HGCL2 * 12 0,11 N wCL *
43 0,20 N MGLL? * 14 0,05 N XxCoL -
8 0,13 N ~ACL * 15 0,10 o ACL *
48 0,13 N MGLL2 * 16 4,13 N KCL N
45 0,08 N MGCL2 * 45 0,08 N MGCL2 .
17 0,27 N =GSa4 * 10 0,24 & KCL +
37 0,08 R NAZSNA . 11 0,20 N xCL *
38 0,05 N NAZSCH * 9 0,27 N kCL N
4 0,11 N NACL * 42 0,24 N MGCL2 .
39 0,10 N NA2S(U * 43 0,20 N MGCL2 *
40 0,13 N NA2304 - 38 0,05 N NA2SOY *
3 0,20 N NMACY " 1 0,27 ~ MACL N
1 0,27 N NACL » 47 0,10 N MGCLe *
3o 0,11 N wA2RO4 » 8 0,13 ~ naLL M
9 0,27 N KCL * 3 6,20 n NACL 4
34 0,28 N NAZSDY » 17 0,27 N MGHOY *
10 0,24 N %rLL N 2 0,24 N NACL »
24 0,13 N HES8N4 . 4 9,11 N waCL -
38 0,20 N NAZSUA * 80 D,24 N K2Bu4 +
7 0,10 N NACL v 24 0,1% N 26804 *
12 0,11 N xCL * 51 0,20 N k2504 +
& 0,24 8 NACL * 1Y 0,08 N HAZSOY *
44 0,11 ~ MGECLR - 49 0,27 N 82804 "
23 08,10 N MGSGu * 39 0,10 N NAZSDu *
16 0,13 & xCL * 19 0,20 N MESOa .
19 0,20 N MGSDg * 34 0,20 N NAQS[IE .
22 0,05 N MGSUu . 18 0,24 N MGSQA *
21 0,08 N MBS * 33 0,27 N NAZSnHE .
51 0,20 N K28014 + 22 0,05 N “GSOy *
41 0,27 N MGCLP ¥ 23 0,10 N MGSQe >
13 0,08 & ®CL N 41 0,7 N MGCL? >
e0 0,11 N MESuw . 52 0,11 1 »2S0G4 *
52 0,11 N k2800 * 7 D106 N NACL *
18 0,24 N MGSUL * S 0,08 N NALL N
11 0,20 N wQL . 20 D,11 N MLSUY *
50 0,20 N KPSl * 21 0,08 N mphus B
18 0,10 N kCL - 53 0,08 N k2514 M
33 0,27 N NAZSUH * 48 0,13 N MGLL? *
48 0,27 N %2804 - 385 0,20 N NAZSNY ¥
5 0,08 N MACL . 6 0,05 N wNACL *
57 0,81 N CACLZ * 44 0,11 N MGCL2 .
53 0,08 N x2Sua N 40 0,13 ~ NA2SQH -
14 0,05 N KCL . 46 0,05 8 "GLL? .
58 0,26 N LACL? * 5S4 0,US N R2BU4 +
6 0,05 N NACL " 16 0,11 N NA2SHU «
54 0,05 N %2804 . 57 0,27 N CaCL? *
Sé 0,13 N K2804 * S8 0,24 N CACL? *
58 0,10 N €2502 . S6 0,13 N k2504 ¢
46 0,05 N “GLL2 * S8 0,10 N K280 *
S9 0,20 N CACL? N 84 0,13 N CACL? ¢
84 0,13 N CACLZ * 59 0,20 N CACLZ »
60 0,11 ~ LaLLy . 83 G,10 N CACL? «
61 0,08 N CaCL? * 82 0,05 N CACL? M
63 0,10 N CACL? * 61 0,08 N CACL? v
b2 0,05 ~ CACL? . 80 0,11 ~ CALLP .
65 CONTROL . 65 LONTERDL *

*Any group of treatments connected by a line of stars to the right of the
ranking list are not significantly different from each other with 95 per-
cent confidence.
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Table 10. Single salt aadditions to AAM for bioassay 2 and the effects on Selenaslrum.
¥ *

salt Normality Molarity g/l "1 T2 wy{atm) o {atm)
nacCl 0.05133 0.05133 3.000 0.80531 0.8111 2.37812 1.9926
0.03422 0.03422 2.000 0.83277 0.8310 1.58541 1.3589

0.01711 0.01711 L.000 0.87319 0.8639 0.80105 0.7021

0.00856 0.00856 0.500 0.90550 0.8916 0.40493 0.3676

0.00428 0.00428 0.250 0.93055 0.9106 0.20455 0.2041

KCl 0.05133 0.05133 3.8269 0.80531 0.7990 2.35309 2.1132
0.03422 0.03422 2.5513 0.83277 0.8188 1.59376 1.4471

0.01711 0.01711 1.2756 0.87319 0.8524 0.80105 0.7523

0.00856 0.00856 0.6382 0.90550 0.8824 0.40493 0.3925

0.00428 0.00428 0.3191 0.93055 0.8890 0.20455 0.2632

MgCly 0.05133 0.02567 2.5438 0.72342 0.6579 1.72134 1.3778
0.03422 0.01711 1.6292 0.76247 0.6912 1.12231 0.9455

0.01711 0.00856 0.8146 0.81992 0.7434 0.57400 0.5078

0.00856 0.00428 0.4075 0.86592 0.7938 0.28909 0.2679

0 00428 0.00214 0.2037 0.90153 0.8317 0.14559 0.1496

CaCly 0.05133 0.02567 2.8485 0.72342 0.6574 1.64623 1.3635
0.03422 0.01711 1.8990 0.76247 0.6949 1.10562 0.9128

0.01711 0.00856 0.9495 0.81992 0.7471 0.56357 0.4884

0.00856 0.00428 0.4750 0.86592 0.7940 0.28700 0.2636

0.00428 0.00214 0.2375 0.90153 0.8288 0. 14507 0.1513

Naj 504 0.05133 0.02567 3.6455 0.72342 0.6506 1.56486 1.3281
0.03422 0.01711 2.4303 0.76247 0.6880 1.06390 0.8893

0.01711 0.00856 1.2152 0.81992 0.7387 0.54687 0.4810

0.00856 0.00428 0.6079 0.86592 0.7881 0.16176 0.2562

0.00428 0.00214 0.3040 0.90153 0.8197 0.08662 0.1522

K2804 0.05133 0.02567 4.4725 0.72342 0.6299 1.53356 1.4219%
0.03422 0.01711 2.9817 0.76247 0.6701 1.16820 0.9344

0.01711 0.00856 1.4908 0.81992 0.7242 0.45294 0.4986

0.00856 0.00428 0.7459 0.86592 0.7727 0.28074 0.2706

0.00428 0.00214 0.3729 0.90153 0.8191 0.14559 0.1436

MgSoy, 0.05133 0.02567 3.0894 0.52334 0.4851 0.81373 0.9001
0.03422 0.01711 2.0596 0.58135 0.5210 0.69675 0.6257

0.01711 0.00856 1.0298 0.67228 0.5924 0.31309 0.3297

0.00856 0.00428 0.5152 0.74982 0.6557 0.16385 0.1772

0.00428 0.00214 0.2576 0.81276 0.7045 0.08662 0.0999

Caso, 0.05133 0.02567 3.4941 0.52334 0.4966 0.99525 0.8491
0.03422 0.01711 2.2394 0.58135 0.5260 0.66337 0.5957

0.01711 0.00856 1.1647 0.67228 0.5905 0.33188 0.3178

0.00856 0.00428 0.5827 0.74982 0.6472 0.17429 0.1738

0.00428 0.00214 0.29813 0.81276 0.6939 0.08714 0.0988

= Activity coefficient (DeBye-Huckel equarion)
= Activity coefficient (Davies equation)
= QOsmotic Pressure

= Osmotic Pressure {equivalent conductance)
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Table 11. Split plot factorial analysis of variance of single salt additions to Selenastrum (bioassay 2).
Var 1 (D.D.) var 2 (C.C.)
Source DF 8S MS VAR Calc F dF F Cale F dF F
REP 1 W4932267E-02 493226 7E-02 1
REP (Replicates) 1 2.137594 2.137594 2 2.92449727 1/47 N.S. 3.18 1/47 N.§
A 5 1.884245 0.3768491 1
A (Conc.) 5 688.4102 137.6820 2 223.45 5/47 $.01 204 .89 5/47 5.01
B 3 1.396716 0.4655719 1
B (Cations) 3 1090.982 363.6606 2 276.053 3/47 $5.01 541.18 3/47 $.01
AB 15 0.4404872 .2936581E-01 1
AB {(Concentrations * 15 362.9585 24.19724 2 17.41 15/47 s.01 36.01 15/47 .01
Cations)
C 1 0.1632817 0.1632817 1
C (Anions) 1 103.9508 103.9508 2 96.81 1/47 N.S 154.69 1/47 N.S
AC 5 0.1644255 .2088510E~01 1 -
AC (Concentrations #* 5 26.13784 5.227569 2 12.38 15/47 $.01 7.78 5/47 5.05
Anions)
BC 3 0.2750743 .9169144E~01 1
BC (Anions * Cations) 3 126.9280 42.30934 2 54.37 3/47 $.01 62.96 3/47 $.01
ABC (Anions #* Cations * 15 0.1753275 .1168850E~-01 1
ABC Concentrations) L5 66.21303 4.414202 2 6.93 5/47 5.01 6.57 15/47 §.01
REP#¥ABC [(N-1) * 47 .7926713E-01 .1686535E-02 1
REP*ABC (ABC-1)] 47 31.58291 0.6719767 2
D ) 9 26.77909 2.975454 1
D (Time) 9 8713.947 968.2163 2 8,467.23 9/432 $.01 4,482.84 9/432 s.01
AD 45 1.389440 .3087645E-01 1
AD (Conccentration 45 708.1549 15.73678 2 87.86 45/432 5.01 72 .86 457432 5.01
* Time)
BD 27 1.238859 .4588366E~01 1
BD (Cations * Time) 27 937.2202 34.71186 2 130.57 27/432 5.01 160.72 277432 8.01
ABD (Concentration * 135 0.8344270 L6180941E-02 1
ABD Catioms * Time) 135 339.9751 2.518334 2 17.59 135/432 S.01 11.66 135/432 5.01
CD g 0.1700606 .1889562E-01 1
CD (Anions * Time) 9 72.39926 8.044362 2 53.77 9/432 S.01 37.25 9/432 $.01
ACD (Concentration * 45 0.1208982 .2686627E-02 1
ACD Anions * Time) 45 62.30643 1.384587 2 7.65 457432 5.01 6.41 457432 $.01
BCD {(Cations * Anions 27 0.2495676 .8243244E-02 1 )
BCD #% Time) 27 438.6923 16.24786 2 26.30 27/432 5.01 75.23 27/432 5.01
ABCD (Concentration * 135 0.4209221 L3117941E-02 1
ABCD Anions * Cations 135 178.3998 1.321480 2 8.87 135/432 5.01 6.12 135/432 8.01
#* Time)
ERROR [(N-1)#*(d~1)* 432 0.1518086 .3514088E~03 -1
ERROR ARC] 432 93.,30450 0.2159826 2 - —— it - - -
TOTAL 959 35.87883 L3741275E~-01 1
TOTAL 959 14043.70 14 .64411 2




Table 12. Summary of completely randomized design analyses of variance for Selenastrum
single salt additions (bioassay 2). T

_- F TESTS
a
o
: %
Alternate Variables s -
Hypotheses Treatments Tested U IR+
o v @
e P 1
&b ] ~
oot @ b «©
oy [ B >
Means of growth responses of
cultures grown in the presence Nat Optical Density N.S. 1/398 2.73
of divalent cations are differ=- K+ Cell Counts 0.05 ¥ 6.58
ent from those grown in the
presence of monovalent cations ( Mg++
Catt
Mean cell volumes of cultures NaCl
- - grown in the presence of differ~ KCl Cell Volume 0.01 8/34 9.60
ent salts are different MgS0y (w3 ¥
Caso,,
Nas504
MgC12
K804
CaC12
Control
Means of electrical conductivity
of the cultures changed from Day Day © Electrical
0 to Day 15 Day 15 Conductivitcy N.S. 1/78 1.88

Table 13. Linear relations between salinity variables and different estimates of biomass for
single salt additions to Selenastrum.

Dependent Independent Number of Correlation Equation
Variable (y) Variable (x) Data Points Coefficienta y =mx + b
T X (cells/ml) Normality (M) 45 ~0.4381%% y = -2.381E~9x + 2.868E15
Concentration (g/l} 45 ~0.3851%% y = -1.4314E-7x + 6.830E06
Molarity (M) 45 -0.5083%* y = 1.914E-9x + 6.830E06
Ty (atm) 45 ~0.4579%% y = 8.763E~8x + 6.830E06
1 (atw) 45 -0.3817% y = -1.052E-6x + 3.487E06
Specific Conductivity 45 ~0.3782% y = -332.163x + 3.6186E06
(ymhos/cm)
ﬁ (day“l)
(cell counts) Normality () 45 ~0.4753%% y = ~0,0256x + 1.716
) Concentration (g/l) 45 -0 . 4008%% y = ~1.462x + 3.677
Molarity (M) 45 -0.3628% y = -0.0138x + 1.716
&y 45 0.4982%% y = +0.1152x + 1.627
¥, 45 0.5206% % y = +0.4180x + 2.0098
s (atm) 45 -0.3547* y = ~0.6763x + 2.1614
——é L. _ -
Y] = activity coefficient (DeBye-Hickel)
y§ = activity coefficient (Davies Equation)
_ wy = Osmotic pressure
T, = QOsmotic pressure (equivalent conductance)

21f marked with (¥), the value of the correlation coefficient is significantly different from zero at
P > 0.99. 1If marked with (*%), the value of the correlation coefficient is significantly different from zero
at P > 0.95.
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bioassay, the cell count data would appear to
be more reliable.

Determination of which of the cations
affected the Selenastrum biomass data the
greatest was achieved by the use of the
Duncan's Multiple Range Test {(Table 14).
This tesl uses the same output format as used
in the previous Duncan's test output (Table
9). The treatments are ranked in the least
Lo greatest values from the top to the bottom
of the listing. All treatments connected by
one line of vertical stars is not signfi-
cantly different from each other. Cell
count data were used for this analysis
because of the greater sensitivity of the
measurement. Increasing concentrations of
the individual salts caused decreasing
productivity of Selenastrum when comparing
groups of salts which are significantly
different from each other. The cations
depressed

the X in the following order:
Mg, K > Na, Ca

For the Duncan's analysis of 1@, the cation
order was Mg, Ca > K, Na. Because depression
occurred in both the X and {1 as compared to
the controls, the toxic effect of these
cations was established.

Effects of Single Salt Additions on
Acclimated Selepastrum

Selenastrum, which was acclimated to
higher salinity conditions by maintaining the
culture in Lake Powell synthetic medium, was
then tested in AAM with the concentrations of
salt additions at the 0.3 N, 0.1 N, 0.05 N
previously described first bioassay. A long
lag time was noted as the acclimated Selena-
strum adjusted to the AAM medium. The
growth of the acclimated Selenastrum did not
show a significant difference based on
cations or anions (Table 15). Although the X
for all of the salts was significantly lower
than the controls, the { for the majority
of the salts was not significantly different
than the controls.

Effects of Two Salt Additions

The effects of the addition of two salts
at one concentration did not maintain the
cation dominance effect on algal growth
depression. The Duncan's Multiple Range
analysis (Table 16) of these data did not
provide a clear relationship between mono-
valent and divalent toxicity.

Difficulties were encountered in calcu-
lation of activity coefficients and osmotic
pressures with mixed salt solution. There-
fore the electical conductivity of these salt
solutions was linearly correlated with
the Selenastrum biomass data from the two
salt additions (Table 17). Although the
maximum standing crop data do significantly
correlate with the electrical conductivity,
this correlation 1s slightly lower than
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the same correlation of the single salt

addition data.

Growth measurements of % are plotted
versus specific conductivity and identified
by the cations (Figure 9) and anions (Figure
10) that were added to the medium. From the
plots, regional effects of the salts added
can be noted. The combination of monovalent
and divalent cations encompasses a larger
area than the monovalent or divalent cations
alone and overlaps portions of each of these
areas. This visually demonstrates the
synergistic effects occurring between the
monovalent and divalent cations present in
the same salt solution. The areas of anion
action overlapped more than the cation areas
demonstrating less distinct regions of effect
based on the anions.

Effects of Increased Salt Concentra-
tions on the Productivity

of Synedra

Effects of Single Salt Additions

The concentrations of the salts under
study were normalized to the concentration of
NaCl (Table 18). The Davies equation was
used to calculate the activity coefficient
and the osmotic pressure of the solutions
because these calculations had provided
better linear correlations with the biomass
data 1n the single salt addition biocassay
with Selenastrum.

A randomized block design was used to
test if there was a significant difference in
growth based on the different salts. There
was a significant difference at the 99th
percentile (Table 19). A significant
difference in the growth of Synedra occurred
based on differences of cations, which agreed
with the results of the single salt addicion
biocassay with Selenastrum. A difference did
occur in the result of anion difference, with
Synedra there was a significant difference (P
> 99%) in growth between the different anions
tested. There was no significant difference
based on anion differences with Selenastrum.
The bicarbonate anion was tested only with
the Synedra and so there was a slight change
in the experimental design between the two
experiments. When HCO3- was eliminated
from the experimental data, no significant
difference in the biomass data could be found
based on the anion differences. The electri-
cal conductivity readings of the media did
not change significantly over the time of the
bivassay within each treatment flask.

Linear correlation coefficients with
salt variables and growth explained less of
the variability in general than they did for
the Selenastrum correlations (Table 20).
Normality and the concentration in g/l did
not correlate significantly with either
biomass variable. The only salinity concen-
tration measurement which correlated signifi-
cantly with both the X and §# data was
specific conductivity.
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Table 14. Duncan's multiple ramge analysts for single salt additions to Selenastrum (biocassay 2).
A Y =3
X H
12 0,030 ~ MGSCU . 37 0,030 w £aCL? .
27 0,030 & vGCLp * % 29 0,008 N wGLL? "
11 0,080 & MESC4 N 11 0,050 » »g&Cu .
F 0,050 K W[ “r w TITET K OFGTLE - carew
26 0,050 » MGCL2 . %W ‘12 0,030 x MGSC4 "
13 0,020 N MGECH kR ‘18 0,020 ~ CasCe T
TTO,TITRTRYYL T - T T ¢ s e gy g TS - oo ¥ -~
31 0,080 & &28Ce R ER 26 0,050 n waCL2 P
28 0,020 n MGELZ I {3 7,020 n +GSCH . »
TTULUYY K HESOT - T w w e, 009 & cascy - - - e
29 0,000 K MGEL? P, B 0,030 » NGCL2 o ou
30 0,008 A MGEL? R 16 0,080 » CasCu '
L et et e . " . » - —_— e ot o e + |~ e
1 0,080 K raCy oo . B 0,020 n KCL *or o
34 0,009 A X28Ca R % # 14 0,009 n ¥GSLU IR
_m_m TERGET "~ T e e . B = e it e = . ® m """""" e T R — S TR W W W - o
1% 0,004 » MaSCY R R 17 0,030 & CASCY 'R EE
3 0,020 N NACL % w 20 0,004 & CasCa _ IR R
3T UL TL0 R XIS Y y v L3 — L e e -
17 0,080 & CaSCy . o 4 0,009 & K28Cu R
B 0,020 N KCL R 6 0,080 & KCL ' EEEE
FUTLOvE ', TEECY - - o - —{(I¥TITIN TEICLR 7 ) T e e
37 0,9%0 N CagL? [ 4 0,009 & NAZSCH 'R
36 0,050 N CACL2 . e 33 0,020 N K28CE LY
e TRERCTETEY T T T T T RO YO N o Y ol - T - U am ekt s
38 0,02¢ 8 CatLs « b ow $ 0,089 A K v AR
4g CONTROL v .o 23 0,020 n NAZSCH o4 oa
“FECORTROL - - S g - S e aem SRETOTOROR NNPECT - B e S
% 0,004 & NACL PR F31 0,080 & w3gCa * 4
42 CONTROL * % 30 0,004 » MGCL2 LI
GECURTRGT T e — e — - SHOTOTUCE T CEFCLY T T e T s -
41 CONTROL o 132 0,030 \ %2904 )
48 CONTROL oW P10 8,008 N xCL P
FG 0, M09 K NERSUE e gy g - STEDL,ORY K NETT MR i 2 el
4% CONTROY P 3% 0,008 n K28Cu . v &
2% 0,004 n N&2S§CH . % 2% 0,008 & ANAZECY P
v o P LR -2 2o S g - o8 k westy W
23 0,020 & nARKry € S 0,004 8 MACL .
g 0,006 4 KCL * oo 3 B,020 o racy N
350,004 K KZSTa x v - P 05009 N NACL e -
41 COMTROL .4 a9 controL -
19 0,009 N CASCY « % LaR CONTROL 3R
AR e o LSty - e TS CON RO —rw
4n 0,008 » CaCL2 . % 42 CONTRE, N
32 0,830 n N28BCy b 4 CONTRCY o
R AR N L o LS R CONTROL *
10 0,904 A KCL » 143 CONTEROY
N ONR2STA + &y CORTROL *

21 8,080



Table 15. Duncan's multiple range analysis for single salt additions to accli-
mated Selenastrum (biocassay 2).

X U
5 g
- < - - ‘5 -
Sg E g sy & g
£ 8 & 208 £
[ [ o o
g2 O & £z S &
27 0,50 w wNAWCOT * 14 0,106 N NAZSOU *
e8 ,08 N KHCOD3 ¥ 30 0,30 N RHCO3Z »
1h 1,40 N K2504 * 28 0,US N AFL'Y *
29 N, te N mHCHY * 8 Ul M mGEL? *
30 u dn W xHCI3 « 13 N, G5 ~ NAZSUU .
17 o 10 N 2804 * 29 0,10 n KB(13 x
6 V31 N MOL * 27 0,30 N NaH(N3 .
35 (0L €CP ELUTHRIATE * 9 0,30 N MGCL2 -
25 u,0% N NAHCOS * 1S 0,30 N Hagsud *
9 0,30 N »e(LE * 26 0,10 N NAHCDR N
14 0,10 N nA2SLY « 12 0,30 N CACL? N
te N, 65 N K804 * 16 0,05 N n28ud *
15 2,30 4 NARSNY * 2 0,19 N NACL *
26 .10 N NAHCUS - 7 0,05 n *GCL? *
10 n, 08 ~ CACL? * 21 N3 N MGEUY *
13 0,05 & NAQSLA ’ 11 o 10 ~ CACL2 *
g 0,11 v “6CL2 & 4 g8 ~ KCL &
12 0,3% ~ CACL2 * 35 10ML CP ELUTRIATFE N
5 n.le N KCL * 25 0,95 N NAHCNY .
11 n, 16 & CACL2 * 10 0,05 ~ CaCp2 .
3 r,3a N VACL * § 0,10 N KCL -
21 D430 M MGSTHY . 24 0,30 v CASnu .
U4 nyhs n xCL * 20 0 1n N MGHILA *
19 4,65 N %GSNY * 3 0,30 N NATL *
24 0,30 N CASCSH * 1 0,085 N MACL *
7 0,05 « “GCI2 * 23 n, 10 N CASNY .
20 G 10 ~ ~GS4y - 22 VL U5 N (AS(u N
2 0,10 & NACL * 40 D, ,BLANK .
23 0,10 ~ CASUY * 32 CONTROL *
22 D,U5 N CASDY * 33 CONTROL ¥
1 0,05 N MACL * 38 10ML BR FLUTRIATF *
39 10ML 8P ELLITRIATE * 39 10ML AP ELUTHIATF *
37 10ML NP ELUTRIATE * 3p 10ML DR FLUTRIATE *
36 JOML DR ELUTRIATE . * 37 10 DP SLUTALATE N
35 1AM SF ELUTRIATE > * 34 104L CP ELI-THIATF .
40 Daw,RLANK * 6 0,30 N ®CL «
32 CNHTRIL * 18 0,30 N K2804 .
33 CONTROL * 19 0,05 N ~GESOd «
31 CunTrgL * 31 CcONTROL .
34 10“L C@ ELUTRIATE * 17 0,19 ~ k2804 +
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Table 16. Duncan’s multiple range analysis for two salt additions to Selenastrum (biocassay 2).
X H
12 MESn4,kNCC3 * 25 KaSDu,K=(CO3 .
4k CONTRCL * 4 MGLL2,xM0C03 LR ]
4 MGCL2,*WC(Y * 4D MARSCU,NAMCCT .o
N NAZSUT, NARTTY T * Y RLL,FHWTUT " .
1S MGS0U,NAHCOZ * T MGCLZ,NARCO} *
7 MGLL2,NANCOY * 86 CONTROL *
YT NATL NTRCTS . 7 - * -
3% kM 03,02800 * 12 MGEQL,MMCCY * @
128 KAWL, xKCCY * & 44 NARCOZ,CAS04 *
W NARCUY, - ¥ CYUCRRCONTACLE e
‘19 HCL,KHLOF ¢ s 3% KNCO3,Ca8Ce + s
47 CONTROL * * 37 NACL,NAHCOY *
T weULe, veSLh YT TTRETLE; VESTY - [ R
43 MAWCD3,CACL2 % % 33 KHCO3,MArCO3 LR
32 XKHCO3,NA2S04 * & % 13 MGSOU,NACL . L)
Y KHCCY, NAWC DY LI I FIoF 311 S - e g < e
18 KCL,X2804 *n ¥t QY NAKLOI,CA0L2 LR
3a xkHCO3.CaCLR L (47 CONTROL LI
T8 CONTROL - L T§ PGS0, TATL? LA
36 RACL NA28CH LI AL 27 K2504,M42504 LR
42 NA280U,CA8Na R 3 MGCL2,K28C4 LA
YU NALL,CAS08 B A AN L o Yo - of 31 - o RS -
16 #GBO4,KCL LRI 6 MGCL2,NA2804 e ox
28 M2804,haHCOY el % MGCL2,0A%04 * e
T3 XESCT, NATT L 30 S Jui [ RCL, KZE0d R - S ——y
14 YGSQU,NAPS04G LB L B A 30 K280U,Ca8Ca LB
31 KHCO3#NACL Wk ke KCL,CASCY L
TY G0, TASTR TE N W ““W‘c’m - S 2 A ————
22 KCL/NARCOS LA L A 36 NACL/NAR80U LA A
& MGCL2,MNA28O4 Ek & W AR NARBOU, CABOM *Eon o
A4 RTL,,LA8TH LA A A I — N T mTmm s T TTWTR W g
& MGCL2,CACLR2 LA 3& nNaCLsCACLR LA
LI AR- AN N LA 32 KHCO3,nA2804 L
] L A o 4 e e — MG CLETORCLE T T T . S s
16 MGSOd,caCL2 LR LA a6 2804, NALL LA
11 NGEO4,K2504a L 22 KCL,NAKCO3 LI
T RITWIICL? L B R ‘23—*tt;t3t11" - - - e
41 NARSOU,NARCER LI NACL,Ca8CH x x
26 X280u,nalL L A 10 MGSCU,KEL LI
& PRLL LN EIVE WRTRTRTw T ¥t EKRLTU Sy NALL o - T T e T e e e
2 mGLLZ, kCL LI 1) MG8D4,K2SCY *
¢ MGLLZ,CAS0# LA 2 MG6CLZ,xCL *
AUALY LY 3 o T R 5 iu_.r\neuuu - TTTTWT T e e e T -
E7 KAS0U,NA280H LI 20 KCL,NaACL * %
21 k{L,Ma2804 * 28 KRS0U,NANCO2 LR
Yy 5 g T S e g - e e WG RO G NNESOY S > - - -
49 COMTROL L 49 CONTROL * 4
30 K2BGu,CaSCH L 50 CONTROL *
TECLRCUSTTESCY T T LT o o S LA T A
*

S0 COMTRCL

Wg CONTRGL




Determinat ion of salt effects on the
biomass data of Synedra was done by the use
of the Duncan's Multiple Range Test (Table
21). Fluorescence data were used for these
andlyses because of the greater sensilivity
of thi1s measurement as compared to the
optical density measurement. Increasing
concentrations of the individual salts
decreased Lhe growth of the Synedra when
COmMPdr IDg salts which are significantly
different from each other. The majority of
the salts depressed prowth below the levels
of the controls. The cation orders were
«omewhdt reversed from the first bioassay
when comparing the cation and anion effects
on % and @

Cations ¥ K, Na ™ Mg, Ca
Avions X HCO3, S04 > Cl
Cations O : K, Na ™ Mg > Ca
Anions H :

HCO3 > S04 > CL

The relative inhibition of X 1s plotted
versus specific conductivity and identified
by valance of the cations (Figure 11) and
anions (Figure 12) added Lo the medium. The
large area of overlap between Lhe monovalent
and divalent cations displays the lack of
differenti1ation 1n inhibition based on the
valance of the cation. The total separation

Table 17. Linear relation between different estimates of biomass for two salt additions to

Selenastrum (bioassay 3).

Dependent
Variable (y)

Independent
Variable (x)

Number of
Data Points

Correlation Equation
Coefficienta y =mx + b

X (cells/ml) Specific Conductivity 50

{umhos/cm)

Figure 9.

i

-0.3414% y = —-1.223E-04x + 2.689E06

aIf marked with (%), the value of the correlation coefficient 1s significantly different from zero at
P > 0.99. If marked with (#%), the value of the correlation coefficient is significantly different from

zero at P > 0.95.
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Table 18. Single salt additions to AAM and Synedra (bioassay 4).
p '
Salt Normality Molarity g/l Y, m, (atm)
RaCl 0.300 0.300 17.5364 0.7347 11.9913
0.200 0.200 11.6909 0.7471 8.0834
0.100 0.100 5.8455 0.7747 4.2646
0.050 0.050 2.9182 0.8057 2.2800
KC1 0.300 0.300 22.3636 0.7314 12.3804
0.200 0.200 14.9091 0.7388 8.4527
0.100 0.100 7.4545 0.7666 4.3222
0.050 0.050 3.7273 0.7968 2.3157
MgCly 0.300 0.150 14.2818 0.5469 7.7318
0.200 0.100 9.5182 0.5608 5.6234
. 0.100 0.050 4.7636 0.6048 3.0101
0.050 0.025 2.3818 0.6572 1.6169
CaCly 0.300 . 0.150 16.6455 0.5428 §.0083
0.200 0.100 11.1000 0.5587 5.6429
0.100 0.050 5.5455 0.5982 3.1022
0.050 0.025 2.773 0.6542 1.6213
Nas504 0.300 0.150 21.3045 0.5346 15.8356
0.200 0.100 14.2045 0.5368 11.3480
0.400 0.050 7.1000 0.5656 6.0079
0.050 0.025 3.5500 0.6089 3.2786
Kg804 0.300 0.150 26 .1409 0.5624 15.6339
0.200 0.100 17.4273 0.5343 10.9261
0.100 0.050 8.7136 0.5481 6.0593
0.050 0.025 4.3545 0.5872 3.2320
MgS0y 0.300 0.150 18.0545 0.3306 5.2435
0.200 0.100 12.0364 0.3584 3.6142
0.100 0.050 6.0182 0.4115 1.9475
0.050 0.025 3.0091 0.4608 1.0990
CasQ, 0.300 0.150 20.4182 0.5090 . 4.0259
0.200 0.100 13.6182 0.5131 2.7954
0.100 0.050 6.8091 0.5023 1.6066
0.050 0.025 3.400 0.4885 1.0401
NaliCO5 0.300 0.300 25.2000 0.7410 11.6096
0.200 0.200 16.8000 0.7543 7.9759
0.100 0.100 8.4000 0.7821 4.2591
0.050 0.050 4.2000 0.8155 2.2387
KHCO4 0.300 0.300 30.0364 0.7329 12.5914
0.200 0.200 20.0273 0.7424 8.6224
0.100 0.100 10.0091 0.7682 4.5669
0.050 0.050 5.0091 0.8077 2.2770
4
yi activity coefficient (Davies Equation)
m, Osmotic pressure (equivalent conductance)
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Figure 10. The regional effects of the anmions added Lo the media (bicassay 3).

Table 19. Summary of analyses of variance for Synedra single salt additions (biocassay 4).
@
o
] .
Alternate Blocked Variables 8 ° F
Hypotheses By Treatments Tested Y 9 E
IS
&0 o0
wd @
— _ %) o
Means of growth re- NaCl
sponses of cultures KC1 Optical
grown in the presence Time MgSO& Density 0.01 9/70 3.16
of different salts are Cas0y,
different Nag S04 Fluorescence 0.01 ¢ 5.00
MgClsy
K2504
CaClg
NaHCO3
KHCO4
Control
Means of growth re- Na Optical Density 0.01 3/316 24 .68
sponses of cultures K
grown in the presence - Mg Fluorescence 0.01 ¥+ 19.32
of different cations Ca

are different

Means of growth re- cl Optical Density 0.01 2/317 12.15
sponses of cultures S0,
grown in the presence - HCO3 Fluoresceunce 0.01 20.37

of different anions
are different
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Figure 11.

Figure 12.
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Table 20. Linear relations between different estimates of biomass for single salt additions
to Synedra (bioassay 4).
Dependent Independent Number of Correlation Equation

Variable (y) Variable (x)

Data Points

Coefficienta y =mx + b

X {(fluorescence) v% 44
Ll 4y
Molarity (M) 44
Specific Conductivity 44

( ymhos/em)

I {day~l)
(fluorescence) Specific Conductivity

( umhos/cm) 44

0. 4400%% y = l.l4x + 6.77
-0.4600%% y = -0.8lx + 12.21
—0.4100%% y = -33.12x + 11.64
-0.5710%% y = ~737.9x% + 9.156E06
~0.3900%% y = ~3.54E04 x +4.394E08

a1f marked with (¥}, the value of the correlation coefficient is significantly different from zero at

P > 0.99.
zero at P > 0.95.

of the HCO3™ anion at a greater level of
tohibition than the overlapping Cl- and S04
anion areas displays the significant differ-
ence in growth based on the anion present In
the media when HCO3~ 1is tested but not with
the add-ition of Cl7 and 5047 .

In order to compare the biocassay data
from two different algae based on fluores-
cence data, 1L was necessary Lo normalize
them on the basis of the control data for
that alga (Appendix B-1, B-2). This elimi-
nated the variability due to different
fluorescent characteristics of the different
species of algae. After normalizing the data
and comparing the bioassay results for single
salt additions from acclimated Selenastrum to
Synedra, 38 percent of the X and 18 percent
o% the 1 data for the acclimated Selenastrum
was lower than the minimum Synedra results.

Effects of Two Salt Additions

The effects of the addition of two salts
at one concentration were dominated by
synergistic effects rather than the dominance
of individual cations and anions (Table 22).
There was also no clear relationship between
monovalent and divalent toxicity. This same
result occurred with the two salt additions
to Selenastrum.

Linear relationships between biomass
measurements and specific conductivity
measurements and did not provide any signifi-
cant correlations.

Effects of Multiple Salt Additions

Depression of algal growth was attained
with the addition of multiple combinations of
salts to Synedra (Tables 23 and 24). Again
there was no relationship for monovalent to
divalent toxicity.

Linear correlations of the fluorescence
data with electrical conductivity measure-
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If marked with (*%)  the value of the correlation coefficient is significantly different from

ments provided significant correlations with
the ¥ data for the multiple salt additions
{(Table 25). However, the i results (greater
than four salt additions) did not produce a
significant correlation. These correlation
coefficients were comparable to the correla-
tion coefficients obtained with the same
relationship for the single salt additions to
Synedra. When combining all of the Synedra
biomass data and correlating that with
specific conductance, this relationship did
not hold. The slope of the line became
positive but was not significant.

Effects of Increased Salt Conceniral ions
on the Productivity of Three Algal

Species

Effects of Single Salt Additions

The effect of single salt additions at
one concentration {(0.05 N) on Anabaena that
was cultured with representaltives of two
other algal species was analyzed with Dun-
can's Multiple Range Tests (Table 26).
Anabaena produces specialized cells, hetero-
cysts, when nitrogen limitation in the growth
medium 1is encountered. Counts of these cells
were conducted separately from the total
cell counts. The number of heterocysts were
never greater than 0.001 percent of the total
cell counts in any of the treatment flasks
indicating that nitrogen fixation was in-
gsignificant and nitrogen was not limiting.
The effects of these salts on the growth

depression of Anabaena were as follows:
X cell counts : all salts - CaS04,
NapS04 > Anabaena

control
i cell counts : Anabaena control >

KCT, Nacl, CaCly,
CasOy, MgCl2

all salts ~ CaSoO
> Anabaena contro

~
X heterocysts
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Table 21. Duncan's multiple range analysis of single salt additions to Synedra (bicassay 4).
S— ~ ~
X u

24 4r0,30 & K2SoU » O35 470,20 A NARCCY *
35 4/0,20 N OAAFCCS * 38 470,20 n KHOCY %
38 470,10 N KHCC3 » 38 U/0,10 N xHCNY * »
ITWmﬁmwﬁmnﬁ RN - - e s S TN RERCCT [ S R ;
36 470,30 N NAKCO3 * « (&b 470,30 N KHCOY *n
40 470,30 N KkHCOY * x ‘I8 470,10 N NAHCOD R
3470, T N NARCTT W WU, S R TRIE Y an '

37 440,05 N KKHCCY * ¢ 37 470,05 & KHCPZ )

33 470,05 N nARCCD * 0 ox 3% 470,05 N ANARCOS3 . n

W A70 U N TALL? LA A LYA 7S LALILY 1 DL ¥ v
11 470,20 N MGCL2 LI 23 w/0,80 » K2804 LR
2 420,30 N nA2304 L -4 #70,08 N MBCL2 L
ZY U778, 20N RPECA LA A T2 970, 30K FGLTY Ll
27 40,206 N »BSP4 L 28 4/0,30 N vBSrH L

12 470,30 6 ¥GLL2 LI 10 4/0,10 & ¥G6CL2 L
TN I e e .- : AT - I
28 470,30 N ¥GEOUA .. Y 470,20 N PGSCU . *

18 470,10 N NA2SCE L P¥ 470,20 N OKCL *
TY U70.0% N KEZECT L TS 470,20 & CALT? L

8 4r0,30 » KCL * 16 470,30 & CACL2 L

13 470,08 » CACH2 * R4 470,10 N NGSPU . o
YUY, EEN o T I T CTEY W70U0S N CRPSTET T ° - L - "
14 470,10 N cagL2 * o® 11 #/0,.20 & PGOL2 LI

10 470,10 N ¥MGLL2 * 8 470,08 & ¥igrd L

T &70, 30 K KA ¥ - T 70,20 N REIECT T L -

2% 470,05 n MGSCU * 20 470,30 ~ nagecd *

1§ 40,20 N CACL2 . 31 4/0,20 ~ Cakcu ' »

Y H/0,¥0 NORETL * - COCIRTHAOUYY N OTROL? . L 2l -

8 4/0,08 N KCL » 32 470,30 N CasScy .

§ 470,08 N #GLLQ * 8 470,30 N xCL +

1T &/70,0% LY T of] - o R I - - T T “'“"‘TT?m w KECT R B T T T e — e mm—
25 47N, 40 A MBBCY * & 4/8,10 N KEL L

470,10 & ABCL w o 30 470,10 N CASCH s

“"‘“mm T Mmoo mmm o o mmmmmmmTm TR - T BT IN, 0% N NCT - PR T T e e ——

e 470,10 N KEL LI 4§ 470,30 & na(y *

22 “10.10 A K2SC4 L 18 470,10 N NBDSCH * ¥
|GCCRTRIL T R e A, 05 N KBZRTE * o - -

21 470,085 & X28ru L] 3 470,206 » AACH "

43 CcCaTROL * 2 U010 N K& *

Y0 OEIO,IT N CASTO * -#F CORTRCL * ok

41 CORTROL * 44  CONTROL LR

29 4/0,05 & CASrd * 29 470,05 N Casca L

IO R0 R CEERT e - W LORTRTL - L e -

32 470,30 » calcu + 41 CCNTRCL .
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Table 22.

Duncan's multiple range analysis for

two sall additions to Synedra

{bioassay 5).

~

X

3o S/NAESZLoriwrE
38 Ss/naESCuyam(r
Y S valid, naxinr
WG SAAZECT RITY

8 S/MACL,NAMCCY
8% S/MAm{CY,en{C]

SN am,
17 S/xCi, =TT
31 S/*G8CJenanCry
BB ZL (ALY LI4:3 A
o Sanall  ,x»L0Y
30 S/CACLZ Mw(CY

TESTTACTZ R ISTFY
83 S/CA874,%ax("]
82 S/%GSCu,¥»r(y

AW SIURSUA,RRCTY T T T

8 S/nalL,ni25Cs
10 S/xCL,»ECL2

FISIVECLT AT
2 S/aalL,*6CLe
3y B/n3ERCL, %28
Y S/FGLLE,RETSHT
22 S/r6CL2,0e8Ce
g S/nalL,x2g08
EASETAL TSP L 19
13 S/«CL,«2800
e S/valige2sty
~H S7RECL,MESCE T
18 S/vpCLelCacL?
2T S/CalLZ,v68Ce

WETSIULNETNUA
tg S/« ,vC8%a
| SsvalL,«Co
R I TAT L4
36 S/uFECHMEECS
2¢ S/CALLE,%25Cy
2 - SR - -
e S/ FIPEE $-11
e Ssen 038
—ygexfy, talve o
32 S/na38CA, G800
1% S/ACL,CASCE
P R

SR RS S

wrEe

w& S0
T AN SN S
tt SreCueitaln 2
28 S/Call2.Ca8Cs
32 S/NaE3TdaleEre
Y B F et TEETT

|

.- % w
* ® *»
- % o
-i‘.t

4 . ® 4

P % i
4 RN B
o 4 . » % -

TR SZRATLNARCCY

*

~

[

4% Sornam(0tn(ry
30 SANARSC A enamc()
4% BsCaBra,NERE~
3% SAKRESUAIRRITT
a1 S/MGS0a, ham(Cd
3¢ Sr2804,n-0C2

5 e b

~ [

* § SzasCy, %m0}

* 2% Ssu6lLz,ham(r)
T T SZFCBCILERCCTY T
* 17 SsKCLyxrCCE

* 38 S/w3B04,NaRCCY

e ES LR

¥ 24 SsvgplLe,smCln
* ¢ S/CACL2,NemCrY

44 S/Ca80a,%LCCY
31 S/NA2SCUIMIICH

TS /GCLE, CASTT
a S/NACL . NAZSCA
1y Ss<CL,x28¢C¢

Y SICALLE,VESTd
B Ss/CalL2,X28Ce

2 S/NACL,MECLE

TUE, TRt
2% S/CaCLENN228CQ
§ S/naCL,KE8M4
TEUSAPRLLELWESTT
80 S/#GSCe,CasCy
13 S/¥CL,NA2804
e YA T TS -
10 S/xCL.v6CL?
21 5/v6CLZ,¥G8RCY
Y STRTLY )
11 S/xCL,CaCL?

19 S/vGCL2,MNA2ERY

rYTETCT T
48 SsLrNTRCL
Y §/5aCL,CAEMn
C SR EQL, CRCTR
t S/naCL,xCL
& S/NACL.¥EETN
B 1. a0 ran taa i s vl S
4y Sscnntary
1a S/<CL,vG87w
aq- SreeniacL
32 S/naP5CU,VIST
33 S/NAEETULCAENY
31 Eptperaylese
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Table 23. Duncan's multiple range analysis of 3 and 4 salt additions to Synedra (bioassay 6),

Legc;nd: 1=mg 804, 2=mgCly, 3=K,804, 4=KC|, §= KHCO:;,, 46 = N32304

, 7=NaCl, 8

= Nall

~ : . . ~
M
28 8/% & B L I T
58 /% U R F 4 Re vle B R
33 b/ 7 g0 * A 26 o/ w ¢
BIE/S &7 8 LA VRN VS - 1
14 673 & € L R B V4B
54 4/7 € 9 . LR I VA BN £
CTE7S YEY T T e e e e s v TE R/ S bR
24 bfu § 8 *u B %% 4 /e T RY
¢ 6/1 2 #8 LI L 5 B VS B ]
¥ 6/T7B 1D . - * s e xS KT B LT
50 673 4 £ & A% x4 * 4+ 94 544§ B
60 /% & 7 8 LI SRR A LY LI N
LI Y4 A 1 T—— A o 2t L 0 SN0 TR ' B VA SF S A 1]
e b/S 2 10 # 4 e % ¥ 3 25 g/y & G
S& 6/4 & ¢ & AL £ I YA
WEETYT T T T UORTR S N e TEETEYC kY8
2T /5 8 Y A ASEE I NILEERL
S4 /3 4 8 18 IRt Y RN
TYRVET Y - e — T AT WY TG 4T TR
62 b/t 1 8 8 *owoe v ox ¥k 55§30 5B
29 4/5 & & LA B I L R S V0 B
T‘Vm'n"u’"“""“—"‘“ ST e T T e - B A TRTW % 2 &N ’T!'sga } 1
61 675 & 7 10 ®oR ok od w0 65 6 T 9
58 676 % & 190 ®oe ke 33 876 7 10
SN eSS T T T FETRTW M T W 71T 5E
53 /3 ¢ % 9 R 8 /2 Y 4
63 676 1 & 10 L L B 5t /4 5 & 8
LIS T4 IR 2R et - - T W BIT YT
Yy /1 28 L I Y 130 648 & 10
% 6/a B N RN j_agéllf!
ZETBTETS AW T W e - “ErTY
38 8ry 2 %S LI is b/3 4 8
bo /7 B 9 in L] LI 75 B
LA O B L - ]
ARG &/2 3 4 8 LA /a8
‘32 6/6 1 9 N 12 6/6 79
T e ¥ s I -
22 b/e S & LI 23 474 5 Y7
4y 471 2 3 8 . LR 38 /1 £35S
ITEIETE hd - /-8t
4 /1 23 % * P L R YAUr I i)
43 871 23 10 * HELBERR)
T §72 %% - LA S - t o 4
“E b/ Y 47 LR ] QB2 28
&/l 27 . 4u b2 30 %
R R ” R T T st TN 3% o |
‘2) 873 & 30 LIRS it /2 3 10
4 42238 LI 40 6/2 3 8
B T MR o o J - - AN
up 6/1 2 %2 7 LI ] 4y bs2 3 a4 &
8 8/ 2 10 ] 8 841 2 10
TTETEYNY - S o ) womm e e 4y /% 3 ¢
Y es/1 89 R 4h 672 3 a7
1% 872 3 10 L] 48 v/ 3w 9
r Y4 S ey Reaeih e e F- s
37 6/ 2 ) 4 L ¢ £/ F R
20 6/3 4 8 L 1Y 841 5 Vo4
TN T - - e F4urE 39
3% 473 2 3 6 * /5 672 ¥ 0 &
a9y &/2 3 ¢ 10 L 1 /1 23
17 8/3 4 ¢ . e bsy 27
1 672 Y & » 6% ssCCATREL
o871 2 e * 81 /1 4 £ 7
1 0/8 23 . e - 17 b/3 & &
BE EITTNTRGL o T BT 8/CONTREL
6% 6/CONTRCL + 7 641 2 9
66 6/CCNTROL L * . 8% &/CENTRCL
BY H/TURNTETL ¥ T T FEEILUNTECL
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tions to Synedra (bioassay 6 and 7).

Table 25. Linear relations between different estimates of biomass for multiple salt addi-

T Dependent Independent Number of Correlation Equation
Variable (y) variable (x} Data Points Coefficienta y = mx + b
X (fluorescence) Specific Conductivity
{3 & 4 salt ( umhos/cm) 68 -0.5570%*% y = -222.8x + 1.313E06

additions)
X (fluorescence)
(> 4 salt additions) 60

X (fluorescence)

(all Synedra data) 354
i (fluorescence)
(3 & 4 salt additions) 68

~0.3227%* y = 1.200E03x + 1.906E07
0.3750%% y = 1.526E04x + ~3.571E08
~0.4734%% y = -6.307E03x + 3.718E07

alf marked with (*), the value of the correlation

coefficient is significantly different from zero at

P > 0.99. If marked with (**), the value of the correlation coefficient is significantly different from

zero at P > 0.95.

i heterocysts : NaHCO3 > Anabaena

R control
X phycocyanin
fluorescence Anabaena control >
all salts - CaSOy4
{i phycocyanin
fluorescence : caClyz, KXKHCO3,
NaHCO3 > Anabaena
control T

| The effects of these salts on the growth
' depression of Synedra (Table 27) were as
follows:

X cell counts : all salts > Synedra
control

cell counts : Synedra control >
NacT,TaCly, MgSo4,

e K504, CaS04,

b

- R MgClsy
X carotenoid
fluorescence all salts - NaHCO3,
CaS04 > Synedra
. control T
U carotenoid
fluorescence : all salts - KCL >

Synedra control

Scenedesmus data analyzed by the same method
(Table 28) provided the following results:

% cell counts : All Salts - MgS04,
NagS04 > Scenedesmus
control — T
i cell counts : Scenedesmus control
> TaCly, X250,

MgCly, CaSO4, MgSO
Chlorophyll a ’ gob4

fluorescence : CaClz, KCL, MgCly,
NaCl > Scendesmus
control

gy

>

g Chlorophyll a

_% fluorescence : CaClg, NaCl, Na2S04,
g KHCO3, NaHCO3 >
Scendesmus control

37

Growth depression for the three algal general
occurred in the following order:

¥ cell counts : All salts - MgSO04 >
3 algae control

=

cell counts : three algae control >
NaCl, CaCly, CaS04,
MgCly

Linear correlation coefficients were used to
assess the cell count biomass measurements
with the fluorescence biomass measurements
(Table 29). Anabaena consistently provided
the lowest correlation values with the
fluorescence data and the total cell counts
consistently provided the highest correla-
tions with the fluorescence data. Although
Scenedesmus correlated the best value with
the chlorophyll a fluorescence measure-
ments, Anabaena did not correlate the best
with the phycocyanin fluorescence measure-
ments and Synedra did not correlate the best
with the carotenoid fluorescence measure-
ments. Specific conductivity correlated
better with the fluorescence measurements
than with the cell count measurements.

Comparing the overall growth depression
of the three algal genera bioassay to the
growth depression produced in the comparable
Synedra biocassay, growth depression occurred
in the following order with the percentages
quantifying the relationship:

X chlorophyll

fluorescence : Syndedra (38 percent)
> three algae

o

fi chlorophyll
fluorescence : Synedra (50 percent)

three algae

I



Table 26. Duncan's multiple range test for Anabaena (bicassay 9).
\ ~
X U
Anabaena
4 §7 NAWCOS : : * 9 97 NAKLU3 *
10 9/ KHCO3 * 16 9/ KHCC3 *
4 97 catLe * 11 S/ANABRENA CONTRLL *
197 RGILE T - - w AT TRLERE TENYRCL *
2 %7 ®CL . 7 9/ MGSC4 *
14 973 ELCAFE CLATROY LI 6 9/ %2504 *
12 9/SCENEDESMLY CONTRCL LI %97 NAZROA o
1 9/ NACL or e 2 9/ kCL '
13 9/8YNECRA COATRGL 4o 1 9/ NACL b
B b Gy ®K2STE T L Y G7EVRFORY CTATENL i
T 9/ MGSC4 LI 4 9/ CACLZ o
5 9/ wA2504 L] 12 9/8CENFDESMLE COMTRIL .
11 9/ENABAENA CONTRCL * o TR/ CASCY *
8 9/ CaScy * 3 9/ ¥GCL2 N
Heterocysts
49, NAWCD3 . 9 87 NSmO0Y )
16 97 xwCO3 . 16 8/ wrif3 . .
3 9/ MGCL2 * 12 3/8CF--ifsrle CO0TRCL o
Fan 20 o 1+ - e 2 X9/ RGLLZ .
2 8/ KL . 4 97 CaCcL2 e
6 9/ n2804 * A 1 97 NBCL B o 4 2 &
Y97 KACL PO TY G/AREREFYY CRANTR 4 F 3
5 9/ NA2SOY . 13 9/SYNENER FEATRAL pee
Y P‘GSOU PR 8 97 CABry I Y
TU97T ALKEE TORTRTL e Fw &9/ wescd N
12 9/8CENFOFSMLe CONTRLL . 7 9/ MGSCd s
11 Q/anABBFAA CONTREL « » 14 973 ALGAE ccutFOL - a oA
TY-Y/SYNEPRA TONTROL — % 5 97 NEZSTT .
8 9/ CASO4 * 2 9/ ¥CL *
Phycocyanin
‘4 9/ CaCLZ 497 cacr2
11 9/aNABAENA CONTRCL 10 97 xkCe3 N
14 9/3 BLGAE CCATROL » 9 97 MAMECO? L
BT/ KEZSOY T * TE 973 ALGAF CCNTRCL '
6 9/ %2804 Al 6 9/ K2504 o
12 9/SCENFDESHLE FORTROL . 12 97SCENEDESMLS CONTRCL .
1597 RRCOF- - B BAAhis - ttada e .
3 97 »GCL2 + 13 9/8YNERRA CORTRPL * o
2 9/ KCL . * 1 9/ naCL » e
T 97 KELL - T TR TTY9F MECL2 ¢
§ 9/ NAWEDE * 8 9/ CASC4 e
8 8/ CASCe * 2 9/ KCL o
Y9/ PGSO4 : * YT W7ERAREFNE (FNTRTL L
13 9/SYNEDRS CORTROL * 7 9/ vGSCY *
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Table 27.

Duncan's muliiple range

test for Synedra (biocassay 9).

-
e LU I B RE AP, VRV o3

d.-

-
R O 3

TTSTERFIFSWLE CONTRTL ©7 0

X

9 9/ NAPCCE
18 97 xhLC3
g 9/ KNA2SOW
> §3 G/SYNERPA
18 9/3 ki GAE
2 9/ KCL
T O/ANEREFRE TIRTREM]
1 9/ nalL
4 9/ CACLZ
7 97 MGSCU
& 97 K28C4
8 9/ CASCu
T2 97STERFLESOLE TIMNTROT
3 7 #GLL?

CCRTROL
COLTRCL

. . om o

* = >

97
9/

CACLZ

MGCL 2

9/ #CL

¥/ WNECU T T
GZANARAFRNA CORNTROL
973 &LOGAF COATRCL
9/ K&sna

9/ NARSOA

9/ KHCQ3

9/ rGSCY .
§7 wAHCOY . o»
Y/SYNFCRA TONTRIL . *
9/ CAS04 *

Synedra
9 9y NARCOS
u 9/ CaLL2
10 9/ xrCC3
“TY S/ANABAFEMA COAYACL
1 §/ NACL
3 97 #6CL2
TTEYTASCA
& R/ x2sru
9/3 BLRSF CCNTFOL
T g/ NA2SCH
9/SCENFDESHLE CrARTRNL
Y 9/ MPGSCU
VAR AN
G/GYNFPRE CONTHC

* % % » %

Carotinoid

9 9/ MAKCGE
* 10 9/ KKCO3
* 11 9/7ANABAENS CONTROL
.-
* 5 6/ nA2504
.. 4 97 CaCL?2
* ¥ 97 CASCA
* T 9/ HGSC4
14 973 ALGAF CONTRCOL
TTETW7URESTE
1 9/ N&CL
2 97 KCt
Y W/ FGCLE
13 S/SYNEQRSE COATRCL

TTTUFETENFUESYLR [CRTRCL

. &

- % e w

* kX B &

- & »

* % % o *

L 2 O
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Duncan's multiple range test for Scenedesmus (biocassay 9).

Table 28.
% ~
Scenedesmus

9 9/ NAHCCS . S 9/ NAHCCY *
10 8/ KRrCNT . W

11 9/ANABAFNA CCANTRCL L 12 Z; rﬂgg:q . :
13 9/SYNFLRE COKTRCL ¥ oaoe TU 9/3 ALGAE CCATERL + o

3 9/ MGCL2 ko 12 9/SCENEPFSMLE COATROL LI

1 9/ KECL ko 2 9/ k(L PR

4 9/ CACL? * o T{ 978 AAaFna CraTeeL o

A > 5 -

A 4 97 Caly *

14 9/3 ALGAF CCANTRCL * 13 qlehFE:A CONTERL R

€ 9/ rescu * € 9/ h2s8Cu .

S 9/ nA2SQOU o 3 9/ mMGCL2 ‘

12 9/SCENFDFSMLS CCATIRCL * "8 87 Ca5CU ‘

7 9/ MGSGY * 7 9/ mMGSru .

Chlorophyll a

a4 9/ caCL2 9 9/ winCC}

2 97 k(L * 10 9/ wrHCr3

11 9/ANABAFNA CTCATRCL * 14 9,3 aLGAF CCANTRrFY *

3 97 ¥GTLZ L] S 9/ NA25C4 *

1 9/ NACL % 1 9/ naTL €

6 S/ k2scu e 4 9/ CACL?2 o
14 9/3 ALGAE CCANTRGL * B 97Casrd 'R
12 9/SCENFDESMLES CCATRCIL L & 9/ x28ry X+ @
10 9/ KHCQZ * 3 87 GCL 2 P o4
I3 9/SYNFORE CCKTRCL ¥ @ 9/ KCL ot o

S S/ MA2804U . 12 9/8SCENFDESMLS CCATRCL %

9 9/ narCQ3 11 S/ANABAFNA CrRNTRCL .

7 8/ MGSCu * TY 97 ¥GEta *

8 9/ CASCY * 13 Q/SYNFPKA CCATRCL *

Total Cell Counts

9 9/ NAHEOZ * 9 9/ MARCHE »
10 97 KHCC3 * 10 9/ xheny *
4 9/ caCL? LI 11 9/ANAKAENS CPNTRCL %
11 9/7ANESEENE TEKTRCT Dt 2 T3 9/SYNFERA CCNTECL .
1 97 NACL % & 9/ x2504 «
3 9/ vGCL2 . S 9/ NA2S(U4 . %
2 9/ KkCL ] TT 973 AUGEF TCNTRFL R
13 9/8YNEDRA CONTROL * 12 9/SCENErFSMLE rrNTRCL N
8 9/ CASQu * 2 9/ KkCL e
TZ S/STERFLFSFLE TORTRTL LA 7 9/ MGSr4 LI

6 9/ k2804 4 1 9/ MACL *

5 9/ NA2SGY - 4 9/ cacL? .

T 97 w6804 * @ 9/ TASTU .
14 9/3 ALGAF CCaTRCL * 3 9/ MG 2 .
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Table 29. Linear relations between different estimates of biomass for single salt additions
to three algal genera.

Dependent Independent Number of Correlation Equation
Variable (y) Variable (x) Data Points  Coefficienta y=mx +b
Phycocyanin fluorescence Number of Anabaena/ml 125 0.3052% y = 2.105Ellx - 2.604E21
Chrotenoid fluorescence Number of Anabaena/ml 125 0.3679% y = 9.038E10x - 1.118E21
Chlorophyll a fluorescence Number of Anabaena/ml 125 0.3834% y = 8.599E10x — 1.064E21
Phycocyanin fluorescence Number of Scenedesmus/ml 125 0.5698%* y = 5.709E11x — 4.173E22
Carotenoid fluorescence Number of Scenedesmus/ml 125 0.6917% y = 2.436Ellx - 1.701E22
Chlerophyll a fluorescence Number of Scenedesmus/ml 125 0.7700% y = 2.171Ellx - 1.587E22
Phycocyanin fluorescence Number of Synedra/ml 125 0.6568 % y = 2.823E1lx - 1.118E22
Carotepoid fluorescence Number of Synedra/ml 125 0.5550 % y = 1,731E1llx —~ 6.852E21
Chlorophyll a fluorescence Number of Synedra/ml 125 0.4408 * y = 2.162El11x — 8.558E21
Phycocyanin fluorescence Total # algal cells/ml 125 0.7561 % y = 5.870Ellx — 7.574E22
Carotenoid fluorescence Total # algal cells/ml 125 0.8202 % y = 2.804E1lx ~ 3,617E22
Chlorophyll a flucrescence Total # algal cells/ml 125 0.8407* y = 2.712E11x — 3.499E22
Phycocyanin fluorescence Specific Conductivity

( y mhos /cm) 125 -0.3061 * y = -1.907EQ04x + 5.70Q0E07
Carotenoid fluorescence Specific Conductivity

{ u whos/cm) 125 -0.3019 % y = -1.002E04x + 2.995E07
Chlorophyll a fluorescence Specific Conductivity

( umhos fcm) 125 -0.2627 * y = ~1.142E04x + 3.412E07
Number of Anabaena/ml Specific Conductivity

( u mhos/cm) 125 N.S. -
Number of Scenedesmus/ml Specific Conductivity

( umhos/cm) 125 N.S. -
Number of Synedra/ml Specific Conductivity

( wmhos/cm) 125 -0.3038 % y = =5.764E-08x + 3.957E10
Total # algal cells/ml Specific Conductivity ‘

( pmhos/cm) 125 ~0.2282 % y = —6.272E~01x + 1.290Ell

alf marked with (%), the value of the correlation coefficient is significantly different from zero at

P > 0.99.
zero at P > 0.95.

I1f marked with (#%),

Evaluation of Elutriates and Leachates

of 01l Shales

Chemical Evaluations

The cations and anions prevalent 1in
previous spent o0il shale analyses in the
literature were also prevalent in the analy-
ses of AP shale (Appendix A-1) which was
leached in the up-~flow column (Appendix A-2).
These analyses are grouped by the elapsed
time at which the leachate was collected from
the column. The analysis period extended
over day 1 to day 12. The total concentra-
tion of the 1ons and the pH of the leachate
decreased steadily. Throughout this time
period the anion concentrations {(meq/l)
remained in the same order of dominance:

S04 > HCO3 > Cl

The relative abundance of the cations with
the exception of potassium and boron shifted
during the analysis period as follows:
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the value of the correlation coefficient is significantly different from

Day 1 : Na>Mg >Ca>K>8B
Day 2 : Na>Ca>Mg >K>B
Day 3 : Ca >Mg >Na>K>B
Day 5 : Ca > Na >Mg > K > B
Day 9 & 12 : Ca > Mg > Na > K > B

The cation and anion data were also normal-
ized to the last analysis day to facilitate
comparison of the relative abundance of these
ions over the analysis period. Trace metals
concentrations {( p g/l) occurred in the
following order of abundance:

Ba > Zn > Fe > Mn > Cu > Ag > Pb > Se

The chemical analyses of the Type I and
Type Il elurriates for all the shales studied
are summarized in Appendix A-3. For each of
the shale identification codes, the first
letter refers to the process used to extract
the o0il and the second letter identifies
whether it is processed (8) or unprocessed
R). The chemical analyses were checked by
calculating the ion balance for the leachate



and type 11 elutriation procedures (Table
30). The chemical analyses data for the Type
1 elutriation procedure were balanced assum-
ing an HCO3 concentration. Alkalinity
analyses were not conducted on the Type I
elutriation samples. The Type 1 elutriate
for the AP shale is comparable to the day 1
leachate composition, with similar electrical
conductivities and the same dominance orders
for cations and anions. The Type 11 elu-
triate for the same shale is comparable to
the day 2 leachate with similar electrical
conductivities and dominance order for the
concentration of cations. The pH of the Type
11 elutriate was higher adding €03~ to
prevalent anions present in the solution.
The concentration of €03 was less than
the Cl and otherwise the dominance of the
anions was the same as the day 2 leachate.

Effects of 011 Shale Elutriates on
Acclimated Selenastrum

Type 1 elutriate (10 ml) was added to
cultures of Selenastrum. Growth depression
occurred in the following order:

Cp > BP = DP = DR = BR =
Selenastrum = CR

TP = BP = BR = DP = DR = CR >
Selenastrum

¥

=

Effects of 0il Shale Elutriates on
Scenedesmus

The effect of varying concentrations of
0il shale leachates and elutriates on the
growth of Scenedesmus varied with the shale
studied (Table 31). The AR elutriate and the
AP leachate both showed variations im X with
variations in concentrations, while the other
elutriates did not show any effect. Figure
13 is a summary of the growth curves for the
AP spent leachate comparing the growth curves
at different concentrations of leachate addi-
tion to the growth curve of the Scenedesmus
control.

Raw and spent shales from A and B
processes were tested. The raw shale elu-
triates exhibited approximately the same
amount of growth depression of Scenedesmus.
The spent shales depressed growth 1n the
following order:

Table 30. Summations of cation and anion analyses of the 01l shale leachates and elutriates.

Material Extraction
Extracted Procedured Cations Anions
AP Leaching 178.6 161.8
AP Leaching 131.9 128.3
AP Leaching 75.18 66.45
AP Leaching 45.70 40.25
AP Leach ing 21.08 22.34
AP Leaching 11.81 12.46
AP Type I Elutriation 107.21 167.21
AP Type II Elutriation 90.05 93.87
AR Type I Elutriation 5.21 5.21
Type II Elutriation 1.845 1.917
BP Type I Elutriation 34.84 34.84
Type II Elutriation 21.906 21.289
BR Type I Elutriation 2.284 2.290
Type 1I Elutriation 1.335 1.269
CP Type I Elutriation 4.79 4.79
CR Type I Elutriation 2.87 2.87
DP Type I Elutriation 61.73 61.73
DR Type I Elutriation 4.98 4.98

4Type I elutriation analyses balanced with assumed HCO3™ concentration,
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Table 31. Duncan's multiple range teslL of complex additions to Scenedesmus (bioassay 10).
X ‘ H

3 2unl AR ELUTHIATE 1 20ML AR ELUTRIATE
2% 29M|, AP FLUTPIATE 41 CONTROL *
27 107l 8P FLYTRIATE " 32 SML 8P SALTS xn
42 ConTROL ‘ ko 15 10ML AP SALTS L
a4 CONTPOL * o 36 SML AP COLUMN LEACHATE xR
48 CONTROL * % & 45 CONTROL *® * & &
26 15ML BP ELUTRIATE LA 44 CONTROL k¥
21 20ML a” SALTS LA 16 SHL AP SALTS Nk xR
15 104f »P SALYS B oxow o 20 SML sR ELUTRITYE LA
7 15ML AR SALTS Bowox ok & 1SML AP SALTS "R R
22 154U RP SALTS LA 31 10M, 8P SALTS "L ]
37 SML 8P SALTS LI 40 SML AP COLUMN SALTS "EEEERE]
20  sML #% ELUTRITYE LR T R I 42 CONTROL PRSI N I
4 SML R ELUTRIATE LI I B 12 SML AP ELUTRIATE PEE BT T I
28 5ML 8P ELUTRIATE LA R 21 20ML BR SaLTS * ok ok ok % * kW
24 SML 8% SALTS LA A B 25 20ML wP ELUTRIATE PRI IR I
36 1GML MP SALTS LR I B ¢ 13 208 4P SALTS 'EEEREEE N
43 COUTROL LEL L A A 30 1SML BP SALTS LR I 2R R AR A
10 159, 4P ELUTRIATE LR B A 34 15ML AP COLURN LEACHATE R EEEEENR]
33 2oL aP COLWAN LEACKATE L B L ¢ 43 CONTROL T EEEEEERER

23 teML a® SALTSH L L B B I 4 29 20ML BP SALTS R EEEREER

6 154, &R HaLTS LA I L L 9 20ML AP ELUTRIATF * ok & K Kk K % K K ¥

9 2L AR ELUTRIATE L O A % 20ML AR BALTS N E R R

31 jo¥p 8P SALTS "I R I B 2 T 1OML AR SALTS IR 2R B B 2R 2R B 2

3 LoML ar BELUTRIATE L B 23 1ML AR SALTS PR BB B AR I

39 10M, AP COLUMN SALTS LI B . & SML 4R ELUTRIATE PR IR B B N

§ poML AR SALTS L B N 26 ISML RAP FLUTRIATE L B B BB I |

14 18ML &0 SALTS L A 18 1S¥L B8R ELUTPTATE R EER

PR R BALTS LA N 1Y 20ML B8R ELUTHRIATE LR 2R B B B A

12 SeL AR ELUTRIATE LR B B N B 24  SML B8R SALTS B EEEEEE

2 157, 83 HUUTRIATE M S B A 14 1SML AP SALTS 'R EE R

41 cuntrop LR IR 2 B B ] 27 1o0ML BF ELUTRIATE * h K & ok koW

te SS9 a® SapTs * & ¥ o * kK 2B SML HP ELUTRIATE I BRI R

38 15YL AD (LU SALTS LI 10 1SYL AP FLUTRIATE PRI B

26 pnmp AP Ral fR LR R I T A 8 &M AR SALTS PR I I

8% puri 49 LULuan LEACHATF * x % & k& 35 10ML AP COLUMM LEACHATE AR

13 2pL #P SALTS LB B B £0 10ML BR FLUTRIATE RN

19 104 RR FLUTFTATE LI AR AN 38 15ML AP COLUMN SALTS * w * &

té 1SML Aw FLUT?[ATE »ox & ¥ 33 JOML AP CULUMN LEACHATE  * ok w

37 2a4p &R COLLy SALTS TR 39 18ML ap COLUMT SALTS LA

36 BML AT CuULy-t LFACHATF  » 11 101 aR FLUTFIAFF * *

17 20t MR FLUTNMIATF * 22 1SML 8F SaLT§ L

34 36y 8P COLY 5 LFACHETY ¥ 37 20ML ab (oL SALTS

qa s ap COLbn SALTS * 2 1Sk AR FLUTRIATE

11 10ML AP FLUTHaTH * 3 10, AR rLUTMTATE

Legend! 1=mg 804, 2=mgCly, 3=K,804, 4=KCl, 5§=KHCO3, 6 = NayS0y, 7 =NdCl, 8 = NaHCO3, 9 = CaS04, 10= CaCly




AP elutriate > BP elutriate

The growth of Scenedesmus was less in the BP
shale elutriate than the growth inm the raw
shale (Figure 14).

Significant linear correlation coeffi-
cients for the X and i data for Scenedesmus

are summarized in Table 32. The electrical

conductivity correlated at a low level with
the X data and not at all with the H
data. The heavy metals did not correlate
with either % or fi.

Unlike the results with Selenastrum and
Synedra, the electrical conductivity of the
culture media did decrease significantly
during the bioassay with Scenedesmus. An
example of this is shown in Figure 15 by

showing a linear regression on the electrical
conductivity data versus time for the bio-
assay flask treated with AP leachate.

Comparison of the Salt Effects to the
01l Shale Elutriate Effects on the
Product ivity of Scenedesmus

The effects of o1l shale elutriates were
compared to the salt effects by comparing the
growth of the controls consisting of AAM plus
salts equivalent to the salinity of the
extract (determined by analysis) to the
growth of the extract additions The raw
shales both showed better growth responses
than their matching salt controls. The spent
shales produced the opposite effect with the
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Figure 13. Concentration effects on the growth of Scenedesmus (biocassay 10).

Table 32. Linear relations between different estimates of biomass for complex additions to

Scenedesmus (biocassay 10).

Dependent Independent Number of Correlation Equation
Variable (y) Variable (x) Data Points Coefficienta y=mx +b
X fluorescence Specific Conductivity 80 0.2407% y = 7.619E04x - 7.480E07
( mhos/cm)

aIf marked with (%), the value of the correlation coefficient is significantly different from zero at
P > 0.99. If marked with (**), the value of the correlation coefficient is significantly different from

zero at P > 0.95.
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spent shale showing less growth than the
matching salt controls. This effect of the
spent shale and matching salt control is
shown in Figure 16. Significant differences
(P - 0.95) in growth rate measured by fluo-
rescence occurred although no significant
difference in X was found.

Pearsall ion balances (Na + X/Mg + Ca in
mg/l and meq/l) of the salt spikes and the
o1l shale elutriates were linearly correlated
to the X and I for each concentration of
additions. No correlation could be found
between these variables.

16

14 p-
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%2 10 p~
b
5 8~
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A
g 6 - SPENT SALT CONTROL
g —{x— SPENT SHALE ADDITION
2, |
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2

0 | | { ] ] ] 1 J

O 2 4 6 8 10 12 14 16
TIME (DAYS)
Figure 16. Comparison of the growth of Scenedesmus grown in the presence of BP oil shale
elutriate and its matching sa control.
Growth
Stimulation
0 .
Concentration ——»
Growth
Depression
Figure 17. A beta toxicity curve (Luckey and Venugopal 1977).
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DISCUSSION

The results with respect to each of the
five study objectives stated at the beginning
of the report are discussed below.

Utilization of Batch Bottle Bioassay
for Toxicity Testing

Test Algae

Comparing the algal species tested for
salt toxicity, these algal species displayed
the following sensitivities to salt:

Selenastrum > acclimated Selenastrum >
Synedra > 3 combined algal species

The indigenous diatom, Synedra, did tolerate
higher salt concentrations than the test
organism, Selenastrum. The acclimation of
the Selenastrum did improve its ability to
tolerate 1increased salt concentrations,
but the acclimated Selenastrum did not

10ns
The addition of three

as did the Synedra.
flask displayed

algal species to each test
the least sensitivity Lo salt.

The greater tolerance of the indigenous
algae to salt solutions illustrates the
necessity of using indigenous organisms when
testing for toxic responses. If indigenous
algae are not available, then acclimation of
the standard test algae to the receiving
water is necessary. If possible, acclimated
Selenastrum should also be used in order to
establish a data base which is comparable to
other algal biocassay data.

Variations in Biomass Monitoring Techniques

Variations occurred in the biomass
measurements used to monitor the growth of
the test algae. The optical density measure-
ments were subject to interference from
precipitates which occurred as the pH in-
creased in test flasks of the less soluble
salts such as CaSO0;, This measurement also
displayed less sensitivity during the first
days of the bioassay when the maximum speci-
fic groweh rates (fip) occurred.

The fluorescence measurements were also
subject to interference from precipitates,
although this interference was not as great
as the precipitate interference with optical
density. The toxic response of algae
to some compounds is chlorotic, which affects
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the algal fluorescence measurements. Chloro-
sis did not appear to be a problem with the
toxic substances tested but should be con-
sidered as a possibility when considering
biomass measurements with chlorophyll a
fluorescence. The depression of algal
photosynthesis after the transfer of algae to
a higher salinity media has been stated in
the literature (Stewart 1974).

Automated cell counts adjusted to the
mean cell volume appeared to have the least
variability of all the biomass measurements.
Cell volume does significantly change in the
presence of different toxicants, there-
fore the adjustment of the cell counts with
the mean cell volume for biomass purposes is
necessary and also more equivalent to bio-
mass.

The results of the bioassays therefore
were based on automated cell counts adjusted
by the mean cell volume when these data were
available. Otherwise chlorophyll a fluores-
cence was used. The optical density biomass
measurements although collected, were not
used in the analysis of results. For this
reason, it 1s suggested that, if possible,
an indigenous algal species be selected for
toxicity testing that would be compatible
with displacement cell counting techniques.
This would necessitate an alga which 1is
unicellular and bas a morphologically simple
shape.

three different fluorescent
characteristics to differently monitor the
growth of three different algal species
requires further research to develop a simple
yet reliable method. The phycocyanin fluocres-
cence, carotenoid fluorescence and chloro-
phyll a fluorescence all correlated better to
the sum of the three algal direct cell counts
than they did to the individual Arabaena,
Synedra, and Scenedesmus cell counts respec-
tively. The Anabaena cell counts correlated
better with chlorophyll a fluorescence than
the phycocyanin fluorescence suggesting that
the chlorophyll a content of the Anabaena was
easier to detect than the phycocyanin con-
tent. The Synedra cell counts correlated
better with the phycocyanin fluorescence
suggesting that the carotenoid peak of the
mixed culture was probably closer to the
phycocyanin wavelengths than the carotenoid
wavelengths used for monitoring the biocassay.
The proximity of these fluorescent peaks
would be the cause of this interference at
the 60 nanometer bandwidth used for this
analysis.

The use of



Effects of Salinity on Freshwater
Phytoplankton

Concentration Effects

The concentration of the compounds
produced variable effects depending on the
test alga and the compound. The ions being
studied are hormetins, toxic agents at higher
concentrations but stimulatory at lower
concentrations (Luckey and Venugopal 1977).
With the exception of Na and HCO3, the ions
are required ions for algal growth and so
follow a beta toxicity curve (Figure 17).

AAM 18 a medium designed to provide all
the required nutrients necessary for algal
growth, with algal growth terminating from
phosphorus limitation. Because of Liebig's
Law of the minimum, an increase in biomass
would have to include the addition of a form
of phosphorus which the algae could utilize.
Therefore, the growth stimulatory effects of
the ions under study were eliminated, and the
toxic concentration effects were expressed.
This did occur using Selenastrum as the test
organism, with growth depression occurring at
the 0.004 N (250 mg/l/as NaCl) concentration.
Growth depression increased as the concentra-
tion increased. Therefore, the full nutrient
growth potential of the medium was not
utilized by the Selenastrum because of the
effects of salinity added to the AAM medium.
Both the X and i, were depressed.

LPS is an AAM based medium to which
additional salinity has been added to equal
the salinity of Lake Powell. No growth
stimulatory effects were found using Synedra
as the test organism. Growth depression
began at the 0.05 N concentration and 1in-
creased as the concentration of salts in-
creased. However, Scenedesmus did exhibit
growth stimulation with the addition of
complex salt solutions. This would suggest
that one of the salt ions under study and not
phosphorus was limiting the growth of Scene-
desmus. Vanadium (V) is a required trace
element (Provasoli 1958) for the growth of
Scenedesmus and LPS does not include V in the
trace element addition. Provasoli (1958)
also states that impurities in reagent salts
used in nutrient media contain sufficient
trace metals except Fe and Mn to support
freshwater phytoplankton species. Therefore,
not only the salt ions tested but also the
trace metals, specifically V, may be limiting
Scenedesmus growth. This apparent vari-
ability in the nutrient requirements for
different algal species demonstrates the
importance of identifying changes necessary
in the media to maintain a known element of
limitation when utilizing indigenous species
for toxicity studies of complex wastes.

Effects of Different lonic Species

‘ Differences in ionic toxicity did exist
with single salt additions to Selenastrum and
Synedra. Mg was more toxic than the other

48

cations for both of these algal genera. Mg
is an essential ion for photosynthesis. It
is the central chelated metal in chlorophyll
a molecules. Mg is the ion with the smallest
hydrated radius (8 B&ngstrums) of the group
Il elements in the periodic table (Stumm and
Morgan 1970). Na (4 &) hydrated radius,
which also exhibited the same toxicity as Mg
with single salt additions to Synedra, has
the smallest hydrated radius of the group 1
elements of the periodic table. This
smaller hydrated radius may have allowed
greater selective adsorption of these two
cations compared to the other cations in
solution. Synedra, unlike Selenastrum, did
react selectively to anion toxicities.

The order of toxicity of the anions was
reversed from their order of solubility and
the size of their hydrated radius did not
appear to be significant. $04 (4 R) was
the most toxic anion to Selenastrum. Most
algae have Lhe ability to reductively assimi-
late 804 to sulfide, which is essential
for algal growth and cell division. Most
algae also have the ability to reductively
assimilate 503, The hydrated radii_of HCO3
and Cl are 4 & and 3 % respectively. HCOj3
was the most toxic anion to Synedra.

Anabaena is a cyanophyte which has been
mentioned in the literature as a dominant
genus in high salinity (TDS > 1 g/1) environ-
ments. In the presence of all of the salts
except CaS0,, the maximum standing crop of
the heterocysts decreased. Heterocysts are
specialized cells of Cyanophyta which
are present when nitrogen fixation by these
algae occur. This would suggest that the
medium may not be nitrogen limited for the.
Anabaena in the presence of these salts. The
number of vegetative cells of Anabaena
were low in the test flasks as compared to
the Synedra and Scenedesmus. However, the
short duration of the bottle test may have
precluded Anabaena dominance. Blue-green
algae are thought of as generally having
slower growth rates than green algae (Stewart
1974). Also, this Anabaena was a standard
test species rather than an indigenous alga
as were the other two genera representatives
tested. Also the bioassay light level may
have been high enough to inhibit the growth
of Anabaena because generally the standard
test requires 200 f-c not 400 f-c for blue-
greens (APHA, 1975).

A significant difference in the toxic
response of Selenastrum because of in the
synergistic 1interactions of cations and
anions was shown. This effect appeared to
control the amounts of depression of growth
of all of the algal species tested when more
than one salt was added to the medium.
Therefore, when complex salt solutions are .
added to receiving waters, measurement of one
dominant ion pair cannot be used to predict
the effect of the salts on the productivity
of the phytoplankton.



Evaluation of Concentration
Meagsurements

Concentration measurements may provide a
better means of assessing the effects of
increased salinity on the productivity of
freshwater phytoplankton. Osmotic pressure
correlations from the bicassays with Selena-
strum and Synedra were significant, but very
Tow. This correlation was still less than a
linear correlation of the same biomass data
to electrical conductivity,

the most
with

Although
consistently

consistently low,
significant correlations

biomass measurements for all the algal

species tested were obtained with specific
conductivity. These correlations were better
with X than with ¥ results. This linear
relationship did not hold when grouping data
from all the Synedra bicassays. Therefore
there were some inconsistencies between
bioassays that were apparently a result of
the different experimental conditions.

The other concentration measurements
tested did not provide consistently signifi-
cant correlations with any of the biomass
measurements. The correlations of the
activity coefficient with the biomass data
may have been lowered due to the calculations
used. The measured activitiles which were
linearly correlated with the Scendesmus
biomass data suffered from problems: 1) The
activities of most of these solutions were at
the lower end of the sensitivity range for
the measurement technique utilized. 2)
Calculations of activities and osmotic
pressure based on limiting laws are not
applicable to solutions of mixed electrolytic
charges and the biocassay data support that
conclusion (Stumm and Morgan 1970).

Evaluation of the Corps of Engineers
Standard Elutriation Procedure

The chemical compositions of the two
types of elutriation procedures and the
leachate procedure were compared for the AP
shale. The Type 11 elutriation procedure
foilowed the Corps of Engineers standard
elutriation protocol. The Type I elutriation
procedure provided comparable data to the
leachate produced from an up-flow column on
the first day of operation. The Type 11
elutriation procedure produced comparable
data to the day 2 leachate analyses, except
the pH of the Type 11 elutriate was higher
than the day 2 leachate. Otherwise the major
ions present in the elutriate were comparable
to the leachate of each day.

The leachate did provide the additional
knowledge that the composition of the major
cations changed in order of dominance over
the extraction period and the pH increased
steadily during the extraction period.
Therefore, the ion composition and pH of the
leachate from the spent o1l shale disposal

sites will change depending on the contact
time of the disposal water. Both of these
variables affects the biostimulatory or
toxic responses of phytoplankton and so the
contact time of the leachate with the dis-
posal site shale could change the phytoplank-
ton response to the leachate.

Problems in the utilization of the Corps
of Engineers standard elutriation procedure
could occur because of the difference demon-
strated with the leachate procedure. The
water passing through a spent shale disposal
pile will be moving at all times. The
contact times of the water and shale will
vary but with the recycling of this water, a
longer contacet time, such as the 48 hour
contact time of the Type 1 elutriate may
provide an elutriate more characteristic of
the leachate from spent shale disposal
sites.

The Type Il elutriate procedure did not
totally wet the interior of the most hydro-
phobic shales. The standard elutriation
procedure was obtained from standard soil
analysis and designed for testing samples
from dredged sites, but the hydrophobic
nature of some of the shales did preclude
complete extraction using this technique.

Effects of 0il Shale lLeachates and
Elutriates on Phytoplankton

Productivit

The addition of many of the spent oil
shale elutriates and leachates stimulated the
growth of Scenedesmus. The concentration
effects of "these additions did not provide
consistent conclusions. The extracts
from the AP shale stimulated growth more than
the extracts from the BP shale. Therefore,
growth stimulation of Scenedesmus is depen-
dent on the process applied to the shale.

In general the extracts from the spent
shales stimulated growth more than did the
extracts from the raw shales. The processing
of the shale appears to make growth stimu-
lating compounds more available to Scene-
desmus. These compounds may be low molecular
welght aromatic hydrocarbons, which were
found to stimulate algal growth in other
petroleum products {(Dunstan et al. 1975).
The spent shales did stimulate growth as
compared to their matching salt controls.
Therefore, this stimulation was not caused by
the addition of any of the salt compounds.

This differed from the comparison of the
growth of raw shale extracts to their match-
ing salt controls. The growth of the raw

. shale extracts was less than the growth of
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the salt controls. This would suggest
toxicity or a decrease in the limiting
nutrient availability from a component of the
0il shale extract other than the salt com-
ponent. Linear correlations were made
between the biomass and the trace metals
present in the extracts but no consistent



correlations could be found between the
Scenedesmus biomass data and the trace metal
concentration in the extracts. Generally, the
concentrations were lower than toxic level
to algae and because of this the growth
depression was probably not due to the trace
metals present in the extracts.

Application of the Bioassay Results
to the Colorado River System

Increased growth of the three algae
grown competitively suggest that competition
was occurring between the algae when grown in
higher salt concentrations. The literature

would suggest that this increase in salt
concentrations would provide a competitive
advantage for cyanophytes (Gupta 1972).

The increased presence of cyanophytes would
change the species composition of Lake
Powell. At present no cyanophytes are common
in Lake Powell. The literature also suggests
that lower Pearsall ion ratio (< 1.5) also
select for cyanophytes (Provasoli 1958). As
the length of contact time with processed oi!
shale increases, the Pearsall ion balance
decreases and therefore recycling of disposal
water through the o0il shale would decrease
the Pearsall ion balance and may also favor
cyanophytes.
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Scenedesmus growth more

An increase in the salinity of Lake
Powell may inhibit the growth of Synedra. An
increase to 0.05 N salinity will suppress the
growth of in the laboratory, but an

Synedra
increase o% 0.05 N salinity (1150 mg/l
TDS as NaCl) would be a large increase in the

salt content of this receiving water. The
costs to agricultural water use of this
salinity increase would probably prevent

attaining such a level.

Leachates from oil shale sites may
increase the productivity of Scenedesmus in
Lake Powell. Leachates from the spent
disposal sites would appear to stimulate
than leachates from

the raw shale. However, runoff leaching raw
shale from ground disruption could also
stimulate the growth of Scenedesmus in' Lake

Powell. The trace metals present in the oil
shale leachates should not effect the growth
of Scenedesmus.

Therefore, the increase in salinity
because of water diversion will probably
never reach a level high enough to affect the
algal population in Lake Powell because of
downstream agricultural interests. However,
releases of leachates from the shale disposal
sites may be biostimulatory to the algae of
Lake Powell.



CONCLUSIONS AND RECOMMENDATIONS

Conclusions

In batch bioassay tests:

1. A single algal species indigenous to
Lake Powell, Synedra, deli catissma var.
angustissima, was more tolerant to salinity
than the standard algal assay test alga,
Selenastrum capricornutum, Printz.

2. Acclimation of the standard test

Selenastrum capricornutum in a higher
salinity medium increased 1ts tolerance to
salinity but the acclimated Selenastrum
capricornutum still was less folerant to

alga,

the 0.05

salinity than the indigenous alga, Synedra
delicatissma.

3. A mixture of three algal species
(Anabaena flosquae (culture), Synedra
delicatissma (indigenous), and Scenedesmus
capricorn m (indigenous)) were more toler-
ant to salinity than any of the other test

algae.

4. Salinity toxilcity 1n Selenastrum

capricornutum occurs with the addition

of salts at the 0.004 N concentration.

5. Salinity toxicity 1in Synedra deli-
catissma occurs with the addition of salts at

N concentration.

6. With multiple salt additions, the
interactions of cations and anions have more
effect on the growth inbibition toxicity
than any one cation and/or anion effect.

7. Specific conductivity correlates
with algal productivity at a significant but
a low level.

8. Calculated osmotic pressure and the
activity coefficient do not correlate well
with algal biomass variables.
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9. Automated cell counts adjusted with
mean cell volume measurements appear to be
the best biomass monitoring technique when
compared to chlorophyll a fluorescence and
optical demsity. -

10. The Corps of Engineers standard
elutriation procedure does not extract ions
from oil shales as completely as elutriation
procedures with longer extraction periods or
leachate procedures using an up-flow column.

11. The ion composition and pH of the
01l shale leachate is dependent on the
contact time of the water with the oil
shale.

12. The addition of oil shale leachates
to Lake Powell may be biostimulatory to the
phytoplankton.

13. The 1ncrease in salinity in Lake
Powell may not decrease algal productivity
but higher salinity and/or a decrease in the
ratio of monvalent to divalent ions of the
salinity may increase the cyanophytes present
in Lake Powell.

Recommendations For Further Research

1. Microcosm studies are needed to
study the effects of sediment action on the
cycling of these salts and leachates in
the reservoir.

2. In situ studies in Lake Powell are
needed to try to determine the possibility of
algal population shifts in the presence
of increased salinity or oil shale leachate
concentrations.
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Appendix A

Analytical Results of the 0il Shale

Leachate and Elutriate Analyses

Appendix A~1

01l Shale Identification Listing

These samples of o0il shale were provided by the companies for analysis.
These are all unhistoried samples from prototype operations and as such may

not be representative of samples from a full scale operation.

Table A-1. O0il shale identification listing.

AR = Raw Utah Shale

AP = Paraho Processed Utah Shale
"BR = Raw Union Shale

BP = Union Processed Shale

CR = Raw Laramie Shale

CP = Laramie Processed Shale

DR = Raw Geockinetics Shale

DP = Geokinetics Processed Shale
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Table A~2. Summary table for the characterization of oil shale leachates.
AP
Leachate 1 Leachate Zf‘_ﬂ lLeachate 3 Leachate & Leachate 5 Leachate 6
wg/1 meq/1 mg/1 meq/1 mg/1 meq/ 1 mg/1 meq/ 1 mg/1 meq/l mg/1 meq/ 1
Elapsed Sampling Time
(Hours) 30 42 78 127 223 295
(Pays) 1.25 1.75 3.25 5.29 9.29 12.3
Cations
z
T Na 2704.0 117.6 1990.8 86.60 438.6 19.08 183.2 7.971 35.57 1.550 21.87 0.95
Z Mg 317.1 26 .08 176.6 14.53 226 .8 21.95 88.47 7.280 45.09 3.709 24.10 1.98
1 K 454,98 11.64 159.7 4.083 357.1 9.134 72.0 1.84 12.62 0.323 §.28 0.212
2 Ca 465.5 23.23 534.9 26.69 501.5 25.02 573.3 28.61 309.71 15.46 172.06 8.586
1178.6 £131.9 £75.18 L45.70
r 21.037 £11.731
Anions
z
T a 2.0 0.06 2.0 G.06 2.0 0.06 3.0 0.095 1.175 0.033 1.525 0.043
2 80, 6600.0 137.4 5250 109.3 2775 57.78 1800 37.48 966.8 20.13 482,24 10.04
1 HCO4q 1483 23.31 1156 18.94 525.4 8.610 163.4 2.680 133.0 2.180 145.09 2.378
2 Cog 0 0 0 0 0 0 0 0 0 0 0 0
r1l6l.8 £ 128.3 166.45 T 40.25 122.34 £12.461
Ion Balance 4.93% 2.77% 12.3% 12.6% 3.00% 3.02%
Trace Metals (pg/l)
Se 2.2
As <1
Fe 28.5
Ba 206.6
Pb 4.9
Mn 16.4
Cu 15.9
Zn 55.6
Cd 20.5
Cr 14.6
Ag 15.2
B 139.0 299.0




€9

Table A-2. Continued.

Leachate 1 Leachate 2 * Leachate 3 Leachate &4 Leachate 5 Leachate 6
mg/1 meq/ 1 mg/ 1 meq/l weq/1 mg/ 1l meq/1 mg/1 meq/1 mg/1 weq/1
Total Organic Carbon {(mg/l) 13 10
pH §.27 8,26 7.79 7.30 7.17 7.24
Alkalinity (mg/l @ €aCO3) 1215.6 947 .4 430.7 140.0 109.02 118.93
Total Dissolved Solids (mg/l) 1550 823
Specific Conductivity (umhos/cm) 10230 8258 4612 2956 1695 1007
Pearsall Ion Balance 4.036 3.023 1.036 0.3856 0.1358 0.1100
Leachates normalized to the 12.3 day leachate
Cations
Na 123.8 91.16 20.08 8.390 1.632 1
Mg 13.17 7.338 11.09 3.977 1.873 1
K 54.91 19.26 43.8 8.679 1.524 1
Ca 2.706 3.109 2.914 3.332 1.801 1
215,12 £l1.164 £6.364 £3.868 £1.314 1
Anions
cl 1.395 1.395 1.395 2.209 0.7674 1
80y 13.69 10.89 5.755 3.733 2.005 1
HCOy 9.802 7.965 3.621 1.127 0.9167 1
COq 0 0 0 0 0 0
£ 12.99 » 10.30 Z5.33 £3.23 L 1.79

*Leachate 2 was used in the bioassay procedure.



%9

Table A-3. Summary table for the characterization of oil shale elutriates.

AP
Elutriate Type I1I%* Elutriate Type I* Elutriate Type LI* Elutriate
meq/1 mg/l meq/ 1 mg/l meq/l mg/l meq/1
Cations
Na 45.49 821.75 35.74 58.0 2.523 13.62 0.592
Mg 39.10 245,73 20.213 12.1 0.995 2.42 0.199
K 2.823 54.60 1.396 2.0 0.051 11.1 0.284
Ca 19.80 653.8 32.63 32.87 1.640 12.15 0.606
1 107.213 £5.21
£89.981 r1.681
Anions
cl 2.609 30.175 0.851 9.16 0.258 3.025 0.085
50, 104.37 4301.3 89.55 85.41 1.778 28.02 0.583
HCO4 0.230 180.16 2.953 193.61 3.173 61 .66 1.011
COs3 15 .46 0.515 7.14 0,238
T 107.213 793.873 £5.21 TT.817
Ion Balance 2.12% 6.567%
Trace Metals well ug/l
Se <1 <1
As 10.5 2.5
Fe <25.0 66.5
Ba 135.0 <78
Pb <1 1.7
Mn <7 <7
Cu <11 <11
Zn 12.8 244
Cd <13 <13
Cr <11 <11
Ag <9 <9
B 246 592
Total Organic Carbon (mg/l) - 1.985 - 7.38
Activity (Bars) 1.75 0.234 0.089 0.523
pH - 8.84 - 9.04
Alkalinity (mg/l @ CaCO3) —_— 173.4 — —
Total Dissolved Solids (mg/l) - 7056 —— 121
Specific Conductivity (umhos/cm) 10060 6415 228 155
Pearsall Ion Balance 1.326 0.9742 1.334 1.697

*The Type I elutriation technique had a 48 hour extraction period. ° L
extraction time. Further differences in these two elutriation procedures are shown in Figures 4 and 5 in the Materials

and Methods section.

#%Type I elutriation procedure balanced with assumed HCO3 concentration.

The Type II elutriation technique had a 30 minute
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Table A~-3.

Cont inued.

BP BR
Type I® Elutriate Type II* Elutriate Type I* Elutriate Type I1I% Elutriate
mg/ 1 meq/ 1 mg/l meq/ 1 mg/1 meq/l mg/ 1l meq/l
Cations
Na 625.6 27.21 109.5 4,545 5.7 0.248 2.68 0.117
Mg 41.5 3.41 58.13 4,782 7.0 0.576 4.49 0.369
4 8.1 0.207 7.43 0,190 0.8 0,020 1.60 0.041
Ca 80.16 4.000 242.91 12.121% 28.86 1,440 16.19 0.808
£34.83 12.284
£21.638 Z1.335
Anions
cl 24 .59 0.6936 7.075 0.200 2.31 0.0652 1.425 0.040
80, 1510.5 31.448 877.77 18.275 58.15 1.211 37.14 0.773
HCOy 164.24 2.6917 171.7 2.814 61.54 1.0085 25.391 0.416
00 - - 1.189 0.040
£34.83 721.289 $2.284 $1.269
Ion Balance 1.61% 5.07%
Trace Metals ug/l ug/l
Se <1 <1
As <1 <1
Fe <25.0 34.4
Ba <78 <78
Pb 9.1 <1
Mn <7 <7
Cu <11 <11
Zn 24.9 12.8
cd 15.9 <13
Cr <1l <11
Ag <9 <9
B 966 <10
Total Organic Carbon (mg/l) - 11.3 - 0.153
Activity (Bars) 0.234 0.234 —— 0.523
pH -— 8.33 - 8.85
Alkalinity (mg/l @ CaCOy) — -
Total Dissolved Solids (mg/l) 1518 101
Specific Conductivity (umhos/cm) 3210 1601 308 128
Pearsall Ion Balance 5,209 0.3718 0.1813 0.2070

*The Type I elutriation technique had a 48 hour extraction period.

extraction t

and Methods section.
**Type I elutriation procedure balanced with assumed HCO3 concentration.

The Type 11 elutriation technique had a 30 minute
ime. Further differences in these two elutriation procedures are shown in Figures 4 and 5 in the Materials
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Table A~3.

Cont inued.

CP

CR

oP

DR

Type I*
mg/l

Elutriate
meq/l

Type I*
mg/l

Elutriate
meq/ 1

Type 1%
mg/l

Elutriate
meq/l

Elutriate
meq/ 1l

Cations
Na
Mg
K
Ca

Anions
cl
S0,
HCO4g
€03

Ion Balance

e
(SR
oo

57.74

36.83
145.83

Trace Metals (ug/l)

Se
As
Fe
Ba
Pb
Mn
Cu
Zn
Cd
Cr
Ag

Total Organic Carbon (mg/l)
Activity (Bars)

pH

Alkalinity (mg/l @ CaCO3)

Total Dissclved Solids (mg/l)

Specific Conductivity (umhos/cm)

Pearsall Ion Balance

4.13

0.047
0.496
0.120

L 4.79

1.629

0.7668
2.39

% 4.79

345

38 .48

0.30
0.55
0.018
2.00
L 2.87

0.147

1.364
1.360

72.87

5100

0.18625

541.5
0.20

34.4
747.09

29.19

2298.23
796.89

23.55
0.016
0.879

37.28

161.73

0.823
47.849
13.06

r 61.73

4520

0.7707

4.19
41.83
243.46

4.64
0.123
0.0205
0.20
14,98

0.1i8
0.8709
3.99

£ 4.98

500

19.51

*The Type I elutriation technique had a 48 hour extraction period. i : i
Further differences in these two elutriation procedures are shown in Figures 4 and 5 in the Materials

extraction time.
and Methods section.

*%Type 1 elutriation procedure balanced with assumed HCO3 concentration.

The Type II elutriation technique had a 30 minute



Appendix B

Listings of X and ﬁ-Bioassay Results

All raw bioassay data are on file in
the library at the Utah Water
Research Laboratory
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Acclimated Selenastrum
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X : K

DUHCANS UL TIPLE wanGE TEST
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Appendix B-2

Synedra
Single Salt Additions ~Jjnecra
X U
CUNCANS PLLTIPLE RAMGE YES? CLACBANE MULTIPLE RANGE TEST
~ TREATFENT AVERAGE RAMKING TREATMENT AVERAGE RANKING
CET T TEFOYYY N CREEQY s T o - - Syl IE EL05 80N RAFDCY oy2o8et - b
35 470,20 N NARCES 0,11500 2 3¢ 470,80 b KRCDY 0,352%0 F:
38 470,10 N KkCC3 0,13000 3 38 47010 N KRCCZ 0.,3%700 3
Y 70,0 RRRCTS DPRE-} 1Y L e 7 LU PR VI S 3 o ) i 3 2 A1) &
3¢ 470,30 n NARCCS 0.,28%00 s an 470,30 & kw(CC3 0,45300 E
4o 479,30 N kWCQI 0,31800 & 34 470,10 N NARCES 0,47200 6
LI OYO R NEECCY B 5 5 - 11 A ? W TEroYT K WESQWT T T T g ket -
37 470,05 N KHCOZ 0,33%00 e 39 470,05 N KkCOY 0,628%0 8
33 870,05 NuNARCODS 0,58%00 L 3% 470,05 N NaRCCS 0.75200 \J
R ¥ 3 aryyR Calte [IPY -1-3- KU1 Al 3 « >3 70,10 RSt T BLUPE B 3-111 ) B &
11 470,20 N vGLLE 1.2%00 11 21 470,20 N 2804 0,86000 11
an 470,30 N INRZSCU 1,3200 12 9 420.C5 n -MGCL 0,93600 1é
Y T ARG RAUN RS0y o o e 3 Ex AN v Sl 72 P51 S 3 % v e e - 1 -1 b =
27 470,20 NirGS0Y 2.01%0 14 28 470,30 N #GECH 1,123% 14
12 670,30 N oMBCL2 e,31%¢0 18 10 470,10 N FBCL2 1,2u3% 15
Ta LEAUPT A LY T 419 ITeee—— oty Yy VA M-I 14 Teter TE
28 470,30 N MGECH J 2500 17 27 476,20 N MGSCH 1.2960 17
1R 470,10 N IMNAESCY 3,9500 18 v 470,20 N xCL 1.3590 18
YT TN R R EEseY HTI000 e BLi G07808 TACLE 0 T TN — o e
8 470,30 & kCL 4,6000 ‘80 16 470,30 N CACLE 11,3665 20
13 470,05 & CACLZ s.9150 2% 26 470,10 K FGEROU 1.40%0 21
7 YA PY-1URS S 4 4 vy 0800 B -l U7OON KRS0 15 HS 20 22
14 870,10 b CACLE &, 4180 é3 11 470,20 N FGCLE 1,558% 23
10 470,10 N ivGCLE 7.5000 ed -4 470,08 N MGEDUY 11,5715 24
TR TR O N IRACE e 8y B e A LA LT TS 1 s 1) {11 e
2% 470,0% N iFGEOU 10,170 26 20 470,30 K AARSCH 1.629S 1
15 470,80 N CaACLZ 10,500 &7 34 470,80 N CARQU 1,7030 27
R B LA L4 B e % o e 4 0 o o o 4 -
8 470,0% N WCL 12,330 29 35 ds0,30 6N CASCH 1.,71C8 29
Q 470,0% A MGCLZ 12,560 30 g 470,30 M KCL 1.8060 o
D B B N 111 34 T 470,05 KORACLT B 0 4 A B L
26 470,10 N iKGSO4 13,838 32 s 470,10 » KCL 1.9240 32
2 470,10 M NACL 14,168 33 ;1S 470,10 » CASCY 1,9340 33
T e TONMROL e S ——— M 70,8 & KCL ~ 59556~ 3
& 470,10 N KCL 14,835 38 4 470,30 N ABCL 1.9915% 3%
22 £70,10 N K280C4 18,000 L1 ip 470,10 N NAZBCH 2,0480 36
g GO e e 55330 SRR g 0 R AR e — R e — - 37~
21 470,08 N K28C4U 15,835 18 1 470,20 NonaCL 2,191% 38
43 CONTROL 17,838 39 2 470,10 honaCL 2,4510 39
R 1 B A 1 T 1 a2 try CoNTRCL i 2iS5e0——— - He
at CONTRCL 20,645 41 4u CCNTRCL d.64U8 41
24 470,05 N CASCH 22.000 ug 29 4/0,05 n CASCY 2.6680 4
¥y EP0L,E0 N CALDE T RTLE3S &3 a3 - CONIREL - &y FEUS- 43
32 470,30 N CASOM 29,%00 44 a4 CONTROL 2,8085 4Qa
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3 & 4 Salt Additions to Synedra

TUMCEAE SLLYIPLE RARGE TEEY

74

A~ o~
X H
CLACARS MLLYLIELE FAMNGE TEET
TRESTVERT AVERAGE FANKING TRESTMEAT
2R &/5 ¢ & C 2 TOOCOEwCS t -1 677 & 9 ¢
L34 6/% 4 % @ 0,14500 2 26 6s4 5 10
Kk 6/6 7 10 0,18000 3 a9 b5 € 9
1] 675 € 7T e e ‘o -7/l 7 . 2 - B i
1e €3 4 S 0.215C0 & e b/5 ¢ 7
3u ANE 0,21500 [ 38 677 £ 10
57 /05 & § 0, 28000 ’ 1] TR 26 B
2y b/t 5 8 0,28%00 8 62 LY -
3 6s1 2 # 0,31500 M 53 673 459
e BFY E QT e v —t TS T T o
5n 6/% 4 & ¢ 0,35000 11 26 s/4 € 8
[ 6/% & 1§ 6,35000 12 Lt bsi 8 & 1C
3e &78 § 160 - CUEISe0T Sty Y ETS e CTIe
1n 6/5 & 1C 0,43000 14 25 874 88
L1 b/ 8 & 8 0,43500 15 28 6/5 ¢ ¢
13 LY 725 0 Mokt Y 511010 e TEGT TSTSE T T
a7 LY LI [ 1-1:34] 17 LT3 ws8 & IC
Sy 673 4 % 1L 0,45000 18 1% bs/2 1 8
23 b/u 5 7 LrLiiiad bad e sy uce
62 a/e 1 8 9 0,%56500 H L 1] 6/% & 5 &
L] 6/% ¢ § 0,58500 21 21 673 4 10
19 L7 B B e . - s 4 T §727F 7 Tt
#1 875 ¢ 71 1¢C 0,60000 £l 1 68 ¢ 7§
&p q7u 8 & 1€ 0,76500 24 31 6s6 7 10
13 6/ € & 7 K- i riad i S -7l T u BB S
8% 571 0 & § 0,78000 26 ] bsr2 3 4
&1 s/e T € 1C 0.80000 L34 87 670 % b 9
i - 75 28 S — TR - any L7 W B o
1 a7t 7z % 0,8¢500 2¢ 3¢ 8/8 ¢ 10
F2Y A28 8 & 6,Be5C0 e 1 71 ¢ 8§
% s/ % 16 - R s 24 2 - =3 S > Wi 75 S A ¥ 1
L1 671 2 3 8 1,0%00 32 16 6/3 4 8
b0 6s7 B 8 §¢ 1.,0700 33 18 &s3 4 ?
ay ‘arzt u ¥ —— ey s A s N T I 7 A b
d4g h/2 3 4 8 1,36%0 1% 2¢e bt T &
1> o/ T & 1,4500 & 32 ese 18
e 62 3 % AR 23 12 -3F 2o —wr% A8
22 674 5 6 1,7000 38 23 [ Y-
“y 6/1 ¢ 3 € 1,8500 39 38 671 ¢ 3 5
3 YA R R2VETEC R g Tttt
up /1 2 5 6 31,1000 0y 39 671 2 1 &
ar sy &3 4C 3,1000 0z 4z /7y 2 1 6
1a 72 1 8 o500 43 —d &2 ¥ 4 1
d4e 6/2 3 41 46,0000 a4 4 &1 2 ¢
= 673 27 4,0000 4% [T 6/2 3 4%
P LI 3 BN Rt e 1800 ke - iy brt—#-3-¢
21 673 4 1¢ 4,2000 ut 1% €2 3 16
4 672 3 4 4,2500 u8 18 6s2 * &
a9 L7223 48 #3350 44 R S 7 5 S S
an &7t 23 7 4,800¢ S0 417 bsg 3 4 8
A &ry 2 10 4,6%00 L3 ] [ /1 2 1t
tz B R T 2.5 i L
7 o/1 2 § 4, 7500 £3 e 672 3 47
ts ns2 11y 8,0500 €U um bs2 3 48
] &ry 24 By 42 4 SN B Y- & sl 7 2 " e i -
39 6/t 2 3 4 $,3500 (1) i 6 b/1 2 8
20 673 4 % $.3750 £7 ” &1 2 Y 4
1= es3 47 5,8%00 58 tu 6s/2 3 9
1y bs1 2 1 46,0500 59 us 672 3 4 &
qG 672 1 U 1¢ 6,3000 (34 1 671 2 3
19 67y 4 ¢ 64,5000 L3 T 671 2 7
11 6/7 1 8 B 1 11 R 8 SFCCNTREL
o wsf 2 & 8,300¢ &3 LT /3 4 5 7
i 67t 2 3 . 13,.%00 ad 17 673 4 &
kB C&ICTRYRCL 186N - RS 57 S7CCRTRCE
&8 6 sCCATREL 16,000 (13 b /1 2 %
Y3 87CCNTRCL 17,018 (2 &5 6/CONTREL
67 &/TENTIRTL 18,350 LLIN B T E7CONTRCL
Legend: 1 = mg 804, 2 = mg C12, 3= KZSO4, 4 KC1,
6 = NaZSOQ, 7 = NaCl, 8 = NaHCO3, 9 = CaSoé,

5 = KHCO

sVERAGE
0,583%0
0,61900
[FSY-2 114

e gaPYERE
0,787%0
0,8¢l006
0.,RE6T00
0,871580
¢,RR%00

R O iis)

0.948%¢
0.948%0
¢, 98880
1.0170
11,0288

S ¥

1,078
1,0748
1.,1200
1,15¢8
1.172%

B e r T

1.1758¢%
1,17%¢
- {,17%¢
f1.,187¢
1.,2000
I 4 b &
1,204¢
1,247%
1i2EtS
1.3110
1,301%
13650
1,378%
1.,3820
tosets

2,245%
2,252%
2, 3228
2,369%
2.378%

R 33 i 51,

2,558%
é.tuas
2,77159

3!
10 = CaCl
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Multiple Salt Additions to Synedra

~ Ea
— X P - - e e P N u - -
CURCANE MLLTIPLE RAKGE TEST CUNCANS PLLTIPLE RARGE TESY
TREATNERNTY AVERAGE RANKING THEATFENY AVERAGE
24 T/ E T 4% B Y 01 Bt S AL 2 2 AR - 0,3%7¢0
g Tizg 3 485 8 0,25000 2 7 30 1/234%60 0,37200
14 1/y 45 ¢ 18 0.2%5000 3 4¢ T78 8 6 78% 0 0.,45750
a7/ SRy & & - St RS- Jat - NAF SN N} LY 2240 ¥ 3T L T I - S - O uBEL g~
s T/0 5 £ T B 0,20000 8 55 /e 3 a5 67880 0.62150
13 763 4 5 e € g,.30000 ] 1e T/4 5 6 78 0,63150
1 Ti/u % & T80 BRI 17 1 141 Shbb R Snfebeihi -t anlidiy v 5 2t 2 55 e e - B, SRR B TR
[T YU S EYTBO 0,3%000 8 S1 TR 345 6T B 0.64%00
a1 Y2340 % 8T8 0,400C0 9 : Sa THY 23 A5 6T RO 0.65150
5 R A4~ S T M-S S AN B prEa- KAy 13 B LA - oSt oe -
1= T/4 % & 70 0. 45080 | 51 Qe 743 4 5 ¢ 180 0,68600
4s 7/t 2 Y U8 6 YO 0, ue800 12 1% Ty 48 e 0.69700
i 7 R 5 B A N - 1 N S ‘“‘“ﬁ“ﬂ'ﬂ“ e ¥ o oY TEY Yy T OTeLe9T00
43 7/ 34 %670 0,50000 14 18 e85 8670 0,75300
28 T/2 38868 0,%600¢ 15 13 7/3 4 % ¢ 8 0,7%400
B 1 I 7 2 A S e T - ¢} F M- 2HALLAY 1 3.2 A4 e d TR S8 H.‘f‘.‘)ﬂ:“
2r 15 & T 6O 0,51500 17 2u T/t 2 3 a8 8 0,7905¢
ape T/ 2 245 &0 6,51%¢0¢ 18 12 Ty 4 % 67 0,838%0 |
R T2 YV H 2O Rl P33 311 2 Rt & Ml T abas 2 S R B8 S Tau a0 R 0 O BEOCO
31 /T 4% 870 0,58800 . &0 4 Ty 2y &8 0,Ru650
“1e T/3 4 & & ¢ 0,63%00 21 3 T4 23 47 0,87480
B2 A o i T S LIy 12 2 ¥ YT &Y E el Y 15 AT R
ug 7/L U B 6T EQ 0,68060 &3 17 TS5 £ TS 0.,91600
a3 Try 2 308 e TR 6,71%00 éda 4g T/1 23 48670 0,919%0
12 Yy e § et 0 - R 1 AR - Rty #2252 N B 2 5 . 0,%8850
9 7/ E Y 456718 0,7500¢0 26 Se T71 § 3 4567890 f,0010
2t Tri g yas? 0.76500 7 Sa M3 a5 678908 1.0140
R 7/2“’5"‘3‘!“7 — T —'ﬁ'.' S _‘/i'e'" et ¥ 7V ¢ 3 W3 e o - i“n?ﬂi
1c T/ 8 3 48 &9 0,E00C0 és 14 T3 4B eS 1,0358
] T2 1 4 % ¢ 8.81%800 Io uy T E Y 48 6T E 1,085¢0
1 ML R A Rt 40 - ——Fh o e Ay R g - 1,0750
2z T/t 2 345 e 0,8%5000 32 A /2345 ? 1.,1t20
{& /5 & T &S ¢.80080 33 in T/2 3458 f.1840
s 72°Y H G 4T B Rl e o ARG - e — oy —Fra et S - o - “1vtyee
37 T/e 23 4% e 0,93500 35 (3] /1 23 486789 1,1715
s 7/ ¢ 7T & 80 6,%80c0 16 ot Tr2 348 ¢ 7T a 1,178%
21 T/8 V E & L0808 - 3% - '] g3 &5 60 t,1870
17 7¢4 5 678 1,0150 38 27 T/2 3 4% 87 1,19¢6¢
g T/ 230 % 67880 1.0500 39 28 T2 4 S 68 1,2%30
-%n 1Pt u S¢ FES - 1,065 - - - & R 4 Sl PR Ry 2 30 - B 4 t,29%0
ia T/2 1089 o480 a1 17 Trt 8 3 68 67 1,30CE
a Try 2 34 08 1,1500 ae E Trr @ 349 1.33en
L TAOCNTREL 1,2000 - - 43 22 Frie 3 4B & $1,370%
& 741 § Y 4§ 1,2500 au 18 T/6 & T B8 0 1,37¢%
fe ?lCChTRcL 1,4000 ['} 1 I3 T/3 405 670 1,U025
2a T/2 3 4 Gk % - R 3 R R - e 0 T = 1,d390
4p TRy a % 6T S 1,420 a1 a0 T/CCRTRCL 1,u5&0
L 1/3 05 & 9 1,4200 1] 39 T/ 2345869 1,0628
4n T/ 2 345 79 C1,9500 o - 49 29 Ter 3y 65 69 1,0865
12 T3 456 789 1,58¢00 S0 20 T8 6 T RO 1,8438
f Ty g YA 1,5850 51 32 7/3 4 S ¢19 1,028
<> LR S R e s 2 - | a0 e o e § 368
57 TAEONTRCL 1.7000 €3 io 1s% & 7 B 8 1,4580
pe 740CHTRCL {47658 g4 50 TI/ECATRCL 1,7400
“un Tia S8 TR S0 < 19850 e85 o— Gy oRsLCRREL o - 1,6038
E Ty 2yt £,185%0 L L] 4p T/r 23486709 1.,83158
1 T E3 A4S 2.26%0 57 38 T/ 3 LS el 1.8740
P T/ 2 3 488 Z2,6500 e 21 Tre 7 € 80 1,80%0
2 T/ E 3 L& 3,3000 59 2¢ Tip 2y aso 2,0E58%
2r Tt E 3 4R 0 4, u8%0 &0 2% T/t E3 U 88 2,297¢
Legend: 1 = mg 804, 2 = mg C12, 3 Kzsoa, 4 =XC1, 5 = KHCO3,
6 NaZSOA’ 7 = NaCl, 8 NaHCO3, 9 = CaSOa, 10 CaC12
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Appendix B-3

;
Three Algal Genera

Single Salt Additions to
3 Algal Genera

”~ - - - - —_— ~
X M
Anabaena
CUKCAMS »LLTIPLE RANGE TESY . CURCANS PULYIPLE RAKGE TESY
TREATHERT AVERAGE RAMKING TREATHERT AVERAGE RIBKING
4 9y RAMCED 8, L St P v 1wt o LR !
16 57 KbC03 0, é e 9/ KeCCl} e €
M G ChCLZ LUBHO00ES1D 3 ty GsaNBBAERE CORTRCL 1.,363% 3
¥ 97 kGCLZ 848508410 4 10 7Y ALBAE CONTRCL 2.1920 .
2 9s KLy Li1800E011 % 9 97 eGAOE 3,325¢0 -1
14 9/% BLBAE CCNTROL f13T10E411 6 6 9/ %2804 . Baseso ¢
12 G/8CENECESMLE CONTROL BYTIIIIIE T T RRPSTE T T T ouees
s Q7 MACL #2ATO0E®L S [ 2 97 KCL 78160 £
13 9/8YNEDKA CONTROL CBF10KESLL L] 1 9, RACL 10,572 §
& 9/ K28Cu J28650E 411 10y - -7SYNECRS CONTRLL e 1B, e 50
1 9/ MESOU HUIS0ECLY IS 4 9, CACLE 16,066 1
5 97 MEESCU JB1550E1 Y 12 12 9/SCENECESMLE CONTRCL 20,33¢ 12
R G/ANARAERS COATROL 13380E12 13 » RV2R = 3 17 S TSI 13
P 97 CASCH J175908412 14 ¥ Qs PGCLZ 20,814 14
- "Hétérc‘mcgsts
CUMCARS PLLTIPLE RANGE TEST
TRESTMEAT AVERAGE RANKIRG
CUMCANS. PULTEPLE RAKGE 3887 g R h ANECS s, i
10 S/ KrCo3 L] 2
) TREATAERT AVERAGE RANKING g3 9/8CENECESNLE COMTRGL P.e17s 3
o Q‘f ‘a'tc! T—— T o i 1’. T w‘.‘ : 3 ho i Ak 11 9 A 4 T _"s:ﬂn"“" - 4
in 97 KFLCY B, 2 u Gs CagLe 3.881% 5
1 97 PGLLE 3¢2,¢c8 3 f 97 AACL 5 033%¢ &
a 47 CaCLe 154, 0 & STY TYPANSRAENS CONTRCL S, 2880 7
2 97 KCL 15880, % 13 9/8YNELFA CCMTRCL 55,8380 &
6 9 kasos 17640, ¢ . 49/ C4804 6,3980 9
3 @y RATL - ot ERRM R e S F AN 2 1i s 4 GEFE +6
g 21 ;éagcu sbabﬁ. g 7 94 PGECH 7.071¢ 11
U s PGSCU T4ac, 14 9/3 sLGAE CCATRC 7,07:0
18 9s% ALGAE CONTHOL Eheee, 10 g - erwapmes - it 4l3e5e 12
12 Qs8CENELEEVLE LONTRCL 39200, 11 2 9, KCL 9,5960 14
11 G/ANBRAERE CONTRCL a0, 12
13 Y/SYREDRA CONTREL — ——— - —82%p0,— — 43—
A 9, CA§CU suoee, 14
_ - _ .
Phycocyanin
CUKCARS PUCTIPLE RANGE TEYT - -~ ===~ CLKCAMS FLLTIPLE BaMGE TEST
TREATPERT AVERAGE RAMKING TRESTHENT ) AVERAGE EANKTRG
[ ¥ i 4 16 0 S 02300 ¥ B il 7ot = 3ot vl - [Pe.2134 ¥
1 9/ANBEAENA CCRTRCL 0,686500 2 10 9/ KHCOZ 0,3715¢ 2
fu 9/3 MLGAE CCMTIRCL t,78000 3 % 97 KAHLG3 0,4740¢ 3
5 97 NEZECR : o e et - T 7Y ICCTECTNTRCE CUTeeESe— b
3 9/ K28C4 . 0,83%00 5 s 9, 2804 0,58150 5
{2 I/SCERECEEMLE COMTREL 0,83000 [ 12 9/8CENELESHLS COATRCL 0,5975¢0 s
TyE 7 KFLTT OEEROBO o TR e equnagSth T 0TS0 7
1 s MGEELZ 0,886000 8 s 9/8YAECRA CONTROL G, 649%0 8
> 9/ KLy 0,86500 9 1 97 NACL 0,652%0 Q
1 9y KACL OO~ o b ¥ §7HGEL? - R 1 kr te
o Q7 MAMCCY 1,02%0 1 8 %, CaBCa 0,68600 g
L] Gz Castua 1,06%0 12 2 97 KL 0,69600 12
7 ey owgscy v - R T e G ANARRE RS CORTROL ovreane 12
iy 9/SYNELRS COMTREL 1,3000 14 v 8/, MGSCH 0,79%%0 14
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- e A et s o0 oo et . ~
X M
Synedra
CUKTANE PULTIPLE RAKGE TREY—— o —omn CUMCANE MLLTIPLE RANGE TEST
TREATHENT AVERAGE RARKING TREATHENT AVERAGE
R - o5 -~ ¢ 9/ FAKCEY" o,
$a 9, KRECY o, é 14 97 KFCO3 [
1 GrANZEAENS CCATRCL «14T00E908 3 = 87 nAgscH 1.5020
12 GrBCEVECEEMLS CORTRCL - 3 106@0Ee 1t ~— 4 Iy T TYrSYRECRICLCRTRCL - <o oo R ttRe
[ 97 MA2SCH «14900F+1) s 14 873 ALGAE CLNIRCL 2.1658%
s 9/ Lati2 211706 ¢1 6 2 G, MEL e, 1188
B R LASTETTTTC SAREGORREL T e 1y SrAKABAENA CONTRCL 9,74958
7 Sy FG8C4U SST2B0E41Y 8 [ 97 MiCL 16,93¢
to 9s3 ALGAE CCATRCL 65250811 3 a 97 CACLZ 11,300
¢ 9rHFI06 - e 1 L 2 it 3 A 4 Lr gt ] R R T X S 1
1 97 NaCL 110506412 11 » Qs KZ8Ga 19,321
z 97 KCL . +13000E12 12 & Qs Casto 19,85¢
b ey vETLE T RS FA2244Y S TTUFT TTY/SCEREUEEN(S TONTROL 11 1]
1% G/SYNELRA CCMTRCL $@6000E¢12 14 3 97 KGCL2 23,268
Carotinoid
CORCANS SURTIPLE RANGE TERE- - - - - CUNCANS WLLTIBLE RANGE TEST
TREATRENT AVERAGE RANKIN TRESTFENY AYERAGE
4 $CECLE 426000 oo g o9y NANCCS 8.3775¢0
T 8y KGLz 1,0150 ) 4 Gy Cacid 0.41600
aoogewm . o l.oa%e 3 18 9/ KKCOY 0,48100
! /el i.1000 TR T e RN LONTRCLT T T < 0 BEE
11 S/ANABAENS COMTROL 1,1508 5 h @) NAPL 0.60800
16 9/3 ALGRE CONTROL 1,3000 [ 3 9/ PGCLE 0,£8050
* ST 511 e e £ 97 CASCE 0,65250
& 9/ NAZSCH 1,4750 8 9, Ka28¢ 0.70450
in 97 KMEC 9 M [} /s KQBCU .
2 1.5600 14 9/3 ALGAE CCMYROL
12 QrBCENECERMLE CONTREL - - 1 ,5¥50-- - 19 - DA -
T 9/ kascu 2,12%0 1 12 9/SCENECESMLS COMTREL 0,A8ESO
9 3/ MaMLOS 2,3000 12 Y 9y vGsO4 0.,98750
11 B/ SYREORI-TENTRCL — — R EE R £3 - B A B 1.ouse
8 9r Castd d.ek00 1 13 9/8YNEDRA CONTROL 1,2208
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ANKLIME

~ A
X H
Scenedesmus
CLNCENE MULTIPLE RANGE TEST
CLACANS FLLTIPLE RANGE TEST -~ ‘ TREATHENY AVERAGE RANKING
© 97 NARCCY - 0 1
TSEATFENT AVERAGE  RAMING 07 ropes? o 2
. e e o i o e
@ G/ m:végy ¢ 2 9/ NARBCH 2.308% 3
10 97 ¥r N 3 R SRR CORTREL “rie60% o n
1 9/7AnABAERE (CATRCL t;ﬁgggi‘,’ 4 S/SCENECESMLS CONTREL 5,0048 s
13 S8YNECKA CUNTREL 'auoo:u! M 9/ kCL 7.00800 [
3 9/ KGEL2 iosofEell & 9P ARABAERA CONTROL- R '
1 9/ pacL pEgpett - Fo 9/ NACL 16,478 e
z 57 CILLE '3“0"‘“ 8 97 CaCL2 11,529 L]
H S/ mc ‘13010E+12 §  CTTTITEYRESHCORTRCL o~ R 680 - 40
3 9s LASCU B o ey Gs w2804 20,720 11
tu 873 ALGAE CCNTRCL mz‘:::g " 9s MGCLZ 20,790 12
e 9/ xasoi B H I B N S 31044 13
= 97 “"“wn—' ret— B B & el 9; PGAQU 21,182 14
: P LAt 0
EAEMA 1Y 2t U
) Chlorophyll A o R
CLNCANS wLLTIPLE RANGE TZEY - o CLACARS MLLTIPLE RARGE TEST
TREATRERT AVERAGE AANEING TREATHERT AVERAGE Y
& Q7 CRTLET T T e ET e ey KEMECY : 0.27740 1
» 97 KCL 1.0750 2 10 9/ Kng0Y 0.36150 H
11 S/ANARAENS CCRTRCL 1,1000 3 14 9/3 ALGAE CCNTRCL €,5548¢ 3
1 9/ ¥6CL2 - 11250 - R N ARG T T T A s Y
1 97 NACL 141800 5 Y G/ MACL 0,%84%0 g
[ 97 KEgd4 1,3%00 & & 9r CacLe 0,58800 b
BV Ys 2 R 1ot i ot et iehest 2 r o1 Sttt st et SIS J N -7 - T 0,68T00 7
12 S/SCENECEEFLS CCMTRCL 1.62%0 e P 97 #2804 0,8%100 8
1o 97 KFLCY 1.,6800 A 3 97 MGCL2 0.6%1%0 9
11 Q/8YKEDRA CONTROL beS £ 1 B 1 e 4 97 KCE U5 115 £ paeld S1n
€ S7 NARSCH {.0250 11 12 9/SCENECES»LS CORTREL 0.,77200 11
Q 9¢ harCry 2., 3450 12 11 GFANMRAENS CORTRCL 0,81800 12
7 S/ ¥EECA R 22 1 1 Atk v Sl Seaus 728 2 1 1 R e SR 81 . 1 ] 13
. 9y Lagly 2,7%00 14 1% /78YNEDRA CCONTRCL 1,3600 14
) Total Cell Counts e
CUNCANY P TIPCE RaNGETEG— CLECARS FLLTIPLE RAKGE TEST
TREATFENT AVERAGE RAAKING TREATHERT AVERAGE &
) Gt ey L + TR U KERCCY < : - 0y 1
18 97 KpELS 0, 2 16 9/ KKEO3 0, 2
4 G/ ChlLe STIRLEILL 3 11 G/ANABAENS CONTROL JI920 3
11 S/ANARAERE CORTROL -~~~ 1 IHOSES R~~~ g YRR TR LR TR O - 4
1 G/ NACL 215130E¢s2 5 & Gy KE§Cu 2,303% 8
i1 94 PECLE 1TAB0E§2 & x 97 NAZSCU 2.5k4% 4
p R TESSSEVED T pE T 7 AGEAL CONTROLT T e B71eRs ?
iz QISYNEDRA CCNTRCL RIL168ES12 & 13 9/8CENEDESMLUS CONTROL 3 3200 ]
] 9y CaSCL - 30185412 g 2 9, KCL 8,1930 4
17 Q/SCENELEERLS-CoNIREOL -~ P IFRE G R -1 - V4 97 ¥ G 0T L1171 1 Rt RN 1 ]
& Sz X804 WI%123E+12 1t 1 9+ MNACL 11,1% 11
& 97 MEZBCY LIV LR0E+1R 12 [ Qs CACLZ 12,019 12
PR T2 o+ ) el 750846 vid +3 ) Y7 LEyin et hia b ¢ )22 Sl 13
14 /3 ALGAE CCRTRCL JS56495Ee1 2 14 1 97 NGCL2 23,39% 14
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Appendix B-4

Scenedesmus
Complex Additions to Scenedesmus
o ~
X U
QUECANS MULYIPLE RASGE TEST . CUNCANS #ULTIPLE RANGE YEST
TEFATOHENY AVERALE RaNK ING TEFATYENT AVEREGE RANKING

] 2L AW FLUT@lalF LAEBGLFa(] 1 1 SOML AR FLUTulATE D, 47300 1
25 2N WP ELUTRIATE CTOBONE=D Y Fd 41 CNNTROL Q847048 2
27 toml 5P FLUTRIATE a,tni00 3 32 SML 8P SALTS 0.5620n 3
uz CONTROL G,17609 “ 15 1OPL AP SALTS 9,581 00 4
™ CANTHOL 1,199960 5 3% SML AP COLUMN LEACMATE 0,57090 5
as CoonTROL s,1inna & 45 CONTRUL 2,87150 )
24 18P BP ELUTRIATE 6,11n80 7 4g CONTROL 84,87150 7
21 PRI VIRL A, tt10 8 16 SML AP SALTS 0,58250 8
15 1eal AR SALTS h.111S0 9 20 SHt AR ELUTP]TYE n, S&END 9
7 194, AR SALTS a,11209 10 & 18, AR §ALTS 0,%945¢ 10
e2 154 BR 8ALTS N 11350 11 3t 104 BP SALTS 0,60250 11
32 SaL EBF SALTS n,114%0 12 40 S5ML AP COLUMNM SALTS 0,40350 i2
2n Sl ER FLUTRITTF r,11680 13 up CONTRGL N, 60950 13
" ‘el AR BELUTAIATE 60,1178 14 12 SML AP ELUTPIATE N, 60980 14
25 ML RP FLUTRTATE n,11750 15 21 enmL ER 8§21 TS A, 61600 s
24 Sy KR SALTS a,11900 16 25 20ML BP ELUTRIAYE 0,6205¢0 14
3y 150 8P SALTS da.12000 17 13 20ML AP SALTS n,63000 17
41 £ Tl s.12100 18 34 1SML 8P S TR 0,63750 18
14 15m 4P ELUTRTATE f 12250 19 e ISHL AP COLUAN LEACHATE 0,6620n0 19
33 295l AP COLUMN LFA(HATE 2,12250 Ay 43 CO4TROL 8,b488n 20
23 1ML KR §alLTs n,12250 21 29 2L BP SALTS 65000 21
& 1S#L AR SALTS U,12250 2e Q 20ML AP FLUTRIATE 0,6530n 22
@ 20ML AR ELUTRIATE 60,1235 23 3 2041 Aw. 8ALTS 0,67050 23
34 1ow{ PP SaLTH 0,12400 24 7 LKL AR SALTS 0,68400 24
Y 1%L &K ELUTPIATE 0,128%0 25 23 19% Re SalY§ N, 68550 25
39 1AL AP CDLUMN SALTS n,128%0 rd] 4 SML &% ELUTRTATE a,6%200 26
5 20mL Ak SALTS v.12700 27 26 15ML “P ELUTRIATE 0,69550 27
12 154 4P SALTS n.t2700 28 18 1S%L 3% ELUTRIATE G, 70650 28
2 Smi AR SALTS B,12750 2% 17 20ML RR ELUTRIATE 0,TN8SN 29
12 Gui AP FLUTR[ATF v.tesnn 30 24 4L A% SALTS B,7¢900 30
3 V5L 2R ELuTRTATE 4, 12850 31 14 157 AP BALTS 1,71350 n
al (o TREL "L, 13050 e 27 134, BB FLUTRIATE 4, T1550 32
1 Sup AP SALTS n,13855 33 2R SH AP FLUYTRIATE a,72300n 33
38 15~ &P [nLuvs 5L T8 n.13100 34 1o 15ML AP FLUTRIATE 9,.72d50 3y
20 2raL bF $ALTS a,13180 35 ] Sml AP 5aLTs 6,72500 35
15 §0L AR OFL e LFEACHATE f_o15150 Iis 3s 1ML &P CCLUwe LEACHATE N, 720480 36
13 PevL &b SaLTs ity 13420 37 19 1okl BF ELUTSIATFE A, 73500 37
1 1hoy kR ELUTG[ATE v, 13554 33 38 1SML AP COLUMN SALYS 4, 73650 38
1a 154 pR FLUTS1ATE A, 13600 39 3z 2unl &P COLUsn LEACHATE 8,74750 9
[ 5] Poml AP CULu~n 581 TS 013650 a0 39 1ML &k COLUMN 8ALTS 0. 77600 40
" Sei AR Lt LFACHATE 6, 13750 4] 11 VAML AR ELUTRIATE 0,725 41
e G ER O BLLTRIATH 0 .13800 LY 22 139 R 52T S, Tashn 42
3 ISt &b 7 Lhwe | FACHATE n,Yiaaan a3 37 261 SF CLuliian Salfa 0 RS RE N 43
" L T A A LT T s ldnan 4y 2 158 85 FLUTRTATF PR R Y g

14 Vol 8F FLoTniaTh notdnan us 3 Jasml aw ELDTHTIATE 1,366y 45
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