
V U A J 1 El 1 WATER POLLUTION CONTROL RESEARCH SERIES 16010 EHR 

Nutrient Sources for 

Algae and Their Control 

U.S. ENVIRONMENTAL PROTECTION AGENCY 

'*.•;.« - ttiu 



NUTRIENT SOURCES FOR ALGAE 

AND THEER CONTROL 

By 

George P. Fitzgerald, Principal Investigator 
Water Resources Center 
University of Wisconsin 
Madison, Wisconsin 53706 

for the 

Environmental Protection Agency 

Project #16010 EHR 

August 1971 



) 

EPA Review Notice 

This report has been reviewed by the Environmental Protection 
Agency and approved for publication. Approval does not 
signify that the contents necessarily reflect the views and 
policies of the Environmental Protection Agency nor does 
mention of trade names or commercial products constitute 
endorsement or recommendation for use. 

For sale by the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. 20402- Price $1.00 

AARK OSTtauN LIBRARY 
rRAV5RSE cm, MICHIGAN 

ii 



ABSTRACT 

Critical evaluations are presented of bioassays 
for nutrient availability. The biological avail-
ability of any required algal nutrient in a sample 
of water can be determined by growth experiments 
requiring 2 weeks incubation. In addition, 
relatively short-term tests can be carried out 
measuring changes in certain enzymatic activities 
or chemical fractions which have been shown to 
reflect meaningful nutritional changes. The lat-
ter types of tests have been useful in evaluating 
the nutritional status of in situ algae. The 
selection of the type of bioassays for particular 
purposes can be made from the data presented as 
to what information can be obtained, the length 
of time required, and the range of sensitivity 
of the bioassays. Examples are presented of 
ecologically important questions which have been 
answered by the different bioassays. 
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SUMMARY AND CONCLUSIONS 

A critical evaluation of bioassays for nutrient availability-
was made in order to define the conditions and limits under 
which each method can give meaningful results. The biolog-
ical availability of algal nutrients in a sample of water 
and the response to changes in the growth-limiting nutrient 
were measured by the following tests: 

The growth attained by selected algae was measured 
in spiked and untreated samples (as much as 2 to 3 
weeks of incubation required). 

Available N of the sample was calculated from NH^-N 
absorption rates after incubation with N-limited 
algae (1 or 2 days incubation required). 

Available P of the sample was calculated from in-
creases in extractable PCH-P after incubation with 
P-limited algae (1 or 2 days incubation required) 
and from increases in the rate of C2H2 reduction 
by P-limited N2~fixing algae (1/2 hour incubation 
required). 

To determine if various sources of nutrient are capable 
of supplying adequate amounts of N or P for in situ algae 
or aquatic weeds the following information was used: 

N~limited algae or aquatic weeds will absorb NH^-N 
in the dark at rates greater than 15 jag NH4-N/10 mg/ 
hour. 

N2-fixing algae grown in environments with surplus 
available fixed N (NHit+NOs) will have relatively 
few heterocysts and low N2 fixation or C2H2 reduc-
tion rates. 
P-limited algae or aquatic weeds will have less 
than 0.08 mg extractable PO^-P/lOO mg plant material 
and have relatively high alkaline phosphatase 
activities. 

P-limited N2-fixing algae will respond to incubation 
with added PO4-P by having increased rates of 
C2H2 reduction. 
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The following is a summary of limnological facts recently-
corroborated by bioassay analyses: 

The nutritional status of certain species of algae can 
vary from lake to lake, or even from different areas 
or depths in the same lake, on the same sampling date; 
subsurface samples of planktonic algae have been shown 
to have surplus N or P at times when the same species 
in surface waters were N or P limited. 

Lake Mendota algae contain surplus N and P in spring, 
can become N or P limited (at the same time or inde-
pendently) during summer, and again have surplus N and 
P after the fall overturn. This pattern may represent 
the changes that take place in similar eutrophic lakes 
with spring and fall overturns. 

Rain can be a significant source of available N to 
algae in surface waters in the Madison lakes. Less 
dramatic increases in available P were also associated 
with certain rains. 

Filamentous green algae, such as Cladophora sp., and 
aquatic weeds that have been in an environment contain-
ing surplus N for a week or more are usually visibly 
coated with epiphytes (have a brown appearance). 
Under certain laboratory conditions, solubility was 
shown not to be a limiting factor in the nutrition of 
algae because the equilibrium between soluble and in-
soluble nutrients allowed algae to obtain sufficient 
amounts of nutrients which were present in an "insolu-
ble" form. 

Factors other than insolubility prevent the N or P of 
certain samples of aerobic lake muds from being readily 
available for the growth of algae; P-limited Spirogyra 
sp. have been found growing through layers of muds 
with 0.1% total P content. 

The nutrients of live algae and aquatic weeds are not 
effectively available to other plants even when nutrient 
limited plants are mixed with plants containing surplus 
nutrients. However, when plants containing surplus 
nutrients are killed their nutrients become available 
for nutrient-limited plants. This points out a distinct 
disadvantage of chemical treatment as a means of con-
trolling undesirable growths of aquatic weeds because 
weeds killed by chemical treatment are likely to release 
much of their nutrients to the lake water in forms avail 
able for the growth of algae. 



NUTRIENT SOURCES FOR ALGAE 

INTRODUCTION 

Preliminary evaluations of water pollution control projects 
for the control of obnoxious growths of algae will depend 
upon the relative sources of nutrients: those which can be 
controlled versus those which cannot. Through the use of 
bioassay techniques developed in this laboratory for nutri-
tional studies of problem-causing algae it is proposed to 
study the sources of nutrients available to algae and eval-
uate possible means of limiting these available sources. 
The factors that control the absorption and utilization of 
nitrogen, phosphorus, and possible other nutrients will be 
studied by the use of techniques developed for determining 
if algae have surplus quantities of certain nutrients or are 
limited by their supply of these nutrients. The main ques-
tions to be investigated will be: 1) the sources of nitro-
gen and phosphorus which can serve as available nutrients 
for algae; 2) the factors affecting the utilization of 
various nutrients under the conditions existing in surface 
versus bottom water of lakes; 3) whether the solubility of 
nitrogen, phosphorus, and iron compounds in the bottom of 
lakes is a factor in the nutrition of algae (precipitated 
versus soluble nutrients); 4) assuming that phosphorus is 
an important nutrient for algae in lakes fertilized by 
sewages or treated sewages, if the phosphorus of detergents 
were replaced by organic chemicals such as nitrilotriacetate 
or E.D.T.A., what effect might this have on the practical 
supply of phosphorus from sewages; and 5) what effect would 
such a replacement have on the availability of other nutri-
ents and on the copper sulphate treatments used for the 
control of algae in lakes and reservoirs. 

Bioassays can be used to evaluate the amount of a particular 
nutrient or nutrients available to algae or aquatic weeds 
in a water sample or to assess the nutritional status of 
in situ plants. Bioassays for any required plant nutrient 
can be carried out by growth experiments in the laboratory 
using selected species of algae. In addition, relatively 
short-term tests can be carried out by measuring changes in 
certain enzymatic activities or chemical fractions which 
have been shown to reflect meaningful nutritional changes. 
An evaluation of the N or P nutritional status of in situ 
algae or aquatic weeds at any particular time can be made 
by measuring the NHi*-N absorption rates in the dark, rela-
tive amounts of POif-P extracted and alkaline phosphatase 
activities, or N2-fixation rates by blue-green algae. Bio-
assays of water samples demonstrate the level of available 
nutrients whereas bioassays with in situ plants demonstrate 
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whether the environment has supplied nutrients to only a 
limited extent or if there were surplus quantities avail-
able. The latter tests also will indicate transitory changes 
in nutrient sources that might have taken place between 
sampling dates, such as the effects of slugs of nutrients 
which might not be detected without continuous monitoring. 

Through the use of the bioassays developed and evaluated 
by laboratory studies several practical evaluations of in 
situ nutrient sources have been made. The results of these 
tests have suggested methods that could be used to control 
certain forms of eutrophication of natural waters or the 
inadvisability of further pursuit of certain approaches to 
eutrophication control. 
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MATERIALS AND METHODS 

Analysis of Nutrient Content by Growth 

The value of measuring the growth of algae in water samples 
is that differentiation can be made between the total nutri-
ent content of water samples as obtained by chemical analyses 
and the nutrients that are available to support the growth 
of algae under certain circumstances. The concentration of 
any nutrient required for the growth of algae can be deter-
mined by measuring the growth attained by selected algal 
species in dilutions of the water sample or after suitable 
spikes of other nutrients are added. Standard techniques 
for this type of bioassay are being developed (Maloney, 
1970). Growth experiments often require two or three weeks 
of incubation, but preliminary results can sometimes be 
detected after only one or two days. Since long incubation 
periods may allow an original source of a potential nutrient 
to degrade to an available form (such as a polyphosphate 
compound degrading to orthophosphate), it is sometimes de-
sirable to expose the algae for relatively short periods of 
time to the potential nutrient and then transfer them to 
another media to grow on the absorbed nutrient (Fitzgerald, 
1970a). 

Some factors that can influence the results of nutritional 
tests are the type, source, and amount of algae used and 
the nutrients carried over when the algae are added to the 
test media. The algae to be used must be readily avail-
able and must respond to the nutrients of interest. In 
addition, the selected species should represent problem-
causing species since not all algae may respond alike to 
the same environment. There is frequent controversy as 
to whether one should use the natural flora of a water 
sample for nutrient bioassays or a standardized culture 
that may not be related to a particular flora but which 
has been shown to respond similarly to various nutrients. 
As pointed out, the alga to be used must be available when 
you want to test the water; if the tests are to be run on 
samples taken at spring overturn of a lake, the in situ 
algae will probably not be the same as those that cause 
problems in mid-summer. If the samples must be collected 
and stored until a convenient time is found for the bio-
assays, there is a good chance the original flora will no 
longer be present. It has been pointed out by several 
workers that the algal species composition of in situ tests 
frequently changed when samples were confined for a few 
days time, such as the replacement of phytoplankton by 
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epiphytic types of algae that had become attached to the 
walls of the container. Therefore, except for certain 
specific studies, the use of selected and tested species 
of algae is preferred over the use of in situ algae for 
growth bioassays. 

Since algae are known to be able to concentrate certain 
nutrients in excess of their present needs when they are 
grown in media with surplus nutrients, this factor must be 
taken into account in selecting culture media and the amount 
of algae used. The effect the media can have on nutrition 
tests was demonstrated by Gerloff and Skoog (1954). They 
showed that the planktonic blue-green alga, Microcystis 
aeruginosa (Wis 1036), cultured in a medium with low N 
(6.8 mg N/L) would not grow when transferred to a medium 
lacking N, but Microcystis from a medium with surplus N 
for maximum growth (27 mg N/L) was able to increase twofold 
in a medium lacking N. They also showed that Microcystis 
from a medium with excessive P (1.8 mg P/L) could increase 
fourfold when transferred to a medium lacking P. Using the 
green algae, Chlorella pyrenoidosa (Wis 2005) and 
Selenastrum capricornutum (PAAP), and the blue-green algae, 
Microcystis and Anabaena flos aquae (Ind 1444), a series of 
30 experiments have shown that there was no significant 
further growth in media lacking N or P with algal inocula-
tion levels of from 10,000 to 1 million cells/ml from the 
relatively dilute PAAP medium (4.7 mg N/L and 0.2 mg P/L). 
Thus, if algae are cultured in relatively dilute media, the 
amount of growth in subsequent media will be dependent upon 
the N or P of the latter media regardless of inoculum size. 
However, if algae were precultured in more concentrated 
media, such as Allen's (1952) (178 mg N/L and 45 mg P/L) or 
Gorham's (1958) (82 mg N/L and 7 mg P/L), Selenastrum could 
increase two- to threefold in N-free media and increase 
fourfold in P-free media. The growth that occurs in N-free 
or P-free media is due to surplus nutrients (luxury con-
sumption) inside the algal cells. Therefore, the amount 
of algae added to test media from more concentrated media 
should be low enough so the excess nutrients in the cells 
would be insignificant compared to the nutrients in the 
test media. Statistical data have shown that the lowest 
concentration of algae that could be readily measured by 
cell counts using a haemocytometer was 100,000 cells/ml 
(100 cells, t 20, in 175 microscopic fields),so inocula-
tions at levels less than 100,000 cells/ml should be used 
when cells from relatively concentrated media are used. The 
carry-over of extracellular nutrients from the preculture 
medium can be minimized by washing cells in media lacking 
the nutrients of interest, such as by centrifuging and re-
suspending in distilled water containing 50 mg/L of NaHC03. 
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The sensitivity of growth tests carried out with these pre-
cautions can be evaluated by the minimum detectable concen-
trations of the nutrients of interest. By washing the green 
alga, Selenastrum, from any nutrient medium and inoculating 
to a concentration of 50,000 cells/ml, concentrations of 
various nutrients as low as those presented in Table 1 will 
consistently yield increases in the measurements used. By 
using more sensitive measurements than those indicated, 
lower concentrations of nutrients could be detected. 

In order to evaluate the reproducibility of data on the 
relationship between algal growth measurements and nutrient 
levels in natural waters, the amount of growth attained by 
Selenastrum was measured by 3 to 5 tests in each of 8 samples 
of water from 3 lakes in the Madison area which were pre-
served by autoclaving. Concentrations of available N in 
5 separate tests of a Lake Mendota surface water sample, 
collected and preserved on August 17 and assayed during 
December, 1970, were 0.15, 0.17, 0.20, 0.20, and 0.25 mg N/L. 
This degree of reproducibility is typical for bioassays. The 
level of available N in 6 surface water samples collected in 
mid-summer of 1970 was about 0.2 mg N/L, whereas a hypo-
limnion sample contained 1.2 mg N/L, and a surface sample 
collected in December contained 0.5 mg N/L. These values 
correlate well with levels of NH4+NO3 obtained by chemical 
analyses of similar samples. 

In general, growth of algae in water samples or with poten-
tial nutrient sources will be correlated with the growth 
attained by the same inoculum under conditions of known 
nutrient content: such as growth in 0, lx, 2x, 4x, 8x mg/L. 
Growth in the absence of the nutrient of interest will in-
dicate growth attainable with the nutrients contributed by 
the algae and the techniques of culturing and handling. 
The concentration of nutrients used to establish standard 
curves will be dependent upon the particular nutrient of 
interest, but should represent as wide a range of nutrients 
as will have a significant influence on algal growth. The 
growth of algae in test samples, or dilutions of test sam-
ples if concentrated sources of nutrients are suspected, 
and growth attained with known concentrations of nutrients 
is used to estimate the amount of nutrients available in 
the test sample under the conditions of the test. 

The availability of different forms of nutrients can also 
be evaluated by growth experiments. Certain relatively 
insoluble sources of nutrients, such as iron-phosphorus 
compounds and teeth for P, hair for N, iron pyrites for 
iron, and marble for carbon, were found to be readily used 
by algae, whereas other sources, such as the N or P of 
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Table 1. Minimum Detectable Concentrations (mg/L) 
of Nutrients by Growth of Selenastrum When 
Algal Growth Is Measured by Different Techniques 

Nutrient 
Absorbance 

(1 cm, 750 my) 
Cell Counts 

(Haemocytometer) 
Fluorometry 

(Chlorophyll a) 

N 0.2 0.1 0.1 
P 0.02 0.01 0.01 
Mg 0.02 0.01 0.01 

S 0.02 0.01 0.01 

Fe 0.002 0.001 0.001 
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aerobic lake muds or the N or P contained in other live 
plants, were found to be relatively unavailable. 

Evaluations of the availability of sources of nutrients 
also can be carried out using rooted aquatic weeds, such as 
Lemna minor, a common "duckweed." Increases in frond num-
bers or dry weight can be readily followed during incubation 
periods of 2 to 3 weeks or after exposure tests of a few 
hours and then subculture to N- or P-free media for growth 
on sorbed nutrients. Concentrations as low as 0.2 5 mg N/L 
or 0.05 mg P/L will result in at least twofold increases 
in growth over control (-N or -P) cultures. Because these 
plants have roots,they can be used to differentiate between 
nutrient sources available to algae and those that are avail-
able to rooted aquatic weeds. 

Extractive and Enzymatic Analyses for P 
An extractive procedure can be used to differentiate between 
algae which have surplus or stored P and those that are 
P-limited. Algae and aquatic weeds containing adequate P 
will release more than 0.08 mg P0i,-P/I00 mg (dry weight) of 
plant material when extracted in a boiling water bath for 
1 hr. Therefore, this extractive procedure can be used to 
measure the P-nutritional status of algae or aquatic weeds 
and to follow the effects of environmental changes that 
might influence the P-nutrition of plants (Fitzgerald and 
Nelson, 1966). 

The P04-P in algal extracts was analyzed by the stannous 
chloride method (Am. Public Health Assoc., 1965) . All analy-
ses are reported on a dry weight basis. Dry weight of 
planktonic algae was measured on filtered samples dried in 
tared vessels. Measurements of the dry weight of plants 
that could not be sampled by aliquot, such as Cladophora or 
Myriophyllum, were made with the actual samples used by 
filtering and drying them after the PCH-P extraction or 
enzymatic tests were completed. Dry weights of samples 
after extraction with boiling water are not equal to the 
total dry weight of the original sample but are accurate 
enough for comparative purposes. 

The extraction procedure for surplus phosphorus involved 
placing 10-80 mg of washed [Gorham's minus P(-P) medium] 
plant material into 4 0 ml of Gorham's medium (minus P 
source; pH 7), extracting in a boiling water bath for 
60 min, centrifuging or otherwise removing plant material, 
and analyzing the supernatant liquid for orthophosphate. 
Alternative methods using 5 min direct boiling or auto-
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claving techniques have not given as complete an extraction 
as 1 hr in boiling water baths but could be of comparative 
use. Any extraction method dependent on killing the plant 
tissue and allowing the POi»-P to leach to the supernatant 
liquid would probably be sufficient as long as results could 
be correlated (Fitzgerald and Faust, 1967). The PCU-P in 
the extracts was calculated as mg P/100 mg (dry wt) plant 
material. 
Alkaline phosphatase activity was determined by suspending 
1-20 mg of washed plant material in 32 ml of Gorham's 
(minus P) medium, adding 4 ml of buffer solution (1 M Tris, 
0.01 M MgCl, adjusted to pH 8.5 with acetic acid) and 4 ml 
of p-nitrophenylphosphate solution (30 mg/100 ml), and in-
cubating at 35-37C. The relative activity was measured 
after 0.25-2 hr by centrifuging 10-ml samples with 10 mg 
of orthophosphate-P in 0.5 ml (to stop further enzyme activ-
ity) and measuring the optical density of the clear super-
natant liquid at 39 5 my. An alternative measurement of 
alkaline phosphatase activity uses commercial enzymatic 
tablets, one brand of which (Phosphatabs-Alkaline Quanti-
tative, Warner-Chilcott Labs, Morris Plains, N.J.) uses 
phenolphthalein phosphate and necessary cofactors. Data 
so obtained are comparable to results with p-nitrophenyl-
phosphate as substrate. Activity was recorded as units of 
enzyme/mg (dry wt) of plant material in 40 ml. One unit 
of alkaline phosphatase is defined as the amount of enzyme 
liberating 1 mymole of nitrophenol/hr under the prescribed 
conditions. 

The use of the extractive procedure in laboratory studies 
of the availability of P sources has indicated that 10 mg 
of either the green alga, Cladophora sp, or leaves of the 
aquatic weed, Myriophyllum sp, could detect P concentra-
tions as low as 0.04 mg P/L. By using P-limited Cladophora 
sp from Lake Wingra it was shown that 1% or less of the P 
of various lake muds was available to the alga when tested 
under aerobic conditions in the laboratory (Fitzgerald, 
1970b). 

It has been found that plants that are P-limited will have 
2 5 times as much alkaline phosphatase activity as plants 
grown with surplus P. Analysis of alkaline phosphatase 
activity can thus be used to confirm that plants with low 
extractable PO^-P levels are alive, but P-limited. The 
two procedures have been used together to detect long-term 
nutritional changes, such as seasonal changes in the avail-
ability of P in lake waters, or recent additions of avail-
able P. Plants that have only recently been exposed to 
increased available P supplies have higher extractable 
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