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ABSTRACT

The biostimulatory propefties of secondary treated waste-
water effluent collected from the Amherst, Massachusetts
wastewater treatment plant were evaluated using an algal assay
technique. Algal assays indicated that the algal growth
potential of Amherst wastewater could be determined from the
inorgan&c nitrogen and orthophosphorus concentrations in the
sewage. A chemical equivalent solution of the wastewater,
containing equivalent orthophosphorus and inorganic nitrogen
content, caused algal growth levels similar to those resulting
from direct sewage additions. Phosphorus removal by alum or

lime treatment significantly decreased the algal growth in

~additions of both sewage and chemical equivalent solution

to Mill River water.
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CHAPTER" 1

LITERATURE REVIEW

Introduction
| Much of. the literature dealing with the growth response of algae
to wastewater discharges is lacking in specific information needed
to properly evaluate the effect of such wastewater on receiving
waters. The experimental method most often used for studies invdlves
the exposure of algae to various concentrations of waste material.
The resulting growth response is then used to assess. the impact. of
the wastewater on the receiving stream. Often, however, little
information is provided on the chemical composition of the wastewater.
Rarely is there any discussion of possible synergism or antagonism
between components of the waste material.

Algal assay has additionally been used to assess the
nutrient status of a water by evaluating the algal response to
single or multiple additions of the pure chemical compounds. These

3

studies are also used to predict the effect of a diécharge of known
composition on a receiving water. For example, the effect of
changes in a municipal wastewater loading on a receiving water
might be predicted by first determining the nutrient status of the
receiving water uéing algal assay technique. This involves the
addition of phosphorous, nitrogen, and carbon, singly and in
combination to determine the limiting nutrient of the water source.
It appears that few studies have examined the varying algal

response to sewage additions versus additions of equivalent levels



of inorganic nitrogen and phosphorus as that in the sewage.

Such information is needed to evaluate the effectiveness of waste-

water treatment practices aimed at removing inorganic nutrient

constituents of wastewater.

“Regponse to Nutrients

Miller and Maloney (1971) examined the effects of secondary and

tertiary wastewater effluent on Selenastrum capricornutum. The

results of their study are summarized in Table 1-1.

Chemical

analysis of the secondary and tertiary effluent was not reported.

Table 1.1, Effect of nutrient additions on growth of Selenastrum

eapricornutum.

Nutrient Addition

Burntside River
Algal Biomass
(mg/1 dry wt.)

Shagawa Lake
Algal Biomass
(mg/1 dry wt.)

Control 0.08 10.0
20 mg/1 carbon 0.08 10.0
0.06 mg/l phosphorus .00 10.0
1.0 mg/1 nitrogen 0.08 10.0
0.06 mg/L P + 1.0 mg/1 N 20.00 30.0
10% tertiary effluent 0.08 11.0
10% secondary effiuent k0.0 40.0
Algae grown in cells/ml mg/1l dry wt.
tertiary effluent 5.0 X.10° 0.08
tertiary effluent + 0.02 mg/1 P 2.3 X 102 .60
tertiary effluent + 0.06 mg/1 P 6.0 X 10 12.00



It was concluded that the Burntside River was phesphorus
deficient, depending upon the time of the year. Secondary treated
wastewater stimulated algal growth to a much greater extent than
did tertiary treated wastewater. Algae grown in tertiary effluent
showed increased growth following phosphorus. addition. It was
therefore concluded that implementation of advanced wastewater
treatment on the receiving water would retard eutrophiéation.
Gargas (1978) studied the effect of primary treated
sewage, and biclogically and chemically treated sewage on growth of

Selenastrum capricornutum. He found that the potential production

of the receiving water was increased with addition of sewage.

Primary treated sewage had a greater stimulatory effect than

bidlogieally and chemically treated sewage. Table 1-2 presents

response of algae to {ive sewage loadings. The algal growth parameter

evaluated here is maximum specific growth rate U defined as

in x2 - 1n x1
u, =
t2 - t1
where X5 = biomass at the time t2
X, = biomass at the time tq-



Table 1-2.

Chemical composition of

primary

treated and

biologically - and chemically treated sewzge and its

effect on growth of Selenastrum capricornutum.

f
Loading Total Nutrient Concentration i ?m -
of B tologically R . i E;:é.&
se¥§§e treated Bzgemically , Primary i treated
| treated treated °
N(mg/1) E P(mg/1) N(mg/1) { P(mg/1) [
| | | 5.

0 0.730 0.005 0.730 % 0.005 0.22 ! o0.22
1.5 | 0.898 0.0 0.815 1 0.009 0.2k | 0.27
3.0 | 1.065 0.077 0.900 i 0.017 0.28 | 0.30
6.0 | 1.400 0.149 1.076 | 0.034 0.72 | 0.49
9.0 | 1.735 0.221 1.262 | 0.051 | 1.04 | 0.72

12.0 | 2.070 0.292 1.410 | 0.062 . 0.88 | 0.6

Shapiro and Ribeiro (1965) performed a series of algal assay

experiments to determine the effluent constituent which was

stimulating algal growth. They developed two algal cultures for this

study.

the second contained green algae.

were added to algal cultures diluted with river water.

of this algal assay are presented in Table 1-3,

Varying amounts of effluent

One culture was made up predominately of blue-green algae,

The results
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Table 1-3. Growth of green and blue-green algae in river water
with sewage additions.

% effluent resultant green algae blue-green
in water PO, -P conc. (mg/1 dry wt.) algae
(mg/1) 9 days (mg/1 dry wt. )
9 days
0 0.03%7 120 100
5 0.295 140 220
10 0.553 190 360
20 1.070 280 400
Lo 2.100 360 440

Addition of the wastewater stimulated growth of both the blue-green
and the green algae. In order to determine whether the growth
stimzlating ability of the wastewater was solely attributable to
phosphorus c¢ontent, additional assays were performed using river
water to which orthophosphate in amounts equivalent to that present
in the wastewater were added in dilutions of 0, 5, 10, 20, and

40 percent. The results are presented in Table 1-4.

Table 1-4., Growth of green and blue-green algae in river water
with additions of orthophosphate equivalent of sewage.

orthophosphate added green algae blue-green algae
in amt. equal to that (mg/1 dry wt.) {mg/1 dry wt.)
if sample contained 9 days 9 days

0% effluent 120 100

St " 150 -330

10% " 150 400

20% " 140 330

e " 130 350

The experiment revealed the unsuprising result that growth by algal
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species which cannot fix nitrogen becomes nitrogen limited in
cultures containing increasing levels of added phosphorus.
Aiternatively‘increasing phosphorus levels resulted in appreciable
growth stimulation in blue-green algal spec¢ies since they are
capable of nitrogen fixation. This was corroborated by further studies,
summarized in Table 1-5, which demonstrated that the factor necessary
for green algal growth was not a trace element, but rather some macro
mitrient. |

Table 1-~5. Growth of green and blue-green algae in river water with
sewage additions, plus additional phosphorus spikes.

green algae blue-green algae
River water (mg/1 dry wt.) (mg/1 dry wt.)
PLoTCU AT 9 days 9 days
No addition 75 135
+ 5 % effluent 120 - L&0
+ 5 % effluent + ortho-P.} 10%.:ef. 140 530
to raise concentra- } 20% ef. 140 565
tion to that of Low ef. 140 540

To determine the major limiting nutrient to the green algae

a fourth assay was run. Cultures were made up with river water and
various combinations of Ca(N03)2’ Mg804, NaZSiOB’ ferric citrate, and
trace elements. The resulting chemical composition of the culture
was not_reported.. Addition of these chemicals did not cause a
significant increase in growth of green algae.

Another assay was performed on green algae using river water
with added Ca(NOB)B' On the third day of the assay, phosphate was

addéd. Table 1-6 summarizes the results of this assay.
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Table 1-6. Growth of green algae in river water with Ca(NO ) and
P04—P spikes.

River water plus green algae
(mg/1 dry wt. )

no addition 70
Ca(NO )2 80
Ca(NO,), plus PO, -P 130

adéeé on Day 23

Shapiro and Ribeiro concluded that both groups of algae were
stimulated by wastewater addition. Blue-green algal growth was
stimulated by phorphorus while green algae required both phosphorus
and nitrogen for growth stimulation.

This study additionally examined the effect of phosphorus
and NquNiremoval on algal growth. Phesphorus and nitrogen were
removed from wastewater effluent by chemical precitation and
NH;—N stripping, respectively. Phosphorus and nitrogen concen-
trations before and after treatment and algal assay resulis of ireated

effluent dilutions are shown in Table 1-7 and Table 1-8, respectively.

Table 1-7. Phosphorus and nitrogen concentratlons in treated and
untreated sewage.

- Bffluent PD NH_-N
mg/l mé/l

Untreated 5.200 38.4
Phosphorous removed 0.071 8.k
Ammonia -~  removed, 4.800 14.8

phosphorous restored.




Tavle 1-8. Growth of green and blue-green algae in river water
with treated wastewater additions.

green algae blue-green-algae
River water plus (mg/1 dry wt. ) (mg/1 dry wt. )
phosphate ammonia phosphate ammonia
removed removed removed removed
0 % effluent 60 70 60 20
5 % effluent no value 130 8o 590
10 % effluent 70 120 80 800
.20 % effluent 40 90 80 730
4o % effluent 80 200 80 550

The authors concluded that POQ-P ;emoval controls growth of both
algal groups while removal of NHZ-H controls green algal growth alone.
Since environmental waters usually contain both of these algal groups,
advanced wastewater treatment to remove phosphorus appears to be a
more beneficial approach.

Middlebrooks et al. (1971) investigated the nutrient status
of Lake Tahoe, California, and the effects of wastewater discharges
on this receiving water using algal assay techniques. Selenastrum
gracile was used in both batch and continuous flow culture studies.
Specific or maximum cell growth rate Qas used to evaluate algal
response. Specific growth rate is defined as the number of cells
produced per day per total number cells. The investigators determined
the growth rates using céll number data alone since no significant
variation of cell size was observed among cultures.

Lake Tahoe water was found to have a significant variation in

biostimulant properties throughout the year. The researchers thought
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that this variation was attributable to variable climatic conditions
in the drainage-basin and also to mixing of the lLake Tahoe water.
Variation in the diluent water was considered in subsequent studies.
Additions of effluents from five different types of waste
treatment systems were made to the lake water. With only one
exception, the growth response of the algae to wastewater was
greater than the response to additions of inorganic nitrogen and
phosphorus. . in amounts equivalent to that in the effluent. The
algae also exhibited a greater growth response to primary or secondary
treated effluents than to untreated wastes. Wastes which received
biological treatment caused a'greater growth response than mechanically
treated wastes,
Middlebroocks et al. (1971) performed several experiments using
chemostat:algal cultures. The levels of inorganic nitrogen that

limited growth were found to be very low. It was suggested that.

nitrate-nitrogen and nitrite-nitrogen are only an index of the substances

which actually limit algal growth, and that when inorganic nitrogen
is present in concentrations greater than 15u g/l some other factor
controls algal growth. Middlebrooks et al. (1971) additionally
observed that neither the maximum growth rate attained in batch
studies nor the initial rate in chemostat -:culutures was representa-
tive of rates in steady-state systems. It should be noted that the
recommended parameter for evaluation of algal growth response in
batch cultures is the maximum standing crop expressed as dry weight.
Growth rate is indirectly related to external nutrient concentrations.

Thus, phytoplankton exposed to equivalent nutrients may grow at
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different rates (Miller, et al., 1978).

A number of studies have examined the role of phosphate-containing
detergents in the eutrophication potential of wastewaters. Ferris,
et al. (1974) studied the stimulatory effects of wastewater contain-
ing phosphate detergents versus wastewater containing only non-

phosphate detergents. The test algae, Selenastrum capricornutum-Printz,

was grown in lake water containing phosphorus in the range of 0.01
to 0.04% mg/1 phosphorus.. Various additions were made to the algal
cultures. !The additions were: 1) sewage effluent containing no
detergents (total soluble phosphorus = 4.9 mg/1 P), 2) sewage
effluent containing non-phospﬁate detergent (5.0 mg/1 P),
3) sewage effluent containing detergent phosphate (7.8 mg/1 P),
4) sewage effluent in wnich nutrients were removed (0.4 mg/1 P},
5) inorganic phosphorus additions equivalent to the phosphorus in
i, 2, and 3. A domestic sewage known to be free of detergent was
used for the first treatment. A non-phosphorus detergent was added
te this sewage to simulate an effluent produced by households using
noﬁ-phosphate detergents for the second assay solution. Detergent
Containing phosphate was added to the domestic sewage for the third
test solution.

All of the waste additions, with the exception of the treated

sewage,caused an increase in the growth of Selenastrum capricornutum.

The increased growth response seemed to be dependent upon the
nutrient status of the receiving water, Thus, a greater increase in

algal growth was observed when sewage was added to a lake having a
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low nutrient level than when sewage was added to a relatively fertile
lake water. The authors could not find a significant difference
between the effect of sewage, containing phosphate detergents,
as compared to the other untreated sewage additions. The growth of
cultures which received phosphorus additions in amounts equal to
the corresponding wastewaters did not stimulate as much growth as
the wastewater additions. Thus, other nutrients must have been
involved in the growth response. Predictions of algal response could
therefore not be based on phosphorus content alone.

Francisco and Weiss (1973) also examined the stimulatory
effects of wastewater effluent containing detergent phosphates. They
found that algal growth increased in direct proportion to the per-
centage of untreated wastewater added to algal cultures. No
difference in the algal growth response was observed, however, for
wastewater additions with or without phosphate detergents at each
level of treatment. Porcella et al. (1973) also examined the
algal growth response to wastewater containing non-phosphate deter-
gents. It was found that some factor other than nitrogen and
phosphorus was limiting for the recéiving water studied. No
difference in the biostimulation of sewage containing phosphate
detergents and sewage containing non-phosphate detergent was
observed.

Sachdev and Clesceri (1978) investigated the ability of
different molecular weight dissolved organic fractions contained

in wastewater to stimulate the growth of Selenastrum capricornutum -

(Kutz). Secondary treated wastewater effluent from two treatment
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plants was analyzed. The effluents were first megbrane filtered and

then concentrated by freeze-drying technique. The concentrated

effluents were then separated into different apparent molecular weight

(AMW) fractions on Sephadex gels. The organic carbon content of

the wastewater effluent, concentrated effluent, and chromato-

graphed fractions were analyzed to determine the percent carbon

concentration for each effluent fraction. The effect of additions
of varying organic fractions on algal growth was determined by algal
assay technigue.

The study concluded the following:

1. Concentrated effluent additions from both wastewater treat-
ment facilities significantly stimulated the growth rate
of the algae, but only one had significant effect on the
maximum standing crop.

2. Additions of some organic fractions alone caused greater algal
stimulation than whole concentrated effluent additions.

3. No inhibitory effects of the concentrated effluent or their
organic fractions on algal growth were observed.

L,  In general, the organic fractioms with AMW greater than 700
caused stimulation of both maximum growth rate and maximum
standing crop.

5. Algal growth could not be attributed fto additional nitrogen,
phosphorus, or inorganic carbon contained in the organic

fractions, and thus stimulation was caused by organic

compounds contained in the fractioms.
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Based on these observations the authors further concluded that
removal of nitrogen and phosphorus, from wastewater may not solve
algal growth problems. Removal of organics should be considered,
specifically those components with AMW greater than 700.

A study by McDonald and Clesceri (1979} also examined the
stimulatory effects of organic compounds contained in wastewaters.
An experimental procedure similar to that of Sachdev and Clesceri
{1978) was followed. The authors of this study also found that
some of the organic fractions of the effluent caused a significant

increase in growth of Selenastrum capricornutum and Anabaena flos-

agquae.

Response to Nutrient Additions in the Presence of Toxicants

Much of the algal assay literature describes experimental
procedures where single or multiple chemical additions are added
to algal cultures. Shiroyama et al. (1973%) and Greene ét al. (1975)
studied the effect of nitrogen and phosphorus on growth of

Selenastrum capricornutum. They reported a linear relationship

between algal mass and the nitrogen and phosphorus 1levels in the
algal culture. Thus, in the absence of toxicants and when all
other essential nutrients are present the growth response of ' ..~ =«

Selenastrum capricornutum can be predicted based upon nitrogen and

phosphorus content. Waters which contain at least 0.010 mg/1
orthophosphorus will yield 0.4% mg dry weight of algae per 0.001 mg
p/l. Similarly, each 0.001 mg/1 total soluble inorganic nitrogen

will yield 0.038 mg/l mg dry weight algae. These relationships can
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be used to predict the response of receiving waters to varying
nitrogen and phosphorus- additions. The presence of toxicants
may by indicated if expected growth levels are not achieved.
Greene et al. (1975) performed a series of algal assays to
assess the effect of various waste additions to a river water and
reported that there was gener;lly no correlation between maximum

yield of Selenastrwmn capricortutum and increased calcium, magnesium,

carbon, or alkalinity levels.

Miller et al.(1973) perfﬁrmed an algal assay to evaluate the
effects of waste discharge on the Spokane River. This study
investigated the impact of proposed treatment facilities upon algal
growth. The resulits of some of the algal assays are shown in
Table 1-9.

At the first site algal growth was greatly stimulated by
addition of nitrogen plus phosphorus.. However, growth was only
seventy percent of the value predicted from nutrient analysis of
the water. Failure to meet the expected yield here points to lack
of essential nutrienté and/or presence of toxicants. At the
second site, the high zinc content seemed to preclude any
stimulatory effect from nutrient additions. 2Zinc inhibition was
evidenced at the third site as well. When the zinc was rémoved

algal growth dramatically increased at the third site. Re-addition

of zinc after metal removal caused groﬁth to be inhibited again.
At the fifth site chelation of metals by EDTA additions

caused a dramatic increase in algal growth. The large algal growth



Table 1-9. Response of Selenastrum capricornutum grown in treated and untreated waters
to chemical additions.
Maximum 14 Day Algal Yield (mg/1 dry wt.)

. . Zn |.Con=-{ +1000 +20 1 +N Metals Metals . Metals +1.0

Sampling site ug/1] trol < omg mg +P Removed | Removed Removed | ! mg/l%
N/1 P/1 +100 +40 EDTA
mg Zn/1 mg Zn/1

1. South Fork .
Coeur D'Alene | 48 10.0%0] 0.042 0.310 8.20
at Mullan
2. Spokane
River at 170 |0.068] 0.028 0.040 0.045
Post Falls
3.8pokane R.
at Seven Mile | 75 |0.120| >0.061 0.055 0.050 15.40 0.032 0.020
Bridge
4, Spokane R.
at Long Lake 18 | 14.9] 9,50 9.00 8.00
Dam
5. Spokane R. 5
at Riverside 0.120! 21.7 .
State Park
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response in the control at the fourth site was indicative of the
highly productive properties at this site. The lowered growth
response from nitrogen and phosphorus additions indicates lack of
essential nutrients or some toxic effects in those cultures. The
authors felt that algal assay was an effective tool in studying
nutrient enrichment problems which are complicated by the presence
of heary metals.

Miller et al. (1975) performed a similér study on several
rivers in the Spokane River System. Table 1-10 summarizes the
results of these experiments. Algal growth at the first, second,
and fourth sites was limited by phosphorus and nitrogen while algal
growth at the third site was growth limited by constituents other
than nitrogen or phosphorus. LDTA was added at the fifth and sixth
sites to increase trace metal availability. The EDTA additions
resulted in an increase in algal growth. The authors did not con-
sider that the increased growth response may have beén attributable

to chelation of toxicants rather than increased trace metal availability.

Removal of metals at the seventh site resulted in some algal growth.
Re-addition of zinc to these cultures caused growth inhibition
again. At the eighth site addition of EDTA caused a large increase

in algal growth, pointing o zinc toxicity or micronutrient limitation.



Table 1-10. Response of Selenastrum capricornutum grown in treated and untreated waters
to chemical additicns.

Algal yield (mg/1 dry wt.)

+ 1.0 i Metals Metals
+1.0 +0.01 +0.05 mg/1 N |+ 1.0 | Metals Removed | Removed
Location Control mg/l N{mg/l P |mg/l P + 0.05 | mg/1 {Removed + 40 mg/2 + 100 mg/1
mg/1l P | EDTA Zn Zn
a‘1. Snzke River L R ) - e B
' at Tildon 0.092 0.056 3.5 6.3 26.6
Bridge
2. Palouse R. 0.084 1%.98 0.088 0.35 36.6
3. Waldo Lake 0.043 0.043 0.056 0.045
4. Snake River,| 0.10 0.04 3.0 3.0 20.0
i Swan Valley
1
i 5. Columbia R.,
Rock Island 0.30 5.4
6. Columbia R.,
Bridgeport 0.10 4,5
7. Seven Mile
Road Bridge 0.1 14.0 0.02 0.03%2
8. Spokane R.
Bowl and Pitchey 0.12 21.7
State Park

L
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A discussion about the consequences of wastewater discharge
on the algal growth in receiving waters would not be complete with--
out some review of the potential inhibitory properties of chlorine
on this phenomenon. Chlorine is commonly released to receiving
waters as part of treated wastewater discharges. Chlorine is also
released in cooling water discharges from power plants. Brooks
and Liptak (1979) found that phytoplankton from Lake Michigan showed
a significant chlorophyll leoss and permanent decrease of carbon
uptake rate after thirty minute exposure to total residual
chlorine levels at or above 1.0 mg/l. Below this value only slight
chlorophyll changes were evidenced and, following an initial decrease,
carbon uptake rates exhibited nearly complete recovery.

Goldman and Quinby (1979) studied several marine algag for
their ability to recover from chlorine stress. They found indigenous
zooplankton and phytoplankton species capable of recovery after
exposure to chlorine at contact times and contact levels typical
of power plant.discharges. These studies indicate that while
there may be some temporary inhibition of algal growth response to
chlorine inhibition, later decrease in chlorine concentration owing
to the instability of this chemical species, may result in a

subsequent algal growth response.

Summarz

In summary, all the studies discussed in this review have
involved the use of algal assay technique to study the response

of algal species to singleé chemicals, chemical mixtures, or complex
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waste materials. Algal growth has been shown to.be stimulated

or inhibited by addition of such compounds. A variety of
parameters, such as inorganic nutrient content, presence of trace
metals, and different organic fractions has been used as a first
estimate in predicting the algal response to a wastewater input.

Little work has Dbeen directed towards comparing the algal
growth response to an addition of one or more components of the
wastewater. This is a complex problem because wastewater is
comprised of many chemicals. There is a great potential for
interactions between components in the wastewater as well as
interactions arising from varying environmental and physical
parameters, such as flow patterns and non-point source inputs.

The problem is further complicated because the compesition of
wastewater is usually variable. The response of algae fo
stimulants or toxicants additionally is often species specific,
and is also related to the chemical composition of the receiving
water.

It is therefore very important to evaluate possible synergistic
or antagonistic reactions between wastewater components and
receiving water constituents which are encountered when the waste
is discharged. Such information would provide a better evaluation
of laboratory assay results with regard to field applications.

Only a limited number of studies, such as those by Middlebrooks
et al. (1971), Ferris et al.{(1974), Sachdev and Clesceri (1978), and

McDonald and Clesceri (1979) have investigated specific components
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of wastewater, such as inorganic nitrogen and phosphorus and organic
molecular weight fractions, for their ability to stimulate algal
grewth. These studies all indicated that algal growth is greater
than that observed for equivalent inorganic nutrient additions alone.
Organic molecular weight fractions were additionally shown to stim-
ulate . algal growth. Such information is critical in designing
advanced wastewater treatment methods to prevent such sutrophication
of recéiving waters. The study presented here further eipands the
information on this question by investigating the algal growth
response to wastewater effluent and chemical additions equivalent

to that present in wastewater,and comparing these results to growth
values predicted by the chemical composition of these adgif%dns.
Such information further identifies the growth stimulating

components in wastewater effluent.
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CHAPTER 2

MATERIALS AND METHODS

Introduction

The process of eutrophication of a water body depends upon a
complex interaction of biological, chemical, and physical factors.

It is therefore difficult to predict the effect of changes in
nutrient loading on a receiving water from water quality analysis
alone.

Algal assay has been developed as a tool to study the reactions
within water bodies which stimulate planktonic growth. Algal assay,
in conjunction with some other chemical analyses, may be used to
predict changes which may occur in a receiving water attributable to
an input of wastewater of variable nutrient composition. Algal assay
may additionally be used to monitor the quality of lakes and streams.

Algal assay was used in this situdy to determine the algal growth

components contained in wastewater. Inorganic nitrogen and ortho-

 phosphorus are the chemical species usually thought to be responsible

for algal growth. Other chemicals contained in sewage effluent,
however, may stimulate growth. Determination of the factors
critical to algal growth is necessary for the proper design of
wastewater treatmént facilities.

A series of algal assay experiments were therefore performed to
evaluate the response of river water to secondary treated wastewater
effluent. The goal was to identify some wastewater components

responsible for algal growth stimulation. The nutrient status of the
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receiving water which was used as the diluent in these studies was
first established. The river water was analyzed chemically and
tﬁen subjected to algal nutrient limitation studies. The effect of
sewage and other additions was then evaluated.
Secondary treated wastewater and inorganic nitrogen and
phosphorus compounds in amounts equivalentvto that in the sewage
vere added to river water to assess the factors causing algal growth.
Observed alpgal yields were compared to theoretical yields. Determin-
ation of theoretical algal yield is based upon phosphorous and nitrogen
content of the additions and the diluent. Algal growth resulting
from sewage additions also was compared to growth resulting from
additions of phosphorus and nitrogen equivalents of the sewage.
Secondary effluent was treated with either lime or alum to
simulate tertiary ireatment. The resulting algal growth was compared

to theoretical growth values, based upon phosphorus reduction.

Sampling
The Mill River was sampled four different times during the

study. Water was collected by grab sampling from a site directly
upstream of the State Street bridge in North Amherst, as shown in
Figure 2-1. The upstream site was chosen to minimize possible inputs
arising from roadway runoff. The area of the Mill River sampled

was known to be very clean and therefore provided good dilution water

for the algal assay studies.
Water was sampled at mid-depth from an area in which the river

was free flowing. The depth of the river was fairly shallow throughout
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the study, averaging approximately one foot in depth. The sample
water was collected in pre-acid-washed, one gallon glass containers.
Temperature and dissolved oxygen were recorded at the time of
sampling. Since the sampling site was within a ten minute drive of

the laboratory, it was not necessary to place the samples on ice.

Sample Processing

Upon return to the laboratory, pH, alkalinity, and hardness.were
immediately determined. The water was then autoclaved at 15 to 17 psi
and 210° to 230o F. for a period of one hour. The period of autoclaving
was longer than the recommended %0 minutes at 2500 F. (Miller et al.,
1978) since the operating range of the autoclave was less than'the
recommended temperature.

The samples were autoclaved to destroy all .indigenous algal
species. This is necessary to ensure the predominance of a single
algal species during the algal assay. The autoclaving step additionally
solubilizes nutrients present as particulates in the water. In theory,
these nutrients would become available to algae in a natural environ-
ment over longer time periods. A non-autoclaved aliquot of sample
was reserved and later chemically analyzed and subjected to algal
assay to determine the effect of autoclaving on the dilution water.

After removai from .the autoclave, the sample was allowed to
cool to room temperature. It was then equilibrated with a 1% mixture
of CO2 and air fo resaturate the water with 002. The pH was then
adjusted to the original p value obtained immediately after sampling.

The sample was filtered through a 0.45 um membrane filter to remove
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particulate matter and then stored in the dark at 4° ¢. for
later analysis.

A 24 hour composite sample was collected from the
Amherst wastewater treatment plant. The plant is an activated
sludge treatment facility which freats an average of 5 MGD.
The sample was returned to the laboratory for pH, alkalinity,
and hardness determinations. The effluent was then filtéred
through a 0.45 um membrane filter to remove indigenous algae
and othef unwanted biological contaminants (Miller. et al., 1978).
It should be noted, however, that observed algal growth yields
detérmined by algal assay may underestimate actual algal growth
in environmental waters receiving wastewater effluent due tolthe
sewage filtration. Young et al. (1980) have shown that particulate
phosphorus does contribute to algal growth. Removal of this
nutrient component prior to algal assay therefore results in lower
observed yields. The percentage additional algal growth in
actual environmental waters as compared to laboratory :algal
assay results would vary with the percentage of particulate

phosphorus in the total phosphorus contained in the sewage.



Chemical Analysis

The following analyses were carried out on the sample water
and the sewage effluent.
pd: pH was determined using a Fisher model 140 A Acumet pH meter.
Alkalinity: Total alkalinity was determined by titration of
sample with 0.02 W HC1l to pH 4.5 (U.S. EPA, 1979).
Hardness: Hardness was determined by titratién of sample with
0.01 M NaaEDIA using Eriochrome Black T as an indicator (U.S. EPA, 1979)

Mitrate, nitrite: Nitrate-nitrogen and nitrite-nitrogen were

/
determined using the cadmium reduction method described by EPA (1979).[

/
Total organic nitrogen: Total organic nitrogen was determined |

by converting organic nitrogen to ammonia using Kjeldahl digestion, b
followed by ammonia analysis (Strickland and Parsons, 1972).
Ammonia: Ammonia was determined using the scaled down
Indophenol method described by Ram (1979), and based upon Strickland
and Parsons (1972).

Total phosphate: Total phosphate was determined'by boiling

a sample allquet with 11 N 1,50, and 0.2 g K28208 to convert
all the phosphorus to orthophosphate, followed by orthophosphate
analysis. This method is based on phosphate analyses . presented

by EPA (1979) and Standard Methods (1930).

Orthophosphate: Orthophosphate was determined by the

ascorbic acid method described by Strickland and Parsons (1972).
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Algal Assay

The test alga used in this research was Selenastrum

capricornutum-Printz, obtained from the EPA laboratories in Corvallis,

Oregoh. A 1.0 ml innoculum containing approximately 50,000 cells was
pipetted into 125 ml erlenmeyer flasks, each containing 50 ml of test
solution. The flasks were fitted with foam plugs to allow 002 and
air exchange. The cultures were kept under 400 10 % ftec of
fluorescent lights for 24 hours a day and continuously shaken at
approximately 100 rpm. The laboratory set-up for the algal cultures
is shown in Figure 2-2. Cells were grown until a maximum standing
crop (MSC) was attained (14 to 21 days). MSC was considered to have
been achieved when the change in algal dry weight determined on two
consecutive days was less than 5 percent (Miller et al., 1978).

Cell number and mean cell volumes were determined using a

model 56’1SZB1 Coulter Counter with Model MHR MCV/Hct/RBC computer.

The MSC was determined using the following formula:

Mean Cell Specific Growth
MSC = (Cell No.) X ¢ ) X ;L )
(ma/1 dry wt) Volume Coefficient

Specific growth coefficient was determined in previous laboratory
work to be 3.6 X 10-7.

Three types of algal assay experiments were carried out during
this study: 1) nutrient limitation studies were performed for each
Mill River sémpling, 2) sewage additions or chemical equivalent

nutrient additions were made in varying amounts to Mill River water

and growth of Selenastrum capricornutum was monitored, and

(1)

3} additions of chemically treated sewage or treated chemical equivalent
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Figure 2-2. Laboratory set-up for algal assay experiment,

showing shaker tables with culture

flasks and fluorescent lighting.
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nutrient additions in varying amounts to Mill River water were made
and algal growth monitored. The chemical treatment removed phos-

phorus from the sample prior to algal assay.

Nutrient Limitation Studies

Nutrient limitation of the receiving water was determined by
adding phosphorus, nitrogen, EDTA, and micronutrients, singly and
in combination,to the samples. The following additions were made,
to three replicates each of the Mill River.

Control (no addition)

Control . + 0.05 mg/l P

Control + 1.0 ag/l H

Control + 0.05 mg/1 P + 1.0 mg/1 N

Control + 1.0 mg/1 EDTA

Control +:0.05 mg/1 P + 1.0 mg/1 EDTA

Contrel + 1.0 mg/l N + 1.0 mg/1 EDTA

Control + 0.05 mg/1.P + 1.0 mg/1 N + 1.0 mg/1 EDTA

Control + micronutrients
The micronutrient addition was made from a stock solution which
was a modification of the algal nutrient medium described by
Miller. et al. (1978). Addition of the micronutrient spike
resulted in the following concentrations of chemicals in the

culture flasks.



ComEound
MgCla-6H20

CaClZ-EHZO

e Mgsoq'7H20

NaHCO
alico,

H,BO
373
MnC1,,*4H,0

Zn012

CoCla‘6H20

Cu012‘2H20

Na2M004'2H20+

FeCl3 6H20

NaaEDTA-ZHao

. 30.

Concentration
12,164  mg/1
G410 mg/l
14,700 mg/1
15.000 mg/1
185.520 -ug/l

415.610 ug/l

3.271  ug/l
1.428  ug/l
0.012  ug/l
77.260  ug/l

160.000 ug/l

300.000 ug/l

Previous studies by researchers at the EPA Corvallis laboratory

(Miller et al., 1978) have found

Selenastrum capricornutum-Printz

nitrogen and phosphorus present.
nitrogen to orthophorus is ideal

to their findings. If the ratio

that the maximum standing crop of
can be predicted from the inorganic

A rafio of approximately 11:1 inorganic
for Selenastrum growth, according

or inorganic nitrogen to orthophosphorus

(N:P ratio) is lless than 11:1 there is an excess of nitrogen, and

hence the water is phosphorus limited. Conversely, if the N:P ratio

is greaéér than 11:1, there is an excess of phosphorus (relative to

the nitrogen) and the water is nitrogen limited. For nitrogen

limited waters, the MSC attained

should be
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; a Total Soluble * of
kmg/lMic £) = 38x (Inorganic Nitrogenz 20% (2) .
Ty Wee mg/1
For phosphorus “limited waters the MSC attained should equal
MSC - 430 X (Orth0£2;iphorus,) * o0 %  (3) .

(mg/1 dry wt.)

Chemical analyses can therefore be used to predict the MSC
for the control and the samples containing chemical additions. This
predicted value can be compared with actual MSC values determined by
algal assay. EDTA is added to the samples to determine possible
sample toxicity or mi¢ronutrient limitation. EDTA is known to
chelate toxicants, especially heavy metals. Thus, if a toxicant is
present in a water sample the addition of EDTA should increase algal
growth relative to a sample without an EDTA addition. EDTA can also
make micronutrients more available for algal growth in waters having
low micronutrient levels. Increased algal growth in EDTA;spiked:;
samples can-therefore result from chelation of toxicants or increased
micronutrient availability. A micronutrient spike was therefore
additionally employed in the nutriént.limitation studies to diffef-

entiate between these two possible modes of EDTA action.

Sewage Additions

Several experiments were conducted in which varying percentages
of sewage were added to Mill River water. Maximum standing crop
was determined by algal assay technique with no additional chemical
spikes. The observed growth was compared to the predicted value
based upon the nutrient content in the sewage and the Mill River

dilution water. Micronutrient and EDTA spikes were added to
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determine possible micronutrient limitation or toxicity in either
the sewage or the dilution water.

A solution containing inorganic nitrogen and phosphorus nutrient
constituents equivalent to that present in the sewage was prepared
and added, in proportions: corresponding to the sewage additions, to
Mill river samples. Growth from the chemical equivalént additions
was compared to the corresponding sewage additions. The chemical
solution was prepared by dissolving in.distilled water the following
chemiéals, in amounts equivalent to the concentrations present in the
sewage. (The chemical content of the sewage was determined by the
wet chemical techniques described previously.)

ortho-phosphorus--added as a KéHPO4, KHzPOQ buffer

ammonia~N~~added as NH401
nitrite-N, nitrate-N--added as NaNO

3

micronutrients--added to the chemical solution such that the
resulting concentrations were egual to those
resulting from micronutrient stock solution
additions to nutrient limitation study algal’
culture flasks, described previously.

The resulting solution was adjusted to the pH of the sewage.
Alkalinity and hardness were adjusted to that of the sewage by

adding NaHCO, and CaCla~2H O respectively.

3 2

Chemical Treatment

Secondary treated wastewater effluent and. its- chemical equivalent

were treated with either lime or alum (A12(804)3'18H20)to remove inorganic

phosphorus . Varying percentages of the treated sewage or the sewage

chemical equivalent solution were added to Mill River samples. Algal
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growth resulting from these additions was observed.

Phosphorus was removed by chemical precipitation by adding a super-
saturated solution of lime (Ca0) as a slurry to each liter of sewage or its
chemical equivalent. The lime slurry was added with rapid mixing
using a variable speed stirring apparatus until pH 11.5 was
attained. Rapid mixing was conducted at 100 rpm for 1 minute fol;owed
by flocculation at 30 rpm for 15 minutes. The supernatant was then
filtered to remove precipitate.

A second method of phosphorus removal was also examined involving
chemical precipitation by A12(804)3'18 H,0 (alum). Alum was added
tb sewage or its chemical equivalént samples in a Al:P mole ratio
of 1.5 : 1.0. The solutions were mixed for 30 seconds at 100 rpm,
allowed to floculate by slow mixing at 20 rpm and then allowed to

settle. Treatment was followed by filtration to remove precipitate.
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CEAPTER 3

RESULTS

Chemical Determination

Colorimetric methods were used to determine orthophosphorus,
total phosphorus, ammonia-N, nitrate-N, and nitrite-N. Absorbance
readings at 885 nm, 885 nm, 635 nm, 540 nm, and 540 nm, respectively,
were determined for known concentrations of chemical constituent.
Standard absorbance versus concentration curves were constructed
and used in future spectrophotometric determinations of unknown
chemical constituent concentrations. Standard curves for these

chemical constituents are shown in Figures 3-1 through 3-5.

Chemical Analysis of Mill River

The ¥Mill River was sampled at four different times during
the study. The sampling dates were June 16, 1981, June 24, 1981,
dJuly 16, 1981, and September 27, 1961. Ammonia~N, total organic
nitrogen (TON), nitrate-N, nitrite-N, orthophosphorus, total
phosphorus, alkalinity, hardness, and pH were determined at each
sampling and nutrient limitation studies using algal assay were
performed for the last three samplings. Chemical data are
presented in Table 3-1.

The pi and hardness of Mill River water samples changed very
little ;;er the four times that it was sampled. The pH of the

samples did change with autoclaving, but they were readjusted

to the original pH values prior to algal assay. There was a
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Table 3-1. Chemical analysis of Mill River water
Date 6/18/81 6/24/81 7/16/81 9/27/81
1 2 |
treatment NA A NA A NA A NA A
pH 6.5 6.3 6.3 6.5
alkalinity
(mg/1 as CaCO ) 9.96 [19.50 | 7.39 }11.66 | 6.82 {17.25 | 19.40
cmg/““;%“%sasco 17.53 |18.56 16.15 |15.26 |18.56 |19.60 | 17.50
. VA =
ortho-P . A :
(mg/1) 0.005 | 0.026 { 0:070 |0.056 /0.006 0.012 | 0.002 [0.003
S R i
total-P 0.034% | 0.049 ] 0.036 [0.070 | 0.010 {0.025 | 0.021 |0.029
(mg/1) - :
nitrate-N 0.055 0.008 | 0.110 }{0.100 } 0.025 |0.012
(mg/1)
nitrite-N 0.00% |0.102 | 0.000 |0.000 | 0.000 |0.000
(mg/1) - :
ammonia-N 10,000 | 0.010 | 0.030 {0:100 | 0.003% |0.000 | 0.008 |0.004
(mg/1)
TSIN 0.089 {0.210 | 0.113 {0.100 | 0.033 {0.016
(mg/1) : - : : . .
Ton* 0.450 | 0.200 | 0.000 |0.000 | 0.157 {0.000 | 0.056 |0.139
(mg/l) - - - [ ] - - - -
N:P ratio5
1.271 | 3.750| 18.333(8.333 | 16.500| 5.333
1
NA = non-autoclaved
ZA = autoclaved
3TSIN = total goluble inoganie nitrogen (NOB—N + NOE-N + NH3~N)
QTON = total organic nitrogen
5N:P ratio = (TSIN/orthophosphorus)

3
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slightly greater range in the alkalinity of the samples over time
sampled, but all would be considered low alkalinity values
(EPA, 1979).

A considerable.variation in phosphorus and nitrogen levels was
observed over the sampling period. Total phosphorus values for
autoclaved Mill River water ranged from 0.025 mg/l:to 0.070 mg/l
{mean = 0.043 mg/l, standard deviation = 0.0271 mg/l) and ortho-
phosfhorus vélues for autoclaved river water'ranged from 0.003 mg/1
to 0.056 mg/l (mean = 0.024 mg/l, standard deviation = 0.023 mg/1).
The total soluble inorganic nitrogen (TSIN), which is equal to the
sum of nitrate-N, nitrite-N, and ammonia-N, ranged from 0.016 ng/1
to 0.210 mg/l (mean = .109, standard deviation = 0.097 mg/1) for

autoclaved Mill"River water. The N:P ratio, which is equal to the

‘ratio of TSIN to orthophosphorus, of autoclaved Mill River water

remained under 9 in all cases, initially indicating that the

Mill River was nitrogen-limited for algal growth.(Miller, et al., 1973).

Nutrient Limitation Study of the Mill River

Nutrient Ilimitation studies using Selenastrum capricornutum-Printz

were performed on Mill River water samples collected on June 24,
July 16, and September 27, 1981. Data on the maximum standing ;rop
of the algae produced in samples containing Mill River water alone
{control) or Mill river water plus chemical additions are presented

in Figure 3-6. Hatch marks indicate the bar representing the growth

response attributable to the limiting nutrient.
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Chemical analyses of the water sampled June 24 exhibited a
N:P ratio of 3.75 : 1.0, indicating nitrogen limitation. This was
corroborated by the algal assay data, shown graphically in Figure 3-6.
Nitrogen additions to sample aliguots resulted in an increase in
the MSC while phosphorus additions had little effect on the MSC.
Hitrogen plus phosphorus additions resulted in a larger increase in
the MSC than the nitrogen spike alone. The EDTA plus nitrogen
addition resulted in a somewhat larger MSC value than the nitrogen
spike alone.

The maximum standing crop for a test water can be predicted
based upon the inorganic nitrogen and orthophosphorus content using
equations (2) and (3). Observed values were considered in good
agreement with the predicted level if they fell within approximately
520%'0f the predicted MSC. Comparison of predicted and observed
algal yields for the June 24 sampling of the Mill River are shown in
Table 3-2, and ' listed in Table A-1 of .the Appendix. All but the
nitrogen + EDTA data displayed good agreement between predicted and
observed values. The cobserved yield of the control and nitrogen
addition was just above the 20% value range, generally considered
to indicate good agreement between observed and predicted values.
However, the control plus nitrogen plus EDTA spike caused a much

greater observed growth than that predicted from equation (3)

and was attributed to experimental error.
If the observed MSC is divided by the TSIN level for nitrogen

limited waters, or the orthophosphorus for phosphorus limited waters,
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Table 3-2. Predicted and observed algal MSC values (mg/l dry wt)

for Mill River sampled June 24, July 16, and September 27.

June 24, 1981 July 16, 1981 | September 27, 1981
] o N P 0
mg/1 mg/1 ng/1 mg/1 mg/1 mg/1
dry wt. | dey wt. | dry wt. dry wt.| dry wt. dry wt.
MRW 7.98 | 6.2 | 3.67 6.14 0.59 | 0.32
+ P 7.98 6.81 3.67 10.70 0.59 2.91
i N 23.9% 29.08 “5.16 L.4s5 1.28 0.21
+ EDTA 7.98 7.82 3,67 5.50 0.59 0.20
+P + N 45,58 42,66 26.66 38.90 22.78 | 29-79
+ P + EDTA 7.98 7.62 3.67 9.49 0.59 % 2.71
+ N + EDTA 23.94 Lo.02 5.16 9.49 1.28 0.22
+P + N + EDTA | 45.58 4o 23 26.66 41;25 22.78 29.29 }
+ micronutrients| 7.98 7.12 3.67 8.65 0.59 0.27 |
non-autoclaved -f 3.35 3,99 2.58 2.26 0.59 | 0.21

P = predicted MSC, calculated using
M3C (mg/l dry wt.) = 38 X TSIN (mg/1) (2): for ¥ ~ limited water
MSC (mg/1 dry wt.) = 430 X ortho-P (mg/1) (3) for
P-limited water
2o = observed MSC
B"MRW = Mill River water
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a growth factor‘is obtained which reflects the level of nutrient
bioavailability. This factor can also be used to compare observed
results with predicted values. For nitrogen limited waters dividing
the observed MSC value by the TSIN concentration usually yields a
growth factor between 20.4 and 45.6 . In waters phosphorus limited
for_algal growth diyiding ooserved MSC values bj the orthophosphorus
concentration usually results in a growth factor between 344 and 516.
Growth factors for nutrient limitation studies of the Mill River

are presented in Table 3-3. Again, there is agreement of the
observed and predicted data fqr the June sampling for all of the
chemical treatments with the exception of nitrogen and nitrogen

plus EDTA.

Chemical analyses of water sampled on July 16 from the Mill
River showed a N:P ratio of 8.33 : 1.0 indicating the water was
nitrogen limited, based on findings of Miller:et al (1978).
Chiaudani and Vighi (1976) have found waters with N:P ratios as
low as 5.0 : 1.0.to need additions of both nitrogen and phosphorus
for algal growﬁh. The observed MSC of algae resulting from various
spike additions indicated that the water was indeed co~limited.
Maximum standing crop data from this algal assay are reported in
the Appendix in Table A-4. Figure 3-6 shows that the algal response
to the control, contrel plus phosphorus, control plus EDTA, and
control plus nitrogen were all similar. Substantial increase in the
MSC was only observed with the control plus nitrogen plus phésphorus,

and the control plus nitrogen plus phosphorus plus EDTA samples,



Table 3-3. Mill River nutrient Iimitation study observed Groth>Factor51; L

N:P ratio ‘ Growth Factor
. | June 24, 1981 July 16, 1981 Sept. 27, 1981
6/24 7/16 9/27 P .. o . P N
Jimited | limited limited limited limited! limited:
MR 3.75 8.33 L,00 | 20,57 511.67 20. 6k
MRW + EDTA ' 37.23 458.33‘ 12.84
MRW + P 1.98 1.61 0.23 32.43 110.98 A 187.74
MRW + P + EDTA 36.57 98,34 174 .84
MRW + N 21.61 8k.33 | 337.33 519.29 370.83 70,00
MRW + N + EDTA | 714,64 790.83 73.00
MRW + P + N 11.42 1774 19.09 402,45 35.26 62742 562.08
MRW+P+N+EDTA 398.40 24.90 - | 665.32 552.64

1Observed growth factor for N-limited waters = MSC (mg/1 dry wt.) & (TSIN),
for P-limited waters = MSC (mg/1l dry wt.) & (orthophosphorus).
Predicted growth factors for N-limited waters lie between 30.4 and 45.6,
for P-limited waters lie between 344+ and 516 .

MRW = Mill River Water

{1

“o%

2
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indicating that the sample may have been co-limited by nitrogen
and phosphorus for algal growth.

The analysis of the water sampled on September 27 revealed
extremely low nutrient levels, indicated by both orthophosphorus
and total soluble inorganic nitrogen. Ammonia-N and nitrate-N
concentrations were beiow detectable levels. Chemical analyses
indicated nitrogen limitation, but the algal growth response shown
graphically in Figure 3-6 and the observed MSC values presented
in Tables 3-2 and A-10 indicated phosphorus limitation. The data
suggests likelihood of some analytical error during chemical analysés

of inorganic nutrients.

Effect of EDTA and Micronutrient Additions

T-tests were performed on data obtained from the nutrient
limitation algal assays to determine if the algal response in
cultures containing EDTA or micronutrient additions were significantly
different from those without additions. The MSC for each nutrient
addition was compared to the MSC value obtained in the corresponding
algal culture containing EDTA or micronutrient addition. The
two MSC values were then subjected to a t-test to determine
whether they were hoth taken from the same sample data population.

A statistical comparison was performed using the equations described
by Daniel (1978)

In order to test the hypothesis that the two MSC values

were from the same data population, and not statistically different

from each other (HO: x1=x2) the standard deviations (s1 and 52)



of the two MSC values were first compared with each other using
an f test, where

:'S 2
.o L1

- | )
_(82)2

to determine if 5, and s, were homoskidastic at the 99 % confidence
level. If the two standard déeviations were homoskidastic a pooled
variance (si) was then calculated using the equation:

5 sﬁ (n1 -1) + 52 (n2 - 1)

8 = (5)

b . .
(n1 * I, 2)

A t-statistic was then calculated from the two MSC values and their

corresponding standard deviations, using the equation:

- X

1 2
£ = (6)
s (0o, AR .
n,] n2

The caléulated t value was then compared to values taken from a
student t distribution the the 99 % confidence level for n, +n, - 2
degrees of freedom. If the calculated t value was outside the tabulated
t value at the 99 % confidence level the hypothesis was rejected
and the two MSC values were considered statistically different from
each other at the 99 % confidence level.

If the f test indicated that the standard deviations of the
two MSC values were not homoskidastic, the variances cannot be

pooled. The t statistic was then calculated using:

(x1 - x2)

% (?)
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with

' 1 "2
degrees of freedon = . - (8>

, 2 2 2 2
((s1 /n,) . (8,"/n)) \

ﬁ1 n2
The results of these analyses are presented in Table 3-4 and
Appendix Tables A-2, A-5, and A-11. In 7 out of 15 pairs of algal’
treatments with and without EDTA or micronutrients the growth
response was significantly different at the 99 % confidence lesvel.
In all but one of these 7 data sets, the algal cultures containing
EDTA or micronutrient additions achieved greater MSC values than in
those without these additions.

While the t test results did indicate a statistically significant
effect resulting from EDTA or micronutrient additions imn slightly
less than half of the cases, the numerical MSC values were very
close in all but one'instance. This observed difference may therefore
have been attriﬁutable-to minor dilﬁtion error or natural variability
in algal growth response. This hypothesis is supported by previous
studies by Miller (1973 and 1976) in which observed MSC values were
mich less than predicted values. A consistant and marked increase in
algal growth, therefore, is usually expected in samples containing
toxicantshbr limited by micronutrients when EDTA or micronutrient: .spikes,

in the latter condition, are added. The Mill River data reported here,

then, does not clearly indicate either the presence of toxicants

or micronutrient limitation.
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. Table 3-4. Effect of EDTA and Micronutrient additions on Selenastrum capricornutum
grown in Mill River water.

] MSC(mg/1 dry wt. ) 6/24/81 2/16/81 9/27/81 CHE Xy =%,

24
_ 6/ 7/16 | 9/27 £ [t 905 £, {t 905 t t 505 6/24 | 7/16 {9/27
MRW 6.42 | 6.7% | 0.32 -17.89] 3:25 |+1.28 3,11 | 45.27 | 2.92 R 2° R
MRW + EDTA 7.82 1 5.50 | 0.20
MRW + P 6.81110.70 | 2.91 8.95! 3.25 12041 | 3.11 | +1.36 | 3.17| R a A
MRW + P + EDTA | 7.61| 9.49 | 2.7
MRW +-N 29.08 | L.b5 | 0.21 -31.491 2.92 1-3.99 | 2.02 | .1.06{ 2.921 =& R A
MRW + N + EDTA | 40.02 | 9.49 | 0,22 .
MRW + P + N 12,66 1 38.90 129.79 | 95| 3.5 i5.51 | 2,92 | +0.80 | 2.92{ & R A
MEW+P+N+EDTA 42,23 1 41,25 29.29
MRW 6.2 | 6.1 | 0,32 1=12.4%1 3.25 [-2.13 | 2.92 | +2.23 | 2.921 R A A
MRW + m%g{gﬁ%— 7.12 i 8.65 | 0.27

1« MRW = Mill River Water

AT S

2. £, =t ) lateq USing equation (6) or (7).
: 3. t 995 varies depending upon sample number, standard deviation, and degrees of freedom.
4, R = reject hypothesis X = %, (MSC values are statistically different), when t 995 is

*0G

less than |t_|.
c

3 L Anee

H

5. A = accept hypothesis X, = X, (MSC values are not statistically different), when t 995 is

greater than ltc"

. Coe,
T

YRETEE WCrE

T
I
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Sewage Additions to Mill River Water Sampled June 24, 1981

Secondary treated wastewater effluent was added to Mill
River aliquots in 1, 5, 10, 30, 50, 70, and 100 % additions.
Chemical analyses of the wastewater effluent sampled June 24
and on the two subsequent sampling dates are presented in Table 3=5.
Both chemical analyses and algal assays indicated that algal growth
was nitrogen limited in all cases. Maximum standing crop data

for Selenastrum capricornutum are shown in Table 3-6 and in

Appendix Table A-1. The observed yield was much greater than the
range of predicted yields based on TSIN, an all cases except the

1 % addition. This indicated that the algae may have been utilizing

organic nitrogen present in the sewage resulting in larger algal growth

yields than that predicted by TSIN alone, However, the observed
MSC values were greater than the predicted values which incorpor-
ated the organic nitrogen component of the wastewater effluent

as well.

Figure 3~7 shows the algal MSC (mg/l dry wt.) versus the percent
sewage addition and the TSIN(mg/1). A linear regression is plotted
for observed yield. The equation of this line is

MSC (mg/l dry wt.) =/54.49 X [TSIN (mg/1) ~ 0.38 (9)
with an r value of 0.9981. This value is considerably higher than
the predicted yield equation of |

MSC (mg/1 dry wt.) = 38.0 X TSIN (mg/1) + 20 % (2)

Thus the observed values are significantly higher fhan the predicted

values at all levels other than the 1 % sewage addition.
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Table 3-5. Chemical analysis of Amherst wastewater treatment plant
composite samples.

Date June 24, 1981 July 16, 1981 Sept. 27, 1981
pH 7.0 6.8 7.0
alkalinity \
{mg/1 as CaCOB) 2113 35-96 61.90
hardness
(mg/1 as Cac03) 70.10 8h.5h 84.50
et e 2.66 5,04 4.07
fota%m§?§§phorus 2.56 3,24 .72
i 7
°r?§2i2;§t) 25.28 6.17 13.77
n%;g?;§-N 4,36 11.50 10.50"
nizgiif‘m 0.33 0.25 0.23
3?2;;1?‘N 0.91 1.16 R
.
T%ig/l) 5.60 12.91 15.13
TON>
?mg/l) 0.28 0.57 0.81
organic-Nh
(percent) .76 k.22 5.08
N : P ratio - 2.1 4.25 3.72

1. Organic-P = (1-ortho-P/total-P)} X 100

2. TSIN

3. TON = total organic nitrogen

4, organic-N = (TON/(TON + TSIN)) X 100
5. N:P ratio = TSIN/ortho-P

2

total soluble inorganic nitrogen = NO_-N + NO_-N + NH,-N.

3 3




- Table 3-6. Predicted and observed MSC (mg/l dry wt.) of Selenastrum capricornutum
grown in Mill River water sampled June 24, 1981 plus sewage additions.

Predicted MSC2
(mg/1 dry wt.)

!
t
[

Predicted MSC 5
(mg/1 dry wt. )

Observed MSC
(mg/1 dry wt.)

+100 % Sewage + EDTA

MRU 7.98 ( 6.38- 9.56)% | 7.98 ( 6.38- 9.56)" 6.2

+ 1 % Sewage 10.24

+ 1% Sewage + EDTA © 10,03 ( 8.02- 12.03) 10.13 ( 8.10- 12.16) 11,11

+ 5 % Sewage ' 27.00

+ 5 % Sewage + EDTA 18.22 ( 14.57- 21.86) 18.74 ( 14.99- 22.49) 25.93

+ 10 % Sewage . _ Ly .90
+ 10 % Sewage + EDTA 28.45 ( 22.76- 34.14) 29.50 ( 23.60- 35.40) %97
+ 30 % Sewage 12247
+ 30 % Sewage + EDTA 69'39 ( 55'51- 83-27) 72-51{" (58°03- 87'05) 122.32
+-50 % Sewage 180.54
+ 50 % Sewage + EDTA 110.33 ( 88.27-132.40) 115.58 ( 92.46-138.69) 182.85
+ 70 % Sewage 233.71
+ 70 % Sewage + EDTA 151.27 (121.02-181.53) 158.62 (126.89-190.34) 245.54
+100 % Sewage 326.36
212.69 (170.15-255.22) 223.17 (178.54-267.81) 393,72

1. MRW

= Mill River Water

2. Predicted yield = 38 X (TSIN) + 20 % (2
3. Predicted yield = 38 X (TSIN + TON) + 20 %
‘4. Values in parentheses represent acceptable range (+ 20%) of predicted values.

g1



Figure 3-7. Observed and predicted MSC (mg/l dry wt.)

1.

Selenastrum capricornutum grown in Mill River water with

sewage additions, June 24, 1981,

% Sewage Addition

Observed MSC (mg/l dry wt.) = 54.49 X TSIN.(mg/1)-0.38 (9)

2. Predicted MSC (mg/1 dry wt.) = 38.0 X. TSIN (mg/1) + 20 %(2)
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The t statistic was computed by comparing MSC values at each
level of sewage additon with the MSC value for the same sewage
level with an EDTA addition. Equations (4) through (B) were
used, and the calculated t statistic was compared with tabiilated
t values at the 99% confidence level with the appropriate degrees
of freedom. These calculations are shown in Table A-~3, and are
summarized in Table 3=7. The difference in MSC values for a
percentage sewage addition and the corresponding percentage
addition plus EDTA was statistically significant at only the
1% and 70 % levels. In both cases, however, the actual difference
in the two MSC values was less than 10 percent. As these values
are so close, and the EDTA did not significantly affect algal
growth in the remaining 5 of the 7 additions, it is unlikely
that toxicants were present or that there was micronutrient
limitation in either the added sewage of the Mill River walter

diluent,
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Table 3=7. Effect of EDPA additions on Selenastrum cavpricornutum

grown in Mill River water with sewage additions,
Juné 2%, 1981.

Mill River MSC . 2 R 2 Mt = x
water plus (mg/1 dry. wt) ¢ .995 o X = %5
1 % sewage 1.2k 5
1 % sewage ,EDTA 1.1 - 3.88 3.7 Reject
5 % sewage 27.00 i
5 % sewage,EDTA 25.93 + 2,57 3.11 Accept

10 % sewage Ll 90

10 % sewage,EDTAl. 43,97 + 1.33 2.92 Accept

30 % sewage 122.47

30 % sewage ,EDTA|. 122.32 + 0.% 2.92 Accept

50 % sewage 180,54

50 % sewage,EDTA| 182.54 - 1.83 2.92 Accept

70 % sewage 233.71

70 % sewage,EDTA| 245,54 - b.b3 2.92 Reject

100 % sewage 226,36

|00 % sewage,EDTA; 323.72 +00.10 2.92 Accept

To b = Yogicuzateq USing équation (6) or (7).
2. t 995 varies depending upon calculated degrees of freedom.
3. reject hypothesis x =X, (MSC values are statistically different)

h t i (- -
when .995 is less than 1tc|

-4, accept hypothesis x,=x., (MSC values are not statistically different)

vhen t 5 is greater Than itc[.

9
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Sevage Additions to Mill River Water sampled July 16, 1981

Secondary treated wastewater effluent sampled July 16 was added
to Mill River water for algal assay. Chemical analyses of the
sewage are given in Table 3-5. Observed maximum standing crop values

for Selenastrum capricornutum are given in Tables 3-8 and A-¢.

Observed growth was within the range of predicted yields in all
cases. Theoretical yields were based on TSIN values in the sewage
and in the Mill River water. Growth was nitrogen limited at all
levels of sewage addition. Figure 3-8 shows algal yield (mg/l1
dry wt.) plotted against percent sewage addition and TSIN (mg/1).
A linear regression line was constructed from the observed data
and is defined by the équation:

MSC (mg/l dry wt.) = 30.54 X (TSIN) + 11.54 . (10)
The regression line had an r factor egual to D.9956.

EDrA and micronutrient additions were also evaluated in this
assay. Statistical analysis was performed on resulting algal
yields to determine if either micronutrient or EDTA additions

’affected algal growth. The t statistic was calculated'and

compared to tabulated valﬁes at the 99 % confidence level with
appropriate degrees of freedom. These calculations are listed in

Table A-6 and are summarized in Table 3-9. Algal yields were not
significantly affected by addition of micronutrient or EDTA at
the 5 % or 20 % sewage-addition level. At the 10 % sewage addition

level the cultures containing EDTA had yields significantly lower
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than the cultures with no EDTA addition. Only at the 50 % sewage
addition level did cultures with EDTA and micronutrient additions
achieve yields significantly greater than the algal cultures grown
without these spike additions. Thus, cultures grown with EDTA or
micronutrient additions achieved significantly greater yields at
only one of the four sewage addition levels,and in both cases the
difference in the compared MSC values was less than 11%. It is
therefore possible that the higher observed algal yields in cultures
containing micronutrient or EDTA additions. were due to. experimental
varisbility and not caused by micronutrient limitation in either

the Mill River water or the wastewater effluent.

t————-————-———.————-
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Table 3=-8. Predicted and observed MSC (mg/1 dry wt.) of Selenastrum
capricornutum grown in Mill River water sampled

July 16, 1981, = ' plus sewage additions.
‘ Mill River Predicted MSC1 [ Observed MSC
water plus = (mg/1 dry wt.) (mg/1 dry wt.)
no addition 3.67 (2.9 4.40)° 6.4
+ 5 % sewage 32.97
£ 5% sewage, EDTA 28.22 ( 22.57- 33.86) 33.22
.+ 5 % sewage, 31.99
micronutrients
+ 10 % sewage , 58.42
+ 10 % sewage, EDTA 52.65 ( h2.11- 63.18) Shbs
+ 10 % sewage, : 57.42
micronutrients
+ 20 % sewage 102.45
+ 20% sewage, EDTA 101.52( 81.22-121.82) 104.25
+ 20 % sewage, 104,38
micronutrients :
+ 50 % sewage 205.70
+ 50 % sewage, EDTA | 248.13 (198.50-297.76) 227.78
+. 50 % sewage, 222,22
micronutrients
1. Predicted yield = 38 X TSIN (mg/1) + 20 %. (2}

2. Values in parentheses vepresent acceptable ramge (+ 20 %)
of predicted values.
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Figure 3~8. Observed and predicted MSC (mg/1 dry wt.)
Selenastrum capricornutum grown in Mill River water
with sewage additions, sampled July 16, 1981.
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" 1. . Observed MSC (mg/1 dry wt.) = 30.5% X TSIN + 11.54 (10)
2. Predicted MSC (mg/1 dry wt.) = 38.0 X TSIN + 20 % ()
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Table 3-9. Effect of EDTA and micronutrient additons on Selenastrum
capricornutum grown in Mill River water with sewage
additions, both sampled July 16, 1981.

Mill River * MsC q - - —~—
water plus (mg/1 dry wt) te t 995 Hyt %4 =%
" 9 sewage 32,97 2
5% sewage, EDTA 3%.22 - 0.46 2,92 Accept
5% sewage 32,97
%% sewage 31,99 + 0. 66 2.92 Accept
? L]
micronutrients
10% sevage 58,141 v 3
10% sewage, EDTA 5445 + 3.51 2,92 Rejec
10% sewage 58.41
57.42 + 1.73 2.92 Accept
10%: 85488 a1 ente
20% sevage 10245 .-
20% sewage, EDTA! 104.25 - 1.1 2.92 Accept.
20% sewage 102.45
20% sewage, 104,33 - 1.67 2.92 Accept
---migronutrients
50% sewage 205.70 _
500 sewage, EDTA! 227.78 - 5.65 2.92 Reject
50% sewage 205.70 i -
500 sewage, 222,22 - k.10 2.92 Reject
micronutrients
Te tc = tCalculated using equation (6) or (7).

2. accept hypothesis x, = x, (MSC values are not statistically different)
when t is greater than ltcl.

-995
%. reject hypothes.s X, =% (MSC values are statistically different)

when tf995 is less than ftcl.
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Chemical Equivalent Solution addifion to Mill River water
sampled July 16, 1981

A chemical equivalent solution (CES) of the sewage was
prepared 285 described in the Methods section and added to Mill River
water sampled July 16, 1981. Due to error in initial chemical
analysié of the sewage, the equivalent solution contained less than
half the nitrate concentration present in the actual sewage.
OrthophOSPhofus levels were equal in the sewage and the chemical
equivalent solution. Thus, a 5 % addition (by volume) contained -

& TSIN concentration equal to that of a 2.1 % addition of sewage.

Percent addition walues ghown in Table 3=10 and Figure 3-9 have

been corrected for this error and are expressed as equivalent

percent additions of TSIN. The observed yields were slightly

higher than the predicted MSC values at all levels of addition

other than 50 % (by volume) chemical equivalent solution addition.
The observed MSC valueé for the varying percentage additions to

M¥ill River water plotted against TSIN (mg/l) are shown in Figure 3;9.

The least squares fit equation passing through these data points

was calculated to be:

,

 MSC (mg/1 dry wt.) = 30.48 X TSIN (mg/1) + 11.9 (1)
with an r value of 0.9783. Observed algal yields (mg/1 dry wt.)
for both sewage and chemical equivalent solution additions are

plotted versus TSIN (mg/l) in Figure 3= 10. This figure illustrates

that there is close agreement between the algal stimulatory

potential in sewage and the chemical equivalent solution.

— e — e ———— .
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The observed MSC values ai each percentage level of chemical
equivalent solation addition for algal cultures . with and without
EDTA and micronutrient additions were compared using equations (4)
through (8). The results are presented in Table A-8 in the Appendix,
and summarized in Table 3=11. At the 99% confidence level,
statistical tests indicated that there were no significént effects

on MSC yields attribulable to either EDTA or micronutrient additions.
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Table 3=10. Predicted and observed MSC (mg/l dry wt.) of Selenastrum
capricornutum grown in Mill River water sampled

July 16, 1981 plus chemical equivalent solution additions.

Mill River plus’ = 'I'SIN2 Predicted M803 Observed MSC
addition (by volume) | sewage {mg/1 dry wt.) (mg/1 dry wt)
no addition 3.67 ( 2.94= L4,40) 8.90
+ S CES ) 20.70
"+ 5% CES, EDTA - 2.1% 13.84% { 11.07- 16.61) 21.84
+ 9% CES,micronutrient 20.49
+10% CES _ 33.29
+10% CES, EDTA L.2% 23,89 ( 19.12- 28,69) 38.87
+10% CES,micronutrient 22,63
+20% CES . 58.04
+20% CES, EDTA 8.4% 4,02 ( 35.22- 52.82) 67.27
+20% CES,micronutrient 56.43
+50% CES 91.12
+50% CES, EDTA 20.9% 104,38 ( 83.50=125.30) 105.33
+50% CES,micronutrient 104.38

1. CES =.chemical equivalent solution

2. Due to error in preliminary analysis of sewage, CES contains
approximately half the TSIN (total soluble inorganic nitrogen)
contained in the sewage.

3. Predicted yield = 38 X TSIN (mg/l) + 20%; + 20% renge is indicated
by values in parentheses.
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Figure 3=9. Observed and predicted MSC (mg/l dry wt.) for
Selenastrum capricornutum grown in Mill River water
sampled July 16, 1931 plus chemical equivalent
solution (CES) additions
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Figure 3-10., Observed and predicted MSC (mg/1 dry wt.) for
Selenastrum canricornutun grown in Mill River water

sampled July 16, 1981 plus sewage and chemical
equivalent solution (CES) additions.

300

200F Iy /

—_ / .
3 / .
@ / .
[ .
: // /7 '//
S 1 //
s
> / P
o /-
b~ / &. ,/
e~ / / /
E: , / —ti——— Observed MSC,
£ V& : sewage addition !
) / // / ------ Oeveren Observed MSC,
» 100 7, o CES addition2
= // : = = — — Pradicted MSC3
' iy A
, / =+ ~ —— Predicted. £20%
. > s
i 7 /
/ r
7/
7/
¢ N
L e L 1 1 .
Q 20 40 6.0 a.0 10.0

Total Soluble Inorganic Nitrogen (mg/—I)

1. Observed MSC (mg/1 dry wt.) = 30.54 X TSIN (mg/1) + 11.5% (10)
2. Observed MSC (mg/l dry wt.) = 30.48 X TSIN (mg/1) + 11.94 (1)
3. Predicted MSC (mg/l dry wt.) + 38.0 X.TSIN (mg/1) +.20 % (2)
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Effect of EDTA and micronutrient additions on Selenastrum
capricornutum grown in Mill River water sampled July 15,
1961 with chemical equivalent solution (CES) additions.

Table 3~11.

3. accept hypothesis X
different) when t

- 995

Mill River vater + MSC R R
addition (by volume)|(mg/l dry wt.) ¢ .995 oF %17
S% CES 20.70 5
%5 CES, EDTA 21.84 - 2.75 3.25 Accept
% CES 20.70 }
5% CES, 20.49 C+ 034 3.25 Accept
micronutrients
10% CES 33.29
10% CES 32.63 +0.67 3.25 Accept
micronutrients
10% CES 33.29
10% CES, EDLA 38,87 -2.48 2.92 Accept
20% CES 58,04 .
20% CES, EDTA 67.27 ~2.26 3.17 Accept
20% CES 58,04 ;
20% CES, 56,43 +1.45 2.92 | Accept
micronutrients i
50% CES 91.12
50% CES, EDTA 105.53 -2.81 2.92 Accept
50% CES 91.12
 50% CES, 82 .44 +1.42 2.92 Accept
) micronutrients
1. tc = tcalculated using equation {(6) or (7)
2. t 995 varies depending upon calculated degrees of freedom.

= X, (MSC values are not statistically
is less than ltcl .
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Lime treated sewage and lime treated chemical equivalent solution

additions to Mill River water sampled July 16, 1981

Secondary treated sewage and chemical equivalent solution of the
sewage were both treated with lime to remove inorganic phosphorus.
Lime treatment reduced orthophosphorus in the sewage from 2.976 mg/1
to 0.003 mg/l. Lime treatment removed virtually 100 % of the 2.968 mg/l
corthophosphorus present in the chemical equivalent solution to a level
below the limits of detection. Total phosphorus analysis of treated
sewage and treated chemical equivalent solution were not performed.
The great degree of orthophosphorus removal shifted algal cultures
from nitrogen to phosphorus limitation. Predicted and observed algal

MSC values for varying additions of both treated sewage and treated

-chemical equivalent solution of the sewage are pregsented irn Table 3-12.

Observed growth is plotted versus percentage treated addition in
Figures 3-11 and 3-12. Both the treated sewage and the treated
chemical equivalent solution had lower phosphorus content that the
Mill River diluent. Predicted MSC values therefore decreased with
increasing sewage or equivalent solution additibn as the phosphorus
level in the diluent Mill River water decreased by dilution.

The observed MSC values for both the 5 % and 10 % additions of the
treated chemical equivalent solution and for the sewage were greater
than that predicted by equation 3. This may reflect some error in the
chemical analyses. The observed MSC values for the 20 % addition of both
the sewage and chemical equivalent solution were considerably lower
than the value predicted by equation 3 indicating the presence of some

toxicant, or the absence of some other limiting compound.
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Predicted and observed MSC (mg/1l dry wt.) of Selenastrum

capricornutum grown in Mill River water sampled July 13,

4981, plus lime=treated sewage and lime=treated chemical
equivalent solution.

Mill River plus
+ treated addition

Predicted MSC1
(mg/1 ary wt.)

Observed MSC
{(mg/1 dry wt.)

no addition 3.67 ( 2.94%= 4.40) 7.09
+ 5% sewage k.96 ( 3.97- 5.95) 7.26
+ 10 % sevage' .76 ( 3,812 5.71) 11.32 -
+ 20 % sevage L,25 ( 3.48- 5.22) 0.48
+5 % CES® 4,90 ( 3.92- 5.88) 11.00
+ 10 % CES L,6h { 3.72- 5.57) 10.40
+ 20 % CES bo13 ( 3.30- 4.95) 0.40

Predicted yield = 4320 X ortho-P (mg/1 ) + 20 %

is indicated by values in parentheses.

"'CES = chemical equivalent solution.

;4 20 % range
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Figure .3«11. Observed and predicted MSC (mg/1 dry wt.) for
Selenastrum capricornutum grown in Mill River water
sampled July 16, 1961 plus lime-treated sewage additions.
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Figure 3-12. Observed and predicted MSC (mg/1l dry wt.) for
Selenastrum capricornutum grown in Mill River water
sampled July 16, 1991 plus lime~treated chemical
equivalent solutlon additions.
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1. Predicted MSC {mg/l dry wt.) = 430 X ortho-P (mg/1) + 20% (3)
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Sewage additions to Mill River water sampled September 27, 1981

An algal assay was performed using additions of sewage collected
September 27 to Mill River water, also sampled September 27, 1981.
Chemical analyses of the secondary treated sewage effluent are
presented in Table 3-5. The resulting algal growth is reported in
Table 3«13 and Table A-10 in the Appendix. Additioms of 10 %, 15 %,
25 %, and 50 % sewage resulted in maximum standing crop values within
the 20% predicted MSC range but the 5 % sewage addition without EDTA
was just outside the predicted range.

A plot of algal growth versus TSIN and percent sewage additions
is shown in Figure 3-13. Algal growth was nitrogen limited at all
sevage addition levels. The linear regression of the observed data
was: |

MSC (mg/1 dry wt.) = 32.05 X TSIN {(mg/1) + 10.83 (12)
with an r value of 0.9945.

Statistical analysis was performed on the data to examine the
effect of EDTA additions on algal growth. The resulis are vresented
in Table 3-14. The difference in MSC values for each level of
addition between samples with and without EDTA additions was
significant only at the 5 % addition level. The 5 % sewage plus
EDTA sample resglted in a lower MSC value than the corresponding
sample without EDTA. EDTA did not therefore significantly aid algal
growth even at the 5 % dilution. Theére is no evidence of either

toxicity or micronutrient limitation.



73.

Table 3=13. Predicted and observed MSC (mg/1 dry wt.) of Selenastrum
capricorautum grown in Mill River water plus sewage
additions, both sampled September 27, 1981.

Mill River Predicted MSC Observed MSC
water plus {mg/1 dry wt.) (mg/1 dry wt.)
no addition 0.59 ( 0.47- 0,71 |. 0.32
+ 5 % sewage i 35.71
+ 5 % sewage, EIYI‘A E 29031 ( 23-45- 35'17) 33.67 .
+ 10 % sewage z ' 57.66
+ 10 % sewage, EDTA i 58.04 ( 46.43~ 69.65) 6241
+ 15 % sewage g 97.87
+ 15 % sewage, EDTA | 86.76 ( 69.41=104.10) 95. 9%
+ 25 % sewage 139.20
+ 25'% sevage, EDTA k.21 (115.37=173.06) a2 .40
+ 50 % sewage * 246,53
+ 50 % sewage, EDTA 287.84 (230.27=345.41) 248.69

1. Predicted yield = 38 X TSIN + 20% (2)

2.. Values in parentheses represent acceptable range (+ 20 % )
of predicted values.
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Figure 3=13. Observed and predicted MSC €mg/1 dry wt.) Selenastrum

capri¢ornutum grown in Mill River water plus sewage
additions, both sampled September 27, 1981.
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1. Observed MSC (mg/l dry wt.) = 32.05 X TSIN (mg/l) + 10.83
2. Predicted MSC (mg/l dry wt.) = 38.0 X TSIN (mg/1) + 20 %
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Table 3~1k. Effect of EDTA additions on Selenastrum capricornutum
grown in Mill River water with sewage additions, both
sampled September 27, 1981.

Mill River { MsC ¢ 1 & H:x =x
water plus (mg/1 dry wt) c .995 of M1 T T2

5 % sewage 35.71 2

5 % sewage ,EDTA 33,67 + 4,59 2.92 Reject

10% sewage 57.66 ; 3

10% sewage ,EDTA 62,11 P 1.7 292 Accept . -

15% sewage 97.84 Ii

150 sewage ,EDTA 95.94 % + 1.03 2.92 Accept

25% sewage 139.20 { - ;

2% sewage,EDTA | k2.4 L‘OJO 2.2 Accept

50% sevage 246.53 ~0.22 | 2.9 Accept

5% sewage,EDTA 2k8.69

To .=t 1 1ated using equation (6) or (7).

2. TReject hypothesis x, = x, (MSC values are statistically different)

when t_995 is less thanlté.

3. Accept hypothesis X, = x, (MSC values are not statistically different)

when t is greater than ltcl .

-995
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Chemical equivalent solution additions to Mill River water

sampled September 27, 1981.

Tables 3-15 and A-12 show the observed and predicted yields
for additions of chemical solution, equivalent to the inorganic
nitrogen and phosphorus content of the sewage sampled on September 27,
1981, to Mill River water aliquots. The MSC values for actual
sewage additions are also shown in Pable 3=13., The observed MSC
values for the chemical equivalent solution were slightly greater
than the values predicted by equation (2) at the 5% and 10 % addition
levels. MSC values at 15 % and 25 % additions were within the range

of predicted values. Figure 3-14 shows observed MSC values and
the predicted algal growth at varying percent additions of the
chemical equivalent solution. Algal growth was nitrogen limited

at all levels of addition., Iinear regression of the obsgerved data
gave the following equation for algal yield:

MSC (mg/1 dry wt.) = 37,42 X TSIN (mg/1) + 8.67 (13)
with an r value of 0.9971.

Statistical analysis of the chemical equivalent solution (CES)
additions versus CES plus EDTA additions are shown in Table 3-16.
Algae grown in solutions containing EDTA spikes attained
significantly greater MSC yields,at the 99 % confidence level,
than cultures without EDTA additions only at chemical equivalent

solution additions of 25 % and 1%.
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Table 3=15. Predicted and observed MSC (mg/L dry wt.) of Selenastrum
’ capricornutum grownin Mill River water sampled Sept. 27,
1961 plus chemical equivalent solution (CES) additions.

Mill River Predicted MSC | " Observed MSC

water plus (mg/1 dry wt.) (mg/1 dry wt.)
no addition 10.59 ( 0.47- 0.71)° 0.1
+ 5% CSE : | : 237,21
+ 5% CSE, EDTA 29.31 :( 23.45- 35.17) 38.73
+ 10 % CSE Iy 3
<+ 10 % CSE, EDTA 58,04 ( 46.k3- 69.65) 73.06
+ 15 % CSE 103.51
+ 15 % CSE, EDTA 86.76 ( 69.41- 104.10) 113.42
+ 25 % CSE : 142,80
'+ 25 % CSE, EDTA W 21 (115,37-173.06) 163.84
+ 50 % CSE - 291.53
+ 50 % CSE, EDTA 287.8% (230.27-345.41) 293.34
1. Predicted yield = 38 X PSIN (mg/1) + 20 % (2)

2. Values in parentheses represent acceptable range (+ 20%)
of predicted values.
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Figure 3-14. Observed and predicted MSC (mg/l dry wt.) Selenastrum
capricornutum grown in Mill River water sampled

September 27, 1981 plus chemical equivalent /solution additions.
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2. Predicted MSC (mg/1 dry wt.) = 38.0 X TSIN (mg/1) + 20% ( 2)
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Table 3=-16. Effect of EDTA additions on Selenastrum capricornutum
grown in Mill River water sampled September 27, 1951
with chemical equivalent solution (CES) additions.

Mill River MSC . 1 . 2 C e g
water plus {(mg/1 dry wt.) ¢ .995 ot 1T T2
3 % CES 37.21 5
5 % CES, EDTA 38.73 - 2.84 1 2.92 Accept
10 % CES 7434
10 % CES, EDTA 73.06 + 1% 1 2,92 Accept
15 % CES 103,51 ,
15 % CES, EDTA 113.42 345 ) 3.1 Reject
25 % CES 142,80 ;
25 % CES, EDTA' 163.84 - 4.56 | 3.17 Re ject
50 % CES 291.53 %
50 % CES, EDTA 293,34 - 0.30 ' 3.01 Accept
T %, = ¥otentateq USinE equation (6} or (7).

2. t 995 varies depending upon calculated degrees of freedom.

3. Accept hypothesis x, = x, (MSC values are not statistically different)

when t.995 is greater fthan ItJ .

4. Reject hypothesis x, = x, (MSC values are statistically different)

1

when t_995 is less than’ tc,.
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Table 3=17, Appendix Tables A~10 and A~-12, and Figure 3-15
present data on observed MSC values for algae grown with sewage

or chemical eguivalent solution additions. There is close

- agreement of these values at all percentage additions. This is

demonstrated by the linear regression analysis ¢f the data.
For sewage additions

MSC (mg/1 dry wt.) = 32.05 X TSIN (mg/1) + 10.83 (12)
with an- r value of 0.9945,and for sewage plus EDTA additions

MSC (mg/1l dry wt.) = 32.42 X TSIN(mg/1) '+ 10.83 (1)
with an r value of 0.9949. For the chemical equivélent solution
additions”

MSC (mg/1 dry wt.) = 37.42 X TSIN (mg/1) + “8.67 (13)
with an r value of 0.9971, and for chemical equivalent solutions
plus EDTA additions

MSC (mg/l dry wt.) = 38.14 X TSIN (mg/1l) + 12.10 (15)
with an r value of 0.995h.

A statistical comparison between sewage MSC values and chemical
equivalent solution MSC values is shown in Table 3=18. A statistical
difference between these two treatments was observed only at the
10 % and 50 % addition levels. In both cases higher yields were
observed for chemical equivalent solution additions than for sewage
additions. These data demonstrate that algal response to sewage
addition may be attributed to the inorganic nitrogen and phosphorus

content of this addition.
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Table 3-17. Observed MSC (mg/l dry wt.) of Selenastrum capricornutum
grown in Mill River water sampled September 27, 1981
with sewage - or chemical equivalent solution (CES) additioms.

MSC (mg/l dry weight)
% Addition
Sewage Sewage+EDTA CES CES+EDTA
0 0.32 0.1
5 4 35.71 33.67 37.21 | 38.73
10 57.66 6241 74,3k 73,06
15 97.87 95.9% 103,51 113,42
25 . 139.20 . 142,40 142,80 163.84
50 | 246,53 2h8. 69_ 291.53 ” 293,34
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Figure 3~15. Observed and predicted MSC (mg/1 dry wt.) Selenastrum
capricornutum grown in Mill River water sampled Sept. 27,
1981 plus sewage and chemical equivalent solution additions.
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Table 3-18. Comparison of the algal growth response 6f Selenastrum
capricornutum grown in Mill River water sampled Sept. 27,
1981 to varying percentage additions of sewage versus
chemical equivalent :solution (CES).

Mill River MSC MR - H oix. = x
water plus (mg/1 dry wt.) ¢ <995 0"t~ T2
5 % sewage 35.71 | 3
5 9% CES 29,21 ~ 2.9 2.92 Accept
10 % sewage 57.66 L
15 % sewage 97.87
15 9 CES 103.51 - 1.95 2.92 Accept
25 % sewage 139.20
25 % CES 14280 - 0,45 2.92 Accept
50 % sewage 246.53
To =t cnlateq 261Ng equation (6) or (7).
2. £ 995 varies depending upon calculated degrees of freedom.
3« Accept hypothesis X, = Xy (MSC values are not statistically different)
h .
when t.995 is greater thanltc].
k. Reject hypothesis Xy o= X, (MSC values are statistically different)
when t.995 is less than |tc!.
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Alum-treated sewage and alum-treated chemical equivalent solution

additions to Mill River water

Sewage samples collected on September 27 and a chemical equivalent
solution of this sewage were each treated with alum to remove phosphorus.
The alum dosage was calculated incorrectly, and the sewage and
chemical equivalent solution were treated with an Al:P molar dosage
of app;oximately %3:1 rather than the 1.5:1 molar ratio originally
intended. Predicted removal for this level of treatment is greater
than 95% (EPA, 1976). 1In both cases over 99 % removal was achieved.

The orthophosphorus level in treafed sewage was 9.1 ug/l, and 15.2 ug/1l
in treéted equivalent golution. A similar level of phosphorus reduction
was achieved in the sewag;, where total phosphorus was reduced from

4,72 mg/1l to 36.0 ug/l. This was greater than 99 % reduction of the
total phosphorus. As the chemical equivalent solution contained only
orthophosphorus, reduction in total phosphorus was théAsame'as
orthophosvhorus reduction.

Table 3-19 shows the predicted and observed MSC values for
aigae grown in +treated sewage or chemical equivalent solutien
additions to Mill River water. These cultures contained so few algal
colonies that determination of MSC values using the Coulter Counter
resulted in values which were very close to the instrument's limit
of detection, and thus not as reliable as higher readings. However,
in all cases, observed yields were much lower than predicted values.
Later algal assay on alum treated sewage (Plotkin and Ram, 1981)
demonstrated that alum was not toxie at high additicon levels, It is

therefore unlikely that alum toxicity caused low algal MSC values.
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Table 3-19. Observed and predicted algal MSC values (mg/1 dry wt.)
for Selenastrum cavricornutum grown in Mill River water
with varying additions of either alumwtreated sewage or
alum~treated chemictal equivalent (CES) solution.

ﬁdd't‘o Predicted MSC1 Observed MSC {

: ihon (mg/1 dry wt.) (mg/1 dry wt.)

5 % sewage 1.41 { 1.13=1.69) 0.13
10 % sewage 1.54 ( 1.23=1.85) 0.1
25 % sewage 1.95 ( 1.56=2.35) 0.15
50 % sewage 2.63 ( 2.10=3.16) 0.19

5 % CES. 1.54% ( 1.23-1,85) 0.10
10 % CES 1.80 ( 1.44-2.16) 0.
15 % CES 2.07 ( 1.65=2.48) 0.25
25 % CES 2.60 ( 2.07-3.11) 0.17
50 % CES 3.91 ( 3.13-4.70) 0.70

1. Predicted yield (mg/1 dry wt.) = 430 X ortho-P (mg/1) + 20 % (3).
Values in parentheses represent the acceptable range of predicted

values (+ 20 %).
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CHAPTER &

DISCUSSTON

Nutrient Status of the Mill River

Results from chemical analyses and nutrient limitation algal
assays of water sampled from the Mill River illustrate the value of
using algal aseay to assess the nutrient status of natural waters.
Chemical analyses of phosphorus levels in the Mill River samples
revealed N:P ratios below 9 in all cases (3;?5, 8.33, 5.33)
initially indicating the waters were aAitrogen limited for algal
growth. Nutrient limitation studies using the algal assay bottle

test confirmed that algal growth was nitrogen limited in the water

" sample collected on June 2k, 1981. However, algal assays for water

sampled July 16, 1981, and September 27, 1981 exhibited co-limitation
by nitrogen and phosphorus, and phosphorus limitation, respectively.
There is no single value for the N:P ratio which indicates a
shift of algal growth limitation from nitrogen to phosphorus.
Miller et al. (1978) defined a water to be nitrogen limited fér
algal growth when the N:P ratio was less than 11:1, and phosphorus
limited for growth when the N:P ratio was greater than 11:1.
Weiss (1976); however reported waters to be nitrogen limited for
algal growth when the N:P ratio was less than 8:1, phosphorus limited
for growth when N:P ratios were greater than 13:1, and phosphorus
and nitrogen co=limited when N:P ratios were between 9:1 and 12:1.
Similarly, Chiaudani and Vighi (1976) found natural waters to be

growth limited by both nitrogen and phosphorus when N:P ratios: were
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between 5:1 and 10:1, nitrogen limited for growth below a ratio of
5:1 and phosphorus limited for growth above a N:P value of 10:1.
Thus it is possible the chemical analyses of Mill River water sampled
July 24 was correct, and that the water was co;limited for algal
growth by nitrogen and phosphorus with a N:P ratio of 8.33:1.0 .

The Mill River water sampled September 27 had nutrient levels
just above the level of detection., The algal assay was a valuable
method by which these analyses were checked. The nutrient limitation
study of this river sample showed algal growth to ke phosphorus
limited, although the N:P ratio was determined to be 5.33:1.0 .

An error in chemical analyses of the Mill River due to the extremely
low nutrient levels likely ocurred.

The Mill River proved to be a good scurce of dilution water for
this study. Although the nutrient content and the limiting
nutrient of the sample water varied, added sewage or chemical

equivalent solution contained high enough nitrogen and phosphorus

- levels for algal growth to be always nitrogen limited. This

facilitated comparisons of assays using different diluent samples.
Similarly, additions of secondary treated sewage or its chemical
equivalent solution, after treatment with alum or lime to remove
phosphorus, caused the resulting algal cultures to be phosvhorus
limited for growth at all levels of addition. Furthermore, there
were no instances where algal MSC values were significantly lower
than oredicted aléal yield which could have been attributed to

toxicants or micronutrient limitation in Mill River water.
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Stimulatery Effect of Secondary Treated Sewage

Addition of secondary treated wastewater effluent to Mill River

water samples caused nitrogen limited aigal growth in all cases.

The algal assay of sewage additions to Mill River water sampled

June 24 showed consistantly higher MSC values than could be predicted
based on total soluble inorganic nitrogen (TSIN) levels alone, or
TSIN plus total organic nitrogen (TON) levels. There are several
possible hypotheses for this phenomencn. There may have been some
experimental error in the analytical determination of TSIN or in
performing the algal assay. Altermatively, the acceptable limits

to which Selenastrum capricornutum may be able to utilize TSIN in

the production of cell biomass may be greater than the + 20% range
indicated by equation 2 . It is also possible that organic
nitrogen not detefmined by the total Kjeldahl;N technique such as
azide, azo, hydrozone, nitrile, nitro, nitroso, oxime, or semicarbazone
nitrogen forms (Standard Methods, 1980) .contributed to the higher
levels of algal growth.

The results of two additional algal assays in which secondary
treated wastewater was added to Mill River water sampled July 16 and
September 27 differed from results of the first assay. The observed
MSC values were all within the + 20 % range of the predicéed values
ana thus algal growth could be completely accounted for the by the
TSIN. It seems unlikely then, that the secondary treated waste-
water contained any significant levels of compounds, other than
incrganic nitrogen and orthophosphorus, which contributed to algal

growth,
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That algal growth can be completely accounted for by inorganic
nitrogen and orthophesphorus was further corroborated by algal
assays with sewage chemical equivalent solution additions.

Additions of a chemical solution equivalent to the inorganic

nitrogen and phosphorus content of the Amherst wastewater to

Mill River water sampled on July 16 resulted in MSC values which were
slightly above the predicted yields at three of the four percentage
levels of addition. Figure 3-10 shows the close agreement of

observed algal yields for chemical equivalent solution (CES) and sewage
additions. The equations of the lines through these data points

were virtually identical:

MSC (mg/1 dry wt.)

sewage addition 30.54 X TSIN (mg/1) + 11.54 (10)
MSC (mg/l dry wt.) _
CES addition = 30.48 X TSIN (mg/1) + 1.9k (11)

Thus it seems unlikely that there were any ad&itional algal growth
matrients in the sewage which were not contained in the chemical
equivalent solution.

Varying percent additions of chemical equivalent solutions to
Mill River water sampled September 27 exhibited similar results.
Observed MSC values were slightly higher than predicted values at
two of the five addition levels. Figure 3-15 shows the correlation
of observed MSC values for sewage and chemical equivalent of sewage.
Again the equations of the two lines passing through the data points

for these two additions were in close agreement with each other:
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MSC (mg/1 dry wt.) .
sewage addition = 32.05 X TSIN (mg/l) + 10.83 (12)

MSC (mg/l dry wt.) _ .
CBS addition 37.42 X TSIN (mg/l) + 8.67 (13)

The low organic nitrogen and moderate orgénic phosphorus levels
in the effluent used in these algal assays must be considered in
evaluating the significance of data cbtained from the addition of
sewage or chemical equivalent solution to Mill River water. The
low organic nutrient level in the sewage is partially attributable
to the required filtration of the sewage prior to algal assay
which removes particulate material containing organic phosphorus and
nitrogen. The organic phosphorus level in the sewage comprised 25 %,
6 %, and 14-% of total phosphorus levels in the three samplings
of Amherst wastewater treatm;nt effluent. Organic nitrogen comprised
only 5 %, & %, and 5 % of the total nitrogen content of the sewage in
three samplings. Actual TON levels may have actually heen greater
than the values determined by Kjeldahl-N analysis owing to the
inability of this chemical analysis to determine certain nitrogen

forms.

_Algal growth observed in varying percentage additions of sewage to

Mill River water were generally equal %o or slightly less than
that predicted by the inorganic nitrogen level of the sewage

(Fig. 3-8,3-13) suggesting that the smaller percentage of organic

nitrogen did not contribute significantly to observed algal growth.

the
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This finding is not conclusive, however, owing to the very small
percentage of organic nitrogen and the nitrogen limited status of

the sewage. The. - very close agreement between observed and predicted
algal yields also indicated the absence of both toxicants and
micronutrient limitation in the effluent. The TSIN alone, therefore,

appeared to be an excellent method for predicting the stiﬁul&tory
response of the test algal species to the sewage addition. Inclusion
of the TON in the predicted yield equation, i.e. MSC = 338 X (TON + TSIN),
would further support this - hypothesis since the observed algal

growth would fall somewhat further below the predicted yields.

The finding that organic nitrogen did not contribute to the observed
algal yield was further demonstrated in the additions of chemical
equivalent solution to algal cultures. Observed algal yields for
thgse studies were identical to the algal growth response in algal
cultures receiving actual sewage in one case, and were somewhat greater
than the actual sewage in a second case. Thus the chemical solution
containing inorganic nutrients alone resulted in a growth response
equal to or greater than that of the sewage additiopns. Such a response
'wouldrnot have been expected if the organic nitrogen fraction in the
actual sewage had contributed to algal growth. Nor can the lower
response of the sewage cultures be attributed to the presence of
toxicants or micronutrient limitation since this possibility was
precluded in other studies.

The contribution of organic phosphorus to algal growth in these samples

could not be assessed since the sewage was always nitrogen limited.
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While these studies indicate that low levels of organic nitrogen
in a secondary treated municipal wastewater did not stimulate algal
growth, additional studies using effluents containing larger organic
nutrient levels are needed to further clarify the role of these
compounds on algal growth stimulation in environmehtal waters.

EDTA and micronutrient additions promoted greater growth of

Selenastrum capricornutum to an extent which was statistically

significant, at the 99 % confidence level, in only &4 out of

20 sets of sewage addition cultiures (Tables 3-7, 3=9, and 3=-14)

and in only 2 out of 13 sets of chemical equivalent solution
addition cultures (Tables 3-11 and 3-16). It is therefore unlikely
that the sewage sampled from the Amherst wastewater treatment plant
contained toxicants or was lacking in micronutrients. However, it
would be unwise to generalize such results and presume that EDTA
and micronutrient additions are unnecessary in other algal assays

of sewage effluent due to the variability of wastewater content.

Treatment to Remove Phosphorus

Both alum and lime were used to remove phosphorus from
secondary treated wastewater. In both cases the removal of
phosphorus was great enough to shift algal cultures to phosphorus
limited growth, |

Lime treated sewage and lime treated chemical egquivalent
solution both displayed much lower algal growth than in cultures
containing untreated additions. However, algal yields did not agree

with predicted MSC values in both the 5 % and 10 % addition levels
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of both lime treated sewage and lime treated chemical eguivalent
solution. These observed algal yields were greater than the predicted
values. This might be attributed to error in phosphorus analysis.
Both lime treated additions at the 20 % level resulted in algal MSC
values greatly below the predicted values, suggesting toxicity or
severe nutrient limitation at this level of addition. There did not
seefl to be any significant difference in the effect of lime treated
sewage additions and lime treated chemical equivalent solution additions
on algal growth. Further algal assay research is needed using lime
treated additions to better understand the biostimulatory properties
of treated sewage.

Municipal wastewater and a chemical equivalent solution were
a2lso treated with alum to remove phosphorus. Again, a high degree
of phosphorus removal caused algal growth to be phosphorus limited.
Alum treatment of the sewage and the chemical equivalent solution
resulted in virtually 100 % reduction of algal growth. It should be-
noted that the Al:P molar ratio used for this study was not typical
of the degree of phosphorus removal usunally achieved by conventional
tertiary wastewater treatment. Residual phosphorus levels are
normally in the range of 1 mg/l. A certain degree of algal growth
attributable to additions of such treated wastewater is normally
likely."

The observéd yields for both treated sewage and treated
chemical equivalent solution were much lower than the predicted

values. Preliminary studies by Plotkin and Ram (1981) have observed
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that alum is nontoxic to algal growth. It is likely, therefore,
that the very low MSC values were attributable to severe nutrient
limitation. Further studies using additions of alum treated sewage
with phosphorus levels typical of tertiary treated effluents would
be useful in further assessing the ability of alum treatment to
reduce algal proliferation in receiving waters,

The research condiicted here has shown the algal assay bottle
test to be a useful research tool in evaluating the biocavailable
nutrients in natural waters and wastewater effluents. This technique
was successfully used fo assess the nutrient limitation status of
three water samples collected from the Mill Rivér. The studies.
demonstrated that algal growth resulting from either secondary
treated wastewater effluent or a chemical equivalent solution of
the effluent could be predicted from the orthophosphorus and
inorganic nitrogen levels of the additions. While tﬁis conclusion is
valid for the wastewater examined in this study, additional research
is needed on other wastewaters to determine whether this finding is
true for municipal wastewaters in general. Treatment with lime and
alum caused significant reduction in biostimﬁlatory properties of

the sewage and its chemical equivalent.
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CHAPTER 5
SUMMARY

Algal assays were conducted using Selenastrum capricornutum, following

procedures outlined by Miller et al. (1978).
Water sampled from the Mill River, Amherst, Massachusetts,
was used as dilution water in this study. Nutrient limitatien

studies of this water sampled June 24, 1981, July 16, 1981, and

© September 27, 1981 showed algal growth to te nitrogen limited,

phosphorus and nitrogen to-limited, and phosphorus limited,
respectively. Growth limitation by both nitrogen and phosphorus,
as determined by algal assay technique, was observed at an N:P
ratio of as low as 8.33:1.0 .

A preliminary algal assay using secondary treated sewage additions
from the Amherst wastewater trgatment plant, Amherst, Massachusetts,
resulted in bbserved a1gal ﬁaximum standing crop values greater
than could be accounted‘for by;‘the chemically determined inorganic
plus organic nitrogen ﬁnd orthophosphorus levels. Observed
maximum standing crop values greater than that predictéd by both
TSIN and TON content may be attributed to : a) experimental

error in analytical determinations, b) organic nitrogen compounds,
not measurable by Kjeldahl digestion, contributing to the algal

yield or, ¢) utilization by Selenastrum capricornmutum of TSIN

for the production of cell biomass to an extent greater than that

given by equation 2.
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Subsequent algal assays using sewage additions resulied in
observed algal yields which were in close agreement with predicted
yields.

Chemical equivalent solutions containing inorganic nitrogen

and orthophosphorus in amounts equal to that in the sewage were
used in algal assays. The resulting growth did not differ
significantly from algal growth caused by the equivalent sewage
additions.

Aigal growth, for the secondary treated wastewater studied

here, can be predicted by inorganic nitrogen and orthophosphorus
levels alone. Organic constituents did not significantly

contribute to the algal growth of Selenastrum capricornutum

for the wastewater tested.

Treatment of sewage and chemical equivalent solution with lime

or alum to remove phosphorus caused significant reducticn in
observed algal maximum standing crop values. Based upon this
study, it appears that advanced wastewater treatment p:actices
should be primarily directed towards removing inorganic nutrients
from wasfewater prior to discharging into environmental waters.
Further studies are needed using additions of alum treated

sewage or an alum treated chemically equivalent solution, with
‘reéidual phosphorus levels typical of tertiary treated wastewater
%o more completely identify the wastewater components contributing

to eutrophication of receiving waters.
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Statistical Analyéis of Effect of EDTA&nii;‘:_ronutfient additions

on nutrient limitation MSC

values; Mill R. sampled 7/16/81 ,
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" Tahle A=7. MSG values for CES additions to Mill River water
: sampled 7/16/31.
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Statistical analysis of effect of EDTA & micronutrient
additions on Mill River water (7/16/81) plus CES.
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MSC values for Mill River water sampiéd 9/27/813

nutrient limitation study and sewage additions.
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Table A-"I,’I. Stafiétical Analysis of effect of EDTA on nutrient
' ) additions to Mill R. wat\er sampled 9/27/81.
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MSC values for Mlll R. water sampled 9/27/81 plus
CES additions.
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. pable A~13. Statistical analysis of effect of EDPA on Mill R. water
. sampled 9/27/81 plus nutrient, sewage, and CES additions.
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