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ABSTRACT

The biostiraulatory properties of secondary treated waste-

water effluent collected from the Amherst, Massachusetts

wastewater treatment plant were evaluated using an algal assay

I technique. Algal assays indicated that the algal growth

potential of Amherst wastewater could be determined from the

| inorganic nitrogen and orthophosphorus concentrations in the

• sewage. A chemical equivalent solution of the wastewater,

containing equivalent orthophosphorus and inorganic nitrogen

I 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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LITERATURE REVIEW

Introduction
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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

I waters. The experimental method most often used for studies involves

• the exposure of algae to various concentrations of waste material.

^ The resulting growth response is then used to assess.the'impact of

I 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

I 1

studies are also used to predict the effect of a discharge 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 using 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

I
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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.

^Response 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
eapric ornutum.

V

Nutrient Addition

Control

20 mg/1 carbon

0.06 mg/1 phosphorus

1.0 mg/1 nitrogen

0.06 mg/1 P + 1.0 mg/1 N

10̂  tertiary effluent

1($ secondary effluent

Algae grown in

tertiary effluent
tertiary effluent + 0.02
tertiary effluent + 0.06

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

0.08

0.08

Jf.OO

0.08

20.00

0.08

*>.<>
oells/ml

5.0 X-10^
mg/1 P 2.3 X 10^
mg/1 P 6.0 X 10^

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

10.0

10.0

10.0

10.0

30.0

11.0

*°-°
mg/1 dry wt.

0.08
if. 60
12.00
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I
B It was concluded that the Buratside Hiver was phosphorus

• 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

I treatment on the receiving water would retard eutrophication.

Gargas (19?8) studied the effect of primary treated

| sewage, and biologically 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

biologically and chemically treated sewage. Table 1-2 presents

| response of algae to five sewage loadings. The algal growth parameter

_ evaluated here is maximum specific growth rate u , defined as

| In Xp - In x.

i
i
i
i
i
i
i

u =
m

where x? = biomass at the time t-

X- = biomass at the time t1 •
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4.

Table 1-2. Chemical composition of primary treated and
biologically, and chemically treated sewage and its
effect on growth of Selenastrum capricornutum.

i
i

li
Loading ' Total Nutrient Concentration

of
sewage

treated
wo)

1

N(mg/l)

i
1

0 j 0.730

1.5 0.898

3.0

6.0

9-0

12.0

1.065

1.400

1-735
2.070

PCmg/1)
.- - . - - - -

Biologically ,
chemically
treated

N(mg/l)

0.005

0.041

0.077

0.149

0.221

0.292

0.730

0.815

0.900

1.076

1.262

1.410

P(mg/l)

0.005

0.009

Primary

treated

um
\ "Q- — . OBiO. £
| chem.
* treatedi

;

0.22

0.24

0.017 0.28

0.034 0.72

0.051 1.04

0.062 •! 0.88

i

j 0.22

! 0.2?
i

j 0.30
i

i 0.49
i
1 0.72

j 0.61

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

the second contained green algae. Varying amounts of effluent

were added to algal cultures diluted with river water. The results

of this algal assay are presented in Table 1-3-
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Table 1-3. Growth of green and blue-green algae in river water
with sewage additions.

% effluent
in water

0
5

10
20
40

resultant
PO.-P cone.

(mg/D

0.037
0.295
0.553
1.070
2.100

green algae
(rag/1 dry wt.)

9 days

120
140
190
280
360

blue -green
algae

(rag/1 dry wt. )
9 days

100
220
360
400 •
440

Addition of the wastewater stimulated growth of both the blue-green

and the green algae. In order to determine whether the growth

stimulating ability of the wastewater was solely- attributable to

phosphorus content, 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
in amt. equal to that
if sample contained

<y/0 effluent
Co! It

10& "
ZCF/o "

green algae
(mg/1 dry wt.)

9 days

120
150
150

130

blue -green algae
(mg/1 dry wt.)

9 days

100
330
4OO
330
350

The experiment revealed the unsuprising result that growth by algal
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6.

species which cannot fix nitrogen becomes nitrogen limited in

cultures containing increasing levels of added phosphorus.

Alternatively, increasing phosphorus levels resulted in appreciable

growth stimulation in blue-green algal species 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

nutrient.

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.)
;i rc-j- -;a-;:o:.- 9 days 9 days

No addition 75 135
+ 5 % effluent 120 if 60
+ 5 % effluent + ortho-P,J 10&.-ef. 1*K> 530

to raise coricentra- \ 2C$ ef . 140 565
tion to that of J W ef. 1*tO 5^0

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(NO ) , MgSO. , Nâ SiO,, 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(NO ) . On the third day of the assay, phosphate was

added. Table 1-6 summarizes the results of this assay.



1
1
1
1•i
1

1•I
1
1
1

Table 1-6. Growth of green algae in
PÔ -P spikes.

River water plus

no addition

Ca(NO-)2

Ca(NO,)2 plus PÔ -P
added on Day :3

7.

river water with Ca(NO^) and

green algae
(mg/1 dry wt. )

70

80

130

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 phosphorusi

i

and HH, -N/.removal on algal growth.

removed from wastewater effluent by

Phosphorus and nitrogen were

chemical precitation and

NHj-N stripping, respectively. Phosphorus and nitrogen concen-

trations before and after treatment and algal assay results of treated

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

I
Table 1-7. Phosphorus and nitrogen concentrations in treated and

I
I
l
I

untreated sewage.

- Effluent

Untreated

Phosphorous removed

Ammonia removed ,
phosphorous restored.

PÔ -P NH -N
mg/1 rag/1

5.200 38.4

0.071 38.4

4.800 14.8
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Table 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 70

5 % effluent no value 130 80 590

10 % effluent 70 120 80 800

."20 % effluent *fO 90 80 730

*fO % effluent 80 200 80 550

The authors concluded that PO, -P removal controls growth of both

algal groups while removal of NH, -H controls green algal growth alone.

Since environmental wa,ters 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 was 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 cell 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 Lake Tahoe water.

Variation in the diluent water was considered in subsequent studies.

I 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

m phosphorus,, in amounts equivalent to that in the effluent. The

I 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,

' Middlebrooks e_b al. (1971) performed several experiments using

H chemostataalgal 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 15/4. g/1 some other factor

( controls algal growth. Middlebrooks et al. (1971) additionally

observed that neither the maximum growth rate attained in batch

I 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.

I Thus, phytoplankton exposed to equivalent nutrients may grow at

I
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• different rates (Miller, et al., 19?8).

• A number of studies have examined the role of phosphate-containing

detergents in the eutrophication potential of wastewaters. Ferris,

I et al. (1974) studied the stimulatory effects of wastewater contain-
—-

ing phosphate detergents versus wastewater containing only non-

I 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

I cultures. ,̂The additions were: 1) sewage effluent containing no

detergents (total soluble phosphorus = 4.9 mg/1 P), 2) sewage

• effluent containing non-phosphate detergent (5-0 mg/1 P),

• 3) sewage effluent containing detergent phosphate (7-8 mg/1 P),

4) sewage effluent in which nutrients were removed (0.4 rag/1 P),
r

I 5) inorganic phosphorus additions equivalent to the phosphorus in

1, 2, and 3- A domestic sewage known to be free of detergent was

| used for the first treatment. A non-phosphorus detergent was added

• to this sewage to simulate an effluent produced by households using

non-phosphate detergents for the second assay solution. Detergent

I 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

I
I
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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,

I 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

I therefore not be based on phosphorus content alone.

Francisco and Weiss (1973) also examined the stimulatory

H 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 receiving water studied. No

difference in the biostimulation of sewage containing phosphate

I 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

I (Kutz). Secondary treated wastewater effluent from two treatment

i
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plants was analyzed. The effluents were first membrane filtered and

I 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 technique.

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.

• . 4. In general, the organic fractions with AMW greater than 700

• caused stimulation of both maximum growth rate and maximum

standing crop.

• 5- Algal growth could not be attributed to additional nitrogen,

. phosphorus, or inorganic carbon contained in the organic

• fractions, and thus stimulation was caused by organic

• compounds contained in the fractions.

I

I



I
I

Based on these observations the authors further concluded that

I 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 Glesceri

(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-

aquae.I
I 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

I to algal cultures. Shiroyama et al. (1973) and Greene et 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 levels 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.̂ 3 mg dry weight of algae per 0.001 mg

p/1. Similarly, each 0.001 mg/1 total soluble inorganic nitrogen

• will yield 0.038 mg/1 mg dry weight algae. These relationships can

I
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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.

I Greene et al. (1975) performed a series of algal assays to

assess the effect of various"waste additions to a river water and

B reported that there was generally no correlation between maximum

• yield of Selenastrum capricornutum and increased calcium, magnesium,

carbon, or alkalinity levels.

I Miller et al.(1973) performed 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 results of some of the algal assays are shown in

Table 1-9-

I 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 nutrients and/or presence of toxicants. At the

• second site, the high zinc content seemed to preclude any

stimulatory effect from nutrient additions. Zinc inhibition was

I evidenced at the third site as well. When the zinc was removed

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

of zinc after metal removal caused growth 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

I

I



Table 1-9- Response of Selenastrum capricornutum grown in treated and untreated waters
to chemical additions.

Sampling site

1. South Fork
Coeur D'Alene
at Mullan

2. Spokane
River at
Post Falls

3. Spokane R.
at Seven Mile
Bridge

4. Spokane R.
at Long Lake
Dam

5. Spokane R.
at Riverside
State Park

Zn
ug/1

18

1?0

75

18

.Maximum 14 Day Algal Yield (mg/1 dry wt.) f

.Con-
trol

0.030

0.068

0.120

14.9

0.120

+1000
-;- mg
N/l

o.o42

0.028

:o.o6i

9.50

+20
mg
P/l

0.310

0.040

0.055

9.00

+N
+P

8.20

0.045

0.050

8.00

Metals
Removed

15-40

Metals -
Removed
+100
mg Zn/1

0.032

Metals
Removed
+40

mg Zn/1

0.020

+1.0
i mg/11
EDTA

21.7
VJl
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response in the control at the fourth site was indicative of the

I 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

m of heary metals.

Miller et al. (1975) performed a similar 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. EDTA was added at the fifth and sixth

H 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 been attributable

I 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 to zinc toxicity or micronutrient limitation.

l
I
I
I



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

Location

1. Snake River
at Tildon
Bridge

2. Palouse R.

3- Waldo Lake

4. Snake River,
Swan Vallev

5- Columbia R. ,
Rock Island

6. Columbia R. ,
Bridgeport

7- Seven Mile
Road Bridge

8. Spokane R.
Bowl and Pitche:
State Park

Control

0.092

0.084

0.043

0.10

0.30

0.10

0.11

0.12

+1.0
mg/1 N

0.056

13.98

0.043

0.04

+0.01
mg/1 P

3.5

0.088

3-0

Algal yi<

+0.05
mg/1 P

6.3

0.35

0.056

3.0

»ld Cmg/1

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

26.6

36.6

0.045

20.0

dry wt.

+ 1.0
mg/1
EDTA

5-4

4.5

21.7

J

Metals
Removed

14.0

Metals
Removed
+ 40 rag/1
Zn

0.02

Metals
Removed
+ 100. mg/1

Zn

0.032
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A discussion about the consequences of wastewater discharge

I 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

I and Liptak (1979) found that phytoplankton from Lake Michigan showed

a significant chlorophyll loss and permanent decrease of carbon

| uptake rate "after thirty minute exposure to total residual

_ chlorine levels at or above 1.0 mg/1. Below this value only slight

chlorophyll changes were evidenced and, following an initial decrease,

I carbon uptake rates exhibited nearly complete recovery.

Goldman and Quinby (19V9) studied several marine algae 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

I chlorine inhibition, later decrease in chlorine concentration owing

to the instability of this chemical species, may result in a

H subsequent algal" growth response.

| Summary

_ In summary, all the studies discussed in this review have

B involved the use of algal assay technique to study the response

• of algal species to single chemicals, chemical mixtures, or complex

I



I
I 19.

• waste materials. Algal growth has been shown to be stimulated

I 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 been directed towards comparing the algal

I 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

I parameters, such as flow patterns and non-point source inputs.

The problem is further complicated because the composition of

| wastewater is usually variable. The response of algae to

• 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.(197̂ ), Sachdev and Clesceri (1978), and

• McDonald and Clesceri (1979) have investigated specific components

I
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I
' of wastewater, such as inorganic nitrogen and phosphorus and organic

* . molecular weight fractions, for their ability to stimulate algal

growth. These studies all indicated that algal growth is greater

I 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

I advanced wastewater treatment methods to prevent such eutrophication

of receiving waters. The study presented here further expands 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

I values predicted by the chemical composition of these additions.

Such information further identifies the growth stimulating

| components in wastewater effluent.

i
i
i
i
i
i
i
i
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C H A P T E R 2

MATERIALS AND METHODS

Introduction

I
I
I
I

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

mm 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.

M Algal assay was used in this study 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 treatment 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

then subjected to alĝ l nutrient limitation studies. The effect of

• sewage and other additions was then evaluated.

Secondary treated wastewater and inorganic nitrogen and

• phosphorus compounds in amounts equivalent to that in the sewage

• were added to river water to assess the factors causing algal growth.

Observed algal 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

I 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 treatment. The resulting algal growth was compared

to theoretical growth values, based upon phosphorus reduction.

I
Sampling

• The Mill River was sampled four different times during the

study. Water was collected by grab sampling from a site directly

m 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

i
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Figure 2-1. Map of Mill River showing sampling locai/io

H A D L E V
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Sample Processing

I

24.

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.

Upon return to the laboratory, pH, alkalinity, and hardness were

immediately determined. The water was then autoclaved at 15 to 1? psi

and 210 to 230 F, for a period of one hour. The period of autoclaving

I was longer than the recommended 30 minutes at 250 F. (Miller et al.,

1978) since the operating range of the autoclave was less than''the

I 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,

I 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

I assay to determine the effect of autoclaving on the dilution water.

After removal from ,the autoclave, the sample was allowed to

| cool to room temperature. It was then equilibrated with a 1% mixture

_ of CO^ and air to resaturate the water with CCL. The pH was then

™ adjusted to the original pH value obtained immediately after sampling.

I The sample was filtered through a 0.45 urn membrane filter to remove

I
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particulate matter and then stored in the dark at 4 C. for

• later analysis.

A 2k hour composite sample was collected from the

| Amherst wastewater treatment plant. The plant is an activated

• sludge treatment facility which treats an average of 5 MGD.

The sample was returned to the laboratory for pH, alkalinity,

• and hardness determinations. The effluent was then filtered

through a 0.4-5 um membrane filter to remove indigenous algae

| and other unwanted biological contaminants (Miller- e£ al. , 19?8).

« It should be noted, however, that observed algal growth yields

determined by algal assay may underestimate actual algal growth

• in environmental waters '.receiving wastewater effluent due to the

sewage filtration. Young et al. (1980) have shown that particulate

I 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

B actual environmental waters as compared to laboratory ; algal

assay results would vary with the percentage of particulate

I phosphorus in the total phosphorus contained in the sewage.
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Chemical Analysis

I The following analyses were carried out on the -sample water

and the sewage effluent.

I pH: pH was determined using a Fisher model 140 A Acumet pH meter.

• Alkalinity: Total alkalinity was determined by titration of

sample with 0.02 N HC1 to pH 4.5 (U.S. EPA, 1979)-

• Hardness : Hardness was determined by titration of sample with

I
•

(

0.01 M Na-EDTA using Eriochrome Black T as an indicator (U.S. EPA, 1979)

Nitrate, 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 i

_ \
• by converting organic nitrogen to ammonia using Kjeldahl digestion,

followed by ammonia analysis (Strickland and Parsons, 1972).

I 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 aliquot with 11 N H2SO^ and 0.2 g KpSpOo 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 (1980).

I Orthophosphate: Qrthophosphate was determined by the

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

i
i
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Algal Assay

The test alga used in this research was Selenastrum

capricornutum-Print.z;, obtained from the EPA laboratories in Corvallis,

• Oregon. A 1.0 ml innoculum containing approximately 50,000 cells was

pipetted into 125 ml erlenmeyer flasks, each containing 50 ml of test

I solution. The flasks were fitted with foam plugs to allow CO and

• air exchange. The cultures were kept under 400 — 10 % ft-c of

fluorescent lights for 2k 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 (1^ to 21 days). MSC was considered to have

• been achieved when the change in algal dry xveight determined on two

consecutive days was less than 5 percent (Miller et, al. , 19?8).

• Cell number and mean cell volumes were determined using a

model 5615.7̂  Coulter Counter with Model MHE MCV/Hct/SBC computer.

I Zjo I

The MSC was determined using the following formula:

I (mg/1 dry wt)

(

MSC = (Cell No.) X ( ) X ( ) (1)Mef ̂ ) X (S^C"jC GrohV°lume Coefficient

Specific growth coefficient was determined in previous laboratory
7

work to be J>.6 X 10 .

• Three types of algal assay experiments were carried out during

this study: 1) nutrient limitation studies were performed for each

| Mill River sampling, 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 - '. ."

• ~j>} additions of chemically treated sewage or treated chemical equivalent

I
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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

I and algal growth monitored. The chemical treatment removed phos-

phorus from the sample prior to algal assay.

i
Nutrient Limitation Studies

I Nutrient limitation 01 the receiving water was determined by

adding phosphorus, nitrogen, EDTA, and micronutrients, singly and

• in combination ito the samples. The following additions were made,

• to three replicates each of the Mill River.

Control (no addition)

I Control". + 0.05 mg/1 P

Control +1.0 mg/1 W

I 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 rag/1 EDTA

I Control +1.0 mg/1 N + 1.0 mg/1 EDTA

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

m Control + micronutrients

• The raicronutrient addition was made from a stock solution which

was a modification of the algal nutrient medium described by

• Miller, et al. (19?8). Addition of the micronutrient spike

resulted in the following concentrations of chemicals in the

| culture flasks.

i
i
i
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Compound t Concentration

• MgCl2 • 6H20 1 2 . 1 #* mg/,1

•

—
"

i
i

30,

CaCl -2H 0 n^.VlO mg/1

I -•, MgSO^-^O UK 700 mg/1

_ NaHCO 15-000 mg/1

• H BO 185.520 vug/1

'O VI5-610 ug/1

ZnCl2 3-271 ug/1

CoCl -6H 0 1.̂ 28 ug/1

CuCl2-2H20 0.012 ug/1

Na MoO^ • 2H26v 77 - 260 ug/1

• Fed "6H20 160.000 ug/1

Na EDTA-2H20 300.000 ug/1

I Previous studies by researchers at the EPA Corvallis laboratory

(Miller et al., 1978) have found that the maximum standing crop of

Selenastrum capricornutum-Printz can be predicted from the inorganic

• nitrogen and phosphorus present. A ratio of approximately 11:1 inorganic

nitrogen to orthophorus is ideal for Selenastrum growth, according

• to their findings. If the ratio or inorganic nitrogen to orthophosphorus

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

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

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

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

I limited waters, the MSC attained should be
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™ . *,„« -70 V f Total Soluble .. + nrt ,, ,-..

'( /^ ^ = 3 Anorganic Nitrogen ~ 20 ?/° (2) '

|

(ms/l dry wt.) mg/1

For phosphorus llimited waters the MSC attained should equal

I MSC = 430 X (Orthophosphorus,) + ZQ % (J) _

(mg/1 dry wt.) mg/1

I 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 micronutrient 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

I growth relative to a sample without an EDTA addition. EDTA can also

make micronutrients more available for algal growth in waters having

• low raicronutrient 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 nutrient-limitation studies to differ-

entiate betx^een 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

I 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

I
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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 equivalent additions

was compared to the corresponding sewage additions. The chemical

solution was prepared by dissolving in distilled water the following

chemicals, 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.)

or tho -phosphorus — added as a K_HPO^, KH-PO, buffer

ammonia-N — added as NH.C1
M-

nitrite-N, nitrate-N — added as NaNO

micronutrients — added to the chemical solution such that the
resulting concentrations were equal to those
resulting from micronutrient stock solution
additions to nutrient limitation study algal"1

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 CaCl_*2H20 respectively.

Chemical Treatment

Secondary treated wastewater1 effluent and. its- chemical equivalent

were treated with either lime or alum (Al2(SÔ ),*l8HpO)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.

I Phosphorus was removed by chemical precipitation by adding a super-

saturated solution of lime (CaO) 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 followed

• 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 AlpCSOi^-lS HJD (alum). Alum was added

• to sewage or its chemical equivalent samples in a A1:P mole ratio

I of 1.5 : 1.0. The solutions were mixed for JO seconds at 100 rpm,

allowed to floculate by slow mixing at 20 rpm and then allowed to

I settle. Treatment was followed by filtration to remove precipitate.

i
i
i
i
i
i
i
i
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C H A P T E R 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, 5^ nm, and 5^0 nm, respectively,

_ were determined for known concentrations of chemical constituent.

Standard absorbance versus concentration curves were constructed

I 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-

I 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 2*f, 1981,

July 16, 19̂ 1, and September 27, 19&1* Ammonia-N, total organic

nitrogen (TON), nitrate-N, nitrite-N, orthophosphorus, total

I phosphorus, alkalinity, hardness, and pH were determined at each

sampling and nutrient limitation studies using algal assay were

I performed for the last three samplings. Chemical data are

• presented in Table 3-1 -

The pH and hardness of Mill River water samples changed very

• little over 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

I
l
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Figure 3-1 Standard curve for orthophosphorus
(absorbance at 885 nm vs. concentration)
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Figure 3-3• Standard curve for ammonia-N
(absorbance at 635 nm vs. concentration)
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Table 3-1. Chemical analysis of Mill River water

Date

treatment

pH

alkalinity
(mg/1 as CaCCO

hardness
Crag/1" as CaCO

ortho-P
(mg/1)

total-P
(mg/1)

nitrate-N
(fflg/1)

nitrite-N
(mg/1)

ammonia-N
(mg/1)

TSIN3

(mg/1)

TON
.(mg/1)

N:P ratio

6/18/81

NA1

6.5

9-96

17-53

0.005

0.034

0.000

0.450

A2

19-50

18.56

0.026

0.049

0.010

0.200

6/24/81

NA

6.3

7-39

16.15

/ ^^
OiO?0

V

0.036

0.055

0.004

0.030

0.089

0.000

1.271

A

11.66

15-26

0,056
^

"O'.OTO

0.008

0.102

0.100

0.'210

0.000

3-750

7/16/81

NA A

6-3

6.82

18.56

\>,006

0.010

0.110

0.000

0.003

0.113

0.157

18.333

17.25

19-60

0.012

0.025

0.100

0.000

0.000

0.100

0.000

8.333

9/27/81

NA

6,5

19.40

17-50

0,002

0.021

0.025

0.000

0.008

0.033

O.056

16.500

A

0.003

0.029

I

0.012

0.000

0.004

0.016

0.139

5.333

NA = non-autoelaved

A = autoclaved

~ total soluble inoganic nitrogen (NO,-N + NO^-N + NH,-N)
f P 2 3
TON = total organic nitrogen

N:P ratio = (TSIN/orthophosphorus)
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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

H observed over the sampling period. Total phosphorus values for

autoclaved Mill River water ranged from 0.025 rag/1;, to 0.070 mg/1

I (mean = 0.043 mg/1, standard deviation = 0.021 mg/1) and ortho-

phosphorus values for autoclaved river water ranged from 0.003 mg/1

| to 0.056 mg/1 (mean = 0.024 mg/1, standard deviation = 0.023 mg/1).

. The total soluble inorganic nitrogen (TSIK) , which is equal to the

™ sum of nitrate-N, nitrite-N, and ammonia-N, ranged from 0.016 mg/1

• to 0.210 mg/1 (mean = .109, standard deviation = 0.097 mg/l) 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 limitation studies using Selenastrum capricornutum-Printz

were performed on Mill River water samples collected on June 24,

I July 16, and September 27, 1981. Data on the maximum standing crop

of the algae produced in samples containing Mill River water alone

I (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.

i
I



Figure 3-6. MSC. (mg/1 dry wt) Selenastr'um capricornutum grown
" In Mill River plus chemical additions.''
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Chemical analyses of the water sampled June 2^ exhibited a

I 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 aliquots resulted in an increase in

_ the MSC while phosphorus additions had little effect on the MSC.

Nitrogen plus phosphorus additions resulted in a larger increase in

I 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

I equations (2) and (3)- Observed values were considered in good

agreement with the predicted level if they fell within approximately

I i20̂  of the predicted MSC. Comparison of predicted and observed

algal yields for the June 2*f 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 observed yield of the control and nitrogen

I 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 (>)

an<* was attributed to experimental error.

i
i
i

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.

44.

Predicted and observed algal MSC values (rag/1 dry wt)
for Mill River sampled June 24, July 16, and September 27<

MRW'5 • -

+ P

+ N

+•; EDTA

+ P + N

+ P + EDTA

+ N + EDTA

+ P + N + EDTA

+ micronutrients

non-autoclaved

June 2^

P1
mg/1
dry wt.

7-98

7.98

23-9^

7.98

5̂.58

7.98

23-9̂

5̂.58

7-98

3.36

+, 1981

o2
rag/1
dry wt.

6.42

6.81

29.08

7.82

42.66

7-62

40.02

42.23

7.12

3.99

July 16

P
mg/1
dry wt.

3.67

3-67

-•5-16

3-67.-

26.66

3-67

5-16

26.66

3-67

2,58

, 1981

0
rag/1
dry wt.

6.14

10.70

4.45

5-50

38.90

9.49

9-̂ 9

41.25

8.65

2.26

September

P
mg/1
dry wt.

0-59

0.59

1.28

0.59

22.78

0.59

1.28

22.78

0.59

0.59

27, 1981

0
mg/1
dry wt.

0.32

2.91

0.21

0.20

29.79
.
: 2.71

0.22
I
!

29-29

0.27

0.21

P = predicted MSC, calculated using

MSC (mg/1 dry wt.) = 38 X TSIN (rag/1) (Z). .for N - limited water

MSC (mg/1 dry wt.) = 430 X ortho-P (mg/1) (3) for
P-limited water

2
0 = observed MSC

''MEW ~ Mill River water
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a growth factor is obtained which reflects the level of nutrient

I bioa variability. 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 30. *f and ̂ .6 . In waters phosphorus limited

* for algal growth dividing observed MSC values by the ortho-phosphorus

I concentration usually results in a growth factor between J>kk 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 for 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

I 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 growth. 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

m the Appendix in Table A-4. Figure 3-6 shows that the algal response

• to the control, control 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 phosphorus,

and the control plus nitrogen plus phosphorus plus EDTA samples,

I



Table 3-3. Mill River nutrient limitation study observed Growth.Factors.:

N

MRW2

MRW + EDTA

MRW + P

MRW + P + EDTA

MRW + N

MRW + N + EDTA

MRW + P + N

MRW+P+N+EDTA

N:P ratio

6/24

3-75

1.98

21.61

11.42

7/16

8.33

1.61

84.33

17- 7**

9/27

4.00

0.23

337-33

19-09

June 24, 1981

P
limited

519-29

714.64

402.45

398.40

_ . N
limited

30.57

37-23

32.43

36.57

35-26

34.90

Growth Factor

July 16, 1981

P
limited

511.67

458.33

370.83

790.83

627-42

665.32

N
limited

110.98

98.34

Sept. 27, 1981

P
limited

70.00

73-00

562.08

552.64

N
.".limited :-

20.64

12.84

187.74

174.84

1
Observed growth factor for N-limited waters = MSC (mg/1 dry wt.) * (TSIN),

for P-limited waters = MSC (mg/1 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 .
2MRW = Mill River Water



I
I if?.

I 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

I extremely low nutrient levels, indicated by both orthophosphorus

and total soluble inorganic nitrogen. Ammonia-N and nitrate-N

| . concentrations v/ere below detectable levels. Chemical analyses

• indicated nitrogen limitation, but the algal growth response shown

graphically in Figure J>-6 and the observed MSC values presented

I in Tables 3-2 and A-10 indicated phosphorus limitation. The data

suggests likelihood of some analytical error during chemical analyses

I of inorganic nutrients.

I 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 both taken from the same sample data population.

A statistical comparison was performed using the equations described

I by Daniel (19?8)

_ In order to test the hypothesis that the two MSC values

m were from the same data population , and not statistically different

• from each other (H : x.=Xp) the standard deviations (s- and s_)

I
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I of the two MSC values were first compared with each other using

I an f test, where

COI r =
(S2)

I

I
I
I

to determine if s- and s_ were homoskidastic at the 99 % confidence

level. If the two standard deviations were homoskidastic a pooled
2

• variance (s ) was then calculated using the equation:

- a* (n, - 1) + 8p (np - 1)c. \ I eL fL t _\

| SP = (n, + n, , 2) - (5)

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

corresponding standard deviations, using the equation:

X1 "i
• p "-] "2

The calculated t value was then compared to values taken from a

I student t distribution the the 99 % confidence level for n- + n_ - 2

degrees of freedom. If the calculated t value was outside the tabulated

B 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.

I 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:

- x



with

I
I
I
I f <= ^ R ^ ?

( "1. + 2

degrees of freedon = —: p- p- 5—• p » (8)I j,.,̂  4 J-̂ M
i 1
• 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

I response was significantly different at the 99 % confidence level.

In all but one of these 7 data sets, the algal cultures containing

B EDTA or micronutrient additions achieved greater MSC values than in

• those without these additions.

While the t test results did indicate a statistically significant

I effect resulting from EDTA or micronutrient additions in slightly

less than half of the cases, the numerical MSC values were very

• close in all but one"1.instance. This observed difference may therefore

• have been attributable- to minor dilution 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

much less than predicted values. A consistant and marked increase in

• algal growth, therefore, is usually expected in samples containing

• toxicants or limited by micronutrients when EDTA or micronutrient ..spikes,

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

or micronutrient limitation.

I then, does not clearly indicate either the presence of toxicants

i
I



Table 3-4. Effect of EDTA and Micronutrient additions on Selenastrum capricornutum
grov/n in Mill River water.

'! 1MRW

MRW + EDTA

MRW + P

MRW + P + EDTA

MRW + -N

MRW + N + EDTA

MRW + P + N

KRW+P+N+EDTA

MRW

MRW + micronu-trient

MSC(rng/l dry wt. )

6/24

6.42

7-82

6.81

7-61

29-08

40.02

42.66

42.23

,6.42

7-12

7/16

6.14

5-50

10.70

9-49

4.45

9.49

38.90

41.25
6.14

8.65

9/27

0.32
0.20

2.91

2.71

0.21

0.22

29.79

29-29

0.32

0.27

6/24/81

t 2

c

-17.89

-8.95

-31 A9

+ 0.97

-12.43

t.995

3^5

3-25

2.92

3-25

3-25

7/16/81

tc

+1-.28

+0.41

-3-99

-5-51

-2.13

*.995

3-11

3.11

2.92

2.92

2.92

9/27/81

tc

+5-27

+1.36

-1.06

+0.80

+2.23

*.995

2.92

3-17

2.92

2.92

2.92

V ^ = x2

6/24

^

R

R

A

R

7/16

A5

9/27

S

i

• A j A

I

R

R

A

A

A

A

1. MRW = Mill River Water

- *c = Calculated USing
or

3. t j. varies depending upon sample number, standard deviation, and degrees of freedom.

4. fi = reject hypothesis x. = x0 (MSC values are statistically different), when t nnc isi c. . yy,?
less than It I.1 cl

5- A = accept hypothesis x. = x? (MSC values are not statistically different), when t qqc. is

greater than [t |.
C

\J1
o
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Sewage Additions to Mill River Water, Sampled June 2*f, 1981i
Secondary treated wastewater effluent was added to Mill

I River aliquots in 1, 5, 10, 30, 50, 70, and 100 % additions.

Chemical analyses of the wastewater effluent sampled June 2%

• 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 capricomutum are shown in Table 3-6 and in

Appendix Table A-1. The observed yield was much greater than the

I range of predicted yields based on TSIN, an all cases except the

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

organic nitrogen present in the sewage resulting in larger algal growth

•I • 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

M as well.

m Figure 2-7 shows the algal MSC (mg/1 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 (rag/1 dry wt.) s'5̂ 9 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 than the predicted

values at all levels other than the 1 % sewage addition.

i
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Table 3-5. Chemical analysis of Amherst wastewater treatment plant
composite samples.

Date

pH

alkalinity
(mg/1 as CaCO )

hardness
(mg/1 as CaCO,)

or thophosphor us
(mg/1)

total phosphorus
(mg/1)

organ ic-P
(percent)

nitrate-N
(mg/1)

nitrite-N
(mg/1)

aramonia-N
I mg/1)

TSIN2

(mg/1)

TON5 ,_ vtmg/1)

organic-N
i (percent)

N : P ratio 5

June 2k, 1981

7-0

51-13

70.10

2.66

3-56

25.28

4.36

0.33

0.91

5.6o

0.28

if. 76

2.11

July 16, 1981

6.8:

35.96

84.54

3.04

3.24

6.17

11.50

0.25

1.16

12.91

0.57

4.22

4.25

Sept. 27, 1981

7.0

61.90

84.50

4.07

4.72

13.77

10.50

0.23

4.40

15-13

0.81

5.08

3-72

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

2. TSIN = total soluble inorganic nitrogen

3- TON = total organic nitrogen

4. organic-N = (TON/(TON + TSIN)) X 100

5. N:P ratio'= TSIN/ortho-P

NO_-N + NO,-N + NH,-N.
2 3 3



Table 3-6. Predicted and observed MSC (rag/1 dry wt.) of Selenastrum capricornutum
grown in Mill River water sampled June 24, 1981 plus sewage additions.

MRW1

+ 1 % Sewage

+ 1 % Sewage + EDTA

+ 5 % Sewage

+ 5 % Sewage + EDTA

+ 10 % Sewage

+ 10 % Sewage + EDTA

+ 30 % Sewage

+ 30 % Sewage + EDTA

+ -50 % Sewage

+ 50 % Sewage + EDTA

+ 70 % Sewage

+ ?0 % Sewage + EDTA

+100 % Sewage

+100 % Sewage + EDTA

Predicted MSC2

(mg/1 dry wt.)

7-98 ( 6.38- 9-56)̂

10.03 ( 8.02- 12.03)

18.22 ( 14.57- 21.86)

28.45 ( 22.76- 34.14)

69-39 ( 55.51- 83.27)

110.33 ( 88.27-132.40)

151.27 (121.02-181.53)

212.69 (170.15-255.22)

Predicted MSC ̂
(mg/1 dry wt. )

7-98 ( 6.38- 9.56)̂

10.13 ( 8.10- 12.16)

18.74 ( 14.99- 22.49)

29-50 ( 23.60- 35-40)

72.54 (: 58.03- 87.05)

115.58 ( 92.46-138.69)

158.62 (126.89-190.34)

223-17 (178.54-267.81)

Observed MSC
(rag/1 dry wt.)

6.42

10.24

11,11

27-00

25-93

44.90

43:97

122.47

122.32

180.54

182.85

233-71

245-54

326.36

323-72
Ul

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 (+_ 2090 of predicted values.



Figure 3-7. Observed and predicted MSC (mg/1 dry wt.)
Selenastrum capricornutum grown in Mill River water with
sewage additions, June 24, 1981.
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1.: Observed MSC (rag/1 dry wt.) = 5*f.̂ 9 X TSIN, (mg/lX-0.38 (9)

2. ' Predicted MSC (mg/1 dry wt.) = 38.0 X. TSIN (mg/1) +, 20
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The t statistic was computed by comparing MSC values at each

level of sex̂ rage additon with 'the MSC value for the same sewage

level with an EDTA addition. Equations (if) through (8) were

used, and the calculated t statistic was compared with tabulated

t values at the 99& confidence level with the appropriate degrees

of freedom. These calculations are shown in Table A-3i 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 or the Mill River water

diluent.
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Table 3-7. Effect of EDTA additions on Selenastrum capricornutum
grown in Mill River water with sewage additions,
June 24, 1981.

Mill .River-
water plus

1 % sewage

1 % sewage^EDTA

5 % sewage

5 % sewage, EDTA

10 % sewage

10 % sewage, EDTA

30 % sewage

30 % sewage, EDTA

50 % sewage

50 % sewage, EDTA

70 % sewage

70 % sewage, EDTA

100 % sewage

100 % sewage, EDTA

MSC
(mg/1 dry. wt)

30.24

11.11

27.00

25-93

44.90

. 43.97

122.47

. 122.32

180.54

182.54

233.71

245,54

326.36

323.72

t 1

c

- 3.88

+ 2.57

+ 1-33

+ 0.14

- 1.83

- 4.43

+00.10

t-995

3.17

3.11

2.92

2.92

2.92

2.92

2.92

V X1 = X2

3
Reject ̂

Accept

Accept

Accept

Accept

Reject

Accept

tc = calculated using ̂ uation (6> or

varies depending upon calculated degrees of freedom..
3- reject hypothesis x.=x? (MSC values are statistically different)

when t -__ is less than tt \ •
-995

4. accept hypothesis X1=x_ (MSC values are not statistically different)
when t is greater than 1 1 I .• y ?j c
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Sewage Additions to Mill River Water sampled July 16, 1931

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 capricomutum 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/1

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 (equation:

MSC (rag/1 dry wt.) = 30.5̂  X (TSIN) + 11.5̂  • (10)

The regression line had an r factor equal to 0.9956.

EDTA 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 values 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 EKTA addition. Only at the $0% sewagei
addition level did cultures with EDTA and micronutrient additions

I 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

I therefore possible that the higher observed algal yields in cultures

containing micronutrient or EDTA additions: were due to-experimental

variability and not caused by micronutrient limitation in either

the Mill River water or the wastewater effluent.
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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, 1961, ' plus sewage additions.

_ — . — .

Mill River
water plus

no addition

+ 5 % sewage

* 5 % sewage, EDTA

- + 5 % sewage ,
micronutrients

+ 10 % sewage

+ 10 % sewage, EDTA

+ 10 % sexrage,
micronutrients

+ 20 % sewage

4- 2($ sewage, EDTA

+ 20 % sewage,
micronutrients

+ 50 % sewage

+ 50 % sewage, KDTA

*. 50 % sewage ,
micronutrients

Predicted MSC1

(mg/1 dry wt,)

3-67 ( 2.94- 4.40)2

28.22 ( 22.57- 33-86)

52.65 ( if2.11- 63.18)

101. 52( 81.22-121.82)

248.13 (198.50-297.76)

Observed MSC
(mg/1 dry wt.)

6.*

32.97

33.22

31-99

58.42

57-42

102.45

104.25

205.70

227-78

222.22

1. Predicted yield = 38 X TSIN (mg/1) ̂  20 %. C2)

2. Values in parentheses represent acceptable range (_+ 20 °/o)
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.

300 -

Predicted MSC

2.0 4.0 6.0 8.O IO.O
Total Soluble Inorganic Nitrogen (mg/l)

ZS 50
% Sewage Addition

75

1. . Observed MSC (mg/1 dry wt.) - 30.5*K X TSIN + 11.5̂  (10)

2. Predicted MSC (mg/1 dry wt.) = 28.0 X TSIN + 20 % (2)
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Table 3-9- Effect of E0EA and micronutrient additons on Selenastrum
capricomutum grown in Mill River water with sewage
additions, both sampled July 16, 1981.

Mill River
water plus

5& sewage

5& sewage, BETA

5?£ sewage

*$> sewage,
mi cr onut r i ent s

1Q& sewage

1($ sewage ,'̂ EDTA

10̂  sewage

1C$. sewage.. ,raicronutrients

2C$ sewage

2C$ sewage, EDTA

2V/o sewage

20% sewage,
• - - mieronut ri ent s

5($ sewage

50̂  sewage, EDTA

50?£ sewage

50% sewage,
- micronutrients

MSC
(rag/1 dry wt)

32.97

33.22

32.97

31.99

58.41

5̂ .45

58.41
57.42

102.45

104.25

102.45

104.38

205.70
227.78

205.70
222.22

t 1c

- 0.46

+ 0. 66

+ 3-51

+ 1.73

- 1.11

- 1.67

- 5.65

- 4.10

t.995

2.92

2.92

2.92

2.92

2.92

2.92

2.92

*
!

2.92

V X1 = X2

2
Accept

Accept

Reject?

Accept

Accept.

Accept

Reject

Reject

USins

2. accept hypothesis x ss x_ (MSC values are not statistically "different);
when t is greater than /1 I,

3- reject hypothes s x. = x? (MSC values are statistically different)
when t QQC- is less than ft |.
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Chemical Equivalent Solution addition to Mill River water

I sampled July 16, 1981

A chemical equivalent solution (CES) of the sewage was

| prepared as described in the Methods section and added to Mill River

. water sampled July 16, 1981. Due to error in initial chemical

analysis of the sewage, the equivalent solution contained less than

• half the nitrate concentration present in the actual sewage.

Orthophosphorus levels were equal in the sewage and the chemical

| equivalent solution. Thus, a 5 % addition (by volume) contained

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

m Percent addition values shown 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

J higher than the predicted MSC values at all levels of addition

_ other than 50 % (by volume) chemical equivalent solution addition.

™ The observed MSC values for the varying percentage additions to

• Mill River water plotted against TSIN (mg/1) 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.) = 30.4-8 X TSIN (mg/l) + 11.9*f (11)

™ 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/1) in Figure 3- t°- This figure illustrates

that there is close agreement between the algal stimulatory

potential in sewage and the chemical equivalent solution.

•

I
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The observed MSC values at each percentage level of chemical

I equivalent solution addition for algal cultures with and without

EDTA and micronutrient additions were compared using equations

| through (8). The results are presented in Table A-8 in the Appendix,

_ and summarized in Table 3-11- At the 9S5̂  confidence level,

statistical tests indicated that there were no significant effects

I on MSC yields attributable to either EDTA or nzicronutrient additions.

i
i
i
i
i
i
i
i
i
i
i
i
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6k.
Table 5-10. Predicted and observed MSC (rag/1 dry wt.) of Selenastrum

capricornutum grown in Mill River water sampled
July 16, 196*1 plus chemical equivalent solution additions.

Mill River plus
addition (by volume)

no addition

+ 556 CES1

+ % CES, 'EDTA,

+ 5^ CES,micronutrient

+1($ CES

+ 1($ CES, EDTA

+1C$ CES,micronutrient

+20& CES

+2C$ CES, EDTA

+20% CES,micronutrient

+5<$ CES

+5C$ CES, EDTA

+5C$ CES,raicronutrient

= TSIH2

sewage

2.1#

k.2%

SM

20.9%

Predicted MSC5

(mg/1 dry wt.)

3.6? ( 2.9^ ^f.^fO).

13.8^ ( 11.07- 16.61)

23,89 ( 19.12- 28.69)

¥f.02 ( 35-22- 52.82)

10 .̂38 ( 83.50-125.30)

Observed MSC
(mg/1 dry wt)

8.90

20.70

21. &f

20.^9

33-29

38.87

32.63

58.0if

67.27

56.̂ -3

91.12

105-33

Kfc.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/1) 4_ 20&; 4_ 2Q& range is indicated
by values in parentheses.
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Figure 3-9- Observed and predicted MSG (mg/1 dry wt.) for
Selenastrum capricprnutmn grown in Mill River water
sampled July 16, 1981 plus chemical equivalent
solution (CES) additions

_ Observed MSC1

Predicted MSC2

Predicted ±20%

0 1.0 2.0 3.0
Total Soluble Inorganic Nitrogen (mg/ll

i |_ i
0 10 2O

% Chemical Equivalent Solution Addition

1. Observed MSC (mg/1 dry wt.) = 30.̂ 8 X TSIN (mg/1)+ 11.9if (11)

2. Predicted MSG (mg/1 dry wt.) = 38.0 X TSIN (mg/1) + 20^ ( 2)

i
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Figure 3-10. Observed and predicted MSC (mg/1 dry wt.) for
Selenastrum capricornutum grown in Mill River water
sampled July 16, 1981 plus sewage and chemical
equivalent solution ('CBS) additions.

300r

Observed MSC,.
sewage addition1

- O Observed MSC,
CES addition*
Predicted MSC3

Predicted. ±20%

2£ 4.0 8.0 8.0 10.0

Total Soluble inorganic Nitrogen (mg/fj

1.: Observed MSC (mg/1 dry wt.) = 50-5̂  X TSIN (mg/1) + 11.5̂

2.. Observed MSC (mg/1 dry wt.) = 50.48 X TSIN (mg/1) + 11.9*f (11)

3- Predicted MSC (mg/1 dry.wt.) +. 38.0 X.TSIN-(mg/1)...+ .20 %._,_. (2 )
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Table 3-11. Effect of EDTA and micronutrient additions on Selenastrum
capricornutum grown in Mill River water sampled July 16,
1981 with chemical equivalent solution (CES) additions.

Mill River water +
addition (by volume)

J& GES

5& CES, EDTA

3>/o CES

5% CES,
micronutrients

1C$ CES

1<$ CES
micronutrients

10# CES

10% CES, EHTA

20% CES

20% CES, EDTA

20% CES

20% CES,
micronutrients

50% CES

50% CES, EDTA

50̂  CES

50% CES,
micronutrients

MSC
(mg/1 dry wt.)

20.70

21.84

20.70

20.49

33-29

32.63

33-29

38.87

58.04

67.27

58.04

56.43

91.12

105.53

91.12

82.44

c

- 2.75

+ 0.34

+0.67

-2.48

-2.26

+1.45

-2.81.

+1.42

t-995

3-25

3.25

3.25

2.92

3-17

2.92

2.92

2.92

V X1=X2

Accept

/
Accept

Accept

Accept

Accept

Accept

Accept

Accept

1.
z.
3.

*c = Calculated using

t qqt- varies depending upon calculated degrees of freedom.

accept hypothesis X. = Xp (MSC values are not statistically
different) when t „_ is less than It I .

.995 c
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I
"

Lime treated sewage and JLun̂  treated chemical equivalent solution

o Mill Hiver water sampled July 16, 19&1

' 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 2.9?6 mg/1

• to 0.003 mg/1. Lime treatment removed virtually 100 % of the 2.968 mg/1

orthophosphorus 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

I 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 presented in Table 3-12.

• Observed growth is plotted versus percentage treated addition in

Figures 5-11 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 addition 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

m chemical analyses. The observed MSC values for the 20 % addition of both

I 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.

I
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Table 3-12. Predicted and observed MSC (mg/1 dry wt.) of Selenastrum
capricornutum grown in Mill River water sampled July 16,
9̂81,plus lime-treated sewage and lime-treated chemical
equivalent solution.

Mill River plus
+ treated addition

no addition

+ 5 % sewage

+ 10 % sewage1

+ 20 % sewage

+ 5 % CES2

•f 10 % CES

| + 20 % CES

Predicted MSC
(mg/1 dry wt.)

3.6? ( 2.94- 4.40)

4.96 ( 3.97- 5.95)

4.76 ( 3.81- 5-71)

4.35 ( 3.̂ 8- 5.22)

k. 90 ( 3-92- 5.88)

k.6h ( 3.72- 5-57)

.̂13 ( 3.50- 4.95)

Observed MSC
(mg/1 dry wt.)

7.09

7.26

11.32

0.48

11.00

10.40

0.40

1. Predicted yield = 430 X ortho-P (mg/1 ) ± 20 % (3) ; + 20 % range
is indicated by values in parentheses.

2. "CES = chemical equivalent solution.
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Figure Observed and predicted MSC (mg/1 dry wt.) for
Selenastrum capricornutum grown in Mill River water
sampled July 16, 1981 plus lime-treated sewage additions,

a>
to01
to
•**

CD

o
C/J
s

12.0-

10.0-

8.0

6.0

4.0

2.0

A Observed MSC.
Predicted MSC
Predicted ±20%

5 10 15 20

% Lime Treated Sewage Addition

1. Predicted MSC (rag/1 dry wt.) = ^30 X ortho-P (mg/1) + 20 % (3)
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Figure 3-12. Observed and predicted MSC (mg/1 dry wt.) for
Selenastrum capricornutum grown in Mill River water
sampled July 16, 19&1 plus lime-treated chemical
equivalent solution additions.

o>

O
CO

12.0

10.0

ao

6.0

4.0

2.0

A Observed
— Predicted MSC;
— Predicted ±20%

A

0 5 10 15 20

% Lime Treated Chemical Equivalent Solution Addition

1. Predicted MSC (mg/1 dry wt.) = ortho-P (ng/1) ± (3)

i
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Sewage additions to Mill Hiver water sampled September 2?» 1981

An algal assay was performed using additions of sewage collected

September 27 to Mill River water, also sampled September 27, 1981.

I 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. Additions of 10 %, 15 #,

• 25 %i and 50 % sewage resulted in maximum standing crop values within

the 2Q& 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

sewage addition levels. The linear regression of the observed data

was:

I MSC (mg/1 dry wt.) = 32.05 X TSIN (mg/1) + 10.83 (12)

with an r value of 0.99̂ 5-

™ Statistical analysis was performed on the data to examine the

• effect of EDTA additions on algal growth. The results are presented

in Table 3-1̂ . 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 resulted in a lower MSC value than the corresponding

• sample without EDTA. EDTA did not therefore significantly aid algal

growth even at the 5'% dilution. There is no evidence of either

| toxicity or micronutrient limitation.

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

Mill River
water plus

no addition

+ 5 % sewage

+ 5 % sewage, EKTA

! + 10 % sewage

+ 10 % sewage, EDTA

+ 15 % sewage

+ 15 % sewage, EDTA

+ 25 % sewage

+ 25% sewage, EDTA

+ 50 % sewage
+ 50 % se\*age, EDTA

Predicted MSC1

(mg/1 dry wt.)

0.59 ( O.Jf?- 0.71?

29.31 ( 23.̂ 5- 35.17)

58. (* ( 46.̂ 3- 69.65)

86.76 ( 69.41-104. 10)

144.21 (115.37-173.06)

287.84 (230.27-345-41)

Observed MSC
(mg/1 dry wt.)

0.32

35-71

33.67

57.66

62.41

97-87

95-94

139-20

142.40

246.53
248.69

1. Predicted yield - 38 X TS1K + 20 % (2)

2'.,. Values in parentheses represent acceptable range (+ 20 % )
of predicted values.
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Figure 3-1?. Observed and predicted MSC (mg/1 dry wt.) Selenastrum
capricornutum grown in Mill River water plus sewage
additions, both sampled September 27, 1981.

300

/

Observed MSC1

Predicted MSC2

Predicted ±20%

2.0 4.0 6.0 8.0 10.0
Total Soluble Inorganic Nitrogen (mg/l)

25 50
% Sewage Addition

1. Observed MSC (mg/1 dry wt.) = 52.05 X TSIN (mg/1) + 10.83

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

(12)

( 2)
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Table 5-1̂ . Effect of EKPA additions on Selenastrum capricornutum
grown in Mill River water with sewage additions, both
sampled September 27, 1981.

Mill River
water plus

5 % sewage

5 % sewage ,EDTA

10& sewage

10& sewage ,EDTA

15# sewage

15̂  sewage,EDTA

255£ sewage

2J/o sewage ,EDTA

5($ sewage

_50% sewage ,EDTA

( MSC
(mg/1 dry wt)

35*71

33.67

57.66

62. V!

97.84

95-94

139*20

142.41

2̂ 6.53

2if8.69

t 1

c

+ 4.̂ 1

- .1.71

+ 1.03

-
-0-30

- 0.22

*.995

2.92

2.92

2.92

2.92

2.92

HQ: Xl = x2

2
Reject

Accept -

Accept

Accept

i

Accept

1' *c = Calculated using

.2. Reject hypothesis x =

or C7).

(MSC values are statistically different)
when t qqs is less thanltf.

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

when t is greater than 11 I .
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Chemical equivalent solution additions to Mill River water

I sampled September 27, 19&1.

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

I sewage additions are also shown in Table 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 3-1** 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. Linear regression of the observed data

gave the following equation for algal yield:

• MSC (mg/1 dry wt.) = 37.̂ 2 X TSIN (mg/1) + 8.6? (13)

• • with an r value of 0.9971.

Statistical analysis of the chemical equivalent solution (CES)

I additions versus CES plus EDTA additions are shown in Table 3-16.

Algae grown in solutions containing EDTA spikes attained

I significantly greater MSC yields, at the 99 % confidence level,

• than cultures without EDTA additions only at chemical equivalent

solution additions of 25 % and

i
i
i
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Table 3-15- Predicted and observed MSG (mg/1 dry wt.) of Selenastrum
capricornutum grown in Mill River water sampled Sept. 2?,
1981 plus chemical equivalent solution (CES) additions.

Mill River
water plus

no addition

+ 5 % CSE

+ 5 % CSE, EDTA

+ 10 % CSE

•+ 10 % CSE, EDTA

+ 15 % CSE

+ 15 % CSE, EDTA

+ 25 % CSE

+ 25 % CSE, EDTA

+ 50 % CSE •

+ 50 % CSE, EDTA

Predicted MSC1

(mg/1 dry wt.)

0.59 ( 0.^7- 0.7D2

29.31 :( .23-^5- 35.17)

58. C4 ( *f6.*f> 69.65)

86.76 ( 69. VI- 104.10)

l¥f.21 (115.37-173.06)

287.84 (230.27-3^5.^1)

Observed MSC j
(mg/1 dry wt.)

0.11

.37-21

38.73

7**.3V

73.06

103.51
113.42

142.80

163.84

291.53
293.34

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

2. Values in parentheses represent acceptable range (+_ 20%)
of predicted values.
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Figure 3-1*f. Observed and predicted MSC (mg/1 dry wt.) jaelenastrum
capricornutum grown in Mill River water sampled
September 27, 1981 plus chemical equivalent solution additions.

zoo

o
o»

*
>s

O»
E

O
<0 [OO
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I
I

Observed MSC1

Predicted MSC2

Predicted ±20%

2.O 4.0 6.O 8-0 1O.O
Total Soluble Inorganic Nitrogen (mg/l)

25 50

% Chemical Equivalent Solution Addition

1. Observed MSC (mg/1 dry wt.) = 37.̂ 2 X TSIN (mg/l) + 8.67 (13)

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

Mill River
water plus

5 % CES

5 % CES, EKTA

10 % CES

10 % CES, EDTA

15 % CES

15 % CES, EDTA

25 % CES

25 % CES, EDTA

50 % CES

50 % CES, EDTA

MSC
(rag/1 dry wt.)

37-21

38.73

74.34
73-06

103.51
113.42

142.80
163.84

391.53
293-34

t1
c

- 2.84

+ 1.14

3.44

- 4.56

- 0.30

t.995

2.92

2.92

3-11

3-17

3.01
f

V X1 = X2

Accept

Accept

4
Reject

Reject

Accept

1. t =t , T J . J using equation (6) or (7) *c ca.LcuJ.a'cea.

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

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

when t QQC. is greater .than t I .

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

when t ™,_ is less than t I..995 c i
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Table 3-17f Appendix Tables A-10 and A-12, and Figure 3-15

I present data on observed MSC values for algae grown with sewage

or chemical equivalent solution additions. There is close

I •'•'• agreement of these values at all percentage additions. This is

• demonstrated by the linear regression analysis of the data.

For sewage additions

I MSC (mg/1 dry wt.) = 32.05 X TSIN (mg/1) + 10.83 (12)

with an r value of 0.99/f5)and for sewage plus EDTA additions

I MSC (mg/1 dry wt.) = 32.̂ 2 X TSBf(mg/l) '+ 10.83 (1*0

• with an r value of 0.99̂ 9. For the chemical equivalent solution

additions~

• - MSC (mg/1 dry wt.) = 37-̂ 2 X TSIN (mg/1) + ",8.67 (13)

with an r value of 0.9971t and for chemical equivalent solutions

I plus EDTA additions

• MSC (mg/1 dry wt.) = 38.14 X TSIN (rag/1) + 13.10 (15)

• with an r value of 0.995̂ .

• 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.

i
i
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Table 3-1?. Observed MSC (mg/1 dry wt.) of Selenastrum capricornutum
grown in Mill River water sampled September 27, 1981
with sewage" or chemical equivalent solution (CES) additions,

% Addition

0

5

10

15

25

50

MSC (mg/1 dry weight)

Sewage

0.32

35-71

57.66

97'. 87

139-20

2̂ 6.53

Sewage+EDTA

33.67

62.41

95-9̂

1*f2. ̂ 0

2*f8.69

CES

0.11

37.21

7*u3̂

103.51

1̂ 2.80

291.53

CES+EDTA

38.73

73.06

113.̂ 2

I63.8if

293.3̂
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Figure 3-15. Observed and predicted MSC (mg/1 dry wt.) Selenastrum
capr icornutum grown in Mill River water sampled Sept. 2?,
1981 plus sewage and chemical equivalent solution additions

300

Observed MSC,
sewage addition'

A Observed MSC, _
sewage addition + EDTA^

O Observed MSC,
CES addition^

O Observed MSC,
CES addition -*• EDTA4

Predicted MSC5

; 0 2.Q 4.0 6.0 8.0 1O.O
- Total Soluble' Inorganic Nitrogen (mg/1)

j 1 1 ; _
< 0 25 50
; % Chemical Equivalent Solution or Sewage Addition

1. -Observed MSC (mg/1 dry wt.) = 32.05 X TSIN (mg/1) + 10.83 (12)

2. Observed MSC (rag/1 dry wt.) = 32.^2 X TSIN (mg/1) + 10.8^ (1*0

3- Observed MSC (mg/1 dry wt.) = 37>2-X TSIN (mg/1) + 8.6?-. (13)

W Observed MSC (mg/1 dry wt.) = 38.1^ X TSIN (mg/i) + 12.10 (15)

5- Predicted MSC (mg/1 dry -wt.)" ='38.0 X TSIN-(mg/l) V 20 '% (-2)
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Table 3-18. Comparison of the algal growth response of Selenastrum
capricornutum grown in Mill River water sampled Sept. 2?»
1981 to varying percentage additions of sewage versus
chemical equivalent 'solution (CES).

Mill River
water plus

5 % sewage

5 % CES

10 % sewage

10 % CES

15 % sewage

15 % CES

25 % sewage

25 % CES

50 % sewage

50 % CES

MSC
(mg/1 dry wt.)

35-71

37.21

57.66

74.34

97.8?

103.51

139-20

142.80

246.53

291-53

t 1

c

- 2*91

- 6.53

- 1-95

- 0.45

-4.56

t-995

2.92

2.92

2.92

2.92

3.01

H :x = x
O I c-

3
Accept

if
Reject

Accept

Accept

Reject

*c = Calculated (6) or (7).

2- * nr.c varies depending upon calculated degrees of freedom.
• 77-?

3» Accept hypothesis x- = Xp (MSC values are not statistically different)
when t is greater than It

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

when t rt is less than t I.* c t
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I Alum-treated sewage and alum-treated chemical equivalent solution

i
I

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 A1:P molar dosage
B l

of approximately 3:1 rather than the 1.5:1 molar ratio originally

• intended. Predicted removal for this level of treatment is greater

• than 9^ (EPA, 1976). In both cases over 99 % removal was achieved.

The orthophosphorus level in treated sewage was 9-1 ug/1, and 15-2 ug/1

I in treated equivalent solution. A similar level of phosphorus reduction

was achieved in the sewage, where total phosphorus was reduced from

I if.72 rag/1 to 36.0 ug/1. This was greater than 99 % reduction of the

• total phosphorus. As the chemical equivalent solution contained only

orthophosphorus, reduction in total phosphorus was the. same"as

I orthophosphorus reduction.

Table 3-19 shows the predicted and observed MSC values for
I
• algae grown in treated sewage or chemical equivalent solution

•j 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,

I in all cases, observed yields were much lower than predicted values.

• Later algal assay on alum treated sewage (Plotkin and Ham, 1981)

demonstrated that alum was not toxic at high addition levels. It is

• therefore unlikely that alum toxicity caused low algal MSC values.

i
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Table 3-19. Observed and predicted algal MSC values (mg/1 dry wt.)
for Selenastrum capricornutum grown in Mill River water
with varying additions of either alum-treated sewage or
alum-treated chemical equivalent (CES) solution.

Addition

5 % sewage

10 % sewage

15 % sewage

25 % sewage

50 % sewage

5 % CES:

10 % CES

15 % CES

25 % CES

50 % CES

Predicted MSC1

(mg/1 dry wt.)

1.41 ( 1.1>1.69)

1.5̂  ( 1.23-1.85)

1.6? ( 1.34-2.01)

1.95 ( 1-56-2.35)

2.63 ( 2.10-3.16)

1.54 ( 1.23-1.85)

1.80 ( 1.44-2.16)

2.07 ( 1.65-2.48)

2.60 ( 2.07-3-11)

3.91 ( 3.13-4.70)

Observed MSC
(mg/1 dry wt.)

0.13

0.11

0.17
•

0.15

0.19

0.10

0.14

0.-25

0.17

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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™ C H A P T E R S

• DISCUSSION

• 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 assay 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 (3-75, 8.33, 5-33)

' initially indicating the waters were nitrogen 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 2*f, 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.

I Miller et al. (1978) defined a water to be nitrogen limited for

algal growth when the N:P ratio was less than 11:1, and phosphorus

I limited for growth when the N:P ratio was greater than 11:1i

• Irfeiss (19?6)'i however reported waters to be nitrogen limited for

algal growth when the N:P ratio was less than 8:1, phosphorus limited

I 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.

i
I

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

I July 2k 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 2? had nutrient levels

B 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 be phosphorus

_ . limited, although the N:P ratio was determined to be 5.33:1-0 .

™ An error in chemical analyses of the Mill River dne to the extremely

I low nutrient levels likely ocurred.

The Mill River proved to be a good source 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

I • 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 phosphorus

I limited for growth at all levels of addition. Furthermore, there

were no instances where algal MSC values were significantly lower

I than predicted algal yield which could have been attributed to

toxicants or raicronutrient limitation in Mill River water.

_

I
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Stimulatory Effect of Secondary Treated Sewage

I Addition of secondary treated wastewater effluent to Mill River

water samples caused nitrogen limited algal growth in all cases.

| The algal assay of sewage additions to Mill River water sampled

M June 2k 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 phenomenon. There may have been some

I experimental error in the analytical determination of TSIN or in

• performing the algal assay. Alternatively, the acceptable limits

to which Selenastrum capricornutum may be able to utilize TSIN in

I the production of cell biomass may be greater than the +_ ZV/o range

indicated by equation 2 . It is also possible that organic

I nitrogen not determined by the total Kjeldahl-N technique such as

• aside, azo, hydrozone, nitrile, nitro, nitroso, oxime, or semicarbazone

nitrogen forms (Standard Methods, 19&0) .contributed to the higher

M levels of algal growth.

The results of two additional algal assays in which secondary

• treated wastev/ater 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 predicted values

I and 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

• inorganic nitrogen and orthophosphorus , which contributed to algal

growth.

i
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™ That algal growth can be completely accounted for by inorganic

I nitrogen and orthophosphorus was further corroborated by algal

assays with sewage chemical equivalent solution additions.

I 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

I observed algal yields for chemical equivalent solution (CES) and sewage

additions. The equations of the lines through these data points

' were virtually identical:

I *30 (B|eA a?y "O = 30.5̂  x TSIN (mg/D + 11.5* do)sewage addition

1 "%̂ ^̂  "*' = 30.48 X TSIN (rag/1) + 11.9̂  (11)CES addition

Thus it seems unlikely that there were any additional algal grotvth

m nutrients in the sewage which were not contained in the chemical

• equivalent solution.

Varying percent additions of chemical equivalent solutions to

I 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:

i
i
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/ = 32.05 X TSIW (mg/1) + 10.83 (12)
• sewage ^

S f - f "• = 37-te X TSIN (mg/1) + 3.67 (13)CES °

• ' The lov/ organic nitrogen and moderate organic phosphorus levels

in the effluent used in these algal assays must be considered in

• evaluating the significance of data obtained from the addition of

sev/age or chemical equivalent solution to Mill River water. The

' low organic nutrient level in the sev/age 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 1*f % of total phosphorus levels in the three samplings
• '
™ of Amherst wastewater treatment effluent. Organic nitrogen comprised

• only 5 %, ̂  %i and 5 % of the total nitrogen content of "the sewage in the

three samplings. Actual TON levels may have actually been 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 sev/age to

Mill Hiver water were generally equal to 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.
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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 stimulatory

response of the test algal species to the sewage addition. Inclusion

of the TON in the predicted yield equation, i.e. MSC = 38 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

these 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 additions. Such a response

would not 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

I nutrient levels are needed to further clarify the role of these

• compounds on algal growth stimulation in environmental 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 k out of

| 20 sets of sewage addition cultures (Tables 3-7» 3-9, and 3-1*0

• 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

| vould 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.

i 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, •

I Lime treated sewage and lime treated chemical equivalent

• solution both displayed much lower algal growth than in cultures

containing untreated additions. However, algal yields did not agree

I with predicted MSC values in both the 5 % and 10 % addition levels

I
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of both lime treated sewage and lime treated chemical equivalent

• 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

• seem 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

H treated additions to better understand the biostimulatory properties

of treated sewage.

• Municipal wastewater and a chemical equivalent solution were

also treated with- alum to remove phosphorus. Again, a high degree

I 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"

I noted that the A1:P molar ratio used for this study was not typical

of the degree of phosphorus removal usually achieved by conventional

| tertiary wastewater treatment. Residual phosphorus levels are

_ normally in the range of 1 mg/1. A certain degree of algal growth

• attributable to additions of such treated wastewater is normally

• likely.

The observed yields for both treated sewage and treated

I chemical equivalent solution were much lower than the predicted

values. Preliminary studies by Plotkin and Ram (1981) have observed

i
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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 conducted here has shown the algal assay bottle

test to be a useful research tool in evaluating the bioavailable

| nutrients in natural waters and wastewater effluents. This technique

_ was successfully used to assess the nutrient limitation status of

• three water samples collected from the Mill River. 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 this 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 vastewaters in general. Treatment with lime and

• alum caused significant reduction in biostimulatory properties of

the sewage and its chemical equivalent.

i
i
i
i
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• C H A P T E R S ' -

• SUMMARY

Algal assays were conducted using Selenastrum capricornutum, following

I the procedures outlined by Miller _et al. (19?8).

« 1. Water sampled from the Mill River, Amherst, Massachusetts,

was used as dilution water in this study. Nutrient limitation

I studies of this water sampled June 2*f, 1981, July 16, 1981, and

September 27, 1981 showed algal growth to be nitrogen limited,

I phosphorus and nitrogen co-limited, and phosphorus limited,

• respectively. Groirth limitation by both nitrogen and phosphorus,

as determined by algal assay technique, was observed at an N:P

I ratio of as low as 8.33:1.0 .

2. A preliminary algal assay using secondary treated sewage additions

I from the Amherst wastewater treatment plant, Amherst, Massachusetts,

• resulted in observed algal maximum standing crop values greater

than could be accounted for by-- the chemically determined inorganic

I plus organic nitrogen and orthophosphorus levels. Observed

maximum standing crop values greater than that predicted by both

I 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

I yield or, c) utilization by Selenastrum capricornutum of TSIN

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

• given by equation 2 .

i
i
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• 3- Subsequent algal assays using sewage additions resulted in

. I observed algal yields which were in close agreement with predicted

yields.

| *f. Chemical equivalent solutions containing inorganic nitrogen

_ and orthophosphorus in amounts equal to that in the sev/age were

• used in algal assays. The resulting growth did not differ

• significantly from algal growth caused by the equivalent sewage

additions .

I 5. Algal growth, for the secondary treated wastewater studied

M here, can be predicted by inorganic nitrogen and orthophosphorus

levels alone. Organic constituents did not significantly

• contribute to the algal growth of Selenastrum capricomutum

for the wastewater tested.

| 6. Treatment of sewage and chemical equivalent solution with lime

• or alum to remove phosphorus caused significant reduction in

observed algal maximum standing crop values. Based upon this

• • study, it appears that advanced wastewater treatment practices

should be primarily directed towards removing inorganic nutrients

| from wastewater prior to discharging into environmental waters.

• 7- Further studies are needed using additions of alum treated

sewage or an alum treated chemically equivalent solution, with

I residual phosphorus levels typical of tertiary treated wastewater
i
to more completely identify the wastewater components contributing

I to eutrophication of receiving waters.

I
I
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Table A-1. MSG (mg/1 dry wt.) Mill River water sampled'6/2̂ /81
plus sewage additions.and nutrient spike additions.
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Table A*1, continued.

M l L L . f i ,

'7?. 3

$7.7.57

I 7 7. ii
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Table A-2. Statistical analysis of EDTA additions} nutrient
limitation study of Mill R., 6/2V81.
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I Table A-3. Statistical analysis of EDTA additions; wastewater

additions to Mill River water, 6/2VS1-
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Table A-4. MSC values for Mill River water sampled 7/16/81;,
. nutrient limitation study and wastewater additions.
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Table A-7. MSG values for CES additions to Mill River water
sampled 7/16/81."
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Table A-8. Statistical analysis of effect of EOTA & micronutrient
additions on Mill River water (7/16/81) plus CES.
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Table A-9- MSC values for Mill River water sampled 7/16/81
plus lime-treated additions.
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Table A-10. MSC values for Mill River water sampled 9/27/81;
nutrient limitation study and sewage additions.

X,

TP 2. 75?

6.1 20 0,107

-r N If. 15 •si. S/.72. LfiS-

Q.ibl 0.1/7 lo. / r? lo.nc "-053
12.717 7.757 0,1 OS

0,U>3 \ 6'loj \Q,

- 2772.

MfCfcO

C - / 7 Z

''^35.7) ? 7.1,1. 2ULL
32.6.2. 331^ 33.47! e-78

47. $'0 ff.i/3 62.7' 7/i

J7.73 57.11 YSS

i, 37 I /Q/ .37 .

//(/-(. 2, lit &0 155.00 /5g.Vy /5V, 09 I
T / p

ft>?,FQ

2/9 , 70 25*77 Zff-77 24£.



114,

Table A-11. Statistical Analysis of effect of EDTA on nutrient
additions to Bill R. water sampled 9/27/81.
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Table A-12. MSG values for Mill R. water sampled 9/27/81 plus
CES additions.
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Table A-13. Statistical analysis of effect of BETA on Mill R. water
sampled 9/27/81 plus nutrient, sewage, and CKS additions
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Table A-13- continued.
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Table A-1*U MSC values for alum-treated additions to Mill R.
water sampled 9/27/81.
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