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ABSTRACT

A laboratory study was conducted to determine the algal growth poten­

tial (AGP) of secondary domestic effluents on stre(J)7l and marine waters in

Hawaii. AGP methods developed by the Environmental Protection Agency were

used with effluent-receiving water mixtures representative of nutrient levels

found in existing effluent disposal situations.

Results of this study are indicative that growth response foUows sim­

ilar patterns for conventional biologically-treated effluents in the four

fresh receiving waters tested~ with peak growth occurring at a 20% dilution

of the effluent. Peak growth conditions occur at a Zesser dilution~ 40%~

in sea water~ but this would be an uncommon existing environmental situation

in light of outfall design objectives and current practice. Pield conditions

exist in fresh receiving streams in Hawaii where the effluent dilution is

20% or less~ so in situations of excessive stimulation or at lesser dilutions~

some inhibition of planktonic growth occurs.

The growth potential response of "standard" test alga with Hawaiian waste

waters and receiving waters has been demonstrated.
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INTRODUCTION

Dissolved materials such as POlj., CO2 , Mg, Ca, Fe, B, Mo, Mn, S, K, Na,

Co, Cu, and Zn along with N~ H, 0, and C supply the building blocks for the

synthesis of algae and, hence, the formation of organic material. The phe­

nomena is sometimes termed primary productivity and the process is the basis

of the food chain. Receiving waters with a small turnover rate, in terms

of inflow and outflow, will eventually accumulate enough of the necessary

inorganic and organic nutrients from natural sources so that primary pro­

ductivity will take place. Once reached, such conditions will continue to

exist via nutrient recycling unless the nutrients are removed. Such ac­

cumulation and recycling over a long period oftjme will result in eutrophic

(nutrient-rich) waters (Dugan 1972). The addition of a nutrient-rich ef­

fluent into receiving waters creates an artificial situation. It has the

effect of accelerating the input of dissolved nutrients and, correspondingly,

causing an increase in primau productivity. Eutrophication thus may occur

over a relatively short period of time.

Measuring the potential for algal growth is a direct means of gaging

the trophic leve.1 in a ''later. The algal growth potential (AGP) measures the

weight of algae which will grow in a water when nO other factor other than

nutrient level is limiting (McGauhey 1968). The basis of the test is Liebig's

law of the minimum which can be stated as "growth is linti ted by the substance

that is available in minimal quantities in respect to the needs of the or~

ganism" (EPA 1971). Hence, any essential element which is used before other

elements for cell synthesis in a water will determine the maximum mass of

the cells. Various authors have indicated that the C, N, and P ratio in a

water will normally govern algal productivity and that the ratio may help to

indicate the amount and type of algae a water will support (EPA 1971). Of

course, this is a gross oversimplification sinc~ other factors, such as

light, temperature, trace elements, water chemical characteristics, will

also influence algal production but, still, the ratio allows a rough insight

into the amount and type of algal production (King and Sievers 1973; Gerloff

and Fishbeck 1973). An estimate of the C:N:P ratio in algal protoplasm is

indicated below:
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Reported C:N:PRatios in Algal Protoplasm by Weight

. C:N:P

41:7:1

--:5.3:1

40:7:1

--:11.4:1

5:1:--

--:4.5:1

Source

Fair, Geyer, and Okun (1968)

Eckenfelder and O'Connor (1961)

McGrEigian (1967)

Gerloff and Fishbeck (1973)

McKinney (1962)

Dustan and Menzel (1971)

Organism

Algae

Algae

.Algae

Macnophyte .

Algae
(EZodea oaaidentaZis)

Average marine
.. phytoplankton

It should be noted that the critical ratio, that is, the minimum amount

of each element necessary for cell synthesis, is difficult to predict since

many factors are involved. For example, some algae have the ability to

store excess P in what is known as luxury uptake (Gerloff and Fishbeck 1973),

and C is not usually considered limiting since it may be available from the

air-water interface as C02, from bacterial respiration, and from bicarbonate­

carbonate alkalinity (King and Sievers 1973; Gerloff and Fishbeck 1973).

Fair, Geyer, and Okuri.- (1968) state that since lake waters are generally

colder than waste water effluents, sewage discharges at or near the surface

may overrun the denser receiving water. Dustan and Menzel (1971) report

that for estuaries and coastal marine areas affected by:domestic sewage, N

is usually the limitjng nutrient to algal growth since the N:P ratio is usu­

ally about 2.3:1 by weight while in marine phytoplankton it averages around

4.5: 1. If one applies similar logic to freshwater algae, N may also be

expected to be limiting on the surface of freshwater bodies which receive

sewage.

There have been relatively few studies of receiving water productivity

in Hawaii for effluent disposal situations. One study was performed for the

Oahu Water Quality Program in which untreated, primary, and secondary ef-

fluents were assayed in combination with sea water and some indigenous algae

(Caperon, Cattell, and Krasnick. 1971). Growth resp9nse indicated that N was

the limiting nutrient and primary effluent was most inhibiting to produc­

tivity. This study did not use the recommended Environmental Protection

Agency (EPA) procedures, however, since the assay for marine waters (EPA

1974) has only recently been published.

Some recent work.has been accomplished using the EPA assay procedures
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for fresh waters. Chang (1974) reported on the effect of incinerator quench

water on the productivity of a waste water stabilization pond and Young et

al. (1975) and Wong (1976) reported on the effect of secondary effluent on

the productivity of Lake Wilson, a multi-use reservoir.

The scope of this limited past work reveals a considerable area for

further research of this type to fully establish the impact of effluent dis­

charge on receiving water productivity. This effect is the most immediate

biological growth response in the receiving water and there are no currently

available criteria to regulate or manage this potential problem. The re~

search results can be used to define mixing zones and nutrient limitations

for Hawaiian waters.

The need for this information is further emphasized by-EPA requirements

for water quality monitoring. There are biological/bioassay requirements

instituted through provisions of PL 92-500, however, there have been no fixed

or standardized procedures employed to date in this state, other than the

acute bioassay test utilizing fish as the test organism. This project can

provide a data base for bioassay at the primary trophic level which can be

incorporated into any monitoring scheme.

OBJECTIVES

The effect of nutrient contributions on receiving water productivity

has not received much close attention in Hawaii despite the fact that this

has been a major world-wide problem, particularly for fresh receiving waters.

Both fresh and marine waters need to be assayed here to determine growth

potential response to waste water input. The objective of this research was

to determine the algal growth potential (AGP) of untreated primary and sec­

ondary domestic waste water effluents on stream, reservoir, estuarine, ~nd

marine waters of the state.

RESEARCH PROCEDURES

Algal growth potential methods developed by the EPA for both fresh (EPA

1971) and marine (EPA 1974) waters were used in laboratory testing with ef­

fluent/receiving water mixtures representative of a range of nutrient levels
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found in existing effluent disposal situations.

FreshWater

Waters from the Kalihi, Manoa, Waihee, and Waikele streams were spiked

with chlorinated sewage effluent :fromboth the Pacific Palisades and Mililani

Sewage Treatment Plants (STP) in increments of 20%. Stream waters were col­

lected from the most upstream USGS ga,ging sta,tion of each stream. Chlorin­

ated sewage was taken after the Cl contact chamber of both treatment plants.

All samples were collected in acid-washed, 1-5<- polyethylene ~ott1es.

The samples were autoclaved for 30 min at 121°C and inoculated with

enough SeZtmas,trumaapriaornutum to give a cell concentration .of 1,000

cells/m5<-. Incubation took place in a constant temperature room set at 20°C

with culture flasks Set on shelves and with fluorescent lamps to provide

for the required illumination. The major problem of this test procedure

was I)laintaining the temperature within the required range (see Discussion).

Samples were shaken once a day just before measuring the fluorescence.

using a Turner Model III Fluorimeter, etc. (see p. 6)~1 Fluorescence units

were calculated using the relationship:

fluoreseence unit = --;;-:-:-~r...,.e_a_d_i_n-,g";;77":-~
slit ~ize • filter

Readings were kept within the 20 to 75 range. Slit sizes of 3, 10, and 30,

were used with 10% and 100% filters.

Correction factors for fluorescence unit values when going from one

slit size or filter to another were determined using a 100% filter and a

slit size of 10 as a base.

1. 0.75 · fu using slit size of 3 and 100% filter

2, 1. 00 · fu using slit size of 30 and 10% filter

3. 0.95 · fu using slit size of 10 and 10% filter

4. 0.71 • fu using slit size of 3 and 10% filter

A relationship between fluorescence unit and cell count \V'as established

by using a counting chamber for direct counts at different fluorescence val­

ues (Fig. 1).

'cell count = (1. 37 • 104 ) (fu) 1·29

Triplicates were run for each sample. The maximum growth rate, ~ , ,
,max

was determined by plotting cell count versus time and finding the maximum

IFluoroJUErt:er by G. K. Turner Associates, California.
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differential during the .. growth period.

Sea Water

Seawater samples were drawn from the influent well at the Waikiki Aquar­

ium. The source of the well is located 24.38 m (80 ft) below the ocean sur­

face. Chlorinated sewage effluent samples from the Pacific Palisades and

Mililani STPs were used as spikes for the sea water. These samples were col­

lected at the Cl contact chamber discharge. One-liter, acid-washed poly- .

ethylene containers were used for sample holding and storage. The samples

were filtered through O.45-~m membrane filters before testing began.

The assay procedure outlined in the Marine Algal Assay Procedure Bottle

Test (EPA 1974) was followed. After filtering the samples, the sea water was

spiked with chlorinated sewage effluent at dilutions ranging 0 to 100%, using

20% increments. Each dilution was prepared in triplicate utilizing 100 mt

liquid volumes. All dilutions were inoculated with DunalieUa tertioZecta

to give a cell concentration of 10 3 cells/mt. Incubation was under constant

light of 400 ± 430.561 m/m2 (40 ft-c) and at a temperature of 20 ± 2°C. A

Turner fluorometer (Model III with ultra-violet source #F4T58, high sensitiv­

ity sample holder, 47B Wratten primary filter, Wratten 25 secondary filter,

and 10% and 1% transmittance filters, and 10 mm ID cuvettes) was used to

monitor algal growth through in vivo fluorescence. Samples were shaken orice

a day,· prior. to measuring the fluorescence. Correction factors in as noted

for the freshwater assays were applied to calculate the relative fluorescence

in this section.

A relationship was established ,between relative fluorescence and cell

counts in Figure 2~ This calibration curve was obtained by plotting the log­

arithm of cell count against the logarithm of relative fluorescence. A re­

gression curve was fitted by least square analysis and the relationship ar­

rived at is:

Cell Count ~ (8.705 • 10 3 ) (relative fluorescence) 0·932 (1)

RESULTS

The results, in terms of maximum growth rate ~max and maximum standing

crop (number of cells), are provided in Tables 1 to 6. Table 1 includes the

activated sludge (Mililani) and trickling filter (Palisades) effluent tests
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with fresh receiving waters data and the combined data for both effluents.

-Table 1 was prepared from the data: for the Kalihi, Manoa, Waihee, and Waikane

streams presented respectively in Tables 2 through 5. The data in Table 6

is for Mililani and Palisades effluents for sea water. Growth curves for

the AGP test series are presented in the Appe~dix.The results are presented

subsequently in terms of average values for ~max and standing crop.

It can be noted from Table I that values of ~max are about the same for

all fresh-receiving waters, whether the nutrient source was the activated

sludge or trickling filter effluent. The maximum growth rate for each stream,

with either effluent, was achieved with the 20 or 40% dilution. There ap­

pears to be some inhibition, with lesser ~max, at dilutions of 60% and greater.

The maximum standing crop was about the same for each effluent, about

5 x 106 cells, attained with the 40% dilution. There was no evidence of any

change of significant magnitude in standing crop with higher proportions of

effluent in fresh receiving waters.

The levels of ~max attained with the dilutions tested were 3 to 5 times

the levels in the controls (no sewage dilution). However, the maximum stand­

ing crop for all dilutions was roughlylOO times that in the controls. The

growth rates for the windward Oahu streams (Waihee,Waikane)are slightly

higher overall than for leeward streams (~alihi, Manoa) but there is little

difference in standing crop values.

Because sea water was obtained -from only one site for testing, the a­

mount of data is much less than that for the fresh receiving waters. The

results differed from the freshwater results in that higher ~max levels were

achieved with Mililani effluent than with Palisades effluent. The ~max levels

increased over the control at all dilutions except the 80% dilution with

Palisades effluent. Note, however, that there was no growth with either ef­

fluent at 100% sewage with the test alga. With either effluent, there was a

lesser growth rate at 40% sewage dilution than at 20% dilution and maximum

Vmaxwas at the 60% dilution.

The maximum standing crop was attained with the 20% dilution of either

effluent in sea water. Although the highest ~max values were attained at the

60% dilution, this was the level of lowest standing crop for either effluent,

about one-third less than the maximum for the Palisades effluent and one-half

less for the Mililani effluent.

The levels of ~max were 1.5 to 2.5 that of the sea water control tests,

about 50% less than the increase in the freshwater tests. The increase in
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standing crop was only 10 times in the sea water tests compared to 100 times

in the freshwater tests.

DISCUSSION

All the results show that the chlorinated effluent spikes had no inhib­

itory effects to the growth of Selenastrum capricornutum in fresh receiving

waters. The lag period for each spike (App. Figs.) lasted approximately the

same time no matter what concentration of sewage was used. Themaximum

standing crop and ~max results yielded approximately the same growth rate

and standing crop for all concentrations of sewage. All of these results

lead to the conclusion that the sewage effluents added nutrients to the

stream waters which enhanced the growth of Selenastrum capricornutum.
I

The only similar previous work done in Hawaii was reported by Wong (1976)

who used sewage (Wahiawa STP activated sludge effluent) spikes of 5%, 10%,

and 20% diluted with distilled-deionized water and Ku Tree reservoir waters.

The maximum standing crop with the Ku Tree waters was 0.94 x lOG, 1.4 X lOG

and 0.52 x 10s/mt for the 5%, 10%, and 20% dilutions, respectively, about 10

times less than that achieved in this study at the 20% dilutions. No ~max

was determined by Wong.

It should be noted that level of 15,000 cells/mt has been identified as

indicative of eutrophic conditions in receiving waters (Mitchell 1973). This

level was achieved in all tests with the Mililani and Palisades effluents,

indicative that these effluents are readily capable of stimulating algal

growth in receiving streams to possible nuisance conditions.

One may question the high dilutions used in this study; they were chosen

on the basis of situations such as at Waimano Stream where, for parts of the
year, the Palisades STP effluent constitutes nearly the entire streamflow.

Table 7 lists some of the treatment plants with effluent disposal into streams

on Oahu. Although the majority of the streamflows are high in relation to

the plant discharges, it should be kept in mind that the effluent discharge

locations are in upper reaches of the streams in the case of the Ahuimanu,

Schofield, Waipio, Mililani, and Palisades plants, and, thus, the ratio of

effluent discharge to streamflow is higher than would be obtained from the

listed data. In any case, the dilutions used in this study are not unreal­

istic compared to existing field conditions.
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TABLE 7. OAHU STPs WITH STREAM RECEIVING WATERS

Plant Receiving Stream Gage Streamflow 3
STP Flow Stream Location 3

cfs cfs

Maunawi 1i 0.16 1 Maunawi 1i Makawao 5.33
Estates

Ahuimanu 0.47 1 Ahuimanu Ahuimanu 1.9
(low-f low)

Schofield 3.252 Waikele Waikele 39·3
(Wa i pahu)

Wa i'pi 0 0.03 1 Wa i kaka 1ua Waikele 39·3
(Waipahu)

Mililani 1.80 1 Kipapa Kipapa 11. 1

Pa 1i sades ,0.79 1 Waimano Waiawa 33.1
Halawa Jail 0.03 1 Halawa N. Halawa 5.18

Animal 0.09 2 Halawa N. Halawa 5. 18
Quaranti ne
Stat ion

1Source: Av~rage for Oct. 1975- Sept. 1976~ City and County of Honolulu,
Division of Sewers.

2 Est imated average for 1975-1976, George Richardson 1976: Personal com­
mun i.ca t ion.

3USGS 1974.

It is difficult to make an analysis of this work with other salt water

algal growth potential studies, for the simple reason that dilutions in this

study are broad in comparison. In the Oahu Water Quality study done for the

City and County of Honolulu (Engineering-Science 1971), waste water concen­

trations utilized were 1, 3, 4, and 5%, by volume, whereas in this study

waste water concentrations were 0, 20, 40, 60, 80, 100% to conform with the

freshwater work.

The results in this study were a general trend where the maximum growth

rate,decreased as the waste water concentration was increased, except for'a

high at the 40% dilution. This would be an indication of inhibitory effects

upon the algal growth, possibly due to the effect of lowered salinity alone.

The plots of the growth curves CAppo Figs.) illustrate the inhibition by the

increased lag growth period as the waste water concentration was increased.

The 80 and 100% effluent concentrations had no growth at all within the 13­

day testing period.

The maximum growth rates achieved in this study were in the same order
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of magnitude as attained in the Oahu Water Quality study for Dunaliella. The

standing crop was also of the same order of magnitude except at the least

dilutions, indicative of the inhibition by the sewage on the test organism at

the least dilutions. With a general design philosophy of attempting to at­

tain initial dilutions of at least 200:1 with ocean outfalls, it would be

more practical to do future testing with lesser dilutions. Current practice

in Hawaii, however, yields lesser initial dilutions on the order of 8:1 for

the raw waste discharge at Sand Island; thus, the research performed has some

practical value for evaluating existing situations.

The results of this study were that the Mililani activated sludge ef­

fluent was less inhibitory than the Palisades trickling filter effluent.

This fits well with the current Environmental Protection Agency's requirement

for minimum 85% BOD removal for ocean discharges. A well-operated activated

sludge plant should readily attain an 85% removal efficiency, whereas that

figure represents nearly an upper limit for trickling filter plant operation.

Some of the original research objectives were not attained including

the testing of reservoir and estuarine waters,effects of Nand P spikes, and

use of indigenous algae as a test organism. Limitations on scope of work

were due to difficulties in obtaining and culturing the test alga as well as

personnel changes in the laboratory.

Another problem was keeping the temperature within the recommended range

of 24 ± 2°C. For tests run before 19 August 1975, the bookshelf on which

the samples were placed was kept in the lab at room temperature (approxi­

mately 24°C). However, due to the heat of the fluorescent lamps, the sam­

ple temperature was 33°C. On the tenth day of the tests started on 19

August, an electric fan was used to lower the sample temperature to 26°C.

However, continuous use resulted in the breakdown of the fan motor. There­

fore, all tests after and including those started on September 18 were con­

ducted in a constant temperature room of 20°C. The temperatures for each

level of the bookshelf are presented in the Figure 3 diagram.

SUMMARY

The AGP test can be used to assay biological response to sewage effluent

discharge into receiving waters. Its utility is in that the response is

monitored at the primary production level rather than at some predator level
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or at the highest end of the aquatic food chain, Le., the commonly used

fish bioassay. The tests results reported herein are indicative that. growth

response follows similar patterns for conventional biologically treated ef­

fluents in fresh receiving waters,.but that peak growth conditions occur

with about a 20% dilution of the effluent. Peak growth conditions occur at

a lesser dilution, 40%, in sea water, but this would be an uncommon ,environ­

mental condition in the light of outfall design objectives and current prac­

tices. It would not be unusual, however, to have field conditions with

fresh receiving streams in Hawaii where the effluent dilution is 20% or less.

Thus, situations can exist where, with excessive stimulation or at lesser

dilutions, some inhibition of planktonic growth occurs. In any case, the

,growth potential response of "standard" test alga with Hawaiian waste waters

and receiving waters has been demonstrated .
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APPENDIX TABLE Co 3. FLUORESCENCE UNITS FOR SEA WATER
% Control Consecutive Days of TestsEtf. Date 0 2 3 4 5 6 7 8 9 10 11 12 13
0 3/15 1.9 1.8 2.7 6.1 6.6 6.6 5.2 4.8 4.8 4.3 4.04/06 1.5 1.3 2.2 5.4 8.1 7.8 7.9 6.9 6.8 6.2 6.24/27 1.5 1.4 2.4 5.2 5.9 6.3 5.3 4.8 4.4 4.3 4.0 4.0 4.0

20 3/15 2.4 2.1 1.9 2.2 3.7 20.7 38.6 41.8 50.3 61.1 72.6 82.6 84.22.2 2.1 4.8 23.8 37.7 49.7 49.4 58.9 64.9 61.4 68.1 67 58.0
4/06 2.7 2.2 3.6 11.1 34.2 43.4 52.2 59.8 68.4 74.9 86 85.2 75.62.4 1.8 1.7 1.6 1.7 2.0 5.4 28.\ 42.7 49.0 50.0 47.3 55.2
4/27 2.6 2.\ 2.0 1.9 i.6 8.5 22.9 41.8 51.6 61.5 61.4 74.6 74.22.5 2.0 2.5 7.5 28.4 47.9 57.6 62.4 61.1 62.4 65.5 57.6 54.0

40 3/15 3.] 2.8 2.5 2.5 2.5 2.7 3.8 6.4 17.2 33.6 48.6 62.2 74.93.4 2.4 3.8 18.1 36.6 50.9 53.2 60.3 66.5 71.2 81.7 80.5 82.4
4/06 3.8 2.8 2.8 3.2 8.6 23.2.43.7 56.7 6'5.6 74.9 87.5 86.8 93.83.2 2.2 2.0 2.0 2.9 1.9 1.7 2.1 4.2 14.4 25.1 41.5 40.2
4/27 3.8 3.0 2.8 2.5 2.4 2.3 2.3 2.4 2.1 2.2 4.0 10.1 16.53.9 2.] 2.5 2.3 2.6 7.1 24.7 44.0 50.9 63.6 80.5 74.9 80.4

60 3/15 4.8 3.3 3.1 .2.8 2.9 2.7 2.6 2.8. 5.1 12.0 5.4 3.3 3.44.4 2.9 3.7 2.8 50 18.1 28.1 41.8 60.8 66 83 101. 9 104
4/06 5.0 3.3 3.0 2.9 2.9 2.7 2.7 2.8 3.2 20.1 26.2 56.8 66.34.\ 2.9 2.6 2.4 2.4 2.2 2.1 2.2 2.1 21.9
4/27 5.2 3.7 3.4 3.2 2.8 2.8 2.8 2.8 2.6 2.7 3.1 5.6 10.94.3 3.0 2.8 2.4 2.4 2.4 2.4 2.4 2.2 2.3 5.1 45.3 64.2

80 3/15 5.9 4.3 4.1 3.7 3.6 3.5 3.2 3.2 3.4 4.0 3.25.0 3·5 2.9 2.9 2.7 2.5 2.5 3.9 19.9 55.9 64.9 75.6 82.7
4/06 6.1 4.3 4.0 3.8 3.7 3.5 3.4 3.4 3.25.1 3.7 3.3 3.1 3.0 2.8 2.7 2.7 2.5 2.6 12.5
4/27 6.0 4.6 4.3 4.0 3.6 3.6 3.5 3.6

5.3 3.9 3.5 3. , 3. I 2.9 2.8 2.9

100 3/15 6.5 4.7 4.3 4.0 3.8 3.7 3.6 3.5 3.6 3.4 3.4 3.36.0 3.9 3.6 3.4 3.2 3.1 2.8 2.9 2.9 28 2.6
4/06 7.1 4.7 4.2 4.1 3.9 3.7 3.6 3.6 3.46.0 4.0 3.5 3.3 3.3 3.0 2.9 3.0 2.8
4/27 7.2 4.8 4.6 4.2 3.9 3.9 3.7 3.7

6.3 4.4 4.3 3.6 3.4 3.2 2.9 3.0

51
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