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ABSTRACT

Epilithon development, in relation to the discharge of

domestic sewage, dairy factory and meatworks wastewaters,

and its effects on water quality werestudied in laboratory
channels and in the Manawatu River. During the three

year period of the study the organic material inputs to

this river were progressively reduced to meet the requirements
of water rights designed to limit the in-river BOD5 to

5 g.m—3 at the end of a defined mixing zone with the

objective of maintaining adequate oxygen ievels and controlling

sewage fungus growth.

Laboratory channel studies demonstrated that, for a given

BOD5 addition, untreated dairy factory wastewater increased

the heterotrophic growth 2-3 times more than primary

treated meatworks wastewater. Similar observations were

made in the Manawatu River. These varied growth responses
could be accounted for by the different relative

contributions of dissolved and low molecular weight

(< 1000 daltons) organic compounds in the different wastewaters.
The dissolved or low molecular weight (determined after

sample ultrafiltration) BOD_. therefore provide more

5
reliable general sewage fungus control parameters than BOD

5
Current velocity and spates had marked influences on the
development of benthic communities. Maximum sewage fungus
biomasses on the natural bed were observed at current
velocities of 0.2 to 0.45 m.s_l. Short heterotrophic fronds
occurred at the maximum current velocity investigated of
1.16 m.s_l. Small spates of up to 50 to 70 m:?s_g caused
preferential sioughing of heterotrophs over epilithic
phototrophs which had developed on concrete plates at
river flows of approximately 25 m3.s_1. Flows in excess
of approximately 150 m3.s—1 removed growths of Cladophora
glomerata which had developed at sites where the pre-spate
current velocity was 0.3 to 0.4 m.s—l. Much higher

flows, in excess of 400 m3.s‘1, were required to remove



I1
the dense growths of the macrophyte Potamogeton cerispus.

Observations of sewage fungus biomass at various depths

in the Manawatu River and growth rates on both upper, sunlight-
exposcd, and lower, shaded, surfaces of concrete plates
suspended in the water column indicated that solar radiation
inhibition of heterotrophic growth is not important in the

Manawatu River.

These heterotrophic growths in the river were replaced by
heavy phototroph-dominated epilithon as o6rganic concentrations
were reduced. Both communities had significant impacts on

the suspended biomass and dissolved oxygen levels in the

river.

A computer model simulating summer low flow conditions in

the Manawatu River predicted that the river can sustain
average respiration rates of 20 and 24 g 0, e

at mean river temperatures of 21° to 12°% respectively
without breaching the statutory minimum permissable dissolved
oxygen concentration of 5 g.m_3. A multiple regression model
of the factors influencing epilithon respiration was developed
from in situchamber studies of a range of epilithic community
types. This gave adequate predictions when tested against
measurements over reaches below the discharges and predicted
that the benthic biomass resulting in the maximum

permissible respiration rates decreased from approximately

143 g AFDREE> am 12°C to 341ig AFDW m 2 @t 21°c:

A management strategy limiting the organic, but not the
nutrient, inputs to the Manawatu River was shown to be
unlikely to ehsure consistent maintenance of the statutory

minimum dissolved oxygen concentration.

The implications for management of the river are discussed.
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CHAPTER 1: INTRODUCTION

The development of epilithon in rivers has marked effects on
the quality of the overlying water and river aesthetics. The
Manawatu River, near Palmerston North (latitude 40°21°'S), New
Zealand (Fig 1.1), has had a history of nuisance epilithon
growths. Heterotroph dominated epilithon, commonly referred to
as sewage fungus, has frequently been reported below the
.wastewater discharges downstream of Palmerston North (Fig 1.2)
(MOW, 1957; Hirsch, 1958; Currie, 1977, 1978; Freeman, 1983)
and, during summer, filamentous algae often proliferate
upstream of the discharges (Currie, 1977; Freeman, 1983). The
former growths in particular cause a marked deterioration in
the river aesthetics and have been implicated as an important
factor causing low oxygen conditions leading to a fish kill
downstream from the wastewater discharges in 1978 (Currie,
1980; Currie and Rutherford, 1982).

The Manawatu Regional Water Board (MRWB) has attempted to
control the sewage fungus growth and dissolved oxygen depletion
to acceptable levels by issuing water rights which restrict the
organic material inputs by the wastewater dischargers to a
level calculated to limit the in-river five day biochemical
oxygen demand (BODS) to less than 5 g.m_3 at the end of a

defined waste mixing zone (i.e., Site D, Fig 1.2).

The changes in wastewater inputs to the river during the period
from 1982 to 1985 due to tﬁe requirements of these water rights
provided an opportunity to study the relationships between
organic wastewater concentrations and the development of
epilithon, especially sewage fungus, and the effects of these
factors on river aesthetics and water quality, with respect to
the concentration of dissolved oxygen, organic material, and

suspended biomass.

The following chapters describe investigations of these
relationships made in the Manawatu River and complementary

studies in a laboratory channel system.



The studies were oriented towards providing data and models for
use in resolving the complex management problems presented by

the situation in the Manawatu River.
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CHAPTER 2. LITERATURE REVIEW,

2.1 INTRODUCTION

The first reported observations of sewage fungus in the Lower
Manawatu River were in March 1957 (MOwW, 1957; Hirsch, 1978)
when it was reported as being common at site C (Fig. 1.2) and
abundant at sites D and E. Filamentous green algae were also

" reported as occurring upstream of Palmerston North and below
the city as far as site EF (Fig. 1.2). A -“similar distribution
of algae and sewage fungus existed during the summers of 1971
to 1972, when sewage fungus covered 80% of the bed at Site D
(Anderson, 1972), and 1975 to 1977 (Currie, 1977) when lumps of
sewage fungus were observed suspended in the water column at
distarces of up to 20 to