
NRA
N a tio n a l Rivers A u th o rity



NW:WAR:RFH:WQ:PR 305/7/NW 
Reynolds P J 
Nitrification rates in 
rivers and estuaries 

ACMF c. 1 aa .00

NJ fL#r- P ircyX 'V '

Interim Report r&D Project 305

Nitrification Rates in Rivers and Estuaries

WRc pic 
October 1992 

R&D 305/7/NW

O w o » C ĉ 0 o<- f

This book is due for return on or before the last d a te  shown below.

Don Gresswell Ltd., London, N21 Cat. No. 1208 DG 02242/71



NITRIFICATION RATES IN RIVERS AND ESTUARIES 

P J Reynolds, V Woods and D J Beating

Research Contractor:
WRc pic
Henley Rd Medmenham 
PO Box 16 Marlow 
SL7 2HD

National Rivers Authority 
Rivers House Waterside Drive 
Almondsbury Bristol BS12 4UD

NRA Interim Report 305/7/NW



National Rivers Authority 
Rivers House Waterside Drive 
Almondsbury Bristol BS12 4UD 
Tel: 0454 624400 
Fax: 0454 624409

© National Rivers Authority 1992

All rights reserved. No part of this document may be reproduced, stored in a retrieval 
system, or transmitted, in any form or by any means, electronic, mechanical, 
photocopying, recording or otherwise without the prior permission of the National Rivers 
Authority.

This report is the result of work jointly funded by the National Rivers Authority and the 
Scotland and Northern Ireland Forum for Environmental Research

Dissemination status 
Internal: Restricted 
External: Restricted

Research contractor
This document was produced under R&D Contract 305 by:
WRc pic
Henley Rd Medmenham 
PO Box 16 Marlow 
SL7 2HD 
Tel: 0491 571531 
Fax: 0491 579094

WRc Report N- NR 3229/04268

NRA Project Leader
The NRA’s Project Leader for R&D Contract 305:
P Jones - North West Region

Additional copies
Further copies of this document may be obtained from Regional R&D Coordinators or 
the R&D Section of NRA Head Office.

305/7/NW



CONTENTS

LIST OF TABLES 

LIST OF FIGURES

EXECUTIVE SUMMARY

KEYWORDS

1. INTRODUCTION

1.1 Background
1.2 Study objectives
1.3 Resume of contents

2. METHODOLOGY

2.1 Previous continuous culture experiments
2.2 Present continuous culture experiment

3. RESULTS

4. DISCUSSION

4.1 Continuous culture studies
4.2 Future studies

5. RECOMMENDATIONS 

REFERENCES

305/7/NW i



LIST OF TABLES

2.1 The selection of media, the operation procedures and the outcome of previous 
nitrifying bacteria continuous culture studies

LIST OF FIGURES

3.2 Dissolved oxygen concentrations measured during operation of chemostats 
No. 1 and No. 2 (days 0-75)

3.3 p H  measurement during operation of chemostats No.l and No.2 (days 0-75)
3.4 Changes in ammonia, nitrite and nitrate concentrations in chemostat No. 1 

when operated in continuous culture with (NH4)2S04 as N-source at 20 °C
3.5 Changes in ammonia, nitrite and nitrate concentrations in chemostat No.2 

when operated in continuous culture with (NH4)2S04 as N-source at 20 °C
3.6 Total nitrogen recovery measured in chemostats No. 1 and No.2 during 

continuous culture with (NH4)2S04 as N-source at 20 °C

305/7/NW ii



EXECUTIVE SUMMARY
This interim report details the work carried out between June and September 1992 
relating to the construction and performance of two identical chemostats during the initial 
75 days of operation.

The process of complete nitrification is evidenced in both chemostats after two days of 
operation, as shown by the stoichiometric conversion of ammonia to nitrate. Dilution of 
the original seeding material resulted in the onset of a progressive increase in ammonia 
levels in both chemostats after approximately 20 days.

For chemostat No.l, nitrate concentrations remained relatively constant up to Day 60, 
with a subsequent increase in response to a decrease in ammonia concentration. These 
results confirm that successful selection of nitrifying bacteria is progressing in chemostat 
No.l under the conditions of operation. Although a stable nitrifying coculture is present 
in chemostat No.l, a steady-state has not yet been established.

During the first 55 days, operational data for chemostat No.2 paralleled that of chemostat 
No.l. Subsequent analysis has shown a marked increase and decrease of the nitrite and 
nitrate levels, respectively. These data suggest that for chemostat No.2, a stable coculture 
of ammonia and nitrite oxidisers is not fully established at present.

The recommendations arising from the study to date are discussed in relation to the initial 
and overall objectives of the project.

An outline of future work is presented for discussion.

KEYWORDS
nitrification, ammonium, chemostat, Nitrosomonas sp., Nitrobacter sp.
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1 . INTRODUCTION

1 .1  Background

The biological oxidations of ammonia to nitrite and nitrite to nitrate, collectively referred 
to as nitrification, are carried out by two physiological Gram-negative genera, 
Nitrosomonas and Nitrobacter. The use of generic names allows the simplified grouping 
of all nitrifiers into two classifications of micro-organisms. Nitrosomonas usually refers 
to the group capable of oxidising ammonia to nitrite. Nitrobacter are able to further 
oxidise nitrite to nitrate. The organisms in both groups fix carbon dioxide via the Calvin 
cycle (Campbell et al 1966) for their major source of cell carbon and derive their energy 
and reducing power either from the oxidation of ammonia or nitrite. With the exception 
of a few strains of Nitrobacter, the nitrifying bacteria are obligate chemolithotrophs.

Nitrifying bacteria play an important role in the turnover of nitrogen in fresh water and 
marine habitats, and in most other aerobic environments where organic compounds are 
mineralised. In nature their growth is controlled by substrate concentration, temperature, 
pH and oxygen tension (Watson et al 1974). The process of ammonia oxidation has also 
been shown to be irreversibly inactivated by photo-oxidation (Hooper and Terry 1973). In 
pure culture, most strains of nitrifying bacteria grow optimally at. substrate concentrations 
of 1-25 mM, a pH between 7.5 and 8.0 and a temperature of 25-30 °C. However, many 
environments with suboptimal conditions still support the growth of nitrifying bacteria. 
For example, nitrifying bacteria are strict aerobes, yet they can be isolated from 
sewage-disposal aeration tanks that are extremely low in oxygen (Chartrain et al 1983). 
The highest concentration of nitrifying bacteria in rivers and streams is found at the 
sediment-water interface (Curtis et al 1975, Matulewich and Finstein 1978, Van Rijn et al 
1987) and in sewage disposal systems, attached to the sides of the aeration tanks (Watson 
et al 1974). In the marine environment they are localised in the upper 200 m of the water 
column or at the sediment-water interface (Watson et al 1971; Belser, 1979; Helder and 
DeVries, 1983).

The capacity of a freshwater or marine environment to maintain and propagate a balanced 
aquatic habitat is reflected by the concentration of dissolved oxygen which is regarded as 
an important measure of water quality and a significant factor in the evaluation of 
pollution impact. The oxygen demand of the ammonia oxidation process can theoretically 
constitute a considerable part of the total oxygen demand, especially for environments 
receiving sewage and/or low grade treated effluents containing high concentrations of 
ammonia. The circumstances under which nitrification may consume significant amounts 
of dissolved oxygen have been described as ’’...where the effluent discharges to an estuary 
or to the upper reaches of a river of long retention time, or where effluent makes up a 
large portion of total flow of a river" (Anon. 1971). Previous studies have demonstrated 
the influence of nitrification on stream oxygen balance and clearly indicated the necessity 
of considering inorganic nitrogen oxidation in the study of water quality models for river 
systems (O’Connor 1967, Stratton and McCarty 1967, Wezemak and Gannon 1968, 
Huang and Hopson 1974, Schwert and White 1974, Curtis et al 1975, Ruane and Krenkel 
1978, Schultz 1988, Warwick and Shetty 1988, Barcia 1991).
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Researchers have developed various models to describe nitrification in rivers under a 
variety of conditions using a number of different parameters. Huang and Hopson (1974) 
reported that the Tate of oxidation of ammonia nitrogen was linear with time i.e. obeys 
zero-order kinetics. Another study showed that nitrification of surface waters under 
natural environmental conditions can be expressed by first order kinetics (Wazemak and 
Gannon 1968). Pure culture laboratory studies have revealed differing sensitivities of 
Nitrosomonas and Nitrobacter species to ammonia (Anthonison et al 1976, Suthersan 
and Ganczarczyk 1986). In the latter study the authors concluded that nitrite oxidation 
would be selectively inhibited at elevated pH values in response to an increase in the 
concentration of unionised ammonia.

The yield of nitrifier biomass relative to the quantity of ammonia oxidised is relatively 
small. The maximum specific growth rate of the nitrifying bacteria is the most crucial 
parameter describing the growth of autotrophic biomass. Its importance, in relation to 
wastewater treatment, is attributed to the fact it determines the mean cell residence time, 
below which washout of nitrifiers would occur. Furthermore, this parameter is required 
whenever a model is to be used to simulate a nitrification process (Henze et al 1986).

Since the specific growth rate is a strong function of the prevailing temperature and pH, a 
functional relationship accounting for this dependence can be used to evaluate the in situ 
nitrification process for a range of these environmental parameters. Previous works 
(Engel and Alexander 1958, Hopwood and Downing 1965, Knowles et al 1965, Jenkins 
et al 1967, Loveless and Painter 1968, Hall 1974, Quinlan 1980, Painter and Loveless 
1983; Antoniou et qI 1990) have shown that the optimal nitrification rate is achieved at a 
pH in the range of 7.0-8.2 and is an increasing function of temperature in the range of 
practical interest (less than 30 °C). Experimentally determined effects of temperature and 
pH on the rate of nitrification have been assessed separately or in combination by the 
previous researchers and in many cases equations are provided.

The effect of dissolved oxygen concentration on the rate of nitrification has been 
investigated by a number of researchers using both pure and mixed cultures found in 
wastewater treatment systems (Bragstad and Bradney 1937, Downing and Scragg 1958, 
Wuhmnan 1963, Knowles et al 1965, Loveless and Painter 1968, et al 1969, Stenstrom 
and Poduska 1980). The maximum bacterial growth rate from both stages of nitrification 
are reported to be affected by dissolved oxygen concentration over the range of 0.3 mg I*1 
to as much as 4.0 mg r 1. In some instances, it has been reported that a dissolved oxygen 
concentration in excess of 4.0 mg 1 1 is required to achieve maximum nitrification rates, 
whilst other investigators have found that only 0.5 to 1.0 mg I*1 is required It has been 
proposed that several factors are responsible for the wide range of. reported nitrification 
rates with varying dissolved oxygen concentrations. Among these factors are the effects 
of oxygen diffusion in floes, variation in the measured results due to steady-state and 
dynamic measuring techniques, and double-substrate limited kinetics.

Previous studies have detailed the response of nitrifying species to a change in salinity 
(Helder and DeVries 1983). In pure culture studies, both Nitrosomonas and Nitrobacter 
species remained unaffected with respect to their specific growth rates over a salinity 
range of 0 to 35. However, salinity has been shown to affect the rate of nitrification by 
controlling the release of nitrogen from sediments (Gardiner et al 1991). These authors
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demonstrated that vertical distribution of ammonium out of the sediment is hindered by 
cation exchange (or sorption) interactions with sediment particles to a greater extent in 
fresh water than in estuarine systems. The resulting relatively long residence time, and 
potentially high levels of particle-bound ammonia in the freshwater sediments were 
thought to favour nitrification as the major ammonia removal process. By contrast, ion 
pair formation of ammonium with seawater anions and blockage of sediment cation 
exchange sites with seawater cations was deemed responsible for diffusion of ammonium 
out of estuarine sediments before extensive nitrification could take place.

In summary, the ultimate fate of ammonia, introduced by direct discharge or derived as 
the result of in situ anaerobic metabolism, and hence the rate of nitrification, is dependent 
on a variety of environmental factors including substrate concentration, temperature, pH, 
salinity, light, dissolved oxygen, biomass concentration and spatial location. Furthermore, 
in situ nitrification is a dynamic process whose quantification is possible only in the 
presence of other nitrogen cycling processes.

1 .2  Study objectives

To assess the impact of a polluting discharge on a river or estuary it is imperative that the 
NRA is able to predict the combined effect of the different oxygen demands created. The 
oxygen demand of the nitrification process can constitute a considerable part of the total 
oxygen demand of the receiving water. Previous studies within the UK relating to the 
process of nitrification have been centred on the efficiency of nitrogen removal within 
wastewater treatment systems. To date, the factors influencing the fate of nitrogen- 
containing compounds in surface waters have received little attention in relation to the 
overall problem they may represent.

Field observations have shown that the difficulties associated with predicting the impact 
of nitrification on the overall oxygen demand are related to the varying characteristics of 
the receiving water. WRc was asked to carry out a laboratory based study to assess the 
influence of nitrification on various environmental factors. By carrying out laboratory 
studies it is hoped to provide reference data to assist in interpretation of field studies. The 
environmental factors which are known to be affect the nitrification process have been 
identified as substrate concentration, temperature, dissolved oxygen, salinity, suspended 
solids and light.

The strategy which has been deployed to study the effect of the environmental factors on 
the process of nitrification is outlined below:

1. Set-up two small scale continuous culture vessels to provide a reliable source of 
Nitrosomonas and Nitrobacter. An environmental source of these organisms will be 
used.

2. Using the chemostats for supplies of nitrifying bacteria design an experimental 
procedure for determining the influence of various factors on nitrification.
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3. Because nitrifying bacteria grow relatively slowly, a system based on continuous 
culture would be prohibitively expensive. As a consequence it is envisaged that the 
effect of environmental factors will be studied in small scale batch culture 
experiments. Essentially, a series of vessels each containing media designed to grow 
both the ammonia and nitrite oxidising species will be inoculated from the 
chemostats. The vessel will then be incubated under the influence of the 
environmental factor being studied.

4. Two alternative methods for determining nitrification rate will be assessed. The first 
will be based on determining the concentration of ammonia, nitrite and nitrate both 
before and after an optimised incubation period. In the second, the rate of 
14C-bicarbonate uptake will be assessed. This latter method may prove more 
sensitive and as a consequence shorter incubations may be required.

5. Once the system has been optimised with regard to growth requirements, incubation 
period and method of measuring nitrification, it will be used to study the influence of 
ammonia concentration, temperature, dissolved oxygen, salinity, suspended solids 
and light. Study of light may require the system to be modified.

6. Further modifications and developments may be required before the effect of short 
term changes in environmental factors can be assessed.

1 .3  Resume o f contents

This report contains a brief description of the methodology associated with the set-up of 
two chemostats as outlined in a) above. Reference is made to a previous interim report 
(R&D 305/3/NW) for detailed explanation of the set-up procedure.

Data are presented and discussed with respect to the performance of two chemostats 
during the first 75 days of operation.

The recommendations arising from this work to date are discussed in relation to the 
achievement of the initial and overall objectives of the study.

An outline of future work is presented for discussion.
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2. METHODOLOGY
This section outlines the procedures adopted for the provision of a nitrifying biomass. It is 
proposed to use continuously cultured nitrifying bacteria as a standardised source of 
inoculum during studies to determine the effect of environmental factors on the process of 
nitrification.

2 .1 Previous continuous culture experiments

Previous attempts to provide a stable source of nitrifying bacteria have met with limited 
success. A detailed account of previous continuous culture experiments is contained in 
the interim report R&D 305/3/NW. The selection of media, the operation procedures and 
the outcome of previous continuous culture experiments are summarised in Table 2.1.

Previous efforts have concentrated on the separate enrichment and continuous culture of 
ammonia and nitrite oxidising bacteria. These studies have resulted in, a) the 
identification of a selective media capable of supporting simultaneous ammonia and 
nitrite oxidation, and b) the operating conditions required for maintenance of a stable 
nitrifying biomass.

2 .2  Present continuous culture experiment

This study is presently dedicated to the enrichment of a mixed population of ammonia 
and nitrite oxidising bacteria. The previous trials have shown that complete nitrification 
can be achieved using a media containing ammonium sulphate and sodium carbonate as 
the sole nitrogen and carbon sources, respectively (Soriano and Walker. 1968). It has also 
been shown that the origin of the inoculum together with the dilution rate have a profound 
effect on the stabilisation of a continuous flow nitrification process, as reflected by the 
time required to achieve conditions of steady-state (Table 2.1).

During this phase, two identical 10 litre chemostats were constructed as detailed in 
sections 3.2.3 and 3.2.4 of the previous interim report (R&D 305/3/NW). It was decided 
to operate both chemostats in an identical fashion to allow provision for additional 
available culture for use in subsequent batch studies. Both chemostats were inoculated 
with 5 litres of activated sludge (obtained from Wargrave Sewage Treatment Works) 
prior to the addition of 5 litres of ammonia oxidation enrichment media according to 
Soriano and Walker (1968). Both chemostats were operated at a maximum dilution rate of 
approximately 0.004 hr'1, equivalent to a 10 day hydraulic retention time.

The chemostats were monitored for ammoniacal and inorganic nitrogen, pH, dissolved 
oxygen, temperature, dilution rate and air flow as previously described (section 3.2.3, 
Interim Report R&D 305/3/NW).
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Table 2 .1  The selection o f media, the operation procedures and the outcome of previous nitrifying bacteria 
continuous culture studies

Media type Operational procedures Outcome of study

Run No.l
Soriano and Walker1 * 1 litre chemostat

* N-source (NH4)2S04
* Inoculum-estuarine sample

Stable complete 
nitrification achieved after 
60 days of operation

Schmidt and Belser2 * 1 litre chemostat
* N-source KN02
* Inoculum-estuarine sample

Stable nitrite oxidation 
after 20 days of operation 
days of operation

Run No.2
Soriano and Walker * 10 litre chemostat

* N-source (NH4)2S04
* Inoculum-secondary effluent

Nitrification not 
achieved after 
36 days

Schmidt and Belser * 10 litre chemostat
* N-source KN02
* Inoculum-secondary effluent

Limited nitrite oxidation 
after 33 days

Run No.3
Soriano and Walker * 10 litre chemostat

* N-source (NH4)2S04
* Inoculum-activated sludge

Partial nitrification 
achieved after day 60 
(experiment stopped 
on day 90)

Schmidt and Belser * 10 litre chemostat
* N-source KN02
* Inoculum-activated sludge

Partial nitrite oxidation 
after day 80 (experiment 
stopped on day 90)

* Soriano and Walker (1968). Media constituents as follows (all g I'1): (NH4)2S04 0.5, KH2P04 0.2, 0.04, 
MgS04.7H20  0.04, NajCOj 0.15, chelated iron 0.0005.

^ Schmidt and Belser (1981). Media constituents as follows (all mg I 1): KN02 8.5, CaC^-^^O 13.4, 
MgS04.7H20  200, K2HP04 34.8, KH2P04 27.2, chelated iron 2.5, Na2Mo04.2H20  0.1, MnCl2.4H20  0.3, 
C o C l j^ O  2.0, ZnS04.7H20) 0.1, CuS04.5H20  2.0.
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3. RESULTS

Data are presented with respect to the operation of two chemostats during the first 75 
days of operation.

The variation in the rate of substrate addition to each chemostat during the first 75 days of 
operation is shown in Figure 3.1. The average dilution rate (D) applied to chemostats 
No.l and No.2 during this phase of the study was 0.004 and 0.0038 hr*1, respectively. 
Variation in the dilution rate was primarily caused by air entrainment within the inlet 
tubing resulting in uneven flow characteristics.

The concentration of dissolved oxygen was maintained above 6 mg I'1 at all times in both 
chemostats during this phase of the study (Figure 3.2). Similar dissolved oxygen levels 
were measured in each chemostat throughout this phase with an average concentration 
maintained in excess of 8 mg I"1.

During the first 15 days of operation, the pH of the medium in chemostat No.l was 
controlled between 7.5 and 8.0 by the automatic addition of sodium carbonate. 
Operational failure of the pH controlling unit after day 15 resulted in manual addition of 
carbonate solution between day 15 and 75. The pH of the medium in chemostat No.2 was 
controlled manually from the start of the experiment. Figure 3.3 shows the variation in pH 
for both chemostats during the first 75 days of operation. The results presented from Day 
15 onwards were measurements taken after the addition of carbonate solution. In general, 
the pH of the medium in both chemostats decreased from approximately 8.0 to below 7.0 
after two days of operation as a result hydrogen ion release during the oxidation of 
ammonia to nitrite.

The changes in the ammonia, nitrite and nitrate concentrations for chemostats No.l and 
No.2, during continuous operation with ammonia as the sole nitrogen source are shown in 
Figures 3.4 and 3.5, respectively. The results shown in these latter figures are expressed 
as equivalent nitrogen concentrations to provide a clear estimation of the nitrogen budget 
as presented in Figure 3.6.

The process of complete nitrification is shown in both chemostats after 2 days of 
operation, as evidenced by the stoichiometric conversion of ammonia to nitrate. Dilution 
of the original seeding material resulted in the onset of elevated ammonia levels in both 
chemostats after approximately 20 days of operation. A progressive increase in the 
ammonia concentration was observed in both chemostats between Days 20 and 62, after 
which time ammonia concentrations gradually decreased.

For chemostat No.l, nitrate concentrations remained relatively constant up to Day 60, 
with a subsequent increase in response to a decrease in ammonia concentration. These 
results confirm that successful selection of nitrifying bacteria is being carried out in 
chemostat No.l under the conditions of operation. The concentration of nitrite in 
chemostat No.l gradually increased between after Day 30 from below 1 to above 
10 mg-N T1. The increase in nitrite and the high residual ammonia and nitrate
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concentrations in chemostat No.l indicate that, although a stable nitrifying coculture is 
present, a steady-state has not yet been established.

During the first 55 days, operational data for chemostat No.2 paralleled that of chemostat 
No.l. Subsequent aniysis has shown a marked increase and decrease of the nitrite and 
nitrate levels, respectively. These data suggest that for chemostat No.2, a stable coculture 
of ammonia and nitrite oxidisers is not fully established at present.
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4. DISCUSSION

4 .1  Continuous culture studies

The initial aim of this present study is to establish a stable bacterial coculture capable of 
performing simultaneous oxidation of ammonia to nitrite and nitrite to nitrate. Future use 
of this coculture is to provide a consistent supply of nitrifying bacteria for assessing the 
effect of environmental factors on the rate of nitrification. Data presented in this report 
show that the establishment of a stable coculture is a slow process. This is not surprising 
since it is widely accepted that an inevitable consequence of growth on inorganic 
compounds is a relatively low growth yield. Generation times of nitrifiers are generally 
measured in hours even under ideal conditions, and are almost certainly in the order of 
days in most soils and sediments (Watson et al 1974).

It is clear from the data presented that the inhibition of nitrite oxidation results in the 
accumulation of nitrite as a consequence of continued ammonia oxidation. The oxidation 
of nitrite has been shown to be inhibited by the concentration of nitrite only in the 
presence of a high concentration of ammonia (Gee et al 1990). Nitrite formation from 
ammonia is accompanied by a release of hydrogen ions that decrease the pH to an extent 
related to the buffering capacity of the system (Anthonisen et al 1976). The media used in 
this study has limited buffering capacity as shown by the continual requirement for extra 
carbonate addition. Furthermore, there is no provision in the media for the inclusion of 
trace metals which are essential for the growth of nitrite oxidising bacteria. These facts, 
coupled to the high concentration of residual ammonia, may account for the low activity 
of the nitrite oxidising bacteria present in chemostat No.2.

The results to date suggest that the complete oxidation of ammonia is limited by the 
concentration of ammonia and nitrite oxidisers present within each chemostat. Since the 
rate of removal of ammonia is a function of active bacterial concentration, it is not 
surprising that complete ammonia oxidation was rapidly achieved at the start of the 
experiment in the presence of a large inoculum. Consequently, washout of the seeding 
material would result in a decrease in the extent of ammonia oxidation, as observed in 
both chemostats. The maximum ammonia and nitrite oxidation rates, derived from 
previous continuous culture experiments, are approximately 2 and 5 mg-N/mg volatile 
suspended solids/day, respectively (Gee et al 1990). The application of these substrate 
utilisation rates to this present study would predict that a twofold increase in the bacterial 
concentration is required to achieve complete ammonia removal within each chemostat.

4 .2  Future Studies

4 .2 .1  Evaluation of techniques to determine the rate of nitrification

Very few methods have been developed for direct evaluation of nitrification rates. To 
date, three isotope techniques have been employed to carry out these measurements: 
[15N]nitrate dilution, N-serve sensitive [ C ]  bicarbonate incorporation, and 
[15N]ammonium oxidation to nitrite and nitrate. Each of the three methods are known to
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have disadvantages. It has been suggested by Enoksson (1986) that either of the latter two 
methods be used, separately, or in conjunction, for accurate estimation of nitrification 
rates. An alternative non-radioactive method may be employed based on the measurement 
of ammonia, nitrite and nitrate before and after an optimised incubation period. It is 
common practice to develop any such methodology using bacterial cultures cultivated - 
under laboratory-controlled conditions before use with environmental samples. In our 
study, the chemostats will be used to provide a source of nitrifying bacteria for assessing 
the suitability and practicality of both the [14C]bicarbonate isotope technique, and the 
direct non-radioactive measurement of ammonia reduction.

4 .2 .2  Design o f experimental procedure for determining the influence o f various factors on nitrification

The provision of continuously cultured bacteria for the study of biogeochemical processes 
has been commonly practised over a number of decades. The extrapolation of data 
derived from artificial laboratory experiments is, however, always questionable. To 
understand the role of biological processes in any biogeochemical process in a given 
ecosystem, dynamical data, i.e. estimations of the fluxes of matter associated with these 
processes, are required. Only measurements of the in situ rates of these biological 
activities can provide these data. The effect of environmental factors was originally 
envisaged to be carried out using small batch culture experiments, with bacteria 
originating from the chemostats. The applicability of results obtained from such 
experiments will always be subject to debate, as stated above. It is proposed to meet the 
requirements of the NRA, as stated in the study objectives, by broadening the scope of the 
present study and detailing the effect of environmental factors on environmental samples. 
The use of environmental over laboratory derived samples will have the following 
advantages:

• Nitrification rate measurements will be performed using bacteria adapted to 
their environment. Bacteria cultured in the laboratory may not represent 
species found in the environment;

• The rate of nitrification will be measured in the presence of all bacteria 
involved in biological oxidation and reduction reactions;

• A change in the environmental conditions will affect all trophic groups present 
in an environmental sample. The interdependence of bacterial species involved 
in biogeochemical cycling will not be reflected using specifically derived 
laboratory cultures;

• Valid comparisons can be made between environmental samples whereas 
laboratory derived samples have limited reference;

• The complexity of models to predict the fate of nitrogenous compounds in the 
environment can only be fully understood using environmental samples.

In a previous report entitled "Determination of Nitrification Rates in the Tidal Mersey" 
(Bealing et al 1990) it was concluded that no single physical or chemical parameter 
emerged as a clearly dominant factor controlling nitrification rates. The validity of 
nitrification rate data presented in this previous report could not be verified since parallel
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determinations based on either oxygen or [14C] bicarbonate uptake gave significantly 
different results. It is clear from the previous report that laboratory studies are first 
required to determine the precision and sensitivity of nitrification rate measurements 
before use with environmental samples. As stated above, chemostats will be used to 
provide a source of nitrifying bacteria for assessing the suitability and practicality of two 
nitrification rate measurement techniques.

To determine the influence of various factors on nitrification, it is proposed to use 
environmental samples obtained from three fixed points along the estuary and tidal 
reaches of the Mersey corresponding to freshwater, intertidal and marine zones as 
previously reported (Bealing et al 1990). Freshwater samples will be taken from Walton 
Bridge, intertidal samples from Oglet/Ince, and marine samples from New Brighton. 
Samples will be taken from the water column at each location and analysed for ammonia 
concentration, dissolved oxygen, temperature, salinity and suspended solids content. Site 
specific data generated in the study conducted by Bealing et al (1990) will provide 
valuable reference during this study. On return to the laboratory, prior to nitrification rate 
measurements, samples will be altered with respect to the environmental factors under 
study as follows:

• NH4+ concentration ranging from measured value to 100 mg I'1

• Dissolved oxygen ranging from measured in situ value to full saturation;

• Temperature ranging from 4 to 30 °C;

• Salinity ranging from measured value to 35%o;

• Suspended solids ranging from measured value to a 10-fold increase achieved 
by sample filtration and resuspension;

• Light ranging from 0 to 420 lux.

To provide a measure of the specific activity of each sample, estimation of ammonia and 
nitrite oxidisers will be carried out using most probable number techniques as previously 
described (Bealing et al 1990).

Data collected from this proposed study may provide a valuable comparison to two other 
related programmes currently underway in the UK:

1. JoNuS Programme (Joint Nutrient Study)

Funded by the Department of the Environment, and collaborating with Anglia 
NRA, MAFF (Lowestoft), University of Essex, University of East Anglia and 
Plymouth Marine Laboratory.

The work is being carried out in the River Ouse, flowing into the Wash. The 
University of Essex are responsible for examining sediment/water column 
exchange of nutrients, and the fate of the N compounds in the sediment i.e. 
nitrification/denitrification. In this study the water column in the estuary is not
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being examined. Techniques for measuring the processes include the use of 
selective inhibitors and 15N tracer techniques.

2. NERC Programme

The University of Essex are investigating N fluxes along the Colne estuary. This 
study is concentrated on the processes of nitrification and denitrification in the 
sediment, and sediment/water exchange of N compounds. Particular emphasis has 
been placed on the formation of N-gases (N2, N20) during denitrification.

Collaboration with other researchers at the University of Essex would provide a valuable 
comparison with regard to a) techniques employed for the determination of nitrification 
rate measurements, b) the nitrification rates measured within the sediment, and c) the 
influence of denitrification on the rate of nitrification.
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5. RECOMMENDATIONS
In order to obtain a stable bacterial population for the evaluation of nitrifying activity 
measurements, provision will be made for the inclusion of both automatic pH control to 
both chemostats, and the addition of trace metals to the medium in accordance with 
Schmidt and Belser (1981).

It is further recommended that in order to meet the operational requirements of the NRA, 
set out earlier in the study objectives, emphasis should shift to determining the effect of 
environmental factors on environmental samples in place of laboratory enriched cultures.

Collaboration with other researchers in the UK is suggested to provide a valuable 
comparison with regard to a) techniques employed for the determination of nitrification 
rate measurements, b) the nitrification rates measured within the sediment, and c) the 
influence of denitrification on the rate of nitrification.
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