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Warning to Users

The analytical procedures given in this booklet should

only be carried out by competent trained persons, with
adequate supervision when necessary. Local Safety
Regulations must be observed. Laboratory procedures
should be carried out only in properly equipped
laboratories. Field operations should be conducted with
due regard to possible local hazards, and portable safety
equipment should be carried. Care should be taken
against creating hazards. Lone working, whether in the
laboratory or field, should be discouraged. Reagents of
adequate purity must be used, along with properly
maintained apparatus and equipment of correct
specifications.Specificationsfor reagents, apparatus and
equipment are given in manufacturers' catalogues and
various published standards. If contamination is
suspected, reagent purity should be checked before use.
There are numerous handbooks on first aid and
laboratory safety. Among such publicationsare: 'Code of
Practice for Chemical Laboratories' and 'Hazards in the
Chemical Laboratory' issued by the Royal Society of
Chemistry, London; 'Safety in Biological Laboratories'
(Editors Hartree and Booth),BiochemicalSocietySpecial
Publication No 5, The Biochemical Society, London,
whichincludesbiologicalhazards; and 'ThePrevention of

Laboratory Acquired Infection, 'Public Health
Laboratory Service Monograph 6, HMSO, London.

Where the Committee have considered that a special
unusual hazard exists, attention has been drawn to this in
the text so that additional care might be taken beyond
that which should be exercised at all times when carrying
out analytical procedures. It cannot be too strongly
emphasized that prompt first aid, decontamination, or

© Crown copyright 1984
Firstpublished1984
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administration of the correct antidote can save life; but
that incorrect treatment can make matters worse. It is
suggested that both supervisorsandoperators befamiliar
with emergencyprocedures before starting evena slightly
hazardous operation, and that doctors consulted after
any accident involving chemical contamination,
ingestion, or inhalation, be made familiar with the
chemicalnature of the injury, as some chemicalinjuries
require specialisttreatment not normallyencounteredby
most doctors. Similar warning should be given if a
biological or radio-chemical injury is suspected. Some
very unusual parasites, viruses and other microorganisms are occasionallyencountered in samples and
when sampling in the field. In the latter case, all
equipment including footwear should be disinfectedby
appropriate methods if contamination is suspected.
Hazardous reagents and solutions should always be
stored in plain sight and below face level. Attention
should also be given to potential vapour and fire risks.
The bestsafeguardis athorough considerationofhazards
and the consequent safety precautions and remedieswell
in advance. Without intending to give a complete
checklist, points that experience has shown are often
forgotten include: laboratory ti4iness, stray radiation
leaks (including ultra violet), use of correct protective
clothing and goggles, removaloftoxic fumes and wastes,
containment in the event of breakage, access to taps,
escape routes, and the accessibility of the correct and
properly maintained first-aid, fire-fighting, and rescue
equipment. If in doubt, it is safer to assume that the
hazard may exist andtake reasonableprecautions, rather
than to assume that no hazard exists until proved
otherwise.

About this series

This booklet is part ofa series intended to provide both
recommended methods for the determination of water
quality, and in addition, short reviews of the more
important analytical techniques of interest to the water
and sewage industries. In thepast, theDepartment ofthe
Environment and its predecessors,in collaboration with
various learned societies, haveissuedvolumesofmethods
for the analysis of water and sewage culminating in
'Analysis of Raw, Potable and Waste Waters'. These
volumes inevitably took some years to prepare, so that
they were often partially out of datebeforetheyappeared
in print. Thepresent serieswill be publishedas individual
methods,thus allowingforthe replacementoraddition of
methods as quickly as possible without need of waiting
for the next edition. The rate of publication will also be
related to the urgency of requirement for that particular
method, tentative methods being issued when necessary.
The aim is to provide as complete and up to date a
collectionofmethods and reviews as is practicable,which
will, as far as possible, take into account the analytical
facilitiesavailablein differentparts of the Kingdom, and
the quality criteria ofinterest to those responsiblefor the
various aspectsofthe water cycle. Becauseboth needsand
equipment vary widely, where necessary, a selection of
methods may be recommendedfor a single determinand.
It will be the responsibility of the users — the senior
analytical chemist, biologist, bacteriologistetc. to decide
which of these methods to use for the determination in
hand. Whilst the attention of the user is drawn to any
special known hazards which may occur with the use of
any particular method, responsibility for proper
supervisionand the provision ofsafe working conditions
must remain with the user.
The preparation ofthis seriesand its continuous revision

is the responsibility of the Standing Committee of
Analysts (to review Standard Methods for Quality
Control ofthe Water Cycle). The Standing Committeeof
Analysts is a committee of the Department of the
Environment set up in 1972. Currently it has seven
Working Groups, each responsible for one section or
aspect ofwater cyclequality analysis.They are asfollows:
1.0 General principles of sampling and accuracy of
results

Empirical and physical methods
Metals and metalloids
General non-metallic substances
Organic impurities
Biologicalmethods
Radiochemicalmethods
The actual methods and reviews are produced by smaller
panels of experts in the appropriate field, under the
overall supervisionofthe appropriate working group and
themaincommittee. Thenames ofthose associatedwith
this method are listed inside the back cover. Publication
ofnew or revisedmethods will benotified to thetechnical
press, whilst a list of Methods in Print is given in the
current HMSO Sectional Publication List No 5.
3.0
4.0
5.0
6.0
7.0
9.0

Whilstan effort is made to prevent errors from occurring
in the published text, a few errors have been found in
booklets in this series. Correction notes and minor
additions to published booklets not warranting a new
booklet inthisserieswill beissuedperiodicallyas the need
arises. Shouldan errorbe found affectingthe operation of
a method, the truesensenot being obvious,or an errorin
the printed text be discovered prior to sale, a separate
correction note will be issued for inclusion in that
booklet.

L R PITFWELL
Secretary
31 October 1983
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Methods for Assessing the Treatability
and Toxicity of Chemicals and Industrial
Waste Waters and their Toxicity to
Sewage Treatment Processes 1982
Introduction
Industrial waste waters may, like sewage, produce harmful effects in the aquatic
environment should they be discharged without treatment. At best some depletion of
dissolved oxygen may occur, while at worst the receivingwater may become turbid with
bacterial growth, followed by death of fish, onset ofanaerobic zones givingfoul odours
and disappearance of plant life. Some wastes could have direct toxic effects on aquatic
life. It is essential, therefore, that such wastes be treated before dischargeto rivers and
other inland waters, Since waste waters sometimes contain substances which have
detrimental effects on sewage treatment, the topics of treatability and toxicity can be
convenientlyexaminedtogether. Indeed, in generalit has been found to be goodpractice
to treat admixturesof sewage and industrial waste watersbecauseofthe benefitsderived
from the dilution by sewage of any toxic substances and from the correction of any
nutrient deficiencies (N,P,K) in some industrial wastes.

In ordertoascertain whether,and at what concentration, a wastewater canbe treated and
whether it affects normal sewage treatment, tests simulatingthe activated sludgeprocess
and the biological filter are often applied both to the waste itself(or diluted with water)
andto admixtureswith sewage. Two such methods(Eand F) aredescribedinthisbooklet.
For wastes to be discharged to the sewer, admixtures with the appropriate sewage
containing 5—10 times the expectedratioofindustrial wasteto sewageare tested to allow a
safety margin.

The main object of study in treatability trials is the removal of organic matter and
ammonia. In toxicity experimentsthe effectson these processes are assessed. However,
treatability strictly covers a wider range of factors, such as the production of harmful
vapours or gases in the sewer and deleterious effects on sludge settlement and
dewaterability.The latter properties can be studied, usingthe methods for SSVI and CST
given in The Conditionability, Filterability, Settleabilityand Solids Content of Sludge
1983 in this series('); but preferably on pilot plant, rather than the laboratory-scale
apparatus described here (methods E and F) because ofthe need for larger volumes of
samples and possible effects of size of plant on the properties.
Methods simulating sewage treatment are costly and time-consuming so that cheaper,
shorter methods are preferentially employed, which will give an indication of the
treatability and toxicity of industrial waste waters and of individual compounds. Such
methods, called screening or indicative methods (B, C and D) are based on the
measurement of the rate and amount of oxygen uptake, similar in principle to biodegradabilitytests, on the assumptionthatoxygenuptake in the presenceofawaste water
is proportional to substrate removal. Tests based on effects on growth of microorganisms take more time and effort than respirometric methods. Whereas biodegradability is more of a theoretical concept and implies no time limit (although in
practical tests limits have to be applied),treatability implies that substancespresent ina
waste water are bio-degradedwithin the retention period of the sewage in the treatment
(or simulation)plant. Thus, conditions under whichindicativetests arecarried out must
be suchthattheresultsobtained arerelevantto full-scale treatment. Somewastewatersor
chemicalsubstanceswill require a period ofacclimatization,beforeyieldingtooxidation,
which cannot be accommodated in the indicative tests unless pre-acclimatized
populations of micro-organismsare used.
Toxicity,especiallyofindividual substances,presentsa different problem. It islikelythat
the inhibitory effect of at least some substances is dependent on the concentration of
micro-organismpresent, that is, on the substrate: micro-organismratio(F/M). It is thus
instructive to carry out tests at various concentrations of micro-organisms; Method B
provides 102/ml, Methods C and D 106—108/ml. The use of various concentrations of
inoculum is also necessary to assess the impact of chemicalson different parts of the
6

aquatic environment. It is convenient to quantify the toxic effect as EC50 — the
concentration ofsubstance giving 50% inhibition ofthe oxygenuptake ofthe control —
though it is often sufficientto report the EC50 as being <0.1, <1, <10 or <100mg/l.
These values are also helpful in decidingthe concentration of substance to use in biodegradability tests.
Another criterion is the maximum concentration of the substancegiving "no-effect" on
the respiration rate. The direct measurement of this "no-effect" concentration is
laborious, involving many determinations, and cannot be readily determined, while
extrapolated values cannot easily be assessed. In the absence of a "no-effect"
concentration, that concentration giving 20% inhibition is often quoted, although an
inhibition of only 3% is sometimesused.
Toxic effectsare estimated from the oxygenuptake ofasuitable population ofbacteria in
thepresence of a standard synthetic sewage (OECD/EEC)2or, for particular cases, the
sewage into which the substance is to be discharged.
As with bio-degradabilitytests, the indicative tests can give misleadingresults both for
treatability and toxicity. Industrial waste waters, as mentionedearlier, may appear to be
untreatable in an indicative test merely because pre-acclimatization is required. With
toxicity,the predictiveEC0 mayormaynot becorrect. Itisnoteasy toassessthe accuracy
of predicted values, since insufficientdata and experiencehaveso far been accumulated.
Substances(eg metals), whichprecipitate or adsorbon to the sludgeor biologicalfilm are
likely to be more toxic in simulation tests (and in practice) than in indicative tests.
Substances,whichcause thedevelopmentofatolerantbacterial population and/or which
are bio-degradedonly after acclimatizationofthe micro-organisms,will exhibit a lower
toxicity in simulation tests than in indicative tests.

A strategyfor testing potentially harmfulmaterials is given in theaccompanyingdiagram
(Fig. 1). Itis convenienttodivide thewaste watersintothose being dischargedto anatural
water-courseand those to a foul sewer.Thereafter, one or other ofthe indicativetoxicity
tests (Methods B, C or D) is carried out if the EC20 value is not known, followed by a
treatability test (MethodsEor F) or not,according to the EC20 andthe tonnage or volume

of the potentially harmful material. Theactions "stop and report" indicate that further
testing is not required and that the results already obtained are sufficientfor aconclusion
to be reached — either that it is safe to dischargethematerialorthat some action must be
taken to prevent, or reduce, its discharge, or to treat it at source.

Application of Toxicity and Treatability to Full Scale Plant
Operation

In most ofthesimulationtests describedin this compendiumexperimentalconditionswill
not exactly reflect conditions existingin large scale treatment plants. As a consequence,
theresults of laboratory tests may nottrulydescribethe impact ofthetestsubstanceson
full scale operations. It is, therefore, important to appreciate the potential sources of
divergencebetween experimentallaboratory conditionsandthose pertaining to full scale
operations. In the light of these considerations it may be necessaryto modify standard
procedures. Further, an understanding of how the standard methods described in this
document can be used to quantify full scaleplant operation will emerge: an example of
one such application is described in the sub-section which follows this one.

In theindicativetests (Methods B, C and D) experimentalconditionsdiffer considerably
from those in full scale plants. The tests are batchprocesses in whichthe progress ofa
biochemicalreaction is observedover aperiod extendingfrom hours to dayson a sample
to whichno further additions are made. Thesimulation is thereforefor whollyplug-flow
dispersion and mixing characteristics. In full scale continuous-flowplants the mixing
regime seldom approaches wholly plug flow and exhibits either completely mixed or
dispersed plug-flow character.

Results from non-continuous laboratory toxicity tests will not reflect this ameliorating
affect and will thus overestimatethe short-term impact of the toxic substanceon the full
scale process.
A second important differencearisesfrom the batch character oflaboratorytests and the
limited time scaleofexperiments.In full scalecontinuous-flowplants biomassisretained
7

Fig.

reference must be madeto fish toxicity tests (see Ref 21)
and to potable water standards (see Ref. 22.)
See OECD Guidelines for Testing Chemicals305 A-E, Paris 1981.
for organic materials various simulation tests are in
the literature, otherwise analyse target organsfrom
tonicity tests

- LC, - that concentration inhibiting bacterial action by 20%
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Testing Strategy for potentially harmful materials

in the system and this enables it to become acclimatizedto the feed material. Retention
may also permit the accumulation in the biomassofpotentially toxic components of the
feed material. The indicative tests described in this document do not necessarily allow
these processes to develop to the same extent that they might in normal treatment
practice. Thusunless a preacclimatizedseed is used, thetest may indicatethata substance
willexhibit agreater toxicitythan will beexperiencedinpractice. Similarly,thefailure ofa
short termtest to model bio-accumulationmay indicate a lowertoxicity than is actually
found in full scale plant.
A further important consideration arises from differing terminology used to express
organic loading. For full scale activated sludge processesorganic loading is inaccurately
definedas the weightofsubstance(traditionally BOD) entering the aeration unitperday
dividedby the weight of micro-organisms(MLSS) underaeration. For abiologicalfilter
organic loading is defined as the weightofsubstrate administeredper day to unitvolume
offilter medium. Ontheotherhand, in those indicativelaboratory tests whichinvolvethe
loading parameter, the latter is calculated by dividingthe concentration ofsubstrate by
the concentration of biological solids (F/M).
Problems ofinterpretation can also arisewith the simulation tests (Methods E and F). In
thesimulation of theactivatedsludgeprocess (Method E) theloading is calculated in the
same manner as for afullscaleprocess,butcarehas still to betakenwhen usingthe results
of the test becausetreatment in thelaboratory underconstant and controlled conditions
mayoften proceedmore efficientlythanon the full scale. In therotating tubesimulation
ofthe biologicalfilter process(Method F) thebiomassis helddifferentlytothatin thefull
scale and this, together with closely controlled conditions, makes impossible direct
comparisons of loadings. Based on the limited information currently available, an
arbitrary value for the flow of synthetic or actual sewage is used in the proposed test
method, but ifit is considered necessaryto specify the loading more closelythe following
procedure simulating a specificfull scale plant is suggested.
Using primary settlement tank effluent as feedstock, a series of tests with different
loadings is carried out and that load which simulates the actual plant performance is
calculated. This loading can than be used with either synthetic or actual sewage for
comparative treatability and toxicity tests.

The conditions in standardtests are so arranged that the results throwlightdirectly on
eitherthe toxicity or thetreatability ofthetestsubstance. Test substances may, however,
exert purely physicaleffectswhichcaninfluencethe operation oflarge scaleplants so asto
indicate apparent toxicity or lackof treatability when none would be expectedfrom the
results of laboratory investigations. The presence of surface-activesubstances in finebubble activated sludge plants provides an illustration of this point: the influx of
demonstrably non-toxic and treatable detergent can significantlyreduce oxygentransfer
and may thereby cause deterioration in plantperformance. A falseimpressionoftoxicity
or poor treatability maythereby be gained.
Substances diagnosed as non-toxic and treatable in standard tests can exhibit other
deleterious effects on full scale operation. Whereas the degradation of test substances
does not require that the micro-organisms should be in any particular physical state,
satisfactoryoperation of full scale biologicalplants requires that the biomass should be
flocculatedto permit separation of supernatant from solids. Some substances have the
ability to deflocculate even though they do not inhibit respiratory activity. Other
materials may encourage the growth of filamentous micro-organismsthereby adversely
affecting the settleability of the sludge and the efficiency of treatment.
Clearly the interpretation of standard laboratory toxicity and treatability tests requires a
detailed appreciation of the process which is to be exposed to the test substances.

Use of Respirometry in the Design and Optimization of
Activated Sludge Plants
Much general information is available in the literature on

the oxygen requirements of
wastewater treated in the activated sludge process and on the oxygen supply
characteristics of aerators. Nevertheless, situations often arise when it is necessaryto
9

determine the oxygen demand of the process with a particular sewage or the supply
characteristicsof aerators in individual aerationplants particularly if they exhibit poor
performance or if they are to be subjected to future increases in load. In such cases,
respirometric techniques are extremelyuseful.
Conventionally, in the design of activated sludge plants, oxygen demand is directly
estimated from BOD data. However, the BOD test does not accurately model the
treatment processand, dependingon the natureofthe wastewaterand mode ofoperation
of theprocess, more or less than one kg ofoxygen maybe required to removeone kg of
BOD.
Normally, oxygenation capacities of aeration devices are determined under standard
conditions in clean water. Oxygentransferin activated sludge mixed liquor can differ
significantlyfrom that taking place in clean water, and the ratio of oxygen transfer in
sewage to that in clean water is termed the a-factor.
Because of such uncertainties in design data, actual plant operation may differ
significantlyfrom design intentions.Theextent ofunder- orover-provisionofoxygencan
be determined using respirometry (see methods AC and AD in part A).

Therate of oxygen supply to mixed liquor, oxygenation capacity or OC,is given by the
expression

OC = a KL a (13C-C)V/103 kg/h
where

KLa

a

B

C
C
V

is the overall oxygen mass transfer coefficient(h')
is the ratio of KL a in mixed liquor to KL a in clean water
is the ratio ofthe oxygen saturation concentration in sewageor mixed
liquor to that in water
is the saturation concentration of oxygenin clean water at the relevant
temperature andpressure (mg/l)
is theactual dissolvedoxygen(DO)concentration (mg/I) in theaeration
tank
is the aeration tank volume (m3)

At any instantin time there must be a balance betweenoxygen input andconsumptionin
the process such that
Rate of
oxygen

=

Rate of oxygen
uptake by MLSS +

input

(Respiration rate)

a KL a (BC-C) V =

RV

+

Rate of increase
of DO in the
mixed liquor
V

where R is respiration rate (mg/lh)

aKa

=

R+

dt

BCS—C

If the respiration measurements are made when load to the aeration plant is fairly
constant, the dissolved oxygen concentration will approximate to an equilibrium value
and so
0, when the above equation reduces to

aKLa

=

R
Bcs-c

From a study ofthe change in dissolvedoxygenconcentration and the respiration rateof
the mixed liquor, the overall absorption coefficient can be determined. Respiration
studies which are for aeratorsizingpurposes must be carried out during the diurnal peak
loading period of the aeration plant. For most works with fairly local catchments, this
period tends to be between noon and midnight, but for works serving more extended

drainage areas, the peak of the load tends to be less marked andextends further intothe
night.

Theoxygenrequirement can becompared with the BOD load treated to estimatean OCloadfactor. By determiningthevariation in a KLawith power inputto theaeration plant,
it is then possibleto predict theultimate loadwhichtheplantwill be capable oftreating,
or alternatively to predict what extension or uprating is necessaryto treat theintended
load.

For such respirometric determinations samples can be taken from aerationtanks and
measured as in Method AC or direct measurements made in the aeration tanks as in
Method AD. Itshould be noted thatifthe DO inthe aeration pocket israte limiting,ieless
than 2 mg/l for nitrifying plants, and less than 0.5 mg/I for non-nitrifyingplants, the
respiration rate obtained in Method AC, afteraeration of the sample, may exceed the
existing rate in the plant. Such a measurement is therefore ofvalue in determining the
oxygenrequirementatthatpointin theaerationplantbut itcannot beusedtoestimate the
actual oxygenationefficiency ofthe aerators. Method AD should be used only wherethe
DO concentrationin theaeration plantis sufficientlyhigh for 1 mg/l DOtobeleft inthe
trapped sample at the end of the respiration determination. Otherwise, non-linear
respirometric traces result and it is difficult to estimate the true non-oxygen-limited
respiration rate.
Care must be takento ensurethat thesample tested is representativeofthe contents ofthe
aeration pocket as a whole, bearing in mind that the mixingcharacteristicsin the aeration
pocket can lead to gradients in dissolvedoxygenconcentrationsand non-homogeneity3
Unlike standard chemicalanalyses,respirometric determinations on afull scaleaeration
plant incur all the problems associated with variable seed quality, sewage nature, flow
rates of sewage and re-cycled sludge and temperature. A sufficient number of
determinations must be made to ensurethat the data collectedare sufficientlytypical for
the intended use ofthe results. For example a rise in temperature of 10°C increasesthe
aerobic respiration rate by a factor of about 2. Therefore, respirometry measurements
carried out on an aeration plant in January at 8°C should not be used directly to size
aerators since good plant performance is required at peak load under the highest
temperatures normally reached during the summer, possibly 15 to 20°C.

Glossary of Terms
1. Acclimatization
The processes,includingselectionand adaptation, bywhicha mixed population ofmicroorganisms develops the ability to degrade a substance, or develops a tolerance to it.

Activated sludge
A flocculated mixture ofmicro-organisms,other organicand inorganicmaterialproduced
by the aeration of sewage and/or waste water.
2.

3.

Adsorption
The adherence of a substance to a surface (organic or inorganic) by physico-chemical
processes.

Analogue Metabolism (a special case of co-metabolism)
The process by which a normally non-biodegradable compound is biodegraded in the
presence of a structurally similar compound, which can induce the necessaryenzymes.
4.

Bio-accumulation
Theability ofa micro-organismto assimilateand retaina chemicalunaltered by normal
physiologiaI processes.
5.

6.

Biodegradability

The ability of a substance to undergo microbial attack.
11

7.

Biodegradation
The breakdown of a substance by micro-organisms.This may be either:—
a. Primary —the alteration ofthechemicalstructure ofa substance,resulting inloss
of a specific property of the substance, or
b. Ultimate — the complete breakdown of a substance to either fully oxidized or
reduced, simple molecules (eg C02, H20, NO, NH3, Cl-i4) and formation ofnew
cells.

8.

Bio-elimination

The removal, from the liquid phase, of a testsubstance in the presence of living microorganisms by physico-chemicalas well as biological processes.
BOD (Biochemical oxygen demand)
The amount of oxygen consumed by micro-organismswhen metabolizing a compound
under standard conditions of temperature and duration, normally 20°C for 5 days.
9.

COD (chemical oxygen demand)
The amount of oxygen consumed during oxidation of a compound with hot acid
dichromate under standard conditions; it provides an estimate of the oxidizablematter
present.
10.

Co-metabolism
The processby which a normallynon-biodegradablesubstanceis biodegradedonly in the
presence of an additional carbon source. (see also analogue metabolism).
11.

12. A Completely Mixed System
A systemin whichthe feedis rapidly mixed with the contentsofthe aeration tanksothat

no significant concentration gradients exist between inlet and outlet.
13.

DOC (Dissolved organic carbon)

The amount of carbon present in organic compounds in aqueous solution.
14.

EC50

The concentration of test substance (specific compound or waste) which inhibits the
measured microbial function by 50%. This parameter may be time-dependent, either
increasing or decreasingwith time of exposure to the test substance.
Inhibition
The effect(s) of a substance or its metabolites on micro-organisms which may be
manifested as a reduction in oxygen uptake, substrate degradation, gas evolution or
15.

growth.

Inoculation
The process of adding micro-organismsto a test medium.
16.

Inoculum
Micro-organismsadded to a test medium.
17.

18.

Loading Factors

a. sludge loading
This term relates to the operation ofactivatedsludgeplants and is the weight of
BOD applied to the plant per day per unit weight of activated sludge under
aeration. This is usually expressed as kg BOD/kg MLSS.d.
b. Initial Sludge Loading
This term relates to the operation of batch processes,and is the weightofBOD
added at the start of the test perunit weightof micro-organisms.This is usually
expressed as g BOD/g MLSS.
c. F/M
(Food: Micro-organism) This is a somewhat confusing term, which may
representeitherof the above loadingsituations. In this document,it is used in the
sense of initial sludge loading.
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19. Maximum 'no-effect' concentration
The maximum concentration of a test substanceat which no significantinhibition ofthe
measured microbial function is observed (often called the minimum inhibitory
concentration (MIC), or the threshold concentration).

20.

Mixed liquor

Themixture offeed sewageand returned activated sludgeunder aerationin an activated
sludge tank.
21.

Mixed Liquor suspended solids (MLSS)

The concentration of activated sludge solids in the aeration tank of a treatment plant,
expressed as mg dry solids/i.
Nitrification
The sequential oxidation of ammonium salts to nitrite and nitrate by micro-organisms.
22.

23.

Plug-flowsystem

A system in which the feed to an activated sludge plant passes along the length of the

aeration tanks with little or no longitudinal mixing, thereby giving concentration
gradients between inlet and outlet.
24. Respiration Rate

Theweightofoxygentakenup in unittime by unitvolumeofsample (mg/lh). Thespecific
respiration rate ofa sample is the weightofoxygentaken up in unit time byunitweightof
activated sludge, usually expressed as mg/g h.
25. Screening(indicative)tests

Relatively simple, cheap and rapid batch tests which may be used for preliminary
assessmentof the biodegradability, treatability or toxicity of a substance.
26. Simulation Tests

Tests designed to predict the effect of a substance on micro-organisms using a set of
conditions relevant to a particular environment e.g. activated sludge treatment or
biologicalfiltration.
27. TOC (Total Organic Carbon)

The total amount of organic carbon in an aqueous solution/suspension.

TOD (Theoreticaloxygen demand)
The total amaunt of oxygen required to oxidize a compound completely to mineral
products, calculated from its formula.
28.

29. Toxicity

The extent to which a substance adversely affects micro-organisms.
30. Treatability

The amenabilityofsubstancesto removal during biologicaltreatment without adversely
affecting the normally operation of the treatment process. Adverse effects are usually:
reduced removal of COD and/or DOC, inhibition of nitrification and/or anaerobic
sludge digestion etc.
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A. Respirometry: Basic Equipment and

Techniques

Introduction
The degree to which oxygen is taken up by an industrial wastewtaer in the presence of
activated sludgealone, or with sewage, is a measure ofthe treatability ofthe wastewater.

Also, the extent to which a wastewater or a chemicaldepressesthe respiration rate ofan
activatedsludge-sewage mixture is a measure ofthe inhibitory effect ofthe test material.
Respirationrate measurementscan be made in two distinct ways. In the first, the sample
absorbs oxygen from a confined atmosphere; eitherthe atmosphere is recharged with
oxygento maintain a constant volume (Method AA — electrolytic respirometer) or the
change in volume is measured by means of a calibrated scale (Method AB — Hach
respirometer). In the second method, the decrease is observed of the concentration of
dissolvedoxygenin the sample,which is confinedso that no further replenishmentofthe
dissolved oxygencan takeplace (Method AC —oxygen electroderespirometer; Method
AD — as AC, with a submersible system).

It should be noted that none of these methods distinguishes between chemical and
biological oxidation. If such distinctions are required, it will be necessary to devise

suitable experiments. With the exceptionof a few chemicalsand some trade wastes, the
vast majority of oxygendemand is biologicalin nature and oxygenuptake rates are thus
referred to as rates of respiration. Oxygenuptake due to nitrification and carbonaceous
oxidation may be distinguished by means of a specific inhibitor of nitrification (see
Method CD).
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Method AA Electrolytic Respirometer

AA.1. Performance
Characteristics AA.l.l.

Property determined Oxygen uptake (respiration) rate

AA. 1.2.

Types of sample

Specific chemicals,trade waste waters.

AA. 1.3.

Basis of method

Replenishment,by controlled electrolysis,of oxygen
consumed by a confined, inoculated sample and air.

AA. 1.4.

Range of application 0—200 mg 02/ih

AA. 1.5.

Standard deviation

No data

AA.l.6.

Limit of detection

1

AA. 1.7.

Interferences

See Section AA.3

AA. 1.8.

Time required

Usually 1—5 days
Operator time: 10 h per run
up to 6 units

mg/I h

AA2. Principle

A measured volume of test material is stirred in a closedflask and the consumption of
oxygenis determined by measuringthe quantity ofoxygenrequired to maintain constant
volumein the respirometerflask. A magneticstirrer isusedto mixthe contents oftheflask
and form a vortex whichpermits rapid transfer ofoxygentothesample;carbon dioxideis
formed, but mostly remains in solution as carbonate or bicarbonate. Gas-phasecarbon
dioxide is absorbed in potassium hydroxide solution, and the fall in pressure due to this
and the uptake ofoxygenas a result ofmicrobialrespiration causes the interruption ofan
A/C circuitin a manometer —electrolytic cell deviceattached to therespirometer.This in
turn switchesa preselectedstabilized D/Ccurrent through theelectrolyticcell releasing
oxygen at its anode which replenishesoxygen consumed in the respirometer.

AA.3. Interferences

AA.3.1. Toxic materials may cause inhibition and care should be taken to ensure that
they do not enter the system except by design. Examples of materials which may be
present adventitiously are chlorine from tap water and chromate from glass cleaning
operations. No special precautions, other than rinsing with distilledwater, are neededto
ensure removal of these substances.
AA.3.2. Ifsiliconegreaseis used onthe ground glassjoints, care should betakento avoid
its entering the main bodyof theflask as it will cause interference by reducing therate of
oxygen transfer.

AA.4. Hazards

Hazards associatedwith handlingsewagesandindustrial wastesmay beencountered, and
appropriate precautions should be taken.

AA.5. Reagents

AA.5.1. Water. Distilled

or deionized water is normally used, although in some
experiments it may be necessary to use the public supply because of quality
considerations,e.g. hardness.
AA.5.2.

Activated sludge

The source of the activated sludgeused will depend on the aim ofthe experiment.Ifthe
object is to test the treatability or inhibitory effectoftradewastesorchemicalsubstances,
sludge from a planttreating domesticsewageis ideal. Clearly, ifthe focus ofattention is
on nitrifying activity a nitrifying activated sludge will be required.
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Thickenedsludges (e.g. containing approximately 12000 mg/l MLSS)are required. This
may be achievedby settlement or slow centrifugation. For some applications it may be
necessary to wash the sludge by resuspension in an isotonic solution and to
settle/centrifuge.
Sludge should be aerated continuously before use to prevent the onset of anaerobic
conditions, and should be kept in a water bath maintained at the temperature of the
experiment.
AA.5.3. Reference Sewage

In treatability or toxicity testing a referencesewage is required. This may be domestic
or a synthetic sewage such as OECD synthetic sewage14. Sewages of domestic
origin with a BOD of 125—250mg/l have been- used successfully. For treatability and
oxygendemand measurementsrelating to aparticular plant,settle sewage from that plant
sewage,

will be required.

AA.5.4. Allyl thiourea solution

Inhibition ofnitrification in activatedsludgeswhich havenot previouslybeenexposedto
theinhibitorcanbe achievedby addingallylthiourea solution(5 ml ofa2.5 g/litresolution
to each litre of test sample) so as to give a concentration of inhibitor of 12.5 mg/litre.
AA.5.5. 8% Sodium hydroxide solution W/V.
AA.5.6. 20% Potassium hydroxide solution W/V.
AA.5.7. Buffer solution,

AA.5.7.1.
AA.5.7.2.

AA.6. Apparatus

pH 7.0

Sodium dihydrogen phosphate 128.7gIl.
Dipotassium hydrogen phosphate 330.8 g/l.

The apparatus is that developedby the former Water Pollution ResearchLaboratory in
1968 and originally intended for the determination of rapid respiration rates5.

Theequipment is in two parts, (i) a constant temperature water bath(180cm X 30cmX
17 cm) in which are immersed the six reaction flasks and, (ii) a central console (56 cm X
30cm X 75cm).

AA.6.1.

Reactioai flask

Two suitable flask systemsare described
AA.6.1.1 An example of a suitable reaction flask is as follows:—
A flat-flangedreaction flask of 500 ml nominalvolume (actual volumeabout 720ml)and
its electrolytic cell are shown in Fig. 2. The flask has a 5-neckeddemountable lid. The
central neck is closed by a suitable screw thread cone adaptor containing a glass rod
supporting a glass dish to contain the CO2 absorbent. The other necks contain:
(i) the manometer-electrolyticcell
(ii) a stopcock
(iii) a stopper, and
(iv) optionally a dissolvedoxygen (DO) probe,whichis otherwisereplaced by a similar
stopper to (iii).
The stoppers are extended to reduce the volume of the gas phase.
PTFE sleeves and gasketsshould be usedto givean air tight sealatthe ground glassjoints.
This avoids the use of silicone grease which can cause interference(see Section AA.3).
AA.6.1.2. A simpler two or three necked non-flanged flask has also been successfully
used. Use a standard two or threeneckedflask fitted with ground glassjoints preferably
with the central neck wide for cleaning.One neck carries the cell system(II in Figure 2).
The glass dish on (III) is hung below the stopper (I) which also carries the tap (V). Ifan
indicator marker with electrodeis used, the third sideneck is used; thismayalsocarrythe
tap (V)instead of it being mounted on the stopper.
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AA.6.2. Electrolytic— Manometer Cell

The electrolytic cell is shown in detail in Fig. 2. Three platinum electrodes are
incorporated in the cell; one acts as a level detector whilst the other two comprise the
anode and cathode of the electrolytic cell. The cell electrolyte is 8% w/v sodium
hydroxide.
AA.6.3. Stirrers

The contents of the reaction flasks are stirred by PTFE coated slave magnets
("Followers"). The stirrer drive motors are placed beneath the waterbath and thus must
be capable of effective magneticcoupling not only through theflask wall,butthrough the
water bath as well. Not all shapes ofslavemagnet aresuitable: an egg-shapedspinbar and
32 mm "circulus" have been used successfullyin the round-bottomed flasks.
Very rapid stirring (at rates of the order of 1000 rev/mm) is needed to achieve the
necessaryrates ofoxygentransfer with the more activelyrespiringsamples. Two typesof
magnetic stirring motor are available, one electricaland one driven by compressedair.
Experiencehas shown that the air driven motor may be more reliablethan the electric
motor, and that bothshould befitted flushwith thebottomofthe bath. The bottom ofthe
water bath is "dished", both to locate thereaction flasks centrally over the motors, and to
minimize the distance between the master and slave magnets.
AA.6.4. Control Console

The control console contains all the necessarypower supplies, circuitry, controls, and
printing counters. As each channel is independent, a single timer camcould be usedto
operate all channels simultaneouslybutin order to reducepower requirementsindividual
cams, arranged in sequence, are provided.
The solid state logic and printing counter drive circuits are assembledon three plug-in
printed circuit boardsfor eachchannel, the total ofeighteen cards being contained in a
card frame at the top of the unit. Commercially available items have been used
throughout and for ease of assembly no chassis is employed, all components being
mounted on the base and panels.
Details of design and construction of the control console are available from the Water
Research Centre on request.
AA.6.5. Basis of Operation

The consumption of oxygen by the sample causes a reduction in the volume ofthe gas
phaseand the level ofelectrolytefalls in theouterannulus ofthe cell. Ultimatelythelevel
falls below that of the side contact and a small AC current flowing between the contact
and the cathode ceases. A standard cam timer (synchronousmotordriven)allowsa logic
circuit to interrogate the condition of the AC "probe" circuit once every minute and on
thenext operation after the AC current has ceased,the logiccircuitcausestheelectrolytic
current to be switchedon ata pre-setvalue, and the time, in minutesfrom the start ofthe
experiment,tobeprinted out by an electro-mechanicalprinter. Ifthe oxygensupplied by
electrolysis is sufficienttore-makethe AC circuit,theelectrolyticcurrent ceasesatthe end

of 1 mm., otherwiseelectrolysiscontinues for further consecutiveperiods of 1 mm. until
the AC circuit is re-made, the printer operating at the beginning of each minute of
electrolysis.

The results are obtained as a series of printed times, each corresponding to a known
increment of oxygen.

AA.7. Procedure
Step

Procedure

AA.7.1.

Preparation of Apparatus
Assemble the six reaction flasks and place them in (a) The current normally used is 402 mA whichcorrethe constant temperature water bath. Add 8%
sponds to the evolution of 2 mg ofoxygenin 1 mm,
sodium hydroxide solution to the electrolysis cells
or 201 mA, 1 mg 02 in 1 mm.
tojust belowthelevelof thesensingprobes. Switch
the power on and adjust theindividual current for
each channel (note a). Allow 1—2 mg oxygen to be
supplied to each vessel by suitable adjustment of
the level of the electrolyte. Leave the flasks for a
period e.g. overnight and, if the flasks are airtight,
no further evolution of oxygen should take place.
Although one stopper on eachflask will have to be
moved again, this procedure considerably reduces
the possibility of overlooking leaks.

Notes

AA.7.2. Preparation of ActivatedSludge
Collectthe mixed liquor on the day ofthe test and (b) The inoculum should be a small proportion ofthe
total volume and therefore high suspendedsolids
prepare as described in section AA.5.2.
are required e.g. 12 000 mg/I.
Determine the suspended solids (or volatile suspended solids) of the thickened activated sludge
(see method already described in this Series Ref
8). Place the thickened activated sludge in the
water bath and aerate until use (note b).
AA.7.3. Characterizationof Test Materials
Determine the BOD and COD of the test and
reference materials by standard methods in this
series'°' 24)
AA.7.4.

Preparation of Flasks
Calculate (note c) the required volumes of
(c) The volume calculated should provide a constant
referencesewage, test material, ATU (if needed)
organic (COD) load in each flask.
and water and add to the flasks (seeTables in
Method D). Add 10 ml of each buffer (AA.5.7.l. (d) 10 ml of the buffer solutions at the given strength
and AA.5.7.2. — note d). The final volume in the
will give concentrations of 0.015M sodium
flask should be such as to leave a gas space of not
dihydrogen phosphate and 0.025M dipotassium
less than 100 ml nor more than 170 ml; 550—
hydrogen phosphate ifthe finalvolume is 550 ml.
620 ml of liquid is usually suitable (note e).

Start the magnetic stirrers and adjust so that a
(e) Increasingthe volume ofliquid reduces errorsbut
smooth rapid stirring in the flask is obtained.
also reduces the rate of solution of oxygen. Work
Switch on the electrolysiscells and allow to run for
with the minimum gas space for measuring
15 minutesat 201 mA or 7 mm at 402 mA. During
respiration rates at the lower end ofthe range, and
this period add a volume of inoculum to give the
vice versa.
required concentration of MLSS. Add 5 ml of 20%
potassium hydroxide solution (AA.5.6.) to the
glass dish using a syringe.
AA.7.5.

Measurementof OxygenUptake
Insert the stoppers and close the stopcocks.
Finally, press the 'reset' button on the printersand
allow the apparatusto run.
Make good any evaporative losses from the
electrolytic cell by the addition of water. If the
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Step

Notes

Procedure
oxygenuptake exceeds 250mg, putfresh potassium
hydroxide solution into the carbon dioxide
absorber. Usually no further attention is required
other than occasional checks to see that adequate
stirring is maintained.

AA.7.6.

From the print-outof times of oxygen production (2 mg if 402 mA for I mm and pro rata),
plot a respiration curve.

AA.8. Sources of

error

AA8.1

Barometric pressure

Anincrease in barometric pressure reduces the volume ofthe gas phase and also causes
more air to dissolve,causing the electrolyticcell to supply oxygento restore the original
volume of gas. Similarly, a decrease in pressure retards the operation of the cell. A
correction may be made graphically, using the results of a control experiment, or by
calculation.A correction of 1 mg oxygenis necessaryfor achangeinpressureof5mmHg
with 620 mlliquid and 110 ml ofgas, while 550 ml liquid and 180 ml gas the correction is
1 mg per 3 mm Hg. It is imperative to makethese corrections or to allow for them in a
control experiment using the same gas/liquid ratio as in the test.
AA.8.2. Oxygendeficit

Errors due to the developmentof an oxygen deficit in the liquid phasebecome evident
only when the respiration rate is high.
AA.8.3. Time scale

the sample should reach equilibrium in the reaction flask before readings are
started an uncertainty may arise in the time scale. This would be small for biodegradability assessments but can be almost certainly eliminated by previously
equilibrating the buffered samples with air at the temperature of the experiment.
Because
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Method AB. Manometric Respirometer (Hach)

AB.1. Performance
Characteristics AB. 1.1.

AB.2. Principle

Property determined Oxygenuptake (respiration) rate.

AB. 1.2.

Types of sample

AB.1.3.

Basis

AB. 1.4.

Range of application Up to 700 mg oxygen/l in total.

AB. 1.5.

Standard deviation

Not available.

AB.1.6.

Limit of detection

Depends on sample volume and scale chosen eg.
416 ml, scale 0—35 limit = 0.5 mg/l;
240 ml, scale 0—350 limit = 5 mg/l;
93 ml, scale0—700 limit = 10 mg/I.

AB.1.7.

Interferences

See section AB.3.

AB.l.8.

Time required

Operator time: 10 h per run
up to 6 units

of method

Specific chemicals,trade waste waters.

Oxygenconsumption of a confined inoculatedsample
plus air is measured by means ofa calibrated closedend manometer.

A measuredvolume oftest material is stirred in apartiallyfilled bottle whichis connected
to a closed-endmercurymanometer. Oxygenconsumptionis measuredby observingthe
change in level ofthe mercurycolumn in themanometer. Carbon dioxideevolvedintothe
bottle atmosphere is absorbed in alkali held in a small cup within the bottle cap.
Temperature control is normally achieved by placing the equipment in an incubator.

AB.3. Interferences

AB.3.l. Toxic materials may cause inhibition and care should be taken to ensure that
they do not enter the system except by design. Examples of materials which may be
present adventitiously are chlorine from tap water and chromate from glass cleaning
operations. No special precautions, other than rinsing with distilledwater, are needed to
ensure removal of these substances.
AB.3.2. Ifsiliconegrease is used on the rims of the bottles, careshould betakento avoid
its entering themain bodyoftheflask as it will cause interferenceby reducing therate of
oxygen transfer.

AB.4. Hazards

Hazards associatedwith handling sewages and industrial wastesmay beencountered, and
appropriate precautions should be taken.

AB.5. Reagents

AB.5.1. Water

Distilled or deionized water is normally used, although in some experimentsit may be
necessaryto use the public supply because of quality considerations, e.g. hardness.
AB.5.2. Activated sludge

The source of the activated sludge used will depend on the aim ofthe experiment.If the
objective is to test the treatability or inhibitory effect of trade wastes or chemical
substances,sludge from a planttreating domesticsewage is ideal. Clearly, ifthe focus of
attention is on nitrifying activity a nitrifying activated sludge will be required.
Sludgescontaining approximately 3000 mg/l MLSS are required. This may be achieved
by settlement or slow centrifugation. For some applications it may be necessaryto wash
the sludge by resuspensionin an isotonic solution and settle/centrifuge.
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Sludge should be aerated continuously before use to prevent the onset of anaerobic
conditions, and should be kept in a water bath maintained at the temperature of the
experiment.
AB.5.3. Ally! thiourea solution

Inhibition ofnitrificationin activatedsludges whichhave not previouslybeen exposedto
the inhibitor can be achieved by adding ally! thiourea solution (5 ml,2.5 g/litre) to each
litre of test sample so as to give a concentration of inhibitor of 12,5 mg/litre.
AB.5.4. 20% Potassium hydroxide solution W/V.
AB.5.5. Dilution water
AB.5.5.1.

Solution A:

Potassium dihydrogen phosphate, 8.5 g; di-potassium hydrogen phosphate, 21.75 g;
disodiumhydrogen phosphate dihydrate, 33.4g; ammoniumchloride, 20.0 g; dissolvedin
distilled water and made up to 1000 ml. The pH value should be 7.2.
AB.5.5.2.

Solution B:

Magnesium sulphate heptahydrate, 22.5 g dissolved in distilled water and made up to
1000 ml.

Solution C:
Calcium chloride dihydrate, 36.4 g dissolved in distilled water and made up to 1000 ml.
AB.5.5.3.

AB.5.5.4.

Solution D:

Ferric chloride hexahydrate, 0.25 g dissolved in distilled water and made up to 1000 ml.
The dilution water ismade upto contain 3 ml ofeachofsolutionsA—Dper litreofdistilled
water.
AB.5.6. Reference sewage

A referencesewageis required whichmaybe ofdomesticorigin ora syntheticsewage,e.g.
OECD synthetic sewage4. To study the effect ofthe test material on a particular plant
sewage supplied to that plant should be used.

AB.6. Apparatus

used for these studies is a constant volume respirometer,
measuringoxygenuptake manometrical!y.Eachindividual unit(Fig. 3)consistsofa dark
glass bottle connected to a closed-end mercury manometer. Carbon dioxide produced
during respiration is absorbed by potassium hydroxide placed in the seal cup and the
oxygentaken up is measured as adecreaseinpressure byreading directlythe BOD (mg/I)
on a scale*. The contents ofeach bottleareindividuallystirred by a PTFE coveredstirrerbar driven by magnets attached to a motor.
AB.6.1. The apparatus

A commerciallyavailableform of the apparatus is manufactured by the Hach Chemical
Co., Ames, Iowa, US, whose agents in the UK are Camlab Ltd, Cambridge.
AB.6.2. Basis of Operation

The appropriate volume of sample material (industrial waste water, sewage etc) is
introduced intothe bottle, buffer, dilution water andinoculum are added as required, and
connection made to the manometer. Thermal equilibrium is allowed to become
established, then the manometer is sealed,and readingsare commenced.The equipment
would normally be placed in an incubator to ensure that measurementsare made at a
defined temperature.

*Mathematicallycalibrated by the method given in Section AB.9.

AB.6.3. Seed concentration

The concentration of seed micro-organisms is normally 1500 mg/I. The MLSS of the
activatedsludgeis determined on the day ofuse and volume required per litreofdilution
water is calculated as follows:

-

Xx 1000
y

where V = volume of seed ml per litre of dilution water
X = Desired seed concentration (normally 1500 mg/I)
y = MLSS of activated sludge (mg/i)
AB.6.4.

Volume of test medium

The volume of the test medium and hence the amount of test compound that must be
dispensed to each bottle depends on the anticipated BOD of the sample undertest. The
theoretical oxygendemand can usually be calculated for pure compoundsorformulated
products ofknowncompositionorthe chemicaloxygendemand(COD) maybe measured
if no information is available. Table 1 indicates the appropriate volume — scale
relationship.

AB.7. Procedure
Step

Procedure

Notes

Effluents and water soluble compounds
AB.7.1.

For each sample and reference sewage to be
tested, calculate the total volume ofdilution
water required (note a) and half fill a measuring
cylinder of appropriate volume with aerated
distilled water.

AB.7.2.

(a) The volume required depends on the anticipated
BOD (See section AB.6.4). The greater the oxygen
uptake expected, the larger the volume of air
requiredto satisfy the demandand hence thesmaller
the volume of solution to be tested in each bottle.

Add to this measuringcylinder 3 ml per litre (final (b) The activated sludge can be varied from the level
volume) of each of the solutions 5.5.1—5.5.4.
stated. Also the seed can be obtained from other
followedby the appropriate volume of activated
sources (e.g. laboratory units acclimatized to the
testcompound) depending on the objectives ofthe
sludge and as calculated above (AB.6.3)(note b)
experiment.

AB.7.3.

Finally add the appropriate volume of sample
and/or referencesewage (note c) and make the
total volume in the measuring cylinder up to the
required level with distilled water.

(c) The volume calculated should provide a constant
organic load (COD) in each flask.

AB.7.4.

Mix thoroughly and dispense the required
volume into each of three Hach bottles (note d).

(d) Normally three replicatebottles are used to ensure
reproducibility. If equipment availability is
limited, fewer bottles can be used.

AB.7.5.

Set up the blank Hach bottles (seed and dilution
water for treatability and additionally reference
sewage for toxicity).The blank volume added to
each bottle is normally 416 ml and the control
volume, 157 ml.

AB.7.6.

Place a magnetic follower in each bottle and then (e) Ensure that the grease does not come into contact
apply a thin smear ofgrease aroundthe rim of the
with the test solution where it could interfere.
bottles (note e)

AB.7.7.

Placea sealed cup to whichhas beenadded 2drops (f) The potassium hydroxide absorbs any carbon
of 20% w/v KOH (note 1) in the mouth of each
dioxide gas produced.

bottle and then appropriately position the bottles
on the Hach stirring apparatus.
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Step

Procedure

AB.7.8.

Apply a further smear of grease to the top of the
seal cup and then switch on the stirrer motor
checkingthat each bottle is correctly agitated.

AB.7.9.

Open the manometer caps, check that each mano- (g) The closed-end manometers compensate for
metercontains 4—5 drops of water and thenlightly
changes in atmospheric pressure.
grease each manometer cap seal before loosely
replacing on the manometer body (note g).

Notes

AB.7.10. Screw down the bottle caps looselyand then leave (h) This time can beshortenedbybringingallsolutions
the whole apparatus to reach thermal equilibrium
to the operating temperature before filling the
(30—60 minutes) (note h).
bottles.
AB.7.ll. After this time period, tighten both bottle and
manometer caps, loosen the manometer scale
screws and set the zero mark on the scale level with
the top of the mercury column. Tighten scale
screws.

AB.7.12. Record time and date. After a further 30 minutes
check the reading on the manometer. If either a
negativeor a positivereading has resultedin anyof
the manometersbriefly loosen both manometer
and bottle caps then reclose. Repeat AB7. 11.
AB.7.13. Continue to record manometer values daily until
the end of the experiment and plot the respiration
curve.

Viscous or solid samples (not water soluble)
AB.7.14. Follow steps AB.7.1. to AB.7.2.
AB.7.15. Make up the volume of dilution water to the
appropriate level with distilled water and/or

(i) Inmost cases the volume of compound to be
added is an insignificantproportion of the seeded
dilution water and neednot be taken intoaccount.

referencesewage (note i).
AB.7.16. Place viscous samples directly into the Hach

bottles then add the required volume of dilution
water.

AB.7.17.

For solid samples, place the required volume of
dilution water into a clean wash bottle and then
wash the sample into the appropriate Hach bottle.

AB.7.18. Follow steps AB.7.5

to AB.7.13.
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AB.8. Sources of

Error

AB.9. Calibration

AB.8.1. Barometric pressure

Unlike most manometricrespirometers,this version is not subject to errors due to
changes in barometric pressure because of the closed-end manometer.
For a scale reading change of x cm during the experiment the weight (mg) of oxygen

of the mano-

absorbed by the volume of liquid, v, is calculated as follows:—

the Hach

BOD (wt in mg of 02 absorbed by volume v) =
32 TN. ,
[V1 + Pi rd2- 7rd2 X.]

meter scale on
respirometer

4

22.4.T.PN

4

where TN = standard temperature (°K)
T1 = temperatureof experiment (°K)
PN = standard pressure (cm of mercury)
P1 = atmospheric presure (cm of mercury)
d = diameter of sight glass tubing
= volume of air in vessel A plus the length (L) of flexibletubing, at the
V1
start of the experiment.

V1=V-v+ D2L

where

= volume of glass vessel A
v = volume of liquid in glass vessel
D = diameter of flexible tubing
V

L = length of flexible tubing

AB.9.1. Calibration procedure

The manometer sight glass tube is of constant diameter (d = 0.15 cm) and a calibration
scale is provided by the manufacturer (20 divisions= 5.1 cm). The length ofthe 'Tygon'
tubing is constant(25 cm), as is its diameter (0.65cm). The volume of the glassbottle is
constant (500 ml) and the volumeofthe liquid sample (v) is known. From these data the
BOD correspondingto a scaledivision can be calculatedat the start ofthe experimentfor
a given temperature and pressure.
Normally the temperature is kept constant throughout the experiment andthe apparatus
and the test solutions are brought up to this temperature at the start. Theoretically
corrections should be made to the calibration for the atmosphericpressure prevailingat
= 0. In practice this is not done and a changein pressure( from theassumednorm
(76 cm Hg) will cause an error in BOD reading of about

P)

xlOO%

(P1 +

For tubing of 0.15 cm diameter this will always be negligible.
Once the apparatusis in operation correction for changesin barometric pressure do not
need to be made to the daily readings.
Table 1: Volume — scale relationships and conversion factors for Hach BOD bottles
Selected(a
Conversion(
Sample
Expected BOD(e
volume (ml)
scale
factor
(mg/l)
416
416
352
352
305
293

240
190
157
123
123

93
93
24

0—35
0—350
0—70
0—350
0—350
0—350
0—350
0—350
0—350
0—350
0—700
0—350
0—700

1.0
0.1
1.0
0.2
0.3
0.33
0.5
0.75
1.0
1.4

0.7
2.0
1.0

0—35
0—35
0—70

0—70
0—100
0—150
0—175
0—250
0—350
0—500
0—500
0—700
0—700

Notes

(a) The Model 2173 apparatus only has a scalefrom 0—350. The Model 2173A scalecan
be varied as follows: 0—35; 0—70; 0—350; 0—700.
(b) The averaged results must be multiplied by this correction factor before blank
correction.
(c) Where thereis an alternative; it is advantageous to take the largest volume possible
with the smallestscalerange. This makes scale reading easier andminimizeserrors in
multiplication.
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Method AC. Oxygen electrode

AC.1. Performance
Characteristics AC. 1.1.

Property determined Oxygenuptake (respiration) rate.

AC.l.2.

Types of sample

Specific chemicals,trade waste waters.

AC.1.3.

Basis of method

Decrease in dissolved oxygenconcentration with time
of a wellaerated,confinedinoculatedsample, excluding
gaseousphase, is measured using an oxygenelectrode.

AC.l.4.

Range of application 0—4mg 02/1 mm; 0—240 mg/gh for sludge
containing 1,000 mg MLSS/l.

AC.l.5.

Standard Deviation

Sample
1.

2.
3.

Sludge alone
(5250 mg MLSS/l)
(1) Washed and
centrifugedfour times
(2) Plus sewage

AC.l.6.

Limit of detection

0.05 mg 02/1 mm

AC.l.7.

Interferences

See Section AC.3.

AC. 1.8.

Time required

Operator time: 15 mm for one
determination

Respiration rate
mg/gh
mean
SD
n
8.0

0.2

4

16.5

2.4

4

44.0

2.8

4

AC2. Principle

Suitably aerated samples are introduced into a sample vessel containing an electrode
whichdetects the decreasein DO concentration which is recorded as a function oftime.
The slope of the resulting line is the respiration rate in mg 02/litre per unit time. By
measuringthe mixed liquor suspendedsolids (MLSS)or volatile solids (MLVSS)ofthe
samples undertest('8, it is possible to express respiration as specific oxygenuptake rate,
mg 02/g ML(V)SS hour.

AC.3. lnt•rferences

AC.3. 1. Toxic materials may cause inhibition andcare should be takento ensure that
they do not enter the system except by design. Examples of materials which may be
present adventitiously are chlorine from tap water and chromate from glass cleaning
operations. No special precautions, other than rinsing with distilled water, are neededto
ensure removal of these substances.
AC.3.2. Some substances may affect the calibration of the electrode; this may be
checked, if suspected, by appropriate experimentsin the absence of bacteria.

AC.4. Hazards

Hazards associatedwith handling sewagesand industrial wastesmaybeencountered,and
appropriate precautions should be taken.

AC.5. Reagents

AC.5.1. Water. Distilled or deionized water is normally used, although in some
experiments it may be necessary to use the public supply because of quality

considerations,e.g. hardness, in whichcase test for residualdisinfectant6 and remove if
necessary.
AC.5.2. Activated sludge

The source ofthe activated sludge used will depend on the aim ofthe experiment. If the
object is to test the treatability or inhibitory effectoftradewastesorchemicalsubstances,
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sludgefrom a plant treating domesticsewageis ideal. Clearly,ifthe focus of attention is
on nitrifying activity a nitrifying activated sludge will be required.

For general use, sludges containing approximately 3000 mg/IMLSS are required. This
may be achieved by settlement or slowcentrifugation. For some applications it may be
necessarytowash the sludgebyresuspensionin an isotonicsolution and settle/centrifuge.
Sludge should be aerated continuously before use to prevent the onset of anaerobic
conditions, and should be kept in a water bath maintained at the temperature of the
experiment.
AC.5.3. Reference sewage

A referencesewage is required which should be of domesticorigin, but OECD/EEC4
syntheticsewage mayalso be used. To study the effectofthe test material on a particular
plant, the sewage supplied to that plant should be used.
AC.5.4. Allyl thiourea solution

Inhibition of nitrificationin activated sludges which have not previouslybeenexposedto
the inhibitor can be achieved by adding allyl thiourea solution (5 ml, 2.5 g/litre) to each
litre of test sample so as to give a concentration of inhibitor of 12.5 mg/litre
AC.53. Dissolved oxygen electrode zero calibration solution. Prepare and use a
solution of the composition recommendedby the electrode manufacturer.

AC.6. Apparatus

AC.6.1 Equipment is required to confinethe sampleso that it is not in contact with air, to
stir the sample, and to measurethedecreasein concentration ofdissolvedoxygen within
it. This can be assembledfrom general purpose laboratory equipment or, alternatively,
proprietary equipment can be purchased and suitably adapted.
One type ofproprietary device, whichis readily available, is the Rank Respirometer,and
this can be obtained in cell capacities ranging from 7 ml to 50 ml.
A suitable system can also beconstructed from standard laboratory glassware,such as a
conical flask or BOD type bottle, incorporating a DO probe, such as is availablefrom
Yellow Springs Instruments (YSI), Electronic Instruments Ltd (EIL), or International
Biophysics Corporation (IBC). Typical arrangements are shown in Figures 5 and 6.

The Rank electrode requires a suitable operating circuit, as shown in Figure 4 and any
chart recorder with a sensitivityin the range 1—20 mV full scale deflection (fsd).
The YSI and IBC probes require theirassociated DO meters but the EILprobecan be
connected to any suitable pH or millivolt (mV) meter. The YSI and IBC instruments
should be connected to a suitable chart recorder, preferably having 100—500 mV fsd
sensitivityrange, usingthe circuit shownin Figure5. The EIL probeshould be usedwith a
meter which has an output signal compatible with the sensitivityrange of the available
chart recorder.
For consistent results, it is important to maintain the test vessel and contents at a
constant, known temperature since slight temperature variations may leadto significant
changes in concentration of dissolvedoxygen, and to a lesserextent in respiration rate.
AC.6.2. Basis of operation

The cell or bottle is filled with the sample under test, the DO probe and/or stopper is
inserted, and the rate of decreaseofdissolvedoxygen concentration is measured, ideally
by recording on a suitable chart recorder.
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AC.7. Procedure
Step

Procedure

Notes

Set up the oxygen electrode according to the
manufacturers' instructions.

Calibration of Respirometer
AC.7.1.

Zero calibration

AC.7.1.1. Rank type
Fill the cell with the zero DO calibration solution
(AC.5.5), insert the magnet and stopper and start
the stirrer motor. Adjust the recorder zero offset
control so that the recorder pen is set at scale zero.

AC.7.l.2. YSIand IBC types
Fill the bottleor flask with the zero DO calibration
solution, insert the probe, and start the stirrer
motor.

Move the function switch to DO 10 mg/I range.
The meter needle should fall to not more than
0.2 mg/I. If it does not, the electrode requires
servicing (note a).

(a) If the needle does not indicate zero, do not adjust
the zero control to makeit indicate zero. Refer to
the manufacturer's handbook on electrode
servicing.

Adjust the recorder zero offset control so that the
recorder pen is set at scale zero.
AC.7.l.3. EIL type

Fillthe bottleor flask with thezero DO calibration (b) If there is insufficientadjustment on the buffer
control to permit this, asislikelytobe thecase with
solution, insert the probe and start the magnetic
stirrer.
pH/mV meters otherthanEILmodels 7010/7020,
7030or 7050, the mY range should be used instead.
Select the pFI range and adjust the buffer control
until the meter needle indicates zero (note b).
Adjust the recorder zero offset control so that the
recorder pen is set at scale zero.

AC.7.2.

Air-saturated water calibration
Prepare a sample of clean air-saturated water at
the required temperature.
Determine the dissolved oxygen concentration in
the sample by the method described in this series
(note c).

a) Rank type

(c) See Ref 7.

Thoroughly rinse the cell and then fill with the air- (d) Sensor response varies with stirring speed below a
minimum critical value. This value should be
saturated water, insert the magnet and stopper
determined by increasingthe stirrer speed untilno
and start the stirrer motor (note d).
increase in meter reading occurs and the reading
'fine'
control
is steady.
the
circuit
Adjust
potentiometer
until the recorder pen indicates the correct value
as determined for DO concentration.
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Step

Procedure

Notes

b) YSI and IBC types
Rinse the bottle or flask well and then fill it with (e) The stirrer speed is not adjustable but the standard
clean air-saturated water. Insertthe DO probeand
speed is sufficient to give an optimum response.
start the stirrer. With the function switch on the
appropriate DO concentration range, adjust the
meter reading using the DO calibration control
until the meterneedle indicates the correct DO
concentration (note e).

Ys'
Adjust the circuit potentiometer until the chart
recorder indicates the correct DO concentration
also.

IBC

The recorder should give the same readings as the
DO meter, if not, the electrode requires servicing.
c) EIL Type
Rinse the bottle or flask thoroughly and then fill
it with clean air-saturated water. Insert the DO
probe and start the stirrer motor (note f).

(f)

If stirrer speed is tooslow, a bumpy recorder trace

a

will be obtained during respirometricrun. Ideally,

the trace should be smooth and straight.

Turn the scale length control on top of the probe (g) Ifit does not, the recorder inputdoes not match the
fully anti-clockwise and allow the meter reading to
output signal from pH/mV meter. In this case the
stabilize for about five minutes. When a steady
recorder sensitivityrange should be changed.
turn
the
scale
is
reading obtained, slowly
length
control clockwiseuntil the meter reading corresponds to the dissolved oxygen concentration
present in the sample (note g). The normal scale
calibration range is 0—14 mg/I. The chartrecorder
should now also read the correct value without
further adjustment.
The pH/mV metershould now read the correct
value for DO concentration (note h).
The chart recorder should also read the correct
value for DO concentration.

(h) This willbe the casewith EIL meterssuch asmodels
7030/7050. Meters with separate slope/offset
controls will require further adjustment. In this
case, the slope control should be adjusted untilthe
meter needle indicates the correct value ofDOconcentration in the air-saturated water.

Preparation of Test Samples
AC.7.3.

Bring the aerated sludge, referencesewage and
test solutions to the required temperature and
then mix them in the necessaryproportions to
yield the test samples.

Measurement of RespirationRate
AC.7.4.

Transfer sufficient sample completelyto fill the
cell, bottle or flask. (note i).

(i) The mixed samples should contain at least5 mg/I
of dissolvedoxygenand ifnecessaryshould briefly
be vigorously aerated prior to transfer to the
respirometer.

a) Rank type

Insert the stirrer magnet and the stopper (note j). (j) In all cases, a small quantity of sample will be
displaced from the respirometer vessel so that air
is effectively excludedfrom the test sample.
b) YSI and IBC
Insert the DO probe.
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Step

Procedure

Notes

c) EIL type
Insert the stirrer magnet and the DO probe.
Switch on the stirrer, and the recorderchartdrive. (k) For typical sewage and/or activated sludge
Allow the test to proceed until a sufficient chart
mixtures,a suitablechart drive speedis 10 mm/mm.
trace has been obtained to allow the gradient of
An adequate recorder trace is normally obtained
the line to be determined accurately (note k).
within 10 minutes. See also note h.
Caution should be exercised when the uptake
exceeds 2 mg/I mm, since the response time of the
electrode may mask changes in the actual DO, and
lead to an underestimate of the actual respiration
rate.

Stop the recorder chart drive. Thoroughly rinse
the cell, bottle or flask. (note 1).

(1) Otherwise cross contamination may occur and

cause erroneous results.

Determination of MLSS
AC.7.5.

Determine the MLSS of the relevant samples by (m)See Refs. 1 and 8.
the method described in this series(notes m and n).
(n) Care should be takento ensure that the specimens
withdrawn for solids determination are drawn
from well-shakenliquors.

Calculation of Results
AC.7.6.

Measure the slope of the recorded respiration
(o) The recorder trace may not be linear during the
trace and calculate the result as mg 02/1 h. Divide
initial period of a respiration determination. Also
this result by the MLSS concentration (gil) to
if a determination continues until the DO conobtain the specific respiration rate as mg 02/g h
centration falls below 1 mg/I and becomes rate
(note o).
limiting, the slope again deviates from linearity.
The centrallinearportion(7—2mg02/1)ofthetrace
should be used forthe calculationofthe respiration
rate.

Method AD. Submersible Electrode Respirometer

AD.1. Performance
Characteristics AD. 1.1. Property determined Oxygenuptake rate (respiration rate).
AD. 1.2.

Type of sample

AD.l.3. Basis of method

AD. 1.4.

Range of application

AD. 1.5.

Standard deviation

AD. 1.6.

Limit of detection

AD. 1.7.

Interferences

AD. 1.8. Time required

Activated sludge mixed liquor.
Decrease in dissolved oxygen concentrationwith time
is measured using an oxygen electrode, ofa confined
sampleofmixed liquor in situ inan aeration tank ofan
activated sludge plant.

No data.

See AD.3.

About 5 mm per test.

AD.2. Principle

Therespirometerisloweredhorizontallyintotheliquid underexamination.Thesample is
admitted to the test chamber by moving a Perspexsleeve pneumatically,the sleevethen
being movedback to itsoriginal "closed" position, thereby confiningthe sample.Thetest
chamber contains a stirrer and DO electrode, and is thus in principlevery similar to the
equipment ofMethod AC. The measurementofsolidscontent and method ofexpression
are also similar to Method AC.

AD.3. Interferences

Air may be entrapped which would give false results.

AD.4. Hazards

AD.4. 1. Hazards associated with handling sewages and industrial wastes may be
encountered and appropriate precautions should be taken.
AD.4.2. Fouling ofthe connecting tubes and leads, betweenthe submersedelectrodecell
and the meter and recorder, with aerators,etc must be avoided.
AD.4.3. Take care not to fall in the tank.

AD.5. Reagents

AD.5.1.

DistilledWater. Saturated with air at the temperature of the experiment.

DO electrode zero calibration solution. Prepare and use
composition recommendedby the electrode manufacturer.
AD.5.2.

AD.6. Apparatus

a solution of the

AD.6. 1. The WRC submersiblerespirorneteris very similar in many ways to the system
described under Method AC. However,it is designed specifically to be used in situ for
measurements
on, for example,activatedsludgeplants, at theambient temperature ofthe
Provision
has been made to confinethe sample out of contactwith air and the
sample.
surrounding liquid, and to stir the sample, but no provision has been made for sample
aeration. DO measurements are made with an electrode system, and the mechanical
operations required to take and confine the sample are carried out belowwater level by
use ofa pneumaticsystem.A diagram ofthe apparatus, whichisused with the majoraxis
horizontal, is given in Figure 7.
The test chamber has a volume of approximately 250 ml, and containsa DO electrode,
and stirrer, It consistsof a cylindricalPerspexshield whichcanbe madeto slidebackand
forth pneumatically, together with two end plates.

AD.6.2.

Basis of operation

Sample is admitted to the test chamber by withdrawing the Perspexshield. At the same
time as the shield is withdrawn, the DOelectrode(EIL type 1521orYSI5739) is causedto
be moved past the seal in the end plate whichcarries the electrode,thereby cleaning the
membrane surface. When the shield is restored to its original position, the sample is
confined out ofcontactwith air and the surroundingliquid. The integral magneticstirring
system ensuresthat liquid velocitiesin the cell are sufficientlyhigh for the DO probeto
give true indications,assuming that respiration rates are not too high. Readingsfrom the
probe are taken with an EIL Model 1520 portable DO meter.

AD.7. Procedure
Step

Experimental Procedure

Notes

Standardization of Respirometer
Zeroing the DO Probe

AD.7.l.

Fill a suitable container with zero DO calibration
solution, immersethe respirometer, and fill the
sample chamber with the solution. Start the
magnetic stirrer, allow the DO meter reading to
become steady and adjust the meter according to
the maker's instructions. Empty the sample
chamber and thoroughly wash the equipment with
clean water.
Air-saturatedwater calibration

AD.7.2.

Fill a suitable container with clean air-saturated (a) Because there are no provisions made in the
water, preferably at the temperature of the liquid
equipment for aeration of the sample, the 0—50%
to be sampled. Immerse the respirometer, fill the
saturation scale, or 0—5 mg/i scale, may be the
most useful. Make all adjustments according to
sample chamber, start the stirrer and allow the DO
meter reading to become steady. Adjust the meter
the maker's instructions.
to read 100% saturation for EIL electrodes and
the appropriate concentration for YSI electrodes
(note a).

The DO level in the saturated water may be cal- (b) See Ref. 7.
culated from measurementsof its temperature and
the ambient pressure, but for preference, should
be established by chemical means (note b). This
value will be required for the calculation of
respiration rates in terms of mass concentration.
AD.7.3. In-situ measurementsshould not be made using
this respirometer if the sample DO level is less
than 3 mg/l ifthe EIL 1521 probeis in use because
its response time is such that non-linear respiration traces may result. Levelsdown to 1.5 mg/l
ambient DO are acceptable if the YSI 5739 probe
is in use. It should be notedthat at DO concentrations below 0.5 mg/l, respiration rate is reduced
because the DO concentration becomes ratelimiting and this therefore sets the useful endpoint of the respiration run. If satisfactory DO
concentrations cannot be achieved then a subsample should be removed and rapidly aerated in
a suitable container. The respiration rate should
then be measured immediatelyusing either the
submersible respirometer, or Method C.
Measurements of DO should be taken until the
concentration has fallen below that found in the
activated sludge plant. The respiration rate in the
plant may then be obtained by interpolation to
the appropriate DO.
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FIGURE 7 WRC SUBMERSIBLERESPIROMETER
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B.

Method for assessing the toxicity to
micro-organisms of a chemical or
industrial waste water using the
BOD method

Introduction
One of the simplest ways ofassessingthe toxicity of a chemicalor industrial waste is to

ascertain its effect on the uptake of oxygen by micro-organismsgrowing on a known,
readily degraded substance or mixture as measured in the standard 5-day BOD test. A
number of standard substrates have been suggested:in this method amixture ofglucose
and glutamic acid is used.
By extending the test period (5—30 d) more can be ascertained about the nature of any
toxicity andby using the technique of"sequential seeding"(o)(seesection B5.4)evidence
may be collected on whether acclimitization to the toxic substance occurs.
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BI. Performance

Characteristics

Characteristics

Notes

B1.1.

Property determined Effect of test substance(usually expressed as EC5Ø) on
the uptake ofdissolved oxygenby micro-organismsin
the presence of a biodegradable standard.

B1.2.

Type of sample

Single substance, a mixture or an industrial waste
water.

B1.3.

Basis of method

The test substance and biodegradable standard substances are dissolved in BOD dilution water. The
mixture is saturated with air, seeded and placed in a
closed bottle which is incubated in the dark for 5 days
at 20°C. Theamount ofoxygentaken up is determined
by appropriate measurementsof dissolved oxygenand
compared to the uptake by the standard substances
alone.

Bl.4

Range of application 0—100% inhibition.

Bl.5.

Standard Deviation

For 3,5-dichlorophenol(often used as a typical
inhibitor).
EC50 = 16 mg/I ± 9.5
(n = 5)

B1.6.

Interferences

Any substance which interferes in the method for
determination of dissolved oxygen (see Section B3).

B1.7.

Time for analysis

Test time: 5 days
Operator time: 15 mm per sample for a large number
tested together — longer for individual samples.

Theuptake ofdissolved oxygen ofa solution of glucoseand glutamic acidis determined
by the standard BOD5 or BOD(ATU)method('°).A seriesofbottles isalso prepared each
containing the same concentration ofthe glucose/glutamicacidsolution but with a range
ofconcentrationsofthetestsubstance, givinga set ofBOD5 valuesfrom whichtheEC0 of
the test substance can be deduced. More detailed information may be obtained by
ascertaining the effects on oxygen uptake after various periods of incubation.

82.

Principle

83.

Interference and The testsubstance may be inhibitory at higherconcentrations butbiodegradableatlower
sources of error concentrations, while mixtures and industrial waste water may contain biodegradable
and toxic components.In these circumstancesitis advisabletodeterminetheBOD(ATU)
of the testmaterial at various concentrations in the absenceof the standard solution of
glucose-glutamicacid.

Also, in rare cases the test material may react with ATU and thus interfere with the
suppression of nitrification.

84. Hazards

This procedure makes use of two methods for the determination of dissolved oxygen
which are published in detail in this series7.

The titrimetric method involves the use of strong alkali, strong acid and sodium azide
solution, all of whichare potentially hazardous. The user should consult Section A4 in
Reference 2 for fuller details of these hazards and of the precautions to be taken in
practice.
Iodine, used in reagent 5.2.6, should be regarded as a special hazard in the present
procedure. The vapourirritates the respiratory system and the eyes: the solid burns the
skin. Care must be takento avoid inhalingthe vapourand the solid should bekeptout of
contact with the skin.

If the properties of the test chemicals are unknown, or an industrial waste water with

unknown componentsistested, these substancesshould be treated as potentiallyharmful,
handled with care and protective clothing worn if appropriate.

B5. Reagents

B5.1. Water

To ensurethat BOD resultsare meaningfulandreproducibleindifferentlaboratories, itis
essentialthat the water usedfor sampledilution is ofaconsistentanduniform quality and
composition. Standard dilution water is prepared by adding specifiedchemicalreagents
to good quality distilled or deionized water. These reagents provide osmotic balance,
buffer the pH and provide essential nutrients (other than carbon) and trace metals.
Distilledwater from copper stillscan contain inhibitory concentrationsofcopper (greater
than 0.01 mg/l) and is unsuitable. It is recommended that distillate from an all-glassor
block-tin still be used.

If deionized water is used, regular checks should be madeto ensure that a satisfactory
blank value is obtained. This is particularlyimportant whenusingwater from eitheranew
or an almost spent column, since resins may introduce, or fail to remove, undesirable
organic matter.
Dilution water, whether distilled or deionized, must be free of chlorine, chloramines,
caustic alkalinity, acids or any other toxic/inhibitory materials.
Preparation of stock reagent solutions
Analytical reagent grade chemicals should be used to prepare the following stock
solutions. These solutions are stable for at least 1 month and should be stored in glassin
the dark and discarded at the first sign of precipitation or biological growth.

B5.2.

B5.2.1. Ferric chloride solution
Dissolve 0.125 (± 0.005) g ferric chloride hexahydrate in 1 litre of water.
B5.2.2.

Calcium chloride solution

Dissolve 27.5 (± 0.5) g calcium chloride, (or equivalent if hydrated calcium chloride is
used) in 1 litre of water.
B5.2.3. Magnesium sulphate solution
Dissolve 25.0 (± 0.5) g magnesiumsulphate heptahydrate in

1

litre of water.

B5.2.4. Phosphate buffer solution

Dissolve42.5 (± 0.5) g potassium dihydrogen phosphate, in 700 (± 10) ml water and add
8.8 (± 0.1) g sodium hydroxide.Add 2 (± 0.1) g ammonium sulphate and dilute to 1 litre.
B5.2.5 Ally! thiourea solution
Dissolve 0.50 (± 0.01) g ally! thiourea in

1

litre of water.

B5.2.6. Washing solution for bottles

To 2 litres of 1%rn/vsulphuric acidadd 5 g iodine and 25 g potassium iodide. Shake to
dissolve. Discard when brown colour fades.

B5.2.7. Standard solution of glucose/glutamicacid
Dissolve0.150± 0.0001 geachofD-glucoseandL-glutamicacid(both previouslydried at
105°C for 1 hour)in 1 litre of water in calibrated flask. Prepare freshly each day.

a

B5.3. Preparation of dilution water

Transfer the required volume of freshly distilled or de-ionized water to a clean vessel
which should be speciallyreserved for the preparation ofdilution water. To each litre of
water add 1 ml of each of the stock reagent solutions (B5.2. 1 to B5.2.5).
Bringthe prepared stock ofdilution water tothe incubation temperature (20 ±0.5°C)and
maintain at that temperature. Saturate with oxygen by gently bubbling clean air, free of
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organic vapour, through the water from a fullyimmersedsintered glassdiffuser(Porosity
4) for 1 hour ± 10 minutes. Add bacterial seed (see B5.4) to thedilution water and use as
soonas possible. Any unused dilution water should be discarded at the end ofeach day.
Stocks of dilution water should never be 'topped up' with fresh solution. The vessel is
cleaned daily by rinsing first with washing solution B5.2.6and then thoroughly with tap
water and finally with distilled or deionizedwater. Store the prepared dilution water out
of direct sunlight. The dissolved oxygen concentration of a satisfactorydilution water,
when incubatedwithout seed under standardconditions, should not be depletedby more
than 0.3 mg/I. Higher values for oxygen depletion may sometimes be caused by the
presence of water-soluble organic vapour which may be present in the laboratory
atmosphere and is absorbed during the production of distilled or deionized water, or
during aeration of the prepared stock of dilution water.
B5.4 Seed
Add 5 ml of fresh, good-quality sewageworks effluent,taken from the final settlement
tank, to each litre of dilution water.

It is preferable that the substanceunder test is not present in thesewagefrom which the
seed is derived,otherwise the bacterial population may have become acclimatizedto the
substance.

It maybe necessaryto know whether bacteriabecomeacclimatizedto thetestcompound,
in which case the test should be repeated using as seed the contents of previously
incubated (çreferably for 30 d) BOD bottles containing the substance. Alternatively,a
model filter (rotating tube) oractivated sludge plantshould be fed with sewagecontaining
the substance;after a suitable period, eg 1—3 weeks, effluent from the model treatment
plant can be used as seed.
B5.5.

Stock solution of test substance

Stock solutions of test substance should be made in distilled water e.g. 0.1 g/l, 1 g/l or
lOg/I. If the pH value of the solution is not between 6.5 and 8.5 add sufficient alkali or
acid to bring it within this range.

B6. Apparatus

B6.1. Narrow-mouthedclear glassbottles, of nominal 250 ml capacity, should be used as

standard. The bottles should have well fitting glass or plastic stoppers.

Plastic stoppers may be used provided tests show that the material is non-biodegradable,
and does not interfere chemically with the procedure for determination of dissolved
oxygen.All stoppers should be tapered so that they do not trap air bubbleswhen inserted
into filled bottles.

It may be convenientwhere,for example,incubator space is restricted,to use bottles ofa
smaller capacity, e.g. 125 ml.In such cases,comparative checksshould be madeto ensure
that results are similar to those obtained when using standardbottles.
Cleanliness of the bottles, and indeed of all associated glassware, is of paramount
importance. When using the Winkler procedure for determination of dissolved oxygen,
cleanlinessof the bottles is ensured by the action of the acidic iodine solution and no
further treatment, other than rinsing with tap and distilled/deionizedwater, is nonnally
necessary. However, when using the alternative instrumental procedure, the bottles
should be rinsed, before re-use, using 5—10 ml reagent B5.2.6, shaking well to coat the
bottlewalls. Standfor 15 minutes, pouroff thesolution and rinse thoroughly with water
and finallydistilled or deionizedwater. This lattercleaningprocedure alsoappliesto new
bottles.
B6.2. Samplesshould be incubatedin acirculatory water bath, orair incubator equipped
with fan-assistedair circulation. Temperatureshould bethermostaticallycontrolledat 20
± 0.5°C and incubation must be carried out in the dark to prevent the formation of
dissolved oxygen by algal activity. A cooling facility is normally required in order to
achieve temperature control throughout the year.
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B6.3. All glassware usedfor the preparation ofdiluted samplesshould beofgoodquality
and capable of being easily and thoroughly cleaned.Vesselsfrom whichdiluted samples

are transferred to bottles for incubation should preferably be of a tall cylindricalshape
(e.g. 500 ml cylinder), to facilitate mixingand transfer with minimumentrainment ofair
bubbles.

Volumetricglassware should be of Class B or better.
B7.

Procedure

Read section on hazards before starting this procedure. There are two methods for
determinationofdissolvedoxygen in water, either ofwhichmay beusedin this procedure
(see Reference 7).
The following method assesses the inhibitory effect on BOD in which nitrification has
been suppressed. If the effect on unsuppressed BOD is required, omit solution B5.2.5.
(allylthiourea)from the dilution water (B5.3).

Step

Procedure

B7. 1.

Prepare a dilution of the glucose-glutamicacid
(a) Use a pipette to dispensethe solution into,ideally,
standard solution (B5.2.7) using 1 volume to 49
a stoppered measuring cylinder. The capacity
volumes of seededdilution water (B5.3) in a suitable
depends on the method employedin the measuremixing vessel (note a). (The corrected BOD value
ment of dissolved oxygen. For the titrimetric
should lie in the range 220 ± 20 mg!l).
method, a 1 litre cylinder may be used, but if an
electrode is used 500 ml would be suitable. Larger
volumeswill be required ifadditional bottles are to
be incubated for periods other than 5 days.

B7.2.

Notes

Prepare five further batches of the diluted standard (b)

butadd a different concentration of test substance
to each. The concentration should increase in a
logarithmic manner (note b).

Ratio of Volumes
Glucose!
glutamic acid
1
1
1
1

1

Suitable stock
soln of test
substance

Seeded dilution
water

0.5
1.0
2.0
4.0
8.0

48.5
48
47
45
41

It will probably be necessaryto carry out a preliminary test todetermine the range over whichthe
substance is inhibitory, e.g. at 1, 10 and 100 mg/l.
B7.3.

Make up to the desired final volume (± 0.5%) by
careful addition of dilution water.

B7.4.

Mix thoroughly using a gentle rolling and inverting

motion to avoid entrainment of air.
B7.5.

Rinse out the bottle(s) with the prepared dilution
and fill to overflowingeither by careful pouring or
using a siphon (note c).

B7.6.

(c) For each period of incubation, two bottles are
needed for the titrimetric method, one for the
initial and one for the final dissolved oxygen
measurement. When the instrumental method is
usedone bottle may suffice for both measurments.

Allow the bottle(s) to stand for 10 ± 5 minutes. Tap
gently to remove any air bubbles. If the titrirnetric
method is used, stopper one of the duplicates carefully, but firmly, to avoid air entrainment.
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Step

Procedure

87.7.

Determine the initial dissolved oxygen content of
(d) With sensors, slight displacementof the sample
the diluted sample in thebottle (D, mg/i)(note d). If
will occur during measurement;this problem
the electrode7 method is used, stopper carefully,but
may be eliminated by the use of a displacement
funnel in the bottle neck, or alternativelyit may
firmly to avoid air entrainment. If the titrimetric
method is used, discard the bottle.
be necessaryto top up the bottle contents after
the initial measurementusing some previously

Notes

reserved diluted sample.
B7.8.

Label the bottles to be incubated and place in an
incubator or water bath at 20.0 ± 0.5°C for 5 days
± 2 hours (note e).

(e) Incubation must be in the dark.

B7.9.

After the required time, usually 5 days, determine
(titrimetric) or re-determine (electrode) the
dissolved oxygen content of the sample (note 0.
(D2 mg/i).

(f)

Ifthesensor method is used it is important toclean
the bottles after use by washing with acidified
iodine solution as described in Seêtion B6.1.

B7. 10. Blank determination.Treat the seededdilution water (g) This test provides one check on the validity of the
as sample and determine its dissolved oxygen
method and values of B1—B2 in excess of 0.5 mg/i
content before (B1 mg/I) and after (B2 mg/i) 5 days
should be the cause ofinvestigationofthe dilution
incubation at 20.0 ± 0.5°C (note g).
water used.

B8. Calculation

The BUD is calculated from

BUD =

the followingformula:

(D, — D2) — (B1 — B2)

j! }

f

mg/l

where D, is the initial concentration of dissolved oxygen (B7.7)
D2 the concentration of d.o. after n days (B7.9)
B, the initial concentration of d.o. in the seeded dilution water (blank value)
(B7. 10)
B2

f

the concentration of d.o. in the seeded dilution water after n days (B7. 10)
thedilution factorof thestandard solution ofglucose-glutamicacid= (I + 49)
= 50, in above scheme (B7.2).

Thus, for each concentration of test substance a BUD is calculated: BUD', BUD2 etc.
where BUD1 is the valueofBUD forthe firstconcentration ofsubstancetested, BUD2 the
BUD of the second concentration etc and BUDS is the BUD of the standard
glucose/glutamic acid solution.
The percentage inhibition at the first concentration is given by the formula:—

-

BOD5 BUD'

BOD

x 100%

the percentageinhibition given bytheotherconcentrationsoftest substancecan befound
by substituting the appropriate BUD value for BUD'. Graphs are drawn plotting
percentage inhibition against concentration, or logarithm of concentration of the test
substance; one or other of these plots is usually a straight line andthe concentration of
substance giving 50% inhibition can then be interpolated.
The results should be accompaniedby astatement ofthe sourceofthe seed and whetherit
was acclimatized.

B9. Nitrification

If nitrification is suppressed in the BUD test('°) the effect of test substance on the
carbonaceous respiration of the micro-organismswill be measured.

If nitrification is unsuppressed, spurious results may be obtained by varyingamounts of
nitrification occurring in test and control samples.
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C.

Method for the Determination of the
Inhibitory Effects of Chemicals and
Industrial Waste Waters on the
Respiration and Nitrification of
Activated Sludge

Introduction
Activated sludge in the presence of sewage (or synthetic sewage) will respire rapidly;
addition of a toxic concentration ofa chemicalto this mixture will result in a decreasein
the respiration rate proportional to the toxicity of the chemical.

Thetestcan be carried out usingactivatedsludge at aconcentration ofabouteither 100 or
1500 mg suspended solids/i depending on the purpose. The percentage inhibition at a
particular concentration oftest substance,orthe concentrationgiving50% inhibitioncan
be estimated. The latter can be assessed roughly bya preliminarysighting experiment,in
three ranges of concentration: 1—10 rng/l, 10—100 mg/I and greater than 100 mg/I, or
more accurately by a definitive test.
However,since sludgesfrom different sourcesmay differ in activity,the results from any
of thetests must be regarded only asguidesto thelikely toxicity ofthechemical,sinceno
laboratory test can truly simulate environmental conditions.
Contents
Method CA
Method CB
Method CC
Method CD
Method CE
Method CF

Page
48
50
50

— 'Immediate' EC50 (WRC)
— EC50 after 3 h (ETAD)
— EC50 over 3 h (AFNOR)
— as method CA allowing for nitrification
— as method CB allowing for nitrification
— as method CC allowing for nitrification
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Cl. Performance

Characteristics

Cl.1.

Property determined

Toxicity (EC50) of chemicalsand industrial waste
waters to activated sludge bacteria.

C1.2.

Type of sample

Soluble or insoluble substances (see C5.4); mixtures;
or industrial waste water.

C1.3.

Basis

C1.4.

Range of application

0—100% inhibition

n

Standard deviation

Method Meanmg/I SD
A
12.9
5.8

3

for

B

11.6

4

C

11.0

3,5-dichlorophenol

C1.5.

of method

Determination of the effect of test substance on the
respiration rate of activated sludge or of the
heterotrophs only.

5.5
1.5

5

C1.6.

Interferences

Substances which may be auto-oxidized, or which
affect the calibration of the oxygen electrode (see
Section C3).

Cl.7.

Time required for
determination

Operator time:—
Method A: 15 mm
Method D: 30 mm
Methods B, C, E and F:

-4

h
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C2. Principle

The effect is determined of the addition of test substance or industrial waste on the
respiration rate of activated sludge-syntheticsewage mixtures; the rates are measured
using an oxygen-electrode.

Decreasesin respiratory activity ofsludge-sewage mixtures indicatethatthe test material
is toxic to some or all of the species of micro-organismspresent in the sludge. The EC50
(the concentration of test substance giving 50% inhibition of respiration) may be
determinedby assessingthe inhibition causedby a suitable range ofconcentrationsoftest
substance on activated sludge respiring in the presence of sewage or synthetic sewage.

Theinhibition of heterotrophs and of nitrifying organisms canbe separated by use of a
specific inhibitor of Nitrosomonas (e.g. allyl thiourea). Nitrification may lead to
spurious results, so that it is advisable in any case to ascertain whether the test sludge
nitrifies (see section C7.5) and to make allowances if it does (see Section C8.3).
C3. Interferences

C3.l. Somechemicalsmay be auto-oxidizedand take up oxygen in the absence of
micro-organisms or stimulate oxygen uptake eg by uncoupling of oxidative
phosphorylation, thus appearing to be biodegradable.The presence ofphysico-chemical
uptake of oxygen may be taken into account by inclusion of a control containing test
substance, but no inoculum.
Inhibitory substances may be present in the activated sludge collectedfrom a
works
receivingindustrial discharges.If the object of the test is to investigatethe
sewage
effect of a chemical upon the activated sludge of a particular sewage works, then the
sludgeshould not be pretreated. Ifmore general studiesare to be made, the sludgemaybe
washedbefore use. Solublesubstancescan be removed by centrifugationand washingof
thesludgeasdescribed in SectionCS. 1. Adsorbedsubstancesaremore difficult to remove
and culturing the sludge with synthetic sewage for several days may be necessary.
C3.2.

Activated sludge may be diluted, with sewage effluent, to the suspended solids
concentration required for testing, but if the effluent is known, or thought, to contain
inhibitory substances,tap water may be used instead, assuming this is isotonic with the
effluent.

C4. Hazards

C4.1.

Hygiene

Sewages and derived activated sludges may contain potentially pathogenic organisms,

therefore appropriate precautions should be taken when handling these materials.

Vesselscontaining aerated activated sludgeshould be looselycoveredto avoid splashing
and fine spray.
C4.2 Chemicals

Test chemicals,or components of the waste waters tested, may be toxic and should be
regarded as potentiallydangerous;precautionsshould betakento avoid contact with skin
and clothing, andto avoid breathing dust or vapour.

C5. Reagents

C5.1.

Activated sludge

Activated sludge is preferably taken from the aeration tank ofa planttreatingdomestic
sewage or mixed industrial and domesticsewageor from a laboratory plantmaintained
for the purpose. It should be keptaeratedbefore use and preferably used on the day of
collection. If this is not possible, it should be fed daily with synthetic sewage. If it is
required to ascertain effects of nitrification,a nitrifying sludge must be used. Ifno such
effects are sought a non-nitrifying sludge will be suitable, but if the available sludges
nitrify, allowancemust be madefor this in the experimentation (SectionsC7.5—C7.6and
C7.7) and in the calculations (Section C8.3).

If coarse, extraneous particles are present, the activated sludge may be sievedto remove
these.

Iftheactivatedsludgeis obtained from asewageworks receivingindustrial discharges,it
may be necessaryto centrifuge the sludge(after preliminary sieving if necessary)e.g. at
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1100 g for 10 mm, and wash it with tap water (or an isotonic solution) to remove any

interfering substances that may be present in the industrial waste water. Washing is
necessaryto obtain information on thegeneral inhibitory propertiesofthetest substance,
but if the effect of the test substance on that particularsludge is required washing is
unnecessary.The washedsludgeis recentrifuged,its dry weightdetermined, andthenitis
resuspended in synthetic sewage to give a suspended solids concentration of
approximately 3.0 g/l and aerated overnight before use.
C5.2.

Synthetic sewage
100-fold concentrated solution of OECD/EEC synthetic sewage is prepared by
dissolvingthe followingin 11 ofdistilled water: 16gpeptone, 11 g meat extract, 3 g urea,

A

0.7 g sodium chloride, 0.4 g calcium chloride dihydrate, 0.2 g magnesium sulphate
heptahydrate, 2.8 g dipotassium hydrogen phosphate. The pH ofthis solution should be
7,5. This concentration solution may be stored at 1°C for up to 1 week.
C5.3.

Settled sewage

Although the methods described here make use ofsyntheticsewagethe analyst may wish
to use sewagerelevant to his problem, in whichcase samples ofsettledsewageshould be
collecteddaily from the overflowofthe appropriate settlementtank and be kept aerobic
before use.
C5.4.

Solution or suspension of test substance

Stock solutions of test chemicalsare prepared in distilled water, e.g. 1 g/l or 10 g/l, as
appropriate; saturated solutions or suspensionsofless soluble compoundsare prepared.
The pH value should bebetween 6.5 and 8.5, ifit is not, alkali oracidshould be added to
bring the pH value within this range.
C5.5.

Industrialwaste water

Fresh, representative samples of the industrial waste waters to be tested should be
collectedfrom the sites and, ifnecessary,stored at 1—4°C to avoid changes.The pH value
of waste water should be brought to the range 6.5—8.5, if necessary.
C5.6. Standard substance
A stock solution of1 gIlofanappropriate substance,e.g. 3,5-dichlorophenol,isprepared

for use as a standard inhibitor of respiration.
C5.7.

Distilledor deionized water

Distilled or deionized water free from toxic substances.
C5.8.

Allyl Thiourea

( l0

A solution of2.5 gIl is prepared, so that adding 0.5 ml ofthis to a 100 ml samplegivesa
final concentration of 12.5 mg allyl thiourea/l
M).
C6. Apparatus

C6.1.

Oxygen electrode

Suitable electrodes are made by e.g. Electronic Instruments Ltd (EIL), Yellow Springs
Instruments (YSI), International BiophysicsCorporation (IBC) etc. and a respirometer
cell by Rank Bros (see method A).
C6.2. BOD bottles of 300 ml capacity with stoppers. Note: Alternativelya Rank oxygen
electrode cell may be used in method CA, CB, CD and CE.
C6.3. Funnel or suitable stopper for fitting the electrode probe into the BOD bottles.
C6.4. Magnetic stirrers, preferablyair-driven (electricalstirrers tend to gethot with use),
to give regular and identical stirring of each bottle.
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C6.5.

Circulatorywater bath

Samplesare kept immersed in the water bath before use to avoid temperature variations.
Thewater bathis also requiredto passwater through thejacket oftheRank electrodecell
(see method AC).
C6.6.

Compressed air supply

Compressedair ispassed through asuitable strainer (e.g. cottonwool)and wash-bottleof
distilled water kept in a constant temperature water bath, and use for aerating activated
sludge samples.
C6.7. Recorder
A suitable potentiometric recorder is required for continuous recording of the dissolved
oxygen concentration.
C7.

Procedure

Step

Procedure

C7. 1.

Calibrate the oxygen electrode according to
the manufacturer's instructions (see
method AC).

C7.2

Method CA. Determination of
'Immediate' Toxicity

C7.2.1.

Determine the concentration of suspended
solids on an aliquot of the activated sludge
to be used (see Ref. 1 and 8).
RespirationRate of Sludge and
Sewage
(note a)

(a) For explanation of symbols (see Sections
C8.2 and C8.3).

Aerate a 250 ml sample of activated sludge
(note b) with a suspended solids concen-

(b) Prepared as described in Section 5.1. and

Dilute 32 ml of synthetic sewage concentrate (see 5.2) to 250 ml with tap water
(note c), aerate and add this to the activated

(c) All solutions used must be homogeneous
and saturated with air at the required temperature e.g. 20°C. Samples may be kept in a
constant temperature water bath before use.
The temperature should not change during

R

C7.2.2.

tration of about 3 g/l.

C7.2.3.

Notes

sludge.

diluted, with tap water or sewage effluent if
necessary. If the effect of pH value is being
investigated the sludge should be adjusted
before-hand to the required value.

the test.

C7.2.4.

Fill the electrode vessel with the wellaerated mixture of sludge and sewage (note
d). Close the vessel ensuring that no air
bubbles are trapped.

(d) If the mixture is not well aerated the dissolved oxygen concentration will soon reach
zero.

Stir at the pre-set speed (note e) and record
the decrease in concentration of dissolved
oxygen at a suitable chart speed e.g.
600 mm/h for about 5 mm, or until a suitable length of linear trace is obtained to
measure the gradient.

(e) The speed of stirring affects the measurement of dissolved oxygen therefore the
optimum speed should be determined
beforehand, and should remain unchanged
during the test.

For adequately-soluble chemicals proceed
to C7.2.6.

Step

Procedure

Notes

For less-soluble chemicals and industrial
wastes, proceed to C7.2.5, and then to C7.2.8.
C7.2.5.

Empty the electrode vessel, rinse with distilled water and repeat the procedure 7.2.3.
7.2.4. (note f).
Soluble Chemicals,

C7.2.6.

The procedure is repeated to obtain the
required number of replicates (e.g. 6).

(g)

A syringe or pipette may be used to introduce

RT

When the respiration rate of the sludgesewage mixture has been measured and
with the mixture still in the electrode vessel
(note g) add the required volume of
solution of the test substance (note h) allow
to mix thoroughly by stirring, close and
continue to measure the fall in concentration
of dissolved oxygen for a suitable length of
time.

C7.2.7.

(f)

the test substance into the mixture in the

electrode vessel; allow a few seconds to
ensure adequate mixing. Alternatively,the
sludge and test substance may be mixed
separately and a portion of this placed in the
electrode vessel. (Steps C7.2.5, C7.2.8, C7.2.9)
(h) The concentrations to be used in the mixture
must be foundby trial and error, but the
range of respiration rates should spanfrom
zero to the uninhibited value; usually a tenfold range of concentration is necessary. If
the volume added is more than 10% of that
of the cell, a control mixture with the same
volume of water should be tested to take
account of the effect of dilution.

When a satisfactorytrace has been obtained
(note i) empty and rinse the electrode vessel.

(i)

Any interference in the trace at the time of
addition should be ignored.

Repeat, as required, 7.2.3—7.2.4—7.2.6 (note j).

(j)

The procedure is repeated with freshly
mixed sludge and synthetic sewage and the

same concentration of test substancefor
replicatesand subsequentlyat different
concentrations to cover the required range.
Industrial wastes and less-soluble
chemicals, RT
C7.2.8.

Dilute the required volume (note k) of
industrial waste, or sparingly soluble test
substance, and 32 ml of synthetic sewage
concentrate to 250 ml with tap water and
aerate. Add to an equal volume of aerated
activated sludge, with a concentration of
about 3 g suspended solids/i.
Mix thoroughly and aerate.

(k) A range of volumes must be used, see note h.

Fill the electrode vessel with well aerated
mixture and record the respiration rate, as
described in 7.2.4. Empty and rinse the
electrode vessel.
C7.2.9.

Repeat C7.2.8. as required, (note 1).

(I)

The procedure is repeated with freshly mixed
sludge, synthetic sewage and industrial
waste, for replicates and subsequentlyat
different concentrations of industrial waste
(or test substance) to cover the required
etc.
range. This gives R,,

R
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Step

Procedure

C7.3

Method CB — Inhibition after 3 h

Notes

(ETAD)'2 (note a)
C7.3.1.

C7.3.2.

Put 16 ml synthetic sewage concentrate
(note m) into a 500 ml measuring cylinder,
make up to 250 ml with tap water, and add
250 ml of activated sludge, with a concentration of about 3 g suspended solids/I
(note n).

(m) See Section C5.2.

Note the time of mixing, pour into a beaker
and aerate by means of a Pasteur pipette
(note o) for 3 h (note p).

(o) Diffusers may tend to adsorb

Choose a suitable range of concentrations
of test substance (note q). For a preliminary
sighting run use threeconcentrations e.g.
1, 10 and 100 mg/i and include an inoculated
control with no test substance and a physicochemical control with 100 mg/I of test
substance and no inoculum. For a definitive
test use five concentrations selected from the
results of the preliminary test, a control, and
if necessaryappropriate physico-chemical
controls for each concentration of test

(q) A suitable range of concentrations should

(n)

Or adjust the volumes of activated sludge
and water to obtain about 1.5 g/l suspended
solids in the test sample.

the test substance. The air flow should be such that the
solids are in suspension and the sludge is
fully aerated, since the respiration increases
markedly on addition of sewage.
(p) 3 h was chosen arbitrarily; with a suspended
solids concentration of 1.5 g/l, synthetic
sewage will not normally have been fully
metabolized during this period.
be chosen to cover the range of respiration
rates from zero to the uninhibited value.
The range may be chosen from method CA,
or from results of a preliminary test. It is

helpful to use a logarithmicseries of
concentrations for plotting a graph to obtain
the EC50 value. See Section Cli for an
example.

substance.
C7.3.3.

15 mm intervals, prepare a series of test
mixtures as described in C7.3.l. except that an
appropriate volume of stock solution of the test
substance or industrial waste is added to each
before making up to 250 ml with water, if
necessary, and before adding 250 ml activated
sludge (note r).

At

(r)

Sludgeshould not be allowedto comeintocontact
with the stock solution ofthe test substanceor the
undiluted industrial waste.

Note the time of mixing and aerate for 3 h. Finally (s) To check that the activity of the sludge has not
repeat the control mixture (C7.3. 1) and aerate for
significantlyaltered over the test preparation
3 h (note s).
period.
C7.3.4.

After 3 h, measure the respiration rate of each of (t) This gives
the mixtures in turn (note t). If the respiration
rates of the two controls are not, within experimental error, identical, repeatthe experiment with
a fresh batch of sludge.

C7.4

Method CC — Inhibition over 3 h

R and RTI ,

,

RT2 RT3 etc.

(AFNOR13 ) (note a)
C7.4.l.

To a series of BOD bottles (see C7.3.2. and C12) (u) All solutions should be saturated with air at the
add 9.6 ml of synthetic sewage concentrate (5.2),
temperature of the test.
an appropriate volume of solution of test substance (note q) or industrial waste water, and half (v) The sludge should not be allowed to come into
fill the bottles with distilled water (note u). Include
contact with undiluted test material.

Step

Procedure

Notes

a control with no test substance and a physico-

chemicalcontrol. To each bottlein turn(excluding (w) The concentration of activated sludge should be
the physico-chemicalcontrol) at convenient interadjusted (afterpreliminary trials) to that which
vals of time (e.g. 5 mm) add an equal aliquot of
will result in a decrease in the dissolved oxygen
activated sludge seed (note v), such that the final
concentration from"-'8 to—2 mg/i within the 3 h
concentration in each bottle is 100—200 mg sustest.
solids/i
Fill
the
bottles
with
dispended
(note w).
tilled water, stopper and start the stirrers.
C7.4.2.

C7.4.3.

C7.4.4.

After 30 mm stop the stirrer in the first bottle,
(x) Rapid and evenstirringis essential. The dissolved
remove the stopper, insert the funnel and oxygen
oxygen reading of the electrode will fall rapidly
electrode probe, immediatelyrestart the stirrer
as soon as stirring ceases.
(note x) wait for equilibrium (note y) and measure
the concentration of dissolved oxygen. Then stop (y) Equilibrium usually takes no more than a few
the stirrer, remove the electrode probe, restopper
minutes, the reading being taken when the trace
the bottle (note z) and restart the stirrer.
has become steady. If equilibrium takes longer to
reach than this, longer time intervals must be
the
for
the
rest
of
the
bottles
in
allowed between the initial additions of sludge
procedure
Repeat
turn after 30 mm have elapsed from the start for
inoculum.
each.
(z) The use of a funnel allows the test solution
Continue this process at 30 mm intervals for 3 h,
expelledby the probe to be returned to the bottle.
or until the concentration of dissolved oxygen in
Care must be takento avoid trappingair bubbles
the control without test substance has reached
on re-stoppering.
2 mg/i.
Readingsneed to be taken only at the start and
finish for the physico-chemicalcontrol.

C7.5
C7.5.l.

Method CD — as Method CA, allowing

for Nitrification (note a)

of nitrification. Prepare a mixture of
activated sludge and synthetic sewage (C7.2.3)
and measure respiration rate (C7.2.4). This gives
(note aa).
Assessment

R

C7.5.2.

(aa)

If other sewages or media are used they must

contain sufficient ammoniacal-N such that its
concentration does not fall below 5 mg/l during

the test.

Without emptying the electrode vessel, add an
(ab) 0.5 ml of a 2.5 g/l solution of ally! thiourea is
added per 100 ml sample to give a final concenappropriatevolume of a 2.5 g/l solution of allyl
thiourea to the contents, allow to mix thoroughly
tration of about lO'4M.
(note ab) and continue to measure the respiration
rate (note ac). This gives RATU

For adequately
soluble chemicalsproceed

to C7.5.3, C7.5.4. and C7.5.5.

(ac) The allyl thiourea completelyinhibits nitrification; the remaining rate is due to carbonaceous
oxidation (RAw).
The difference

For less-soluble chemicalsand industrial wastes,
proceed to C7.5.4. then C.7.5.6.

R

— RATU

is due to nitrification.

Effect on carbonaceousoxidation for soluble
chemicals
C7.5.3.

Finally, add the test substance, at the required
concentration, to the contents using a pipette or
syringe and continue to measure the respiration
rate.
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Procedure

Step
C7.5.4.
C7.5.5.

Notes

Empty the electrode vessel and rinse with distilled (ad) The procedure is repeated with freshly mixed
water.
sludge and syntheticsewage, and the same concentration of test substance for replicates, and
Repeat the procedure (C7.5.l, C7.5.2. and C7.5.3.)
subsequently at different concentrations of test
as required (note ad). This gives RATU+T1,
substance to cover the required range.
RATU+T
etc.

For Industrial Wastes and Less-Soluble Chemicals
C7.5.6. Measure the respiration rate of a mixture of
(ae) It is important that the allyl thiourea solution be
activated sludge, synthetic sewage and industrial
added before the test substance or industrial
waste (or sparingly soluble substance, C7.2.8.)but
waste since interactions may otherwise occur
use sludge to which has been previously added a
which prevent the inhibition of nitrification.
2.5 g/l solution of allyl thiourea at a rate of0.5 ml
per 100 ml (note ae).
Repeat as required (C7.2.9, note 1). This gives
RATU+T1, RATU+TZ, etc.

C7.6

Method CE — as Method CB, allowing
for Nitrification

C7.6.1.

Make up the control mixture of activated sludge
and synthetic sewage (C7.3.1.) and mixtures containing the test substances or industrial wastes
(C7.3.2.) and finally a second control, in time
sequence but to all mixtures add a 2.5 g/l solution
of allyl thiourea at a rate of 0.5 ml per 100 ml of
mixture (note ae).

C7.6.2.

Measure respiration rates 3 h after mixing (C7.3.4.).

C7.7

Method CF — as method CC allowing
for Nitrification

C7.7.l.

Prepare the series of test bottles (C7.4.l) but add
1.5 ml ofa 2.5 g/l solution ofallyl thiourea to each (af) Nitrification may account for as much as 50% of
bottle before making the volume up to 300 ml
the oxygen uptake of the sludge, therefore the
(note ae).
control may not reach 2 mg DO/i in 3 h in the
presence of ATU. The test durationmay be
Measure the concentration of dissolved oxygen in
extended if required.
each bottle at 30 mm intervals for 3 h (note af).

C7.7.2.

ce. Expression of
Results

Method of calculation
For methods CA, CB, CD, CE, the respiration rate is calculated from the
of
the straight line portion of the respiration curve traced on the chart recorderslope
and is
expressed as mg oxygen/l mm or mg oxygen/I h.
C8. 1.

The specificrespiration rate is taken as the mean of replicate valuescalculated from the
followingformula:—

R

—
—

Respiration rate (mg/I h)
concentration of suspended solids (g/l)

= mg oxygen/gsolidsh.
Formethods CC &CF plot graphs ofdissolvedoxygenconcentration
time ateach
test concentration; the respiration rates are given by the gradient ofagainst
these lines.
52

C8.2.

Calculationof EC50

The percentage inhibition at each concentration is calculated as follows:—
inhibition =

R - RTI
R

x 100%

Rc = the respiration rate of the control
RTI = the respirationrate with test material at concentration 1.

where:

For other test concentrations (T2 to T5) the appropriate rates are substituted.

If physico-chemicaluptake of oxygen has occurred this must be taken into account as
follows:—

inhibition =
where

R - (RT - R)
—
R

x 100%,

R= the rate of physico-chemicaluptake at the appropriate concentration.

Plot the percentage inhibition against logarithmofthe concentration oftest material, or
in some cases, it may be preferable to plot percentage inhibition against linear
concentration. Draw the best regression line between these points and estimate the EC50
byinterpolation (seeFigure 8). The EC50 estimatedfrom theresultsofthe preliminarytest
is expressed as one of four ranges of concentrations:—
greater than 100 mg/i
between 100 and 10 mg/I
between 10 and 1 mg/i
less than 1 mg/i.

The EC50 of the definitive test is more accurate and can be given directly.
C8.3. Toxicity to Nitrification and/or Carbonaceousrespiration
The toxicity of the test material to nitrification can be calculated from the respiration
rates with added allyl thiourea, and added test substance.
C8.3.1. The respiration rate due to nitrflcation
Rc — RATU = RN
Rc = the respiration rate of the control
where
RATU = the respiration rate with allyl thiourea added
RN = the respirationrate dueto nitrification
=
(RATU the carbonaceous
respirationrate).
Test material inhibitory to nitrificationonly
If there is no further decrease on adding test material to the control activated sludge
inhibited by allyl thiourea, the test material has no effecton the carbonaceousrespiration
rate:
=0
i.e. RATU — RATU+T
C8.3.2.

whereRATU+T isthe respirationrate with bothally! thiourea and test substance(at concentration 1) added.
Thus the reduction in respiration rate ofthe controlsludge with added testsubstance(but
no ATU) is due to inhibition of nitrification by the test substance:

R

—

RT,

= RNT1

whereRTL is the respiration rate with testsubstanceat concentration 1, and RNTI is the res-

piration rate due to nitrification in the presenceofthe test substanceat concentration 1.
The percentage inhibition of nitrification at concentration I is given by the formula:
RN

x

100

For other testconcentrations (T2 to T5)theappropriate rates (RNTto RNT, are substituted.
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Test substanceinhibitory to carbonaceous respiration
If there is a further decrease in respiration rate ofthe activatedsludgeinhibited by ATU
when the test substance is added, the test substance is inhibitory to carbonaceous
oxidation processes at the concentration added.
C8.3.3.

The percentage inhibition of carbonaceous oxidation is given
RATU

—

RATU+T1
RATU

by:

x 100

Test substanceinhibitory to carbonaceous respirationand nitrJication
If, on addition of test substance to the control sludge, the decreasein respiration rate is
greater than that given by ATU added to the control, both carbonaceousrespiration and
nitrification are inhibited by that concentration of test substance. The amount of
carbonaceousoxidation can be measuredby adding allyl thiourea asabove (C8.3.3.),and
the diference (RT, — RATU+T,)is the respiration rate due to nitrification.
C8.3.4.

ce

Sources of Error C9.1. To avoid cross contamination, the electrode vessel must be carefully rinsed out
between determinations (not between successive additions).
C9.2. The concentration ofsuspended solids affects the respiration rates obtained since
the ratio of food: micro-organisms, or inhibitor: micro-organisms is a critical factor.
Therefore the particular solidsconcentration used in the method (CA, CB, CD, CE 1500
mg/I, CC and CF 100 mg/I) should be adhered to as closely as possible.
C9.3. For determination ofEC50timingis another critical factor. Ifthe respiration rate is
takendirectly aftermixingtheactivated sludge, syntheticsewageand inhibitor,very little
inhibition may be observed. The amount of inhibition may change with time as the
synthetic sewage is metabolized;in methods CB, CC, CE, CF 3 h was chosen arbitrarily
for comparative purposes, based on the retention time in thestandardactivated sludge
simulation test.
C9.4.

Ifthetemperature has significantlychanged, or thepHhas fallenoutsidetherange

6—8 in methods CB and CC then the test should

be repeated.

C9.5. If significant physico-chemicaluptake of oxygen occurs in methods CB or CC,
controls should be included for each concentration of material tested, and the abiotic
oxygen uptake subtracted to get the 'true' biotic uptake.

ClO. Checking the
Accuracy and

Validity of
Results

The accuracyofdeterminationsin methods CA and CD can be checkedby carryingouta
number ofreplicatesforeachconcentrationoftest substance(e.g. 6),andtaking the mean
respiration rate calculatedfrom these; outliers are disregarded.The validity ofthe results
in methods CB, CC, CE and CF can be checked using a standardsubstance e.g. 3,5dichlorophenol. If the EC50 of 3,5-dichlorophenolfalls within the range 5—20 mg/I the
sludgecan be assumedto havenormal activity andthe resultsfor other test materials are
considered to be valid.

Ifthe EC50 ofthestandardsubstancedoes not fallwithin thenormal range, repeat thetest
using activated sludge from another source.

CII. Exampleofa

scheme for
filling beakers
in the prelim-

inary test

(method CB)

Beaker

1

Concentration of test
0
substance (mg/I)
(control)
Concentrated synthetic 16
sewage (ml)
Distilled water (ml)
234

2

3

4

1

10

100

5

100

(physico-chemicalcontrol)
16

16

16

16

233

219

84

334

*solution of test
substance (ml)

0

0.5

5

50

50

tinoculum (ml)

250

250

250

250

0

*

assuminga concentration of 1

of test substance

g/l
t assuminga concentration of 3000
mg activated sludge/l

C12. Exampleofa

scheme for

filling the test
bottles in the
preliminary

test (method
CC)

1

2

3

4

Concentration of test
substance (mg/l)
Concentrated
synthetic sewage (ml)
*distilledwater (ml)

0

1

10

100

Flask

(control)

5
100

(physico-chemicalcontrol)

9.6

9.6

9.6

9.6

9.6

100

100

100

100

100

tsolution of test

0

0.3

3

30

30

inoculum (ml)

10

10

10

10

0

substance (ml)

distilled water to make up to 300 ml (ie. to fill the bottles completely) in all cases
All solutions are saturated with air and brought to the required temperature before use.

* The activatedsludge should not be allowedto come into contact with undiluted test
substance

f Assuming a solution of 1 g/l of test substance
Assuming a solids concentration of 3000 mg/I
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100-

C

0
.0

C

a,
to

50

C
to

C)

0to

EC

0
1.0
(10mg/I)

2.0
(100mg/I)

Logarithmof Concentrationof Test Product

FIGURE 8 PERCENTAGE INHIBITION AGAINST LOGARITHM OF CONCENTRATION OF TEST PRODUCT

(e.g. 3.5 dichlorophenol)

D.

Assessment of Treatability and
Toxicity by means of a Manometric
R espirometer

Introduction
This method offers some advantagesover others in thatit requires littleattentionand also
simulates quite closelythe conditions found on asewagetreatment works. It can be used
to assess thetoxicity ofa tradewaste orspecificchemicalprovided that itspresence does

not significantlyalter the food/micro-organism ratio in the respirometricflask. It can
also be used to provide information when assessing the treatability of a material: a
material can be regarded as treatable ifitsconcentration can bereducedto alevelsuitable
for discharge to a river without impairing the sewage treatment processes used. The
method will provide information on the rate of degradation, degree of removal and
inhibition of the oxidation process. Also dissolved organic carbon (DOC)(25>or COD24)
can be determined on the mixtures at the beginningand end of the test.
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Dl.

Performance
Characteristics

Dl.l. Property Determined

Toxicity or treatability by means of oxygen uptake
(respiration) rate.

Dl.2. Type of Samples

Domestic and industrial sewages, trade effluents,
specific chemicals

Dl.3.

Nature of test

Dl.4.

Basis

of Method

Quantitative or semi-quantitative depending on
application
Comparison ofthe oxygen uptake rates ofmixtures of
settled sewage and activated sludge with similar
mixtures containing industrial wastes or specific
chemicals.

Dl.5.

Sensitivity

For example: WRC respirometer — an oxygen
uptake of 1 mg (see part A)

Dl.6.

Precision

Varies — usually R.S.D. of 02 uptake is ± 10%
(see part A)

Dl.7.

Interferences

Any substance inhibitory to bacterial growth not
entering the system by design. Substancesinterfering
in the rate of oxygen transfer.

Dl.8. Time required for test Continuous uptake test usually running 1—5 days
(operator time 6 h per run of up to 6 units)
D2.

Principle

A comparison is made ofthe rate andamount ofoxygen takenup in closed test vessels
containing inoculated referencesewage with that taken up in vesselscontaining the test
material either alone or in admixture with the reference sewage.
The contents of the vessels are stirred rapidly and the consumption of oxygen is
determined either by measuringthe quantity ofoxygenrequired to maintain constantgas
volume in the respirometer flask, or from the change in volume or pressure in the
apparatus. Evolved carbon dioxide is absorbed in a solution of potassium hydroxide.
Uptake ofoxygenby nitrificationmayoccur for nitrogen-containingorganiccompounds
and this may be taken into account by use of a specific inhibitor (D5.4).

D3.

Interferences

3.1. Toxic materials may cause inhibitionand careshould be taken toensure thatthey do
not enter the system except by design. Examples of materials which may be present
adventitiouslyare chlorine from tap water and chromate from glass cleaningoperations.
No special precautions, other than rinsing with distilled water, are needed to ensure
removal of these substances.
3.2. If silicone grease is used on the ground glassjointscareshould be taken to avoid its
entering the main body ofthe flask as it may cause interference by reducing the rate of
oxygen transfer.

D4. Hazards

D4.1.

Hygiene

and derived activated sludges may contain potentially pathogenic organisms
therefore appropriate precautionsshould be taken whenhandling them to avoid the risk
of infection.
Sewages

D4.2.

Chemicals

Precautions should be taken if the test material is toxic or its properties are unknown.

DL Reagents

Water — Distilled or deionized water is normally used, although in some
experiments it may be necessary to use the public supply because of quality
considerations, e.g. hardness.
D5.1.

D5.2. Activated Sludge

The source of the activated sludge used will depend upon the aim of the experiment.
Generally to determine the toxicity of a tradewaste or a chemical, sludge from a plant
treating predominantly domesticsewage is used. For certain treatability studies, sludge
from the particular plantinvolvedmaybe used. Ifanacclimatizedsludgeisrequired itcan
be obtained by running a laboratory unit with sewage and a given amount of the test
material (or the test material alone).
The sample should preferably be taken from the end of the aeration unit so that little
external substrate remains but the sludge is still in an aerobic condition.

Ifrequired thesludgemaybe concentrated by settling orslow centrifuging(e.g.to obtain
12000 mg MLSS!1).

For some applications it may be necessary to wash the sludge by settlement!
centrifugation and resuspension in an isotonic medium.
D5.3.

Reference sewage

For generalpurposes settledsewageofdomesticorigin (BOD 125—250mg!l)is required,
which should be freshly collected and kept aerobic before use. Alternatively,synthetic
sewage may be used (e.g. OECD synthetic sewage(4)).
Fortreatabilitystudies relating toaparticular plant,settledsewage from thatplantwill be
required.
D5.4.

Allyl thiourea solution

Inhibition ofnitrification in activatedsludgeswhich have not previouslybeenexposedto
the inhibitor canbe achievedby adding allyl thiourea solution (5ml of2.5 g!litresolution
to each litre of test sample to give a concentration of inhibitor of 12.5 mg!litre).
D5.5.

D6. Apparatus

20% Potassiumhydroxide solution W/V

D6.l. Suitable respirometersare Hach14) and WRC5 (see Method A) theSapromat('5)
and that of the Japanese Ministry of International Trade and Industry(MITI)('6)
D6.2. Water bath or constanttemperature room

D7. Procedure
Step

Procedure

Notes

Preparation of Apparatus
D7.1. Assemble the reaction vessels (e.g. 6), according to
the manufacturers' instructions (see method A) and
place them in the constant-temperature water-bath,
or in a constant-temperature room.
Preparation of Activated Sludge
D7.2. Collect the mixed liquor on the day of the test and
prepare as described in section D5.2. Thicken the
sludge if necessaryand determine the concentration
of suspended solids (note a). Place the activated
sludge in a water bath and aerate until used.

(a) Theinoculum should be a small proportion ofthe
total volume and therefore high suspended solids
in the seed are required (e.g. 6000 mg MLSS/1)

Characterizationof Test Materials
D7.3. Determine the BOD and COD of the test and
reference materials by standard methods'°' 24)
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Step

Procedure

Notes

Prior Assessment of Toxicity of Test Substance

(if required)
D7.4. To obtain quickly a roughguide to the toxicity ofthe
test material, the respiration rate of the sludge in an
oxygen electrode respirometer may be measured and
the test substance added at the required concentration duringthe measurement (note b). The degree
of inhibition is indicated by the amount of lowering (b) See method C
of the respiration rate.
Preparation of ReactionVessels
D7.5. Calculate (note c) the required volumes of reference (c) The volumes calculated should provide a constant
sewage, test material (if appropriate), A1'U (if
organic (COD) load in each flask.
needed) and water and add to the vessels (note d),
(see Tables 2 and 5 for examplesof toxicity measure- (d) Usually reaction vessels are prepared in duplicate
ment and Tables 3 and 4 for examples oftreatability
for each concentration of test material, and a pair
of controls with no test material are included.
measurement).
Measurementof Oxygen Uptake
D7.6. Inoculate the vessels with the required volume of
(e) A convenient concentration of suspendedsolidsin
activated sludge (note e) and start the measurement
the final medium is 1500 mg/l. For studies on a
of oxygen uptake. Usually no further attention is
particular activated sludge works the appropriate
concentration should be used.
required other than to take the necessaryreadings
and make occasional checks to see that adequate
stirring is maintained.

Stop the experiment when desired, usually after
1—5 days.

D8.

Expression and

Analytical
Interpretation of
Results

Calculate the oxygenuptake values from the readingsobtained asdescribedin method A.
DS.1.

Toxicity

the toxicity of a material using an experimental protocol such as
describedin Table 2the oxygenuptake curveswill generallybeofthe form shownin Fig. 9
showing increasingtoxicity with increasing concentration.
When measuring

D8.1.1. Calculation
Thetoxicity in terms of percentageinhibition can be calculated at a given time as shown
below:

1=

02 uptake Control — 02 Uptake test xlOO%
02 uptake control

Onmany occasions,however, differentvalues of inhibitionareobtained whencalculated
after different incubation periods, If a curve has a sudden 'jump', such as curve 5x in
Fig. 9, this may indicate that some form of 'acclimatization' has taken place. The
experiment can be repeated using an activatedsludgewhich has beenacclimatizedto the
test substance in a laboratory activated sludge unit.
Even when there is no sudden jump, different values ofinhibition can still be foundat
differenttimes. The value could be quoted at one specific time (e.g. 6hours torelate to the
retention time in an activated sludge unit) or the values at hourly intervals can be
calculated and plotted against time. The most reasonable (steady) value can then be
picked off this graph.

If it is required to characterize a substance for comparative purposes, then a range of
concentrations can be used. The EC50 value can then be obtained (EC5O is the
concentration required to give 50% inhibition of respiration of the sludge) by plotting
percentage inhibition against logarithm ofconcentration oftest substance (in some cases
a linear-linear plot may be used). The EC0 value is obtained from the graph by
interpolation.
D8.2. Treatability
When assessingthe treatability of a substance, and assuming all the vessels have beenset
up containing thesame organic load (Table 3) curvesofvarious formscanbeobtained as
illustrated in Fig. 10.
A curve the shape of (A) whicl ultimately takes up the same amount of oxygenas the
control indicates that the material in the test sample is degraded to the same extent but
more rapidly than the referencesewage. A curve the shape of (B)would indicate that the
test substance is degraded more slowly. A curve the shape of (C) would indicate either
that the test substance is not degraded to the same extent or that there is inhibitory
material present. It is extremelydifficultto distinguish betweenthese two effects. A curve
the shape of (D) would indicate that inhibition was occurring.
D.8.2. 1. CalculationsTo givean indirect measure ofdegradation, the oxygenuptake of
the test can be compared with the control sewage.
—
D—

02 uptake by test material
02 Uptake by Control sewage

x 100%

Again values obtained will depend upon the times chosen. When considering the
treatability of trade wastes for acceptance into a sewer, it is probably best to quote the
value at a standard time (6 hours retention time in A/S unit).
Table 2. TypicalSchemefor PreparationofVessels when MeasuringtheToxicity ofaTest
Material in WRC Respirometer
VOLUME ADDED (ml)
Vessel

1, 2 Controltest
conc = 0
3
4
5
6

Test material
conc = ¼x*

Reference
sewage

Test
material

Water

470

0

10

20

50

470

1

9

20

50

470

2

8

20

50

470

4

6

20

50

470

10

0

20

50

Buffer

Inoculum

solutions

Test material

concx

Test material

conc= 2x

Test material

conc= 5x

* x = the expected concentration of the test material in sewage.
Note: For many cases a schemeas shown above will be adequate as the presenceofthe
material will not significantly alter the organic load in the flasks. If the loadings are
significantlydifferent then different respiration curves will be produced which makes
direct comparison between test and control vessels difficult.Therefore ifthe testmaterial
is extremelystrong or the proportion added is high (most likelywhen dealing with trade
waste)the volumes of test material,referencesewageand inoculum must becalculated to
give a constant organic load (in terms ofCOD)and hence a fixed foodmicro-organism
(F:M) ratio. An example is given in table 3.

Table 3. Typical Scheme for Preparationof Vessels when Assessing the Treatabilityof a
Strong Trade Waste in WRC Respirometer
VOLUME ADDED (ml)
Vessel

Reference
sewage

Control

1, 4

Test
material

Water

Buffer

Inoculum

solutions

461

0

0

20

69

2, 5 Test material

0

46

415

20

69

3, 6 endogenous
respiration

0

0

461

20

69

Table4. PreparationofHach Bottlesfor Assessing theRelativeTreatabilityofan Effluent
Bottle
No.

1,2

Vol of test
Test solution components (per litre of distilled water)
solution (ml)
Activated
OECD
Bicarbonate
Test(
sludge(a)(mg) synthetic sewage effluent (ml) solution
(100 x)( (ml)
5% w/v( (ml)
157
157
157

3,4
5,6

30

15

0

30
30

0
0

15

3
3

0

3

Notes:

Add the appropriatevolumewhich contains30 mg MLSS.
15 ml of a 100 x concentrate of OECD synthetic sewage per litre of test solution
should produce a BOD of about 240 mg 02/1 over 5 days. Taking a 157 ml test
solution volume per Hach bottlewould permit the use of a 0—350scalewith a direct
readout of the BOD.
The volume oftest effluent should be adjusted to ensure that the organic loading on
the sludge is similar to that in the bottles to which the standardsewage has been
added. As aguide the Total Organic Carbon (TOC) of the OECD syntheticsewageis
approximately 180 mg/I. Test effluent should be added such that the TOC(25) of the
test solution is approximately 180 mg/l.
If it is suspected that the activated sludge is actively nitrifying then bicarbonate
solution may be added to buffer the pH.
To determine thetreatability of testeffluent/syntheticsewagemixtures, bottles may
be set up with varying proportions ofeach component. Howeverthe TOC ofthetest
solution should not exceed 180 mg/I when a sample volume of 157 ml is chosen.

(a)
ib)

(c)

(d)

Table 5. Preparation ofHach BottlesforMeasurementof theToxicityofa Test Material
to ActivatedSludge

Bottle

No

Vol of
test
solution
(ml)

Test solution components (per litre of distilled water)
Test
compound Activated OECD
Test0
Bicarbonate
conc
sludge synthetic
compound solution
(mg/I)
5% w/v (ml)
(mg)
sewage
(mg)
(100 x)(
(ml)

1,2

3, 4

5,6
7,8

9, 10
11, 12

157
157
157
157
157
157

0

3. 2
10

32
100

320

30
30
30
30
30
30

15
15
15
15
15
15

0

3

3. 2

3
3
3
3
3

10

32
100
320

Notes
(a)

(b)
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Add the appropriate volume which contains 30 mg MLSS
15 ml of a 100-fold concentrate of OECD synthetic sewage per litre of test solution
should produce a BOD of about 240 mg 02/1 over 5 days. Taking a 157 ml test

(c)

(d)

solution volume per Hach bottlewould permit the use of a 0—350scalewith a direct
readout of the BOD.
Add the appropriate volume of stock solution to give these amounts of test
compound. A preliminary range-findingtest may suggest that other concentrations
are more appropriate.
If it is suspected that the activated sludge is actively nitrifying then bicarbonate
solution may be added to buffer the pH.
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FIGURE10 TYPICAL OXYGEN UPTAKE CURVE FROM A TREATABILITY STUDY
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E.

Continuous Simulation Test to
Assess the Treatability of Chemicals
and Industrial Waste Waters and
their Toxicity to the Activated
Sludge Process

Introduction
Simulation tests are appliedto substancesand industrial wastewaters, whichare expected

to be dischargedtoa sewer,in order to ensurethat,at theconcentrationused,theywillnot

have any adverse effects on the sewage treatment processes.Alternatively, simulation
tests may be used to find a suitable non-toxic concentration for discharge. Since they are
relatively expensive tests, they are usually applied only to substances which are used in
large quantities or which are of economic importance.
This test simulates activated-sludgesewage treatment and can be carried out using either
the Husmann apparatus, which is the OECD'7) and EEC standard(2for testing the
biodegradabilityofsyntheticsurfactants, or the Porous Pot'8apparatus developedat the
WRC.

Both of these fail to simulate true conditionsofsewagetreatment, so that each apparatus
is a compromise. For example, the Husmann unit has an air-lift pump which returns
settledsludgeat an abnormally high rate (greaterthan twelvetimesthe sewage flow-rate),
which does not allow anaerobic conditions to develop during settlement as happens in
practice. The porous pot has no settlement phase at all.
Both treatability and toxicity are assessed by comparison ofthe performance ofcontrol
units treating sewage alone with that ofplants receivinga mixture of eithersewageand
testsubstance (or industrial wastewater)or industrial wastewateralone. Thepercentage
removal ofvariousparameters suchas BOD,COD andammoniacal-N isusedto assesthe
treatability of the test material, while the percentage inhibition may be calculated by
comparisons ofthe concentration ofBOD, COD or NH3 inthe test andcontrol effluents.
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El. Performance

Characteristics

E2.

Principle

El. 1.

Properties determined

The treatability of an industrial waste water alone, or
in admixture with sewage, by activated sludge sewage
treatment, and its toxicity to activated sludge.

El,2.

Type of sample

Single substances and industrial waste waters.

El.3.

Basis of method

Determination of the effects of the test substance or
industrialwastewater on the performanceoflaboratory
scale plants simulating the activated sludge process.

El.4,

Range of application

0—100% removal of BOD or COD
0—100% nitrification.

El.5.

Standard deviation

No data.

El.6.

Limit of detection

Limited by biologicalvariation, andsensitivityofthe
analytical methods used.

El.7.

Interferences

Any inhibitors of bacterial growth not entering the
system by design; substances interfering in the
analytical method used (see Section 3).

E1.8.

Time required for
determination

Varies according to the treatability of the waste
water tested. Generally a minimum of eight weeks.
Operator time: 8 h/week for 4 units
(excludinganalysis)

or DOC.

Comparison is made of the performance of laboratory-scale activated sludge units
treatingsewage alone with that ofunits receivingtheindustrial waste water alone or in a
mixture ofthe waste and sewage. Performance is assessed by the removal ofpolluting
matter, degree ofnitrification,sludgegrowth andsludgesettleability*;further indications
of toxic effects ofthe industrial wastewater may be given by microscopicexaminationof

the sludges.

Ideally, the industrial wastewater should be tested using the sewage to whichitis,oristo
be, discharged. If the waste appears to be untreatable when using a sewage already
containing industrial wastes, the test should be repeated with synthetic or domestic
sewage to eliminate any interactions between the industrial wastes.
E3.

Interferences

Substances strongly adsorbing onto the walls of the plants will give false values. Some
chemical substances in the air usedfor aeration may adversely affect the growth ofthe
sludge micro-organisms.

E4.

Hazards

E4.1. Hygiene
Sewage contains potentially pathogenic organisms, therefore appropriate protective
clothing should be worn duringmaintenance of equipment and handling of samples.
E4.2. Mechanicaland electrical
Guards should be fitted to the peristaltic pumps to avoid catching fingers in the rollers.
Electric pumps and stirrers should be protected from splashes and leaks.
E4.3. Chemicals

The industrial waste water mayhave harmfulproperties andshould behandled with care.
Mercuric chloride, used in preservation ofsamples (exceptthose for BOD analysis),and
sodium hypochlorite, used for cleaning porous pots, should be handled with care.

* The useof large units is necessarywhen assessingsettleability
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E5.

Reagents

E5.1. Settled sewageis collectedfrom the overflowofthe primary sedimentationtank.

The sewagewith whichthe industrial wastewater is mixedfortesting must be assimilar as
possible in composition and strength to that receivingthe industrial discharge.Thewaste
water may prove to be untreatable in this sewage as a result of the presence of other
incompatible wastes. If this happens, its treatability in admixture with synthetic or
domestic sewage should be determined.
E5.2. Synthetic sewage

A suitable syntheticsewage (OECD'7) may be prepared as follows. For each 11 oftap
water add:—

160 mg peptone, 110 mg meat extract, (or 270 mg of mixed peptone-meat extract
commercialpreparation),
30 mgurea, 7mgsodium chloride,4mg calciumchloride dihydrate, 2mgmagnesium
sulphate heptahydrate, 28 mg dipotassium hydrogen phosphate (not in original
recipe).

For convenience,this may be prepared as a 100-fold concentrated solution, whichcanbe
stored at 1°C for up to 1 week,andthe syntheticsewage is prepared daily from this by
appropriate dilution with tap water. The pH value should be in the range 7—7.5 and any
adjustment to achieve this should be made using hydrochloric acid (1M) or sodium
carbonate/bicarbonate (1M) (see section El0.2).
E5.3. Industrial waste water
Fresh, representativesamplesofthe industrial wastewater to be tested should becollected
from the site and ifnecessary,stored at 1—4°C to avoid changes. This may be mixed with
sewage in the appropriate proportion or dosed separately to the aeration vessels.
E5.4. Test substance

Anappropriate amount of testchemical may be dissolved in thesewageto be used, or a
stock solution of appropriate strength is prepared for dosing separately to the aeration
vessels.

E5.5. Activated sludge

A supply of activatedsludgeis collectedfrom theaerationtank or return-sludgeline ofan
appropriate treatment plantand kept aerated untilrequired. Thetime betweencollection
and use should be kept to a minimum and should not exceed a few hours.
E5.6. Mercuric chloride

A 1% rn/v solution of Analytical Reagent grade mercuric chloride for preservation of
samples, if required, except for BOD determinations.
E5.7. Lubricant
Glycerol or olive oil may be used for lubricating the peristaltic pump rollers.

E6. Apparatus

Laboratory scaleactivated sludgeplants are used; suitable systemsare the EECstandard
(Husmann) units and WRC porous-pots.
E6.1. EEC unit

The small activated sludge plants are constructed according to the OECDIEEC
specifications(Figs. 11 and 12). They are made from acrylicpolymer or glassand consist
ofa cylindricalaeration chamber (C) of 3-litrecapacitywith a conical base. Theaeration
vesselhas an outletat one side whichpasses intothe conicalbase ofa settlementchamber
(D),which is also cylindrical and 3/5 of the diameter oftheaeration chamber. Near the
top ofthe settlement chamberis an effluentoutletfitted atalevel to maintain 3-litreinthe
aeration chamber, while at the base is an air-lift pump(E) forreturning settledsludge to
the aeration vessel.

Filtered compressedair is suppliedthrougha pressure regulator to the air-liftpump,and
to the aeration vessel. Each air supply is controlled by a needlevalve and the aeration
chamber supply is metered by a direct reading flow meter (H). Two diffusers (G) are
placed in the aeration vessel to produce fine bubbles and to achieve effective mixing (one
diffuser may sometimes prove inadequate).

The 24—hsupply ofsewageis containedin asuitable polythenecontainer (A) and asimilar
vessel(F) is used for collectionofthe effluent.Suitabletubing (e.g.siliconerubber) is used
to supply the sewage and/or industrial waste to the aeration chamber by means of a
peristaltic pump (B). A length of tubing notched at the distal end to prevent blocking
reaches to the base of the influent vessel, and a curved piece of the same tubing at the
outlet is clipped to the side ofthe aeration vessel. A removable curvedtube may be fitted
onto the outlet ofthe air-liftpumptodeliverreturnedsludgebelowthe rim andnear to the
centre of the aeration vessel so that loss of sludge by splashing is prevented.
E6.2. Alternativeapparatus
WRC porouspot units
Theseunits differ from the EEC units in one essentialpoint; thereis no settlementvessel,
most ofthe solids in the mixed liquor being retained in the aeration vesselby the porous
material of which it is made.

Theporous pots areconstructedfromsheets ofporous polythene(2mmthick, maximum
pore size 95.tm),which aremadeintocylinders 14cm in diameter with a conicalbase at
45° (Figs. 13 and 14). The porous pot is contained in an imperviousPVC vessel 15 cm in
diameter with anoutletata height of 17.2cmonthe cylindricalpart, whichdeterminesthe
volume of 3 1 in the porous pot. There is a PVC supporting ring round the top of the
porous pot, so that there is an effluent space (of 0.5 cm) between the inner and outer
vessels.

The porous pot units areset insockets in thebase ofthe thermostatically-controlledwater
bath. There is a metered air supply to the porous pot in which there are placed two
diffusers.

a polythene container through suitable tubing (e.g. silicone
to
the
rubber)
porous pot. A multichannelperistaltic pumpmay be used to serveseveral
Sewage is pumped from

units. The effluent is collectedin another polythenecontainer ofsuitable size.Spare inner
porous pots should be available to replace any which may block in use.

E6.3. Larger scale activated sludge plants
In some circumstancesmore precise information ofthe effects of industrial wastewater
on sludgepropertiesis required. To determinethe effectson stirred sludgevolume(SSV)
and capillary suctiontime (CST),larger-scaleactivatedsludgeplants haveto beusedfrom
which enough sludge may be wasted to allow measurements,e.g. for SSV about 3.5 1 of
mixed liquor.

A suitable plantwould consist ofa complete-mixingaeration tank (e.g. of4001capacity)
with a circular clarifier.Alternatively,aplug-flowsystemmay alsobe used consistingofa
numberof similar completelymixed, tanks in series, also with a circular clarifier.
Settled sludgeis returned continuouslyfrom the clarifier to the aeration tank from which
mixed liquor is wasted at a continuous rate to establish equilibrium conditions at a
suitable mixed liquor suspended solids (MLSS) concentration.

In the plug-flowsystem settled sludge is returnedto the first aeration vessel, and mixed
liquor may be wasted from the last aeration tank ofthe series—activatedsludgefrom the
last tank should be usedfor SSV and CST determinations.
E7. Sample

collection and
preservation

Spot samples ofsewage, sewageplus industrial wastewater or industrial wastewater feed
are takenand preserved(e.g. with 40 mg/lmercuric chloride,by adding 2.0ml of 1%rn/v
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mercuric chloride solution to 500 ml of sewage*), if analysis can not be carried out
immediately.It may be necessaryto allow for changes in the composition ofthe sewage
and/or waste water over a 24 h period, e.g. by takinganother sample at the end of the
period, and using the average value of this and the initial sample.
24 h compositesamplesofeffluentare collectedand500mlsamplestakenafter mixingare
filtered through washed glass wool, preserved if necessary(e.g. with 20 mg/l mercuric
choride by adding 1 ml of 1% rn/v solution per 500 ml sample of effluent*).

Procedure

E8.
Step

E8.1

Procedure

Notes

Procedure for Industrial waste water in admixturewith sewage
Running in

E8.1. 1.

Collect 24 h supply of sewage freshly each day
(note a) (or prepare the synthetic sewage), and
aerate at a rate sufficient to maintain a minimum
of 2 mg dissolved oxygen per litre.

(a) Ifavailable, a continuous supply ofsewageshould
be used, since this avoids the necessity of regular
collections of sewage and daily cleaningofstorage
vessels; also aeration of the sewage may be
unnecessary.

E8. 1.2.

Add the appropriate volume of activated sludge
(note b) to the aeration vessel to start the test.

(b) Approximately 3000 mg/I is a suitable concentration.

E8.1.3.

Pump sewage to the aeration vessels of two pairs
of plants (note c) at a suitable rate to give a 3 h
retention (note d) in each.

(c) Pump tubing should be lubricated (e.g. with
glycerol)and it should be replaced at the first signs
of wear (stretching or splitting).

The air flow to the aeration vessel is set to give
complete mixing and a concentration of dissolved
oxygen of at least 2 mg/I (note e).
Operation of Husmann units
E8. 1.4.

The air-lift pump should continuously return
settled sludge (note f).

Anysludge accumulating in the air-lift pump
circuit or in the settlement vessel and around the
rim of the aeration vessel should be returned to
circulation as soon as possible e.g. by scraping or
brushing — at least twice each day.

Influent tubing should be cleaned out regularly
(e.g. twice weekly) to remove bacterial growth.
(d) This is shorter than the average sewage retention
for UK treatment works, and thus may underestimate removal of the industrial waste water
components. To ascertain the treatability of the
waste water at a particular works, the appropriate
retention time should be substituted.
(e) For example: an air flow of 2.5 1/mm at 21°C will
result in a dissolved oxygen concentration of
approximately 7 mg/I, but a high rate is necessary
to create turbulence and thus to avoid sludge
settling in the aeration vessel.
(f) The airlift pump gives a high flow of returned
sludge. Normally in sewage treatment the return
flow of sludge is nearly equal to the inflow of
sewage. However,in this design(Fig. 12) the return
sludge flow cannot be reduced to less than 12:1.

* Samplesfor BOD analysis should not be preserved with mercuric chloride.

Step

Procedure

E8. 1.5.

Operation of porous pots
The slude accumulating aroundthe rim of the
aeration vessel should be scraped down at least
twice daily.

Notes

(g) A fine jet of water may

be used to remove any
remaining sludge from the pots before they are
soaked for about 24 h in a 1:1 dilution ofindustrial
grade sodium hypochlorite. The pots should be
totally immersed.After 24 h, the pots are removed,
rinsed thoroughly with water and then soaked for
about 24 h inwater. Ifthere isanyremainingodour
ofchlorine the soaking in water is continued until
it is removed, or it may be removed with thiosulphate.

The porous pot should be changed at the first sign
ofblocking of the pores, i.e. when the mixed liquor
level rises above the effluent spout. A fresh porous
pot is placed in the outer container and all the
mixed liquor carefully transferred. Any sludge
sticking to the sides of the blocked pot is also
scraped off and transferred. The blocked pot is
thoroughly cleaned before re-use (note g).

E8.1.6.

Note: Sodium hypochiorite is hazardous and protective clothing (eyeshields and gloves) must be
worn when using the chemical.

Take sewage and effluent samples as required, e.g. (h) The running-inperiod ensuresthat test and control
twice weekly, for a period of 4—6 weeks. This is the
units are giving similar results and that they have
reached a steady state. If results are not similar
running-in period (note h). Assessthe performance
of the plants by suitable parameters e.g. BOD,
greater comparability may be attained by interCOD, DOC, NH3 and Ox-N (note i). Determine
change of sludges i.e. by drawing off, mixing the
mixed liquor suspendedsolids twiceweekly(note i)
two sludges and redistributing the resulting
and waste sludge to maintain approximately 2.5 g
mixture equally between the two plants.
MLSS/1, or apply constant wasting, e.g. 10% of
the mixed liquor each day.
(1) See Refs 10, 24, 25, 26, 27, 1 and 8.

For larger-scaleplants determine SSV and CST
(note i) as required on the mixed liquor (note j).

)

The SSV and CST ofthe activatedsludgeshould be
thesame fortestandcontrol units in therunning-in
stage.

E8. 1.7.

Steady State
When the removal of BOD and COD have become (k) If the volume of the industrial discharge is not
steady and nitrification is complete in each plant,
known, the ratio of waste water to sewageshould
be estimated and twicethis concentration tested to
begin the addition of the industrial waste water or
test chemical to one pair of units at the required
allow a safety margin. Normally the proportion of
industrial waste water to sewagewould be less than
proportion (note k).
5%.

Continue the determinations of BOD, COD,
DOC, NH3, Ox-N, (MLSS, SSV and CST) twice
weekly for a further 4—6weeks (note 1) or until a
steady state is reached in the test plants.

If a continuous supply of sewage is used, the

industrial waste water can be dosed separately at

an appropriate rate to the aeration vessel.

Alternatively,a mixingtank may be used in which
an aliquot ofsewageis mixed with an appropriate
volume of waste water before dosing to the

aeration

E8.l.8

vessel.
Treatability
If the industrial waste water has adverse effects on (1) The durationofthetestdependson thetreatability
the sludge and the performance of the plants does
and toxicity ofthe waste water, eg. ifnitrification
not show any signs of recovery after a few weeks,
is inhibited it may or may not be resumed aftera
repeat the test using lower concentrations of
period of acclimatizationofthe sludge to the test
industrial waste water until there are no adverse
material.
effects observed.
Toxicity

E8.1.9

If it is required to know at what level the waste

water causes adverse effects, the method can be
repeated using a higher proportion of waste water
to sewage until the concentration (if any) which is
toxic is established. Determination of the effects
of shock loads or intermittent discharging may be
necessary, in which case a steady state is not
applicable.
69

E8.2

Procedure for Industrial waste water alone

The industrial waste water may contain sufficient nutrients to support sludge growth
without requiring addition ofsewage. Normally,a feed having organic carbon, nitrogen
and phosphorus in the approximate ratio of 100:10:1 would support healthy sludge
growth. Ifthe waste water contains excess carbon,other nutrients may be added — e.g. if
it contains a high proportion of carbohydrates, ammonium salts and phosphates can be
added.

The procedure is similar to that described in procedure E 8.1 except that the industrial
waste water is used as the feed (instead of sewage) from the start of the test. In this case
control units are not required, as comparison of units with differentfeeds would not be
valid.
Performance of the plants is assessed by determining the amount of carbonaceous
oxidiation, nitrificationand the properties ofthe activatedsludge as for procedureE.8. 1.
The acceptable amount ofremoval ofthe industrial waste water components dependson
thepurpose of theseparate treatment — whether to reduce the BOD to a concentration
which may be discharged to the sewer, or to biodegrade the waste water to an acceptable
BOD for discharge to the environment. In both cases the required emissionstandards
must be met.

It may be necessary to alter the operating conditions of the plant (e.g. increasing the
retention time, or controlling the pH value) to obtain an effluent ofthe required quality.
Somecomponents oftheindustrial waste water may bebiodegraded,whileothersare not,
so specific analysis may be required to determine the components whichare resistant to
biodegradation.

E9. Estimation of

Treatabilityand
Toxicity

E9.1.

Calculation of Treatability

Waste water in admixture with sewage
The percentage removals of BOD, COD,and NH3 for the test and control plants can be
calculated using the followingformula:—

E9.1. 1.

Overall removal =

I —E.

x 100%

where I = BOD, COD, or NH3 ofthe influent (for control)orsewageplus industrial waste
water (for test), and E = BOD, COD or NH3 of the effluent.
Assuming the loading of the test and control plants is the same (see section El0.3) the
removal of BOD (or COD) present in the industrial waste water component can be
calculated (see Section E9.4) to be:—
—
—
—
[(Cm Em) (1 x) (C5— E5) 1
L
Cm(1X) Cs
J 100%
where x
Cm

C

Em

E5

fraction of industrial waste water in mixed sewage

= BOD (or COD) of mixed sewage
= BOD (or COD) of sewage alone
= BOD (or COD) of test effluent
= BOD (or COD) of control effluent.

Theamount ofoxidation ofNH3-Ncanbe used asa measureofnitrification*.Percentage
inhibition ofnitrification by the industrial wastewater may becalculated by the following
formula:—

f (Cj)(CmEm)
(C5-E,)

L
where

1

J

x

100

of the control influent (sewage alone)
C == ammonia-N concentration
of the control effluent

E
NH3—N concentration
concentration of the test influent
Cm =
Em

NH3—N
NH3—N concentration in the test effluent.

* The calculation for ammonia removal is not applicable when OECD/EECsynthetic
sewage is used, since it contains urea but no ammonium salts.
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Alternatively,assuming no denitrification occurs, the production of nitrate and nitrite
(oxidized nitrogen) may be used to calculate the percentage inhibition of nitrification:
(OXNSOXNm)
percentage inhibition = ______________ x 100
OxN5

where OxN
OXNm

= oxidized nitrogen concentration in control effluents
= oxidized nitrogen concentration by test effluents.

If OXNm >OxN5 nitrification probably has been
industrial waste water.

stimulated in the presence of the

Treatability of waste water alone
The percentage removals of BOD, COD and NH3 can be calculated from the same
formulae as those for the overall removals given in E9.l.1., where BODs, CODs, NH3s
would be the BOD, COD,NH3 respectivelyofthe influentwastewater andBODE,CODE
E9. 1.2.

and NH3E of the effluent.

E9.2. Calculationof toxicity

Thetoxicity canbe expressedas apercentagereduction intheremovalofBOD or COD in
the test plant compared to that of the control plant:
Percentage inhibition =

Rc — RT x 100
Rc

R

where is the percentage removal of BOD, COD or NH3 ofthe control unit,and RTiS
the percentage removal of BOD, COD or NH3 of the test unit.
E9.3. Interpretation of Results
E9.3.1. Treatability
An industrial waste vater can be assumed to be adequately treatable if the polluting
matter it contains is satisfactorilyremoved underthe conditions ofthe test. Whatcan be
regarded as 'satisfactory' removal dependson thefrequencyofdischarge,any subsequent
treatment process, and ultimate destination ofthe effluent. Reduction in settleability or
increased CST ofthe sludge may be an important factorin activated sludge treatment.

Ifthere is good removal ofthe industrial waste water components only after a period of
acclimatization, the waste water would be suitable for continuous discharge, but
intermittent discharging would be unsuitable and may result in deacclimatizationif the
period between the discharges were too long.

Ifthe industrial wasteis not satisfactorilyremoved at twicethe dischargeconcentration,
the test concentration should be reduced until a treatable level is found.
If theindustrial waste has adverseeffectson thesludgeat all theconcentrations tested, it

canbe assumedto be untreatable by theactivatedsludgeprocessand alternativemeans of
treatment must be considered.
E9.3.2.

Toxicity

The industrial waste water may be toxic to only one group oforganisms in thesludge, or
to the whole range of sludge micro-organisms.

If it is toxic to the nitrifyingbacteria, a reduction in theconcentration ofnitrate in the
effluent will occur, with a resulting increase in effluent ammonia concentration, the
changes being a measure of the toxicity. It may also be toxic to carbonaceous oxidative
processes, when a decrease in the removal of BOD and COD would be observed. The
presence of the industrial waste water may also promotethe growth of certain species of
the sludge population, adversely affecting the settleability of the sludgeor its capillary
suction time.
One or any of these effects may occur, but the toxicity may be temporary and
acclimatizationofthe sludge micro-organismsto the industrial waste water mayfollow.
Therefore,ifthe inhibition is partial,it is important to continuethe testingfor aperiod of

weeks to allow some time for acclimatization. Some toxic materials (eg. metals), which
build up slowlyon sludgesolids before reachingcritical levels,may requireseveralweeks
testing before their effect on the process is established.
E9.4. Derivation of the Calculation of the Removal of BOD or COD present in an
Industrial Waste Water

The removal of BOD or COD present in the industrial waste water component is
calculated as follows (Section E9. 1.1 refers):—
Let

C = BOD (or COD) of waste water
E,,

= equivalent effluent BOD and assume no interactions.

Then
Cm

(1 — x)

C + xC,,

Cw=+(Cm-(l-x)Cs)
Similarly,
Em

= (1 —x)E5 + xE

Ew=±(Em(l_x)Es)
Removalof industrial waste water component

=C,,-E,,
C,,

xlOO%

=4(Cm(1 _X))_+(Em_(l —x)E)
±(Cm_(l -x)C)
= (Cm'Em)-(1x)(CEs)

Cm(1X)Cg
where x

x 100%

x 100%

= fraction of industrial waste water in mixed sewage
Cm= BOD (or COD)

of mixed sewage

Cs = BOD (or COD) of sewage alone
Em = BOD (or COD) of test effluent
E5 = BOD (or COD) of control effluent

ElO. Sources of

error

Comparability of test and controlunits before the addition of industrial waste is
very important. The addition should not be started untilthe same steady removalshave
been achievedin both control andtest units. Also, the performance ofthe controls must
remain stable during the testing period. If any problems develop e.g. those described in
E1O.1

the followingparagraphs, the running in stage should be repeated until comparable
results are obtained.

El0.l.l. Loss of sludge in the effluent (of Husmann plant)
If thesludge is allowedto accumulate in thesettlement vessel, denitrificationmayoccur
causing bubbles of nitrogen gas to be formed which attach themselves to the sludge,
resulting in floating masses of sludge, which are washed out in the effluent.
Filamentous growthwill alsoresult inpoorsettlingandsludgeinthe effluent.Thesesolids
in the effluentwould giverise to high COD values, and thereforeeffluent samplesshould
be filtered or centrifuged before analysis.
ElO.1.2. Non-return of settled sludge (in Husman plant)
Sometimes,particularly if the sludge is filamentous, 'bridging' occurs at the base of the
settlement vessel, so that sludge accumulates there and is not returned to the aeration
vessel, the returned liquid being low in suspended solids. This results in depletion of
sludge in the aeration vessel and consequently low removal of COD and test substance.
This can be temporarily remedied by dislodging the sludge with a brush.
72

E1O.2

Syntheticsewage
The concentration of phosphate in the synthetic sewage is insufficient for adequate
bufferingofthe mixed liquor ifcompletenitrification(an acid producing reaction)occurs
and as a result the pHvalue may fall sufficientlyto reduce thedegree ofremovalofCOD
and perhaps of the substance under test. This may be remedied by adding suitable
concentrationsofbicarbonate to the syntheticsewage, usingthe fact that the oxidation of
1 mgN to nitrate produces an acidity equivalent to about 7 mg COT.
E1O.3

Loading

Unless the BOD or COD ofthe sewage and the industrial waste water are identical, the
organicloads tothe plants willnot bethe same. Since the proportion ofwastewater added
is low, usually <5%, the differencesinloading are not likelytobehigh enough to alter the

performance ofthe plants significantly.However,ifthewastewater is extremelystrong or
if the proportion added is high, due consideration must be given to the effect that the
larger differencesin loading mighthave. Itmight evenbe necessaryto adjust thestrengths
of the influents by addition of water or of a solution of known biodegradable organic
substances ('synthetic sewage').

Eli.

Checking

accuracy

Duplicate plants are run simultaneously and mean values are taken to reduce the
variability of results from similar units. The length of time taken to test a particular
industrial wastewater depends uponits behaviour in treatment. Therefore, ifthewaste is
not removedreadily in a shorttime with no adverse effectsonplantperformance,thetest
should be extended to allow time for acclimatisation ofthe sludgeto the test material. If
no signs of improvementoccur after 6 weeks of addition, or ifthe sludgeis killedon the
first addition, a range of lower concentrations must be tried before assuming that the
waste water is untreatable*.

The test described is normally carried out at room temperature i.e. 18—25°C. If the
industrial wastewater is expectedto be dischargedall year round,or in the winterseason
only, it may be necessaryto assess its treatability at, say, 10°C.

* Toobtainan approximateideaoftheconcentrationofindustrial wastewater whichcan
be treated without toxiceffectspreliminaryrespirationratedeterminations can be carried
out. (method C)
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FIGURE11 EQUIPMENT USED FOR ASSESSMENT OF TOXICITY/TREATABILITY (Husmann unit)
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FIGURE 12

DIMENSIONS OF HUSMANN UNIT
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FIGURE 13 EQUIPMENT USED FOR ASSESSMENT OF TOXICITY/TREATABILITY (Porous pot)
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FIGURE14 DETAILS OF 3-LITRE POROUS-POT AERATION VESSEL
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F.

Continuous Simulation Test to
Assess the Treatability of Chemicals
and Industrial Waste Waters and
their Toxicity to the Biological
Filter Process

Introduction
Thissimulationtest is based on the continuous testoriginallydescribedbyGloyna et al'9
and developedby Tomlinsonand Snaddon(20).Itcanbe applied to chemicalsorindustrial
wastewaterswhich havegiven indicationsoftreatability and/ortoxicity (e.g. intests such
as methods C and D) and whereadditional information is required forapplication to the
biologicalfilter method of sewage treatment. Ifthe industrial waste water is a mixture,
and it proves toxic or untreatable, it may be necessaryto separate the components for
further study.
Since the test is relatively expensiveand time-consumingit is usually only resorted to in

thecaseofindustrial wastewatersofimportanceeitherin terms oftheirpotential effecton

a wide range of treatment plants or of particular local significance.

Procedure FA ofthis method describesthe assessmentof treatability and/ortoxicity of
chemicalsand waste waters in admixture with sewage. However, if the industrial waste
water contains sufficientnutrients for bacterialgrowth it may be tested alone(Procedure
FB).

Theconditionsofthe testmay bevaried tosimulate more accuratelytheperformanceofa
particular treatment plant (See Section F12).
Wherethe chemicalor industrial waste istested inadmixture with sewage, thetreatability
andtoxicity areassessedby comparison oftheperformanceoftestandcontrol units. This
is only valid ifthe loading ofthe test and control units is the same (See Section F10.2).
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Fl.

Performance
Characteristics

Fl. 1. Properties determined

The treatability of an industrial waste water or
chemical alone, or in admixture with sewage in the
biological filter process, and the toxicity of the test
material to that process.

F1.2. Type of sample

Industrial waste waters and chemicalswhich are
soluble and non-volatile.

F1.3. Basis of method

Determination of the effects of an industrial
waste water or chemical on the performance of
laboratory scale plants, simulating the biological
filter process.

F1.4. Range of application

0—100% removal of BOD
0—100% nitrification

F1.5.

Standard deviation

or COD or DOC.

Within test

3.5%

Between tests

5.0%

F1.6. Limit of detection

Limited by biological variation, and the sensitivity
of the analytical methods used.

Fl.7. Interferences

Any substance present in the air or the test media,
which inhibits the growth of micro-organisms.
Any substance which interferes in the analytical
method being used (see Section 3).

F1.8. Time required for
determination

F2.

Principle

A maximumof nine weeks.

Operator time: (excludinganalysis) for a 6 tube
installation, approximately 12 hours/week.

F2. 1. Comparison is made of the performance oflaboratory scale units simulating the
percolating filter process treating sewage alone with that ofunits receivingan industrial
waste water or the test chemical, either alone or in admixture with sewage.
F2.2. The test simulates the performance of a biological filter by the application of
sewageand/or the materialto betested to the internal surfaceofaslowlyrotating inclined
tube. A layer of micro-organismssimilar to that present on the surface offilter media is
built up on the internal surface of the tube. Theeffluent from the tube is collectedand
either allowed to settle or filtered before analysis.
Performance is assessed by the removal of polluting matter, or degree of nitrification.
F2.3. Ideally, the industrial waste water should be tested usingthe sewage to which it is,
or is to be, discharged.If thewaste appears to be untreatable whenusinga sewagealready
containing industrial wastes, the test should be repeated with synthetic or domestic
sewage to eliminate any interactions between the industrial wastes.

F3.

Interferences

Any chemicalsubstance in the sewageor in the air whichmay adverselyaffectthe growth
of sludge micro-organisms.Examplesare: organicsolvents,toxic metals,strongacids and
alkalies, bactericides. Any substance which interferes in the analytical methods used.

F4.

Hazards

F4.1.

Hygiene

Sewage contains potentially pathogenic organisms, therefore appropriate precautions
should be taken during maintenance of equipment, and handling of samples.
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F4.2.

Mechanicaland Electrical

Guardsshould be fitted to the moving rollers ofperistaltic pumps, electricmotors, gears,
shafts and wheels driving the totatingtubes.
All electrical equipment should be protected from splashes and leaks.
F4.3. Chemicals

The industrial waste water or test chemicalmay have harmful properties, and should be
handled with care.

Mercuric chloride used in the preservation of samples (except those for BOD analysis)
also should be handled with care.

F5.

Reagents

F5.1. Settled Sewage

When sewageis to be usedfor the test it should be collectedeachdayfrom the overflow
channel ofthe primary sedimentationtank or, ifpossible,the feedto the biologicalfilters.
Thewaste water mayproveto be untreatable in this sewageas a result ofthepresence of
otherincompatible wastes. Ifthis happens, its treatability in admixture with syntheticor
settled domestic sewage should be determined.
F5.2.

Synthetic Sewage
The synthetic sewage is composed as follows for each litre of tapwater:— 160 mg
peptone, 110 mg meat extract, (or 270 mg of mixed peptone-meat extract commercial
preparation), 30 mg urea, 7 mg sodium chloride, 4 mg calciumchloride dihydrate, 2mg
magnesium sulphate heptahydrate, 28 mg dipotassium hydrogen phosphate.

For convenience,this may be prepared as a 100-fold concentrated solution in distilled
water, which can be storedat 1°C for up to 1 week,andthe syntheticsewagemade daily
from this by appropriate dilution with tap water.
The syntheticsewage afterdilution contains approximately 106 mg/i organic carbon, 46
mg/i nitrogen, 5 mg/i phosphorus.

ThepH value ofthe applied sewageshould be in therange 7.0—7.5 andany adjustment
necessaryto achieve this should be done using dilute hydrochloric acid (1M) or dilute
sodium carbonate/bicarbonate (1M) (See Section F10.3).
F5.3.

Test substance

An appropriate amount oftestchemicalmay bedissolvedinthesewage,oralternativelya
stock solution of appropriate strength may be preparedanddosed separately tothe tube.
F5.4. Industrial waste water
Fresh representativesamples ofthe industrial wastewater to betested should be collected
from the site, and if necessarystored at 1—4°C to avoid changes, and added as in F5.3.
F5.5. Mercuric Chloride
1.0% rn/v solution of mercuric chloride for preservation of samples when necessary.
F5.6.

Lubricant

Glycerol or olive oil may be used for lubricating the peristaltic pump rollers: both are
suitable for use with silicone rubber tubing.

F6.

Thisconsistsof a bank ofacrylictubes 30.5 cm longx 5 cm internal diameter, supported
Apparatus
(Figs. 15 and 16) on rubber-rimmed wheels contained within a supporting metal frame. The tubes (Fig.
15) have an outside lip approximately 0.5 cm deep to retain them on the wheels, the
internal surfaceisroughened by abrasion with coarse wire wool,andthereis a0.5 cm deep
internal lip at the feed end to retain the liquid. The tubes are inclined at an angie of
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approximately 1° to achievethe required contact time when the test mediumis applied to
a clean tube. Therubber-tyred wheelsarerotatedusing aslowvariable-speedmotor. The
temperature is controlled by installation in a constant temperature room. A 24 hour
supply ofsettled sewage or material to be tested is contained in a 20—litre storage vessel
(A) (Fig 16).
The vessels have outlets near the bottom and are connected by suitable tubing, e.g.
silicone rubber, via a peristalic pump (B), to a glassor acrylicdelivery tube which enters
2—4 cm into the higher end of the inclined tube (C). Effluent is allowed to drip from the
lowerendofthe inclinedtube to be collectedinanotherstoragevessel(D),and is settledor
filtered before analysis.

F7.

Sample

collectionand
preservation

F7.1 A sample of feed solution or solutions(iftest material is dosed separately)is taken
afterapproximatelysixhourssettlementin the feedvessel andpreserved,ifnecessarywith
40 mg/I mercuric chloride*, by adding 2.0 ml of 1% w/v mercuric chlorideto 500ml of
sample.

A further sample may be taken 16hours later ifit is consideredthatthecompositionmay

vary in that time. The meanon thetwoanalysesis thenusedin calculations:this takes into
account any changes in the feed during the day.
F7.2. The effluent from the tube is collected over a period of approximately 16 hours
starting at the time of the initial sampling of the feed solution. The bulk effluent is
thoroughly mixed before a sample is removed for settlement and/or filtration prior to
analysis. If samples are to be preserved but BOD determinations are not required, the
effluent may be preservedby collectingdirectly intomercuricchloride solution (2.Omlof
1% w/v for each 500 ml).

F8.

Procedure

Step

F8.1

F8.1.1.

Procedure

Notes

Procedure for Industrial Waste Water or Test Chemical in Admixture with Sewage
Collection or Preparation of Sewage
Settled sewage is collected, preferably each day,
from the overflow channel of the primary sedimentation tank or if possible from the feed to the
biological filters (see F5. 1), and kept aerated
before use to maintain a minimum of 2 mg dissolved oxygen per litre.

F8.1.2.

F8.2.

F8.2. 1.

Alternatively,synthetic sewage is freshly pre(a) 100x stock storedat 1°C for no longerthat 1 week.
each
from
a
concentrated
stock
solution
pared
day
by appropriate dilution (note a). The sewage is
(b) Influent and effluent containers andfeed tubes
added to clean influent vessels (note b).
should be thoroughly washed out to remove
bacterial (influent) or (algal effluent)growths.
of
Tubes
Operation Rotating
Two identical pairs of tubes should be used.

F8.2.2.

The peristaltic pump is controlled to deliver
(c) This rate of application may have to be varied if
250 ± 25 ml/h (note c) of settled sewage or
attempts are made to simulate flow at a particular
synthetic sewage into the inclined tube which is
sewage treatment works. (Section F12).
rotatedat a speedof 18 ± 2 revolutionsper minute.

F8.2.3.

The angle ofinclination of the tubes is adjusted to (d) Theresidencetime is determined by spot dosing of
produce a mean residence time of 125 ± 12.5 sec
readily detectable materials, e.g. dyestuff or
for the mixed feed in a clean tube (note d).
chloride and detection of the peak concentration
in the effluent.
The air temperature is maintained at 18—25°C,
but for special investigation a lower temperature
may be required.

F8.2.4.

*
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Samples

for BOD analysis should not be treated with mercuric chloride.

Step

Procedure

F8.2.5.

No inoculum is normally needed to start the
growth of micro-organisms,but if inoculation

Notes

proves necessary (e.g. with syntheticsewage), 1 ml
settled sewage per litre may be added to the feed
for 3 days.
F8.3.

Sampling

F8.3. 1.

A sample of feed is taken as described in section (e) A minimum volume of 250 ml is collected in a
F7.1, the volume being dependent on the analysis
required (note e).

F8.3.2.

A sample of effluent is taken as described in

section F7.2, the volume again depending on the
analysis to be undertaken (note e). This sample
is either settled (note f) or filtered (note g)
before analysis.

500 ml measuring cylinder.
(1)

Thesample is allowed to settle for 60 minutes
before removal of sufficient quantity for analysis
from belowthe surfaceto avoid anyfloatingsolids.

(g) The sample is filtered e.g. through a Whatman
No. 1 filter paper and the first 100 ml of filtrate
rejected before collection of the material for
analysis.

F8.4.

Running-in

Influent and effluent samples are taken during an (h) 'Running-in' period is the time taken for the
initial 'running-in' (note h) period of the test, to
surface film to reach a "steadystate". It is usually
check the performance of the tubes. Appropriate
about 2 weeks, but should not exceed 6 weeks.
analyses may include COD, BOD, DOC, NH3
and Oxidized N24' IS,25, 26, 27)
When the removal of the determined parameters (i) For synthetic sewage the normal percentage
has reached a steady and similar level in eachtube
removal of COD is 80 ± 4% based on the mean of
the mean removals can then be calculated. The
5 daily samples. The extent of nitrification will
COD removal in the control tubes should remain
depend on the conditions of the test.
consistent (note i) during the subsequent period
when analytical data are collected.
F8.5.

Introductionof Test Material
When removal of COD etc. has become steady,
(j) The industrial waste water or test chemicalmay be
the industrial waste water or test chemical is
mixed with the sewage in the feed vessel in the
added to the sewage of one pair of rotating tubes
required proportions, or dosed separately with
in the required proportion.(Note j)
another pump (See F5.3). Usually twice the
concentration expected to be discharged is tested
(See F10.2).

F8.6.

Test Period
Continue the analytical determinations for a
(k) The durationof the test depends upon the treatfurther four to six weeks (note k) or until a steady
ability and toxicity of the waste water; it may be
state is reached in the test tubes (note 1). Daily
some time before a steady state is reached.
analysis (5 times weekly) over a period of 3 weeks
are usedfor the calculation of toxicity and
(1) During the "steady state" period the surface film
treatability.
may slough from the tube surface. If this occurs,
the period for collectingof analytical data should
If it is clear after six weeks that the performance
cover at least 12 full cycles.
of the test tubes is significantlyreduced, it may be
necessaryto repeat the entire experimentat a lower
concentration.

Step

Procedure

F8.7.

Toxicity

Notes

If it is required to know at what level the waste

water causes adverse effects, the method can be
repeated using a higher proportion of waste water
to sewage or concentration of test chemicalin
sewage until the concentration (if any) which is
toxic is established. Determination of the
effects of shockloads or intermittent discharges
may be necessaryin which case the 'steady state'
is not required.

Procedure for Industrial Waste Water Alone

FS.8.

F8.8. The industrial wastewater may contain sufficient nutrients to be biodegradedona
biological filter without the addition of sewage. Normally a feed containing organic
carbon, nitrogen and phosphorus in the approximate ratio 100:10:1 would support
healthy growth.

The procedure is similar to thatdescribedin procedure F8 exceptthat the industrial waste
water is usedas the feedfrom the start ofthe test. Controltubes are not necessaryin this
case although the use of a synthetic sewage standard may be beneficial to ensure that
testing conditions are suitable, or for comparability if different waste waters are being
tested at different times.
Performance of the plants is assessed by determination of the degree of carbonaceous
oxidation and/ornitrification as for procedure F8.The acceptableamount ofremoval of
thewastewater componentsdependsonthepurposeoftheseparate treatment; whetherto
reduce the pollutants to a concentration which may be discharged to a sewer or to a level
suitable for discharge to the environment.
Some componentsofthe wastewater may bebiodegradedwhile others arenot, so specific
analysis may be required to determine the components which are resistant to
biodegradation.

F9.

Estimationof
Treatability and
Toxicity

F9.1. Calculaton of Treatability
F9.1.1.

Chemical or waste water in Admixture with Sewage

The percentage removals of BOD, COD etc for the test and control plants can be
calculated using the followingformulae:—
Overall removal =

I —E

x 100%

where I BOD, COD etc ofthe influent(for control)orsewageplus testmaterial andE =
BOD, COD etc ofthe effluents.Assumingthe loadingofthe test andcontrol plants is the
same (see section F10.2), the removal ofBOD (or COD) present in the industrial waste
water component can be calculated from the following formula (see Section F13 for
derivation).

(CmEm)(l

x)(CE)

Cm — (1 — x) C5

x 100%

where x = fraction of industrial waste water in mixed sewage,
Cm = BOD (or COD) of mixed sewage,
Em

E
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= BOD (or COD) of sewage alone,
= BOD (or COD) of test effluent,

= BOD (or COD) of control effluent.

F9. 1.2. Treatabilityof Waste Water Alone
The percentage removalsofBOD, or COD, can be calculated usingthe same formulaeas
those in 9.1.1. where BODSor CODSwould be the BOD and COD respectively of the
influent waste water and BODE and CODE the BOD and COD of the effluent.
The percentage removal of ammonia can be calculated in the same way as the BOD or
COD (F9.1.1.)
F9.2.

Calculationof Toxicity

The toxicity can be expressedas a percentage reduction in the removal ofBOD, or COD

or NH3 in the test plant compared to that of the control plant:
—
RC-RT
inhibition —
Percentage

x

R

100,

where R. is the percentage removal of BOD (COD or NH3) of the control unit
and RT is the percentage removal of BOD (COD or NH3) of the test unit.
Alternatively,assuming no denitrification occurs, the production of nitrate andntirite
(oxidized nitrogen) may be used to calculate the percentage inhibition of nitrification:
percentage inhibition =

OxN

x 100

= oxidized nitrogen concentration in control effluents.
OXNm = oxidized nitrogen concentration in test effluents.

where OxNs

If OXNm >OxN nitrification probably
industrial waste water.
F9.3.

has been stimulated in the presence of the

Interpretationof Results

F9.3.1. Treatability
Anindustrial wastewater canbe assumedtobe adequatelytreatable at asewageworksif
the pollutingmatterit containsis satisfactorilyremovedunderthe conditionsofthetest.
What can be regarded as 'safisfactory' removal depends on the frequency ofdischarge,
subsequent treatment process, and ultimate destination of the effluent.

Ifthere is goodremoval of the industrial waste water components only afteraperiod of
acclimatization, the waste water would be suitable for continuous discharge, but
intermittent discharging would be unsuitable and may result in deacclimatizationif the
period between the discharges were too long.

Ifthe industrial waste is not satisfactorilyremoved at twicethedischarge concentration,
the test concentration should be reduced until a treatable level is found.
F9.3.2. Toxicity
Iftheaverage performanceofthetubes receivingthewaste water isnotsignificantlylower
thanthose ofthe controls, the material maybesaid tobe non-toxic at theconcentration
tested.
If, however,the averageperformanceofthe tubes for oneormoreoftheparameters tested
is lower than the control, the material may be exhibiting a toxic effect.
The waste water may be toxic to only one group oforganisms inthe microbialfilm onthe
rotating tube, or to the whole range of micro-organismspresent. If it is toxic to the
nitrifying organisms, a reduction in the nitrate concentration in the effluent will occur,
with a correspondingincrease in effluent ammonia concentration, the changes being a
measure of toxicity. It may also be toxic to carbonaceous oxidative processes, when a
decrease in the BOD and COD removal would be observed.
One or any of these effects may occur, but the toxicity may be temporary, and
acclimatizationofthe micro-organismsto the waste water may follow. Therefore,ifthe
inhibition is partial,it is important to continue the testing for aperiod ofweeks to allow
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time for acclimatization. Some toxic substances(e.g. metals) may absorb onto the film
and build-up to toxic levels, and therefore require several weeks testing before their
effect on the process is established.

Fl0. Sources of
Error

F10.1 Comparability of test and control units before the addition of chemical or
industrial wasteis very important. The addition should not be started until the same
steady removalshave been achievedin both control and test units. Also the performance
of thecontrols must remain stable duringthetesting period. Ifanyproblems develop(e.g.
sloughing, see F8.6 note 1), the running-in stage should be repeated until comparable
results are obtained.

F10.2. Unless the

BOD or COD of the sewage and the industrial waste water are
identical, the organic loads to the plants will not be the same. Since the proportion of
waste water added is low, usually <5%,the differencesin loadingare notlikelyto be high
enough to alterthe performance ofthe plants significantly.However,ifthewastewater is
extremelystrong orifthe proportion added is high,dueconsideration must be given tothe
effectofthe larger differencesinloading.It mightevenbe necessaryto adjust the strengths
of the influents by addition of water or of a solution of known biodegradable organic
substances ('synthetic sewage').

F10.3 Usually it is preferable that one batch ofpeptone and beefextract should be used
throughout the test to minimiseany changes in constituents which may arise by different
amounts of purification or by different protein sources. The synthetic sewage may have
insufficient buffering capacity if complete nitrification (an acid-producing reaction) is
achieved, and the resultant fall in pH may reduce the degree of removal of COD and
perhaps the material under test. This may be remedied by addition of suitable
concentrationsofbicarbonate/carbonate tothe syntheticsewage. Theconversionof1 mg
ammonia to nitrate produces acidity equivalentto approximately 7 mg carbonate. This
procedure is unlikelyto be necessaryusing naturalsewagewherethe bufferingcapacityis
likely to be much greater.
FlO.4 Since the simulation test is usually carried out at room temperature in the
laboratory (at 20°C), it maybe necessaryto check that the test material is equallytreatable
at lower temperaturesfoundinpractice(e.g. in winter).This maybe done by installingthe
tubes in a cold room (e.g. at 10°C).

Fl 1. Checking

Duplicate plants

Fl 2. Operational
use of the Test

Ifthetestis being used to assesstheeffectofamaterialona particular treatment plantit is
first necessary
to simulate the performance of that plant without the material.

accuracy

are run simultaneously and mean values are taken to reduce the
variability of results from similar units. The length of time taken to test a particular
industrial wastewater or chemicaldepends uponits behaviourin treatment. Therefore, if
it is not removedreadily in a shorttime with no adverseeffectsonplantperformance,the
testshould be extendedto allow time foracclimatizationofthe sludge tothetestmaterial.
If no signs of improvement occur after 6 weeks of addition, a range of lower
concentrations must be tried before assuming that it is untreatable*.

For a test attempting to simulate the performance at a particular works, it will be
necessary to carry out a series of tests at different flow rates (F8.2.2.) and plot the
performance (e.g. COD removal) against flow, to obtain the closest agreementbetween
the performance of the tubes and the biologicalfilters.
A flow whichmore accuratelysimulatesthe worksperformance canthus befoundand the
subsequent tests for treatability/toxicity carried out at this flow rate.

obtain an approximate idea of the concentration of industrial waste water or
chemical which can be treated without toxic effects preliminary respiration rate
determinations can be carried out. (method C).
* To
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Fl 3. Derivation of

Let

the Calculation

of the treat-

ability of
industrialwaste
waterinadmixture with
sewage

(Section9.1 .1
refers).

C. = BOD (or COD) of waste water
E = equivalent effluent BOD and assume no interactions

Then
Cm

..

= (1 - x) C5 + C

=(C -(1- X)C)
m

W

Similarly
Em

-

(1 x) Es + xEw

E =- (Em

— (1 — x)Es)

Removal of industrial waste water component

= C-Ex 100%
Cw

(Cm_(1_X)C$)_+(Em_ (l—x)Es)xlOO%
= (CmEm)(1X)(CE5)X 100%
Cm

(l—x)Cs

where x = fraction of industrial waste water in mixed sewage
Cm = BOD (or COD) of mixed sewage
C == BOD (or COD) of sewage alone
Em BOD (or COD) of test effluent
E5 = BOD (or COD) of control effluent
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However thoroughly method may have been tested, thereis alwaysthe probability ofa

user discovering a problem or something of interest. In addition the accuracy and
precision data for some ofthe methods in this booklet is either lackingornotofthe usual
standard. In part this is due to the natureof the methods which are in some instances
dependent on materials of very uncertain quality. Users with problems information or
data for performance characteristicsare requested to write to:—
The Secretary
The Standing Committee of Analysts
Department ofthe Environment
Romney House
43 Marsham Street
LONDON
SW1P 3PY
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