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FREFACE

The Repional Scas Progranunc was initiated by UNEP in 1974, Since then the Goverming
Conngil of UINEP has repeatedly endorsed a regional approach to the control of marine pollution and the
management of marine and coastal resources, and has requesied the development of regional action plans,
The Regional Seas Programone at present inclndes 12 regions and bas over 14H) coastal states parlicipating
init {1, (23

Coe of the hasic componrents of the action plans sponsorsd by UNEF in the ffamework of Lthe
Regional Seas Programme is the assessment of the state of the marine environment and of its resources,
and of the sources and trends of the pollation, and he impact of pollotion on uman health, marine
ceosystems and amenities, Tn order to assist those parkicipating in this activiry, aod to ensure that the data
obtained through this assessment ean be compared on 2 world-wide basis and tms contribute 1o the Global
Environmem honitaring System {GEMS) of TINEF, a set of Reference Methods and Guidelines for
marine pollotion sludies is being developed as patt of a programme of comprehensive technical support
which inghides the provision of expert advice, reference methods and materials, training and data quality
assuranoe (3). The methods are recommended to be adopted by Gencrnments parlicipatimg in the Repional
Sens Propraiime.

The methods and guidelines are prepared by, or in cooperation with, 1he relevantl specialized
bodies of {ha Thnitcd Nations gystem as well as other organizations, and are desiod by a nomber of cxperis
comipetent in the field relevant to the mcthods described.

In the descriplion of the mellods and gnidelines the siyle nsed by the International Organt-lian
tor Standardization (TS0 is fallowed as ¢losely a5 possible.

Thz methods and guidelines, as published in UNEP's senes of Reference Methods for hMaring
Pollution Stodies, are not congidered as final They are planncd (o b periodically revised Laking into
acconnt (he devclopment of our understanding of the problems, of atalviical instrymeniation and the
actirzl need of tho wiers.  In order 1o [acilitate these revisioms, the users arc inviled 1o ¢onyey their
comments and suEeestions K .

WHOETIRD Froject Office

Coondinating Unit for the MWeditermancan Action Flan
4% vaszilens Konstantingm

PO Hox 15019

UR-11610 Athens

GREECE

which is respongible fot the devolopimend and peeparation of micrabiological and olber heallh-related
Reference Methade.

{13 UNEP: Achievernments, and planmed dovelopra of the ONEF: Ergonsd Seis Programme and
comparable programses sponsorcd by cther bodies, TRET Rgiona] Seas Bepants and
Sludies Ma, 1, LTNZP, 1982,

3 I HULS: A pteatemy for the Boas, “Lhe Regiomal Seas Programme: Past and Future, UMEP 1983,

{FPUNLEFLALATOC, DBefrenres hMotheds and Materiols: A Prooramune B comprehensive suppset for regional
and plubal matme pollntion asseesments. LNEE, 1551



This first substantive issue of Reference Methods for Marpe Pollution Swmdiss Mo, 66 was
prepared by the World Health Organization on the basis of 2 review of the Method during expert meetings
and comments from individual sciemists whe tested the Method. The assistance of sll those who
conttituted 1o this revised issue of the Reference Meihod s gratefolly acknowledged.
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1. INTRODUCTION

The ablactive of a pollution monitoring programme is to obtain as accurate 2
picture as possible of the situation prevailing within any particular time-frame in order
to determine whatever action is necessary on the basis of rezults obtained. in the case
of microbialogical manitoring of coastal recreational and shelifish areas, data obtained
would be in tha form of concentrations of specific mieroonganisms in defined volumes
or weights of matrix (seawater, sand, sediment and shellfish). Such concentrations
would normally ba compared with prescribed standards (o determine conformity with
prescribed standards to determineg conformity or othaerwise, with eventual action baing
taken in ling with that defined in the statulory instruments within which the relevant
quality standards are incorporated. Whars no standards exist, results would be
expected to form the basis for decisions taken on health or other related grounds.
Whatever the prevailing situation, monitaring data should determine whether any
particular beach can be considered acceptable for bathing and/or other recreational
usage, or whether any particular marine area is asceptable for shellfish growing or
harvesting.

One of the essential requirements of any decision-making process is that the
data on which a dscision has to be based is accurate. The achievement of such
accuracy is dependent on the means taken by any particular laboratory to assure the
guality of data it produces. In programmes involving more ihan one laboratory, which
i normally tha case in national and international monitoring pragramrnes, harmonization
between the diffarent laboratories, both in methodology and in guality assuranece, is
gssential to ensurg both reliability and inter-comparison of resuklts ohtained.

This part of the guidelines, which deals with lahoratory quality control in
microbiclogical monitoring of coastal recreational and sheflfish areas, have been
prapared by the World Health Organization within the framework of the Long-term
Frogramma of Poliution Moniioring and Research in the Mediterranean Sea primarily for
national laboratotics particioating in the misrebiclogical companent of this programmae,
though they are, breadly speaking, equally applicable elsewhere. They have been
based primarily on the Handbook for Evaluating Water Bacteriological Labaoratories
{Geldreich, 1975), and the Guidelines for Health-ralated Manitering of Coastal Water
Cuality (WHO/UNEFR, 1877), and are intended to contribute bath to the further
irnprovemeant of monitoring activities inindividual laboratories and to the harmaonization
and comparability ¢f results obtained,

The ariginal version of this part of the guidelines was reviewed by a WHO /UNEP
Consultation an microbiological pollution of Ihe Mediterranaan Sea, held in Malla in
Cecember 1989. The present verzion incorporates the comments and suggestions
made by participants at this maeting, as well as by a number of other microbiciogists
in the Maciterranean and other regions.

2. OBJECTIVES

The main objective of this part of the Guidelines is to provide useful advica for
develmping and implementing a quality assurance pragramme for [aboratories engagded
in the mlcrnbmloglcal ar‘naiym of seawater and shellf:sh or for improving such
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microbiclogical data collecied have the greatest possible sensilivity, that microbiological
resuits produced are reliable and comparable, and that interpretation and evaluation of
such results are consistent with approprizte anvironmental quality criteria and standards
for coastal bathing and sheillish-growing waters.

Specific objectives include the following:

1.

To define the scope and cantents of 2 quality assurance prograrmma.

To identify the main aspects to be considered when collecting and
preserving a représentative water sample.

To describe the basic oparating characteristics and quality requirernents of
laboratory equipment.

To discuss basic aperating requirsments for preparing and using laboratory
utensils.

To examirne proper slerilization methads for glassware, cuiture media,
laboratory equipment and ditutlon water.

To summarize culture media spacifications to be considersd when making
routine bacterial cultures.

To review the basic operating procedures of the multiple fest tube method
and the membrane filtration method for enumeration of total coliforms,
faecal coliforms and faecal streptococei.

To examine practical methods for interpreting bacterialogical results from
coastal marine waters. *

To describe practical methods for inlernal guality control and external
quality control of bacterinlogical laberatories invalved In monitoring coastal
marine waters.

3. SCOPE AND CONTENRT OF A QUALITY ASSURANCE PROGRAMME

3.1 Introduction

Various definitions of quality assurance and quality control ara used in the
literature, Although both terms are frequently used interchangeably, the definitions
cansidered here are those proposed by Garfield (1584):

Quality control is a planned system of activities whose purpose
is to provide a quality product,

CQuality assurance is a planned system of activities whose
purpose is to pravide assurance that the quality conirol
programme is actually effective.



As examples, the Reference Methods for marine pollution studies prepared by
warious UN Agencies and issued by UNEF's Regional Seas Pragramme, now re-issued
in revised form in Parts Il and il of these Guidslines, are components of a quality
cantrol programme, while the Guidelines for Health Related Monitoring of Coastal Water
Quality WHO/UNMEP, 1977) and, meore specifically, the series of intercalibration
exarcises on microbiological methads organized by WHO since 1982 are components
of a quality assurance programme.

Studies and evaluations conducted in the Mediterranean region over the last
decads have emphasized the nesd to ensure that quality control procedures are
systernatically and correctly applied by all participating laboratories. There is an obvicus
nead for eslablishing and implementing a quality assurance programme capable of
ensuring that existing quality control procedures and those that may be developed in
the future ars correctly applied by all microbiclogical laboratories in the Mediterranean,
There is a need lor a systematic evaluation of laboratory performance, both at the
individual lzboratory levet and at the regional laval, to detect deviations from the
proposad quality control procedures and 1o assist in implementing correctly those
procedures. '

The following discussion on the scape and contents of a quality assurance
programme have been based on two main references: the Handbook for Evaluating
Water Bacteriological Laboratories (Geldreich, 1977) and Quality Assurance Principles
for Analyticat Labhoratories (Garfield, 1984).

2.2  Quality Assurance Proggramme

The main objective of 3 quality assurance programme in a microbiological
laboratory is 1o ensure the production of analyiical resuits of high quality through the
use of analyticat procedures that are accurate, reliable, and adequate for the intended

PUFROSE.

The success of a qualty assurance programme depands on the commitment
and cooperation of the laboratory management and personnal, as well as on the
adequacy of the objectives and foundation of the programme itsalf. Although ihe
implementation of a quality asstranee programme may initially represent a slight decline
in productivity, and certainly requires human resources and time, the confidence and
overall henefits derived from kngwing that the results are reliable and camparable brings
about higher personal satisfaction, improves laboratery perfarmancs and efficiency, and
greatly contributes to the overall success of the manitaring prograrmme, resulting thus
in & worthwhile effort.

Tha development and implementation of & guality assurance programnme
requires basically: 1) a set of written guidslines and analytical procedures, 2) an
organizational structure to carry out the quality assurance programme, and 3) a group
of gualified and well trained laboratory personnel.

The following sections describe the basic slements of a quality assurance
programme.



32 Quaiity Assurance Plan

A quality assurance plan is a prerequisite for a8 successful quality assurance
programme. The three essential components of a quality assurance plan are: 1) a set
of preventive meadsures, 2) a set of methads for the assessment, appraisal or evaluation
of operating procedures, and 3) a set of remedial measures.

The preventive measures component includes a coordinated programme of
planning actions and activites to be conducted before or during the analytical
procedures to ensure that anaiytical systems are aperating properly. Quality control
planning, training of labcratory personnel, calibration of instruments, equipment
maintertance, and routing standardizalion are examples of carractive measures 1o be
undartaking in 2 mictobiotogical laboratary.

The assessment, appraisal and evatuation cemponeant includes the systematic
application of eontrol measures 1o determine the accuracy and precision of the
analytical determinations. The analysis of duplicate samples, the use of control charts,
and the participation in irtercalibration exercises are examples of the assasament
component in an analytical labaratory. :

The remadial measures component includes all the actions taken to determine
the causes of inadequate accuracy or precision of analytical determinations, as well as
the steps taken 1o restore proper functioning of the analytical systemn. The modifications
introduced during the MED POL Programme on the culture medium and the incubation
temperature specilied in the method for determination of faecal streptococci are
-examples of corrective measures taken to improve the accuracy and spemﬂcny of this
analytical method in the coastal waters of the Mediterranaan.

Quality- assurance may require from 10 to 20% of an analyst's time, with a
substantial pan of that time devoted to preventive maintanance and the analysis of
check and reference samples. Howewver, ihe banefits from a qually assuraznce
programme are improved credibility of the laboratory, improved expertise of personnel,
and impraved staff morale. In summary, a more rational use of manpower and
economic rescurtes, and a more successiul implementation of the monitoring
pregramme for which the analytical determinations are conducted.

3.4  Quality Assurance Mocdel

A quality assurance programme includes three basic levels of responsihility
within the laboratery: 1) the scientific personnel, 2) the management parsonnel, and 3
tha quality assurance unit. When the quafity assurance programme covers a group of
laboratories that participate in a commoen monitoring programme, as the microbiological
monitoring companent of the MED POL Programme, a fourth level of respansibility can
be considered, in the form of a multiiaboratory quality assurance unit.

As Freeberg (1980} states, the first level of quality control rests on the frained
bench scientist, who is responsible for doing the work propsrly, documenting it, and
cbtaining peer critique and raview to assure that the work done meets relevant scientific
standards. Unless competent and well-trained scientists ¢arry out the microbiological
determinations, there Is no quality assurance programme or svaluation pracess that can
produce quality results.



Laboratory managerment plays an impartant role in the guality assurance
programme by providing adequate irteraction with scientists, stressing the need for
raliability and comparability of resuits, and providing adequats faciliies, equipments and
resaurces to allow scientists to work efficiently and adeguatsly.

The responsibility of the quality assurance unit i$ to examing tha adequacy of
the facilities and resources made available to scientists, to evaluate their analytical
procedures, and to maodify, in caordination with scientists themselves, their analytical
procedures in accordance with the results of the quality assurance programme.

In cases such as the MED POL Programme, in which laboratories from. different
countries participate simultansously in a long-term manitoring programme, # 18
necessary to establish a higher level of rezponsiblity for quality assurance. The main
responsibility of this inter-labaratory unit is 1o ensure that quality assurance psrsannel
from each participating laboratory are properly trainad and work in ¢lose collaboration
with each other.

It iz extremsly impartant that the responsibility for quality assurance be
considered & positive contribution to improved perfarmance and efficiency within the
laboratories, rather than a policing effort on everyday activities.

3.5 Quality Assurance Objectives

A qualily assurance programme rmust have a set of clearly defined objectives.
Although the number and extent of those objectives vary according to the type of
labaratory, the fallowing are some of the objectives commonly considered in quality
assurance programmes {USCPSC, 1975},

1. Tomaintain a gontinucus assessment of the ascuracy and precision of data
produced by laboratory analysts.

2. To provide a measure of the accuracy and precision of the analyticat
methods used in the labaratary, and to identify weak methodalogias.

3. To esltablish training needs within the analytical group.

4. To keep a parmanent record of instruments performance as a basis for
validating data and projecting the needs for equipmeant repair and
replacement.

5 To advance overall gquality of laboratory performance.

6. To improve data recording arwd transcription, and foster preparation of
writing reports on the progress of the quality assurance pregramme.

A clear understanding of the obiectiveg of the qualily assurance programme by
all the personnef invdlved wil resull in a more efficient bnplemenptation of the
programime, :



3.6 Quality Assurance Programme Elemenis

A successiul guality assurance programme requires a clear identification of its
elements. In general, lhe slements of a programme cover ali the aciivities carried aut
by the laboratory. Although some elements of the laboratory, such as facilities design,
may nat have a direct relationship with quality assurance, they all contribute to a more
efficient operation and, ultimately, to a successful achievemeant of the quality assurance
programme.

Amaong the slements that may be included in a quality assurance programme
the following can be considered (Ratliff, 1880; NIOSH, 1976):

1. Definition of the objectives.

2. Planning for quality assurance.

3. Training an quality asswrance.

4. |dentification and contral of samples.

5. Handiing, storage and delivery of samples.

6. Freventive maintenance and calibration of equipment.

7. Standard operating procaedures.

8. Reagent and reference standards.

9. Statistical quality contral.

1G6. Data validation and interpretation.

11, Laboratory analysis and control,

12. Intre-laboratary and inter-laboratory calibration.

The number and extent of the elemants actually included in a quality assurance
pregramme will vary depending on the type, size, and qualily needs of the laboratory
concermed.

3.7 Qualily Assurance Coordingtion

Tha implementation of a quality assurance programme should be the diract
ragpansibility of the pergon designated as the gquality assurance coordinator. The
coordinator should be preferably responsible to laboratory management and be located
organizationally outsida the labaratory. It is extremely important that the quality
assurance coardinator maintains a high level of objectivity and a close collaboration with

marragement and scientists.

Twa basic responsibilities of the coordinatar are:



1. To make recommendation en tquality assurance policies and to assigtin its
formulation within the laboratory, as far as it concerns laboratory policies,
administrative support, and training of labaratory personnel.

2. To povide guality assurance quidelines for data reduction and
interpratation, maintenance and calibraticn of instruments, and planning of
quality assurance evaluations, as well as to participate in those cuality
assurance evaluations.

In monitoring programmes with a considerable numbaer of laboratories, it may
be necessary 1o have a guality assurance group, whose main responsibility would be
to evaluate the analyticai methadologies and procedures used, and to assist scientists
and technicians in implementing any necessary corrective measure. A guality
assurance coordinator at the national level could be estabiished to supervise and assist
all the laboratoties in each country.

3.8 Quality Control Protocol

Every laboratary operating under a guality assurance programme should have
a quality assurance protocol or manual that specifies the standard . operating
procedures. A quality assurance protocol or manual could be defined as a written
docurnent that identifies the policies, organization, objectives, functional activities, and
specific gquality assurance activities designed to achigve the quality goais dasired for the
oparation of the {aboratary (USERA, 1980).

The. US Environmental Protection Agency {1978) outlines the more relevant
components of aquality assurance protocol. Ameng them, the following dessrve special
. attention:

1. Organization of the iaboratory.

2. Quality assurance objectives. Statistical terms for quality contrat, such as
aocuracy and precision, shouwld be defingd.

3. Quality assurance system. Tha relevant elements of the quality assurance
programme should be described.

4. Evaluations of performanca. The frequency and mathodolagy for evajuating
the quality cantrol of the |aboratory should be specified.

5. Carrectives measures. The actions 1o be taken to corract the observed
deficiencies in quality contro! should be docurnented.

8. Reporting forms. All the reporting forms used far data recording and quality
assuranca evaluation should ba included.

7. Quality gssurance reporting. The format and frequency of the quality
assurance reports should specified, together with the distribution list for
those reports.



3.9 Practical Implementation

Before starting a quality assurance programme, or modifying an existing one,
Garfield {1984} recommends to follow a scries of steps that can be summarized as

follows.

10.

11.

Prepare a quality assurance plan in close collaboration with all laboratory
personnel, management and scientists.

Evaluate the ¢ost invclved n implementing the cuality assurance
praogramme, with particular attention to the time and effort that laboratory
personngl are willing to devote to the programme,

Define the objectives of the quality asstrance programme, taking Mo
account the level af quality desired or required tor the work performed.

Identify the quality assurance elements necessary, taking inta account the
discussions and recornmendations ingluded in the following chapters of
these Guidelines,

Blaborate the quality assurance pretoenl that will be used ag the reference
docurment for the programme.

Dasignate a quality assurance coordinator or group, and specify his {their)
responsibilities.

Establish the frequency and format of the quality assurance evaluation
exercises.

Define the procedures for implementing future corrective actions.

Prepare an autline of the diflerent types of evaluation reports, establish the
persan(s) responsible for their preparation, and specify the circulation list,

Implement the quality assurance programme, evaluate s progress and
modify its contents based on need and experience,

Cocument all the aclivities in detail.

The following chapters cover the most relevant elements of a quality assurance
programme for a microbiclogical laboratory, The discussions and recommendations
included in those chapters can be adeguately incorporated into a guality assurance
protocol, the reference document for all ue:;uﬂhtg,r assurance activities carried out in a
micrabiological laboratory.



4. SAMPLING
4.1 Introduction

KMonitoring and surveillance programmes commanly rety on observations made
on discrete sampies obtained within spatial and temporal constraints. Ensuring that the
sample oblained is represantativa of the phanomenon under study is thus an essential
compenant of a monitoring programme. In contrast to what is commenly believed, it is
very important to realize that emors introduced during the sample collection and
preparation process are usually several orders of magnitude higher than errors due to
analytical deterrninations. :

The main ditficuity in obtaining a representative water sample relates 1o the lack
of homogeneity, both in space and In time, of the water mass under consideration. This
difficulty is especially important whan sampling natural waters, either intand or coastal
waters, due t0 the unpredictable inputs of storm water runoff angd of munigigal and
industrial effluents, whose quality will vary according to iniluent quality and parformance
of wastewater treatment plants. In addition, variable receiving water cirgulation patterns
greatly influence dispersion and transport of discharges.

The main aspects to be considered for abtaining a representative water sample
arg; 1) the adequate selection of the sampling station, 2) the strict adherence to proper
sdmpling procedures, 3) the complata identificatton of the sampla, 4) the adeguats
preservation of the sample, and 5) the prompt transport of the sample to the laboratory.

4.2 Sampling Stations

Sampling stations far monitaring recreational waters should ba selected as 10
reflect the water guality within the entire recreational area. There is no dafinita eriterion
for astablishing the number or the spacial distributian of the sampling stations reguired
for monitoring the microbiclogical quality of a recreational area. One commonly used
criterion is to establish sampling stations in the areas of higher bather density, and
especially in thoze points known to be affected by discharges from nearby storm drains,
publie rest rooms, recreational bulldings, or ottlets of submarine outfall structures.

(auantitative cbsarvations in Mediterranean coastal watsrs indicate that recreation
takes place mostly in the zone ranging from the water line up to points of 2.0 m depth,
where bathars can ragularly atand upright. However, most children are located in areas
close to the water llhe, a zone where breaking waters entrain considerable
concentrations of sand and sediment particles. Sampling stations are thus commonly
established at points where the water depth ranges from 1.0 to 1.5 m. Very iimitad
experimental information is available on which {0 base the sslection of sampling

lagations. :

A baseline study of water quality in the recreational area provides an excetlent
tyasis for establishing the iccation and number of sampling stations. The resuits of this
intensive sampiing programme, together with a detalled survey of water currents and
watgr discharges, will reveal any particular pattern of water guality deterioration that has
to be considered when selecting sampling stations representative of the whols
recreational area. Specifically, this study should include the analysis of watar samples



10

taken at differant water depths, at different houwrs of the day, during different tide phases,
and during any other known source of possible water quality variation. '

The experience gained during the implementation of the monitoring programme
should serve to modify and imprave the initial sampling programme. it is generally
recommended that water samples be caollected from the upper layer of the water mass,
but aiways below the surface. The objective is 1o albitain 3 reprasentative sample of the
water mass to which most bathers are exposed while discarding any possibie enalytical
interference due to pardiculate or floating material, or other Jocalized phenomenon
occuring at the air-water interphase. The Heference Methods for marine poliution
studies prepared by UNEF, the EEC Dirgctive 76/180 (1978) and other regional
monitoring guidelings (Generalidad de Cataluna, 1983) all recommend that water
samples shouid be aobtained at 20-30 cm below the water surface. Very [imited
experimental information 1S available on which to hase the selection of sampiing depth.

Sampling frequency should be directly related to the intensity and temporai
pattern of recreation activities. Sampling should preferably be conducted during times
and days of higher bather density. Very limited experimental information is available on
the diurnal or other temporal variation on water gquality. This might ba unique to the
recreationat area under study. : '

Furthermaors, sampling frequencies gstablished by the EEC Directive 78/180
(19758} and the interim environmentai critena for bathing water {n the Mediterranean
approved by The Contracting Parties to the Barcelona Convention {UNEP, 1885} specify
only minimum requiremeants of one sample every fifteen days. Laboratory working
schedules, particutarly during the summer season, the peak bathing seasen in the
Mediterranean, impase real limitations on the time of the day and the days of tha wesk
when samples can be coillected, as they have to be brought to the laboratory and
analyzed on the same day. This [imitation also applies to sampling during summer
waek-ends and holidays, when recreation activities usually reach their highest annual

intansity.

in summary, there Is & clear need for sound selection criteria conceming the
lozation, ths frequancy and the timing of water sampling. The generai guidelines
presented hare represent mostly 2 compromise betwaen conventional operation
schedules of laboratories and the increasing nesds for monitoring the recragtional watar
quality. The systematic application of a set of agreed-sampiing procedures would
certainly reprasent a first step in promoting the reliability and comparakility of the results
obtained by laboratories paricipating in the MED POL Programme. Specific studies
shouid be conductad 1o establish maore specific ¢riteria relating to iocation, frequency,
and timing of sampiing, so maore adequate protocols can be establishad in the future.

There is na criterion for determining the number of sampling stations to be
established in a recreational area. However, experience gained after several years of
monitoring activittes may provide a sound basis for modifying the number and the
lncation of the initlat sampling stations. Nonetheless, it is extramely important that, once
the sampling stations have been established, na changes ba made until tha bathing
sza80n is finished, and only when the proposed changes are adsquately justified.

The frequency of sampling commonly adepted in monitoring programmes in the
Mediterranean is one sampie per week curing the 12 weeks of the summer season, and
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ane sample svery two weeks during the rest of the year. Higher sampling frequencies
have baen used in some coastal areas. The analytical capacity of the laborataries and
the sampling frequency adopted will determine the total number of sampling stations
that can be included in a monitaring programume. It is ¢leary preferable to maintain
those sampling frequencies on a imitcd number of sampling stations than to cover a
larger number of sampling stations, but using & samping frequency so 0w as 10 render
unfeasible any meaningful water quality evaluation.

The time of sampfing most commonly used in the Mediterranaan is the morning
hours, as close as possible to the noon time period, when most bathing activities take
usually place. The sampling time normally recomrmended is from 9a.m. to 2 p.m., and
preferably from 12 p.m, to 1 pum., the limiting factor being generally the transport time
to the laboratory and the time to analyze the sample during summmer working hpurs.

4.3 Sampla Coilection and Size

Efforts shouid be made to collect sampies that are representative of the water
mass under congideration and to ensure that zamples do not become contaminated at
- the time of colieclion or before they are analyzed. Sterile sample bottles for
microbiclogical analysis must remain closed until the time of collecting the sample, The
botfle should be closed immediately after sampling, adeqguaitely identifisd and placed
in a protective container for consarvation and transport to the labaratory.

Bacteria adsorb to particulate material and to the inner walls of sampiing bottles.
Therefore, an adequat2 air space must be left in the sampie betltle when obtairing the
sample to allow subsequent mixing before analysis. Extreme diffarences in micrabial
concentrations became apparent during one of the intarcalibration axarcisas held in the
Mediterrangan (UNEP/WHO, 1886) due tu inadequate sample mixing, after heavy rainfall
restidtad in an increase of suspended materl(al in the coastal waters under study. Under
no circumstance shouid the analyst discard a portion of the sampie 1o allow for batter
mixing of the bottle contents. Bottles with no air space should be thoroughly and
carefully mixed before analysis, by repeated rapid inversions of the closed container

prior to opening.

The minimum sample size collacted for analysis should be 100 mil for each
bacterial ingicator to be analyzed. When the three common bacteriai indicators are
analyzed it is recommendedto obtain & 500 mil sample volume. Microbiclogical analysis
requiring sample concentration, such as virus determination, may require sample
volumes of 50 litres or more.

44 Sample Collection Procedures

The basic procedurs for collecting a sample is to hold the botte near its base,
o imtroduca it below the surface of the water, gnd to remove its cap =0 it can be filleg
with water at the desired water depth. As the bottle fills, it should ba pushed gently
forwards through the water to prevent contamination from the sarnplet’s hand. Whean
sampling by means of a rope or an exlension arm, the bottle can be introduced open
and neck downward below the water surface, and then be turned up until the neck
points glightly upward. When sampiing from a boat, samples should be coliacted from
the upstream side of the boat to prevent any contamination from tha sampling boat.



12

When using botties with ground glass stoppers, a piece of paper is usually
inserted between the bottte mouth and the stopper to facilitals apening aftar sterilization.
This piece of paper should be removed before reinserting the glass stopper to prevent
the risk of sample contamination or sample spifiing from an inadequately closed bottle.

All samples obtainad from a water mass suspected of having some residual
chlorine must be dechlorinated at the time of collection. Before sterilizing sampling
botties, a sufficient armount of sodium thiosulfate should be added to sach bottle 50 that
after the water sample is collected, the concentration of dechlorinating agent is close
to 100 mg/fl. A 10% sodium thiosulfate solution is commonly used for dosing the
sampling battles. The addition of 2 drops of this solution for each 100-m| of capacity of
the botile provides an adequate concentration of dechlorinating agent in the bottle.

Eotiles shouid be clearly identified with a number permanently marked in the
bottle or writter with a water proof pen on the bottle walls. [t is required that the sample
collector fills out the sample identification form immedizately after iaking each sample.
Samples received in the laboratory with inadequate report forms or questionable
identification should be discarded.

In menitorning programmes, water sampling is sommonly only one element of
the whole data coltection effort, in which weather conditions, water transparency and
temperature, and ather environmental conditions are usually measured and recorded.
The sample collector should wrile adequate remarks concarming water guality conditions
at the ime of sampling that may suggest unusual levels of bacterlal contamination. This
infarmation will be very helpful to microbiclogists when preparing adequate ditutions for
anaiysis.

Laboratory personnel must be responsible for the reception, custody, care and
processing of the sampie upon arival at the [aboratory, They should maintain a logbook
to show registration of the sample upon reception from the sample collector, as well as
indication of the date, arrival time, and the signature of the sample eollector.

4.5 Sampile Congervation

All water samples must be examined as scon as possible after collection.
Conservation time is gritical for monitoring recraational watar quality. Sampling stations
are usuaily far away from laboratory faclitles. Traffic cangestion during the summer -
bathing season and beach accessibility may further extend the time required for sample
transport 1o the [aboratory. It is usually recommendad that sample conservation time
should not excead B hours after collection. The samples should e kept protected from
exposure to sunlight and heat. They should be preferably kept in picnic coolers, where
cold chemical packs can be introduced to maintain the temperature closeto 4 °C during
transport. Samples should be processed within 2 hours upon reception in the laboratory
to ensure the quality and vaiidity of the results. The delayad-incubation test (Standard
Methods, APHA, 1985) may bs used when it is impractical t¢ apply canventional
procedures. ' * '

Studies conducted on the evalution of faecal indicator concentrations as a
function of conservation time (Mujeriego, 1885) indicate that the decrease in bacteriel
concentrations in coastal water samples, after being kept for 26 hours at 4 *C, are within
the significance level of the bacteriological methods of anaiysis. Conseguently, there
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was no statistically significant difference between the bacterial concentration of a sample
analyzed immediately after collection and that obtained when analyzed 24 hours after
collection. On the other hand, deviations of several orders of magnitude were observed
due to inadegquate application of bacteriolagical methods by the participating
laborataries.

-

When sample transit time does nat allow the use of 8 central laboratary, other
altermatives must be considered, such as: t} anaiysis of samples in an approved
laboratory lacated nearby, 2) examination of the samples with an approved laboratary
field kit, and 3) on-sita analysis using a mabile laboratory. Examination of sea water with
an approved laboratory fisld kit or & mobile labaratory should underge a thorough
testing and comparison with an approved |aboratory before they are adopted as an
acceptable procadure,

When a water sample is lost or discarded for subsequent analysis, an effort
shoutd be made ta obtaln an addittonat sample on the following days. Aithough itis not
possible to obtain a replicate recreational water sample, itis very convenignt to maintain
the numbar of samples a5 close as possible to that imitially scheduled. An inadsquata
number of experimentat results may complicate considerably the subsequent evaluation
process, especially when calculating the stafistical precision and significance of the
exparimental results.

4.6 Summary

I summary, watar sampling is an essential element of a quality assurance
programme. Once the detailed procedures for coliecting and preserving a represantative
water sample are established, it is essential that they are systematically applied by all
participating laboratories. Deviations in bactericiogical concentrations caused by
disregard to systematic sampling procedures are usually much higher than those
produced by microbiological meathods of analysis. Although there is still need for scund
critaria for selecting sampling station location, sampling time, sampling freguency, and
to a lessar extent for sample conservation, the systematic application of currently
recommaended procedures ensures the comparability of data obtained by differant
laboratories. The experience gained and the studies conducted during the
implementation of the MED POL Programme should greatly contribute to further
‘advance the development of water sampling criteria.

Proper selection, training and considaration of sampling staft are essantial
eterments of any monitoring pregramme of coastal marine waters. Provision for adequate
means of transportation, and a well defined schedule for sample coliectien should
greatly contribute ta the successiul implementation of the monitoning programme. A
monitaring programme should not be established when samnple callection represent an
additional task to parsons with multiple other responsibilities, or in the absence of a
practical training programme covaring all the aspects discussed above.

5. LABORATORY EQUIPMENT

Lakoratory equipment must be of adequate quality to achiave the levels of
sensitivity and reliability required by micrabiological methods. Furtharmore, it should be
designed and built as to require minimum service repairs o corect any deviation ©



14

failure of its essential characteristics. It is recommended that user and reference
manuals be read by all technical personnel for proper Understanding and operation of
each piece of equipment. The manuais should be available in the laboratory files for
reference when the equipmeant has to be repaired or one part has to be replaced. T
prevent undua accidents, all laboratory personneat must have 2 thorough undarstanding
of the operational controts and adequate use of the different pieces of eguipment. All
laboratory equipment shoud be subject to a stated policy of service and calibration to
thesk its adequate operational performance.

5.1 Air Incubators

Incubation temperature is an essantial selection parameter for the analysis of
microbial indicators in bathing waters. Each analytical method has an incubation
femperature requirerment, obtained after extensive comparative studies. The
recormnmanded termperature has been selected as the optimumn for the detection and
recovery of the microarganism of interest. Incubation temperature, tagether with e
length of the incubation time and the baslc culture medium, serve to define one type
of microorganism. '

Metabalic activity of microorganismes is directly related to incubation temperature.
In particular, incubation temperature has a direct influence on the rate of gas
production, a basic characteristic used in the detection of coliform orgamisms. Studies
conducted on agar plate counts for Escherichia cafi (Taguchl, 1960} indicate that 35 o
was the optimum incubation temperature. The next Dest termperature was 37 °C.
Incubation temperaiures belaw 35 2 increase the possibilities of interfarences caused
by false positive colonies of noncoliferm crganisms. For this reason, incubator
temperature lolerance must be accurately measured within = 0.5°9%C, and all
thermometers used in these analyses must include 0.5 *C scale divisions.

In the absence of recording thermometers, incubator temperature should be
recorded daily, preferably in the marning and in the afternoon. Incubation tempearatura
deviations grealer than 0.5 °C from the 35 °C reguired temperaturs should be corracted

by thermostat adjustrment.

. To ensure a unifarm temperature inside the incubator, culture (wbes and plates
should he arranged as to prevent overcrowding and to enswre adequate air circulation
arnong rmicrobial cultures. Ovarcrawding frequentfy results i hot and cald spots within
the aven that inlerfere with the results of the analyses. Petri dishes should not be
incubated in stacks of more than 5 plates, and ample space should be left between the
stacks on the shelves io ensure an adequate air circulation within the oven.

Air incubators operated at 35 °C create a low-humidity environment that may
affect broth and agar cultures kept during long incubation periods. Agar plates
incubated 48 hours at 35 °C should not experiehce more than a 15% weight reduction
through desiccation. Watgr losses through evaperation cause unfavorable pH changes
in broth gultures, and can suppress bacterial growth or reduce the size of the colpnies
grown in membrane filters. Some commareial incubators have a built-in water reésensoir
ta help maintaining the humidity at approximately 75 to 85%. These reservoirs must be
periodically filied with water to replenish water lost through evaporation. A beaker filled
with distilled water can alse help maintaining the desired relative humidity in the

incubator chamber.
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5.2 Elevated Temperature

The analylical methods recormmended far the selective recovery of faecal
coliforms require an incubation temperature of 44.5 °C. Incubation temparature must be
grecisely contrelled since ternperatures lower than those recornmended will allow the
growth of nongpecific arganisms, whils higher temperatures, will reduce the recovery
of faecal colifarms. It is recommenaad that incubation at this high temperature be
conducted using a water bath incubator, becausa this gystern allows a more pracise
temperature contrel than air incubators. However, madarn air incubators with electronic
temperaturs control can maintain a temperature variation of + 0.2 °C. Accurate
temperature measurement and cantrol are assential for elevated temperatire tests. In
the absence of a recording thermometer, water bath incubatar temparature shaldad be
racorded dally using an immersed thermometer or digital electronic thermometer.

Since water bath temperature taterance must be accurately measured within =
0.2 °C of 44.5 °C, all thermometers used for this purpose should include 0.1 °C scale
divisions as a reguirement.

Large bench-top water bathg with covers can effectively maintain a temperature
ol 44.5°C within = 0.5°C, Some non circulating water baths are capable of
ternperature control within = 0.2 °C, while others may exhiblt a slightly graater deviation,
Thesa latter water baths can ne brought to within = 0.2 °C temperature tolerances by
installing a low speed stirring motor or an external water pump tc create a gentle
circulation of water and thus prevent any thermal stratification. To avoid problems of
metal corrosion, stalnless-steel or plastic-coated baskets ar racks shouid be used in
water baths. Water bath incubators can be cleaned and disinfected using liquid laundry
bizach at a rate of t mi per 10 liters of water. After a 24-hour contact pariod, the bath

shauld be drained, and then flushad and refilled with distilled water.

5.3 Dry Heat Sterilization

Cry heat sterilization of laboratory iterns is achieved by maintaining the
temparature at 170 = 10 °C during 2 hours. Commercial-type ovens shoutd be chacked
to verify they satisfy those reguirements. 1t is recommendsd that any sterilization oven
used in the laboratary be provided with an accurately calibrated thermometer, In the
absence of 4 recarding thermometer, the oven should be provided with a long-stem
thermometer in the range of 180-180 °C, inssrted through the ceiling part and with the
bulb introduced in a graduate cylinder filled with sand. Temparature should be verifled
during the sterilization process. Commercially avaitable ternperature indicators are useful
for sterilization cantrol.

ltems to be sterilized should be placed conveniently saparated from each ather
to allow air circulation and to ensure that all items reach the sterilization temperatura.

5.4 Autoclaves

Wet sterilization of numerous laboratory items is achieved by maintaining a
temperature of 121 °C during 18 minutes, using an autoclave. Bactericlogical media,
sample boltles, membrane fiiter equipment, and test culture discards are sterilized i an
autoclave. The autoclave should be equipped with an accurate thermometer with its
bulb properly located in the exhaust line so that it registers the minimum temparature
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in the sterilization chamber, The sterilization period should bs cauntzd from the time
when the raquired chamber temperature is achigved.

Household pressure cookers may be usedin emergency service if equipped with
pressure gauges and thermometars with bulbs iocated 3 em above the water level.
However, they are not considered the squivalent of an autociave recommended far
permanent |aboratory facilites, mainly because they are difficult to regulate.

Labeliing tapes with heat-sensitive colour changing inks, heat sensitive crayons,
or other materials that change colour or physical state when sterilization temperature
is reached, are useful for autoctave temperature cortrol. These sterilization indicators
should be used each time the autoclave is operated, Autociaves must receive periocic
inspection and preventive maintenance to snsure proper operation and prevent
accidents from occurring. Periodic cleaning of the interior surfaces, systematic
inspection and cleaning of drains, and replacement of old rubber gaskets and
temperature and pressure gages are essential components of a preventive control

programme.
55 Thermometers

To ensure that all thermometers routinely used to monitor temperatures in the
labaratory are accurate, thewr readings should be verified by comparing them with thase
of certified thermometers. Considering the importance of exact temperature contrat,
each laborgtory should have g set ot certified thermometers.

Since thermometears accuracy is not uniform over thelr entire temparature range,
they must be verified for aceuracy within the minimum and maximum range of intended
used, Thermometers should be checked periodically for hairline breaks in their mergury
colurnns as they decrease measuring accuracy.

5.6 pH Meters

pH meagsuremnents in a microbiglogical [aboratory must be made with an
electronic pH meter capable of reading £ 0.1 pH units. As elecirodes may become
defective and cause erratic readings, it is recommended that a spare replacement
electrode should always be available. pH meters must be periodically calibrated using
bisfered solutions of known pH valua. Since calibrafion is not uniform over the entire
pH range, calibration should be conducted every time the pH values to be read are
outside the range for which the equipment was previously calibrated.

Ceolorimetric pH measurements are not acceptable in the bactericlogical
laboratory, becausa itis impossibla t& make a colorimetric pH determination of strongly
coloured solutions such as M-Endo broth or M-FC broth used in the membrang filter

method.

5.7 Balance

Preparaticn of cuiture media may require a balance capable of weighing several
hundreds grams. For this purpose, each laboratory shoutd have a balance with a
sensitivity better than 2 grams at a 100 grams |oad. :
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Weighing media adgditives, reagents, and dyes, which are added in amaounts
smaller than 2 grams, requires an analytical balance with a 1 mpg sensitivity at a 10
grams load. This type of sensitive balance must be protected fram vibrations, dust and
disturbances created by air canditioning systems or laboratory traffic. Special attention
shauld be pafd during weighing procedures to protect the delicate knife sdge on the
halance point.

5.8 Light Source

4 10 to 15x magnification is the best for counting MF colonies. Direct visual
examination of MF total soliforms cultures is not recommended beGause small colonies
or those with atypical colour may not be detectad.

The diffuse daylight from a cold-white fluorescent lamp, adjustad to an angie of
60 f&r B0 degrees above the MF culture, iz the most adequate for observing the golden
metaliic sheen of goliform golonigs, the blue colour of fascal coliforms colonies, or the
red colour of fagcal streptacoce colonies.

5.9 Inoculating Toals

Several types of inoculating taols are commonly used in the bacterinlogical
laboratory to transfer bacterial growth from one culturg medium to anothar or to &
microscops slide. Among those most commonly used are the single wirg laop, the
disposable hardwood applicator stick and the Pasteur pipetts.

The single laop shauld have a diameter of 4 mm or greatar, prafarably betwean
& and 7 mm, to allow adequate transfer of culture brath withawt accidental spitlage. Tha
wire shank of transfar [oeps should be from 7 to 8 em long, to allow reaching the
culture broth without contaminating the tube with the loop holder. Allarnatives to the
wire lpop for culture transfer are the single-service transfer loops of aluminum or
stainless-steal. These transfer loops may be placed in a metal-foll cover and sterilized
gither by dry heat or in an autoctave. Sterile disposable plastic transfer |oops can also

ba uzed,

Disposabile hardwood applicator sticks, sterilized by dry heat, may afso be used
for transferring broth cultures. Autoclave sterlization must not be used because the
wood distillate products that may be generated are toxic to bacteria during the transéer
procedure. -

Pasteur pipattes are not recommaended for transferring culture broth because of
the excessive quantity of incculum that may be intraduced in sorme cases. The iarge
numbet of various organisms intraduced in this way may nat be adequately suppressed
by the selective substances of the culture medium, resulting in a considerable number

of false positive metahalic reactions.
5.10 Membrane Filtraticn Assemblias |

Fillcation assermnblies used in MF methods have twe parts: the funnel and the
funnei receptacie. Reusable filtration assemblies rmay be constructed of autociavable
plastic, borosilicate giass, stainiess steel, or metal plate. Funneis manufactured of
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stainless steel are more resistant to corrosion and are very durable under fisld use.
lass and plastic funnels cost less, but thay are subjectad to accidgental breakage.

The funinel portians of each filtration assembly must be washad at laast once per
week in a mild detergert solution to preven: the accumuiation of dirt or water hardness
spots on the funnel walls.

5.11 Forceps

Membrane filter methods require the use of sterile forceps, both for placing the
sterile membranes on the funnel receptacle and to fransier the membrang to the cutiure
mediurr. Forceps must be sterilized by flaming them with alcohol. Forceps should have
smoocth ends, similar to those used in stamp collection, 1o prevent puncturing ar tearing
of the membranes. A metal file can be used to smoothly round the inner surfaces of

sharply paintad forceps.

a. LABORATORY UTENSILS

Lahoratory glassware utensils are subjected 1o a variety of corrosive substances
during testing procedures, high temperature during sterilization, rapeated cleaning
procedures, and continuous handling; all of these aggressions speed glasswara 10
ultimate discard and replacement. An extensive choice of pltastic and disposable hard-
glass {borosilicate) terns, and sorme stainless-sleel vessels are currently available as an
alternative to giassware. Plastic matenials used in a bacteriologicat laboratory must be
free from toxic residuzls used in the molding process, have accurate calibration marks,
and withstand repeared autoclaving if they are to be reused.

6.1 ' Media Preparation Utensils

It is recommended that utensils used for preparing culture media be mads of
borosilicate glass or other suitable noncorrasive material, such as stainless-stest.
Utensils made of aluminum, copper, or zinc alloys should not ba used because thase
metals also react with media solutions and intreduce metal fons that are toxic to
bacteria. Furthermora, utensils for media preparation rmust be thoroughly cleaned o
prevent cross contamination with residues or dried medium.

The following sections summarize the most important recorhmeandations o be
taken into account when preparing and using sampling bottles, pipettas, Petri dishes,
culturg tubes, dilution tubes and bottles, membrane filters, and absorbent pads.

6.2 Sampling Boitles

Sampiing should be conducted using wide-rmouth sample botites because they
{acilitate and speed sample collection. Glass sample bottles should be made of
borpsilicate or other nancorrasive glass, preferably with metal or plastic screw-cap
closures. New plasiic screw caps should be checked for bacterial toxiciy by an

adaptation of the pure water test described in Standard Mathods (APHA, 1985). Plastic
caps can be generally detoxitied of phenotresiduals by six successive auloclawngs with

repeated changes of distilled water.
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Before stenlization is conducted, ground-glass stopper closwres should be
covered with a metal toil or heavy impermeable paper that extends from the cap to the
shoulder area of the bottle. It is preferable to use foil because they can be hald in place
by pressing the foil around the bottle neck. This cover should be kept always over the
. ground-glass cap while handling; the cap and its cover should be replaced and pressed
over the botile once the sarnple is coflected.

Flastlc sample bottles and their screw closures must be of the same
autoctavable plastic materizl to prevent deformations during autoclaving and subsaguent
lsakage. Screw caps of sampling bottles should be leosely closed during autoclaving
to facilitate changes in air pressure and prevent collapse and deformations of the
bottles. The main advaniages of plastic bottles for bacteriological sampiling are their low
cost, their light weight, and their resistance to breakage, However, they must be free of
toxic substances or organic mattar Introducad during their manufacturing process.

6.2 Pipeties

Pipettes use in the bactericlogical labaratory must deliver the specifisd volume
guickly and accurataly within & 2.5% tolerance. Glass and disposable plastic pipettes
must be sterile, maelt the raquired accuracy and legibility, and be free of toxic residues,
To prevent the tachnician trom accidentally ingesting any dangerous subsiances or
microorganisms present in water samples, it is recommended 1o use a hang pump or
to ingert a cotton plug into the mouth end of the pipettas.

Sterilizatian and storage of sterile pipettes are conveniently done using metal
boxes or cans. These containers shouwld be of stainless-steel because they resist heat
deterioration without introducing any toxic substances to bacteria. Furthermore, metals
baxes or cans allows simple access to the pipettes while praviding convenient starage
for large number of pipettas. Sterilization and storage of starile individual pipettes may
be achieved by wrapping them in good quality papar that resists charring caused by
sterilization temperatures.

6.4 Petri Dishes

Petri dishes are essential |aboratory utensils for standard plate count
determinations, MF cuitures, and streak plate isolation of bacterial cuttures. The size of
Petri dishes commonly used for pour plates and pure culture isclation is 100 mm x 15
mm. Since the MF methods use standard 47-mm diameter membranes, tight fitting 50
mm x 12 mm Petri dish are generally used for this examination method. However, loose
fitting Petri dishes can be used, provided they ars kept in closed containers during
incubation in water baths; larger size Petri dishes can also be usad, where several
memiranes can be properly placed.

Disposable Petri dishes have considerably replaced glass Petri dishes
traditionally used in the microbiological laboratory, because of their lowsr cost, the
gimplification of washing and sterilization pracedures, and their lower risk of brakeage.
Plastic dishes with tight fittings covers are prefarrad to the standard Petri dishes with
lcose-fitting cavers for the MF cuitures, bacause they reduce evaporation losses from
brath or agar media, and they maintain a humid atmosphere in the culiure dish.
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Sterilizing and storing of glass Fetri dishes should be done using metal
containers (stainless-stee! or aluminum), because they ensure that the lcosing tops
remain together, therefore preventing dust contamination of the sterile inner parts of the
dish. When metal containers for sterilizing the 80-mm-size glass-type or the 100-mm-size
plastic-type Petri dishes are not available, heavy metal foil or strong wrapping paper can
be used to wrap approximately & to 10 dishes for sigrifization and subsequent storage,

Dispogable plastic Fetri dishes are generally sold presterilized and packaged in
plastic bags as a pratection against contamination. Tight fitting disposable Petri dishes
for MF cultures are package in small cardboard boxes, which are also useful as storage
containers during the first use of the dishes and during subsequant reuse after
sterilization. '

"

6.5 Culture Tubes and Closures

Culture tubes are essantial laboratory utensils for the multiple test procedures,
bicchemical tests for bacterial identification, and stock culture collections. Culture tubes
must be made of borosilicate glass or other corrosive resistant glass. Disposable culture
tubes arg generally made of soft giass and thersfore are not recomrnended for
bacteriological use because of reaction between the glass and culture media during

storage and incubation.

The size of culture tubes must be sufficient ta cantain the culture medium and
the sample volumes employed, leaving snough free space. The size of the inverted vial
used in fermentation tulres should be related to the culture and medium volumes. Large
fermentation vials make early observation of gas bubbles more reliable,

Snug-fitting stainless-steel or plastic caps, and loose fitting aluminum or lignin
caps are the recommended closures for culiure fubes used in the multiple tube methad.
Although nonabsorbent cotton plugs may be used also as tube closures, thefr adequate -
preparation requires consideralbile time.

5.5 Dilution Tubes and Botiles

Bactericiogical examination of coastal water samples by eithar the multiple tube
method, the membrane filter method, or the pour plate technigue genarally raguires
preparation of accurate sample diufions. Dilution water blanks may be prepared in
either screw-cap cuiture tubes containing 9 ml of diluent for 1:10 dilutions, or in diluticns
hottles with capacity for 98 mi diluent. Dilution botties are commonly usad since thay
allow preparation of both 1:10 and 1:100 dilutions.

Glass dilution bottles must be made of borosilicate or other corrosion resistant
glass; it is convenient that a graduation level for @ ml (tubes) or 99 mi (bottlgs) be
permanently marked on the glass wal. although this mark aids the bactericlogist in
preparing the dilution blanks, it is afso possibfe to carefully measure the velume of
dllution water reguired to obtain the 9 m! or 99 mi of dilution water after sterilization. 1t
is recommended that the especial. dilution tubes and bottles should only be used to
prepare dilution water blanks,

Closures for dilution tubes and botiles must prevent leakage of the contants
during vigorous shaking or mixing to obtain uniform hacterial suspensions. Therafare,
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the recommended closures are ground-glass stoppers; rubber stoppers, ar plastic screw
caps. As mentioned praviously, new plastic screw-cap closures should be checked for
bacterial toxicity, and detoxified accardingly.

6.7 Membrane Filters

Analytical performance of membranes filters may vary as a result of
manufacturing technology, materials used, and degree of guality controt employed.
Membrane filters far bacteriological examinations must ensure a complete retertion af
organisms on the surface of a nontoxie, inert matriz, and allow a continuous contact of
those microarganisms with the nutrients present in the culture medium placed beiow
the membrane. These basic conditions place demanding requiremeants on the quality
ot commercial brands of membrane filters used in the laboratory. Studies conducted by
Takin and athers (1980) showead the relative performance of differant brands of

membrane fiters.

Some Inks used to Imprint the grid system on the MF have been found to be
bacteriostatic or bactericidal. it is therefore recommended 10 check the MF used for
possible localized affacts on bacterial growth.

Culture media for the rnembrane fiiter methad have been developed ta ansure
adeguate diffusion through the nitroceliulose matrix, while preventing any reaction with
the chemical substances included in the culture media. These circumnstances should bea
taken into account when selecting new types of membrane filters, The membrang filters
selected should remain inert material to bacterial action and should not affect the
physice-chemical characteristios responsgible for media salsctivity and specificity.

Membrane filters may be reused several times, provided they are used only in
the same medium cullivations. However, there is no solid data on the performance of
the reused filters. To reuse membrane fitters, discarded filters are washed in three
successive changes of gently boiling water, then boiled in 3 percent hydrochloric acid
far 3 minutes. The filters are then washed in at least 3 changes of gently boiting distilled
water, A trace of bromocresol purple indicator and sufficient sodium bicarbonats to
neutralize any residual acidity are added ta the final rinse water. Following a 5-min boil
in this final rinse water, the filters are ready for reuse (Geldreich, 1975). The pink colour
produced by the M-Endo type medium may be removed by presoaking the mamburane
filters in a 10% sodium suifite solution before proceeding to the acid and neutralizing

pracadure. :
6.8  Absorbent Pads

Bacteria retained on the membrane filter may receive nuirients from a either a
broth-saturater absorbent pads or an agas-based medium. When the liquid medium fs
preferred, the absorbent pad substrate must be of high quality paper fibers, uniformly
absorbant, and free of substances that could inhibit bacterial growth. Toxic materials
present in absorbent pads may be removed by soaking the pads in distilled water hald
at 121 °C for 15 minutes in an autoclave, followed by sterilization of the absarbent pads

at 121 22 for 158 minutes.

An altornative appraach to absorbent pads is to prepare all MF broths on an
agar-based form, by adding 1.5 percent agar or the agar proportion recommended by
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tha manufacturar. Agar preparations may be used immediately or stored in & cool, dark
place and used any time within the siorage time recommendead for each culture

meatium, provided no dehydration occura.

7. GLEANING AND STERILIZATION

Thorough cleaning of glassware and proper sterilization of media and equipment
ara egsential elements of a properly functioning laboratory. Without careful attention to
thase sarvices, the sensitivity and reproducibifity of bacteriolegical examinations will be
affectad, impairing the quality of laboratory resuits.

7.1 Cleaning of Glassware

Laboratory glassware can be cleaned using mechanical washing equipmant or
by hand washing methods, Automatic washing squipment should ba able to obtain
sparkling clean glassware, free from acidity, alkaliniy, and toxic residues thiat could
suppress the growth of microorganisms. When hand washing is employed, detergant
fomnutas for laboratory use should be emptoyed rather than the mild compounds
commanily used in home dish washing. Hot wash water must be uzed and itermns shoutd
ba carefully brushed 1o ensure removal of normal film deposits and residual deposits
of dried material. After washing is completed, glassware must be rinsed, first with hot
water and then with distiled watar, to snsure campigte removal of the washing
detergent and any chemical doposits. Glassware iterms must be inspected after air
drying for sparkling clarity.

7.2 Sterifization Procedures

Various sterilization procedures can be employed in the bactericlogical
laboratory. The method selected in each case depends on the stability of the culture
media, the reagents, or the materiais to be sterifized. The most common sterilization
processes are: moist haat, dry heat, complete incineration, gas sterilization, filtration,
UV radiation and irradiation.

The following sections discuss the more important aspects concernhing
sterilization of diffarant laboratory materials.

7.2.1 Media and reagents

Tube culture madia and reagents should be autoclaved at 121 °C for 10 ta 12
minutes gnd not exceeding 15 minutes, unless other temperature or time are specified.
The sterilization pariod should be counted from the time when the awtociave reaches
121 °C. Excessive exposure to heat may result in hydralysis of sugars, spacially lactoss,
and therefore will favor false positive reagtions caused by noncolifgrm organisms.

Culture media for MF methods do not generally require autoclaving because
exposure 10 sterilizing temperatures resulls in destruction of godium suffite in M-Endo
media, and instability of some suppressive agents. However, exposure 1o heat is
necessary to ensure compiete dissoivtion of media ingredients. The most adecuate
heating method consists in placing the flasks of medium in a boiling water bath for &
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minutes. Since medium temperature reaches an approximately maximum of 87 °C
..dur'rng that pariod, the cullure medium becomes sanitized.

7.2.2 Membrane filters and absorbent pads

Mambrane fiitars are commonty soid presterilized and protected in individual
envelopes: absorbent pads are usually packed i groups of 10 or more for easy
dispensing inte Petri dishes. When they are not presteritized, packets of mesmbrane
fitars and absorbent pads must be sterilized by autoclaving at 121 °C for 10 minutes.
Excessiva exposure to sterilization temperatures may cause MF pores ta seal, craating
unevan water flow through the membrane, or cause membranes to bacome brittle and
gistorted. Since physical characteristics of nitrocellulose membranes change during
starage, it 5 recommended that MF supplies shouid not be stocked beyond the
estimated need for a 12-month period.

7.2.3 MF filtration equipment

Membrane filtration equipment sheould be cleaned and wrapped in kraft paper
and then sterilized by autoclaving at 121 °C for 15 minutes. The wrapping should
maintain sterility during laboratory storage. To sterilize &t the laboratory bench between
filtrations, the clean filter funnel and the memirane holder should be exposed to UV
light for 2 minutes or submerged in boiling water for the same length of time.

The effectiveness of the UV disinfection can be maasured by comparing colony
counts on plates frorn the UV-exposed and unexposed suspensions; UV exposure
shauld produce a 95% kill of tha bactarial suspension employed.

Ory heat sterilization, by heating at 170 °C for 1 hour, can be used with glass
filtar assemblies, provided the rubber stopper is previously removed. However, metai
ar plastic units should not be sterilized using dry heat, due to rapid detertoration of
neoprene or nyton lock wheels, or distortion of plastic material.

7.2.4 Sample battle

The choice of sterilization method for sample bottles depends on whather piastic
or glass botiles are used. Plastic bottles, and glass bottles with plastic caps, may be
autoclaved repestedly at 121 °C for 15 minutes. Screw caps shouid be let loosely
closad to allow pressure equaiization during autoclave gterilization. -Glass bottles with
ground-gtass covers should be sterilized by dry heat, at 170 °C during 2 hours. This
methods ensures complete drying of any dechlgrinating agent solution that may have
best added to the bottle before sterilization. '

7.2.5 Qlassware items

It is recormmendead that sterilization of individual glassware items commonly used

in the bacterialogical laboratory be conducted by dry haat method, by exposure to

170 °C for 1 hour. Metal foil or wrapped paper covers must be secured around open
gnds of these ltems 10 ensure they remain sterile during storage.

_ Glassware itams such as pipeties and glass Petri dishes are generally stored in
stainless-steel containers suitable for dry heat sterilization. To ensure adequate heat
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penetration in these conmtainers of glassware items, 2-hour exposure to dry heat at
170 °C is required. However, dispasable hardwood applicators should only be dry heat
sterilized because autoclaving may generate wood distillate products that may be toxic
to bacteria.

7.2.6 Dilution water blanks

Dilufion water blanks are sterilized by autoglaving at 121 2C for 15 minutes.
Serew caps of rubber stoppers ¢losures should be slightly leosened to allow pressurs
equalization auring autozlaving. Some dilution water may be lost from either evaporation
or boil-over when steam pressure is rapidly reduced during the autoclave exhaust cycle.
Careful timing of the steam exhaust process should prevent this frorm happening.
Howavar, when valume losses of the dilution blank are consistently greater than 2
percent, 101-ml or 102-ml volumes of dilution water should be initially dizspensed to
campensate for the water losses during auteclaving. This adpstment will prevent
pipeiting sterile dilltion water into deficient water blanke.

7.2.7 Culture dish reuse

Although plastic cutture dishes used in the MF method are generally considered
disposable items, they may be reused. The reuse method cansists of discarding the old
cuitures and hand cleaning the top and botiom sections of the dishes in a mild
housshold dish dstaergent. After rinsing and air-drying, the dish sections are ready for
sterilization. Plastic material cannot withstand heat exposure during auteclaving,
thersiore othar sterilization methods must be used. Plastic culture dishes can be
sterilized by scaking individuzl top and tottom sections in 70% ethancl for 30 minutes,
ther placing them on a clean towel to drain and air dry befare reassembiy. A more
canvenient starilization melhad is to expoge the interior partions of the culiure dishes
to UV light for 5 minutes and reassembling them for storage or immaediate use.

Plastic Petri dishes may alse be sterilized with ethylene oxide, although control
must be established to ensure no traces of the gas remain in the culiure dishes.

To verily the efficiency of these sterfiization methods, it is recommended to
select one plate from each batch sterilized for use as a sterilization control. Standard
plate count agar is added to the dish, mixed by genile rotation, solidified, then
incubated at 35 °C for 48 hours, No bactesial growth should appear on the control plate
if sterilization was satisfactorily achieved.

7.2 8 Flame sterilizalion

Wiire inoculating loops and needies are sterilized by haating themn in an ordinary
¢as burmer flame untit the wire biows red hot. Needles and inoculating loops shauld be
allowad to cool o near room ternperature before using them, as to avoid killing the

bactarial calis during transter.

Forceps and spatulas are generally surface sterilized by dipping thern in alcohol
and then burning off the residual aleohol to incinarate any aftached bacteria. Dirgct
heating of forceps or spatulas may destroy the lemper of the metal and may damaged

the MF during manipuiation.
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7.3 Laboratory Water Quality

Water used in the bactariological laboraiory should be free of toxic or nutritive
substances that could influsnce sunvival or growth of bacteria or viruses. Furthermore,
the laboratory water supply should be ifree of microorganisms that may contribute
inhikbitory substances, or other undesirable substances, to dilution water,

The best distiled water system is one made of stainfess-steel. However,
adequate systerng may also be built from glass. Polyvinyl chloride is a major
cantaminant in high-quality labaratory water systems and therefore should not ba usad
for connecting piging.

A water treatment system consisting of a series of deionizing columns and a
carban fllter can improve substantially the efficiency of the distillation process. However,
these columns should be carefully maintained ta prevent the released or breakthrough
of arganic and inorganic components previously removed from the tap waier source.

Commercial systerns are available that use disposable ar rachargezble
cartridges for prefiltering the source water, followed by organic adsorption, deionization,
and finally memibirane filtration. A reverse osmaosis system, in conjunction with a series
of deicnizing ceolimns, can aiso produce a water of excellent guality.

Elsctrical conductivity is an essential laboratory quality measurement, particularly
when it is made at various points in the distillod water systermn. Although conductivity
measurements reflect the presence of ionized material, they do not differentiate betwean
the presence of toxic or nontoxic metal ions, or of organic contaminants that may be
presant. Specific chemical test will provide additional information for routine guaiity
monitoring of the water. However, these analyses do not provide any indication of the
relative biological toxicity of the impurities.

The bislogical toxicity or nutritive releases fram distilled and deionized waler
supplies can be measured by a suitability test, as explained in Standard Methods
(APHA, 1985). The suitability test should be performed annually, and after any
equipment repair or cleaning of the water distribution network in the laboratory.

7.4 Dilution Water

Bactericlogical examination of naturel and polluted waters requires the use of
serial dilutions of the water samples to obtain a bacterial density within the counting
limits recommanded for each analytical method. ideally, the dilugnt should not alter the
bacterial density of the water sarmple and should not reduce the recovery of atienuated
arganisms. The physiclogical state of the microorganisms to be recovered from a water
sample greatly determines the proper chatge of diluent. Therefore, the final choice of a
suitabie diluent for water samples must be based on the actual conditions of bacteria
in the natural water samples to be analyzed, and not on the response of pura cultures

of pacteria.

Distiled water is not recommended for water sampla dilution because it is
deficient in essential trace metal ions and in buffering and chelating capacities
iGeldreich, 1975). Dilution of natural water samples with peptonc water has showed thal
bacterial multiplications could occur &t room temperature when the time between
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sample dikition and inoculation exceeds 40 minutes. Therefore, when 0.1 percent
peptone water is used as a diluent, a 30-minute timit on processing serial dijution must
be closely followed: The pH of peptone dilution water should ba adjusted to pH = 6.8.

1o ensure that bacierial growth with minimal lag ococurs when analyzing high
guality natural waters, it is necessary to use a degree of mineralization correspanding
to that of natural water. Phosphate-buffered dilution water satisfies adequately this
requirerment. However, samgle processing through serial dilution must be complatad
within 30 minutes to prevent significant changes in the bacterial density at room
tamperature.

Stock patassium phosphate buffer solution should be adjustedto apH = 7.2.
The addition of magnesium sulfate to phosphate buifer dilution water improves the
recovery of organisms with meiabolic injury induced by high-quaiity water or by waters
containing significant concentrations of heavy metal ions (Macleod, 1887). The stock
buffer salution should ba discarded whan turbidity due to microbial contamination is
observed. Small portions of stock buffer solution. should be prepared and, after
sterilizatton by autodiaving at 121 °C for 15 minutes, be stored at 5 to 10 °C. In this
manner, aterile stock bufer sclution will be available in small volumes and, if chance
gontamination occurs, anly a small volume of stock will have to be discarded.

8. CULTURE MEDIA SPECIFICATIONS

Most bactericlogical laboratories use commercially prepared dehydrated media
for routine water examinations, because of their reliability, convenience and labor-aaving
preparation. When the quantities of sulture media required are small or the facilifies and
personnel of laboratores are limited, the use of prepared media available from
cormmercial firms may be justified, aithough the unit cost is higher. Ampuled media or
preweighed vials of dehydrated medta may be used in a laboratary performing only a
fow tests and atso when coandugting analyses with portable MF kite, because of
compact starage of media and the gasier preparation under figld aperating conditions.

8.1 Media Preparation

Dsehydrated culture media i= commonly available as finely ground powders,
granules or tablets. The choice among thase preparations is mainly daterminad by cost,
availabiilty, qualily control by the manufacturer and convenience, Finely ground powder
is the forrm most frequently used. Regardless of their commercial form, the best method
for preparing culture media consists in slowly adding the appropriate weighed quantities
10 approximataly half of tha totaf volume of distilled water. Media dissolition is aided by
preheating the distilled water to approximately 45 to 50 °C. After thorough mixing, the
raraining volume of distilled water iz siowly added 1o wash residuat powder fram the
inner walis of the container. Finally the culture medium is sterilized.

When the culture medium contains agar, the easiest method to dissclve the agar
is to place the flask containing the ingredients In a boiling water bath until the agar
medium dissalves into a unitorm solution. An agar medium must be in complste
solution befare it can be dispensed into culiure tubes or bettles.
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QOnece a culture medium is disscived, it should be dispensed into appropriate
Gulture tubas or botiles and promptly sterilized by appropriate methods. To -avoid
bacterial growth in a culture medium, the time elapsed from media preparation to
sterilization should not exceed 2 hours. Tha tamperature of an agar meadium should be
maintained from 45 to 50 °C so that it remains fluid long enough to be adequatsly
dispensed.

8.2 Media pH Measurements

The glectronic pH metsr used for preparing culture media must be calibrated in
the pH range of intended use by means of a precision buffer standard. Since most
hacteriological media used in the water laboratory are near pH = 7.0, the standard
buffer chosen to calibrate the pH meter at daily intervals should be pH = 7.0,
Calorimetric methods or pH paper strips are not acceptable for pH measurement
hecause colour changes are masked by the dyes prazent in the culture media.

When the pH of the culture madia deviates mare than + 0.5 pH units from the
. established tolerance limits, the pH meter should bé checked immediately. If the pH
meter is warking properly, the preparation and sterilizatlon methods should be carefully
veritied for possible errors. i the probiem can not be traced to any of those factors, then
the quality of the distilled water or that of the commergial culture medium should be

suspectad.

5.3 Media Storage

Dehydrated culture media do not remain stable indefinitely. These products
undergo changes that can aiter both their efficiency in culturing bacterial strains and
their detsction abilty by biochemical reactions.” Culture media supplies should be
purchased in quantitizs estimated to 1ast no longer than 1 year, and preferably ng more
than & months. No madia should be purchased without express indication of its
expiration date. Once a bottle of media is opened, it should be used within 6 months.

Once the culture media have been prepared, they should be stored in an area
protected from direct sunlight, contamination, and excessive evaporation. Storage of
sterile culture media over long time periods will increase ihe risk of contamination,
fading of indicator cotour intensity, precipitation or sxcessive evaporation; all of thesa
factors can drastically affect the perdformance of the culiure media prépared. Therafora,
. untess screw cap culture tubas or tight fitting culture dishes are used, cutiure media
production should be limitad to quantities calculated to be used within a 1-week period.

8.4 Media Quality Control

in general, using commercially prepared dehydrated media for routine analyses
js preferable to preparing media from basic ingredients; commercial products are less
subject 10 the variations in chemical composition that rmay be introduced when weighing
individual components. Simple weighing of a preformulated medium should result in
greater uniformity in composition and also reduce preparation time.

Althaugh commercially prepared culiure media are subjectad to a guality cnn}ml
process, it may be inadequate at times. Commercial media containng sodium azide,
such as M-Enterococcus and KF-Streptococeus, have an approximately shelf live of 2
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years after production, because of the dsleterious effects producad by the slow
decomposition of the azide compounc.

The analysis of a medium for selectivity and adequate quantitative recovery must
be based on appropriate water samples. which can be altered by dilution or by dosing
with selected arganisms. The method for evaluating culture media is described in dstail
by Geldraich {1973).

8.5 Media pH Records

The pH of cullure media should be measured after sterilization and recorded with
tha data and the medium iot number. As an abgolute minimal requirement, the pH of
at least one batch of steritized medium from each new bottle of commercial medium
must be measured to verify ts quality. Measuring the final pH of culture media allows
detection of errers that may have ocourred during the preparation or sterilization of the
media, or the possible deterioration experienced during storage of the dehydratad
media since the packages wers apen. '

8.6 Standard Culture Media Specifications

The following recommendations apply to culture media commonly used in the
determination of total coliforms, fascal coliforms and faecal streptocogsi. The matarial
safety data check and the hazard communication sheets includedin each culture media
container should be carefully read and their recommendations closely followed.

The Endo agar shoutd not be sterilized at 121 °C for 15 minutes. Excessive
exposure to heat destroys the sodium sulfite present m the culture medium, resuiting
in poor sheen development in coliform colonies. Therefore, the agar preparation should
ke dissalved in a begiling water bath, cocled to 45 °C, and then poured in an adeguate
number of culture dishes.

Excessive exposure to heat of M-Endo medium destroys or reduces s
specificity. Therefore, the medium should only be heated to the boiling point, as
described in the steriiization sections. The amouni of M-Endo medium prapared should
be adequate to meet anticipated daily needs. However, surplus medium may be used
within a 86-hour period provided it is stared in tha dark al 2 °C. Storage in the dark is

.esgential since M-Endo medium is sensitive to strong artificial light or direct sunlight.

Aniline blue is included in the M-FC medium as the indicator for detecting
lactoss fermentalion. Davelopmant of tha blua colony colour doas not dapend upon the
eddition of the rosalic acid salt reagert. By adding the sedium salt of rosolic acid to the
M-FC medium a variety of nonfaecal coliform arganisms are suppressed. Without the
inhibitory effect of the rosolic acid salt, a substantial background growth of white and
gray-coloured colonies may davetop and Interfere with the distinet blue colonies of |
faecal colonies. The addition of rozsolic acid is facultative and may be omitted from the
M-FC broth if minimum background colony counts occur and squivalent results are

chtained without it.

The amount of M-FC broth prepared should be adeguate to meet anticipated
daily needs. However, surplug medium may be used within a 96-hour period provided
it is stored in the dark at 2 to 10 °C,
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M-Enterococcus agar and KF-Streptococcus agar should be heated in a boiling
water bath 1o dissolve the agar. After solution is complete, continue heating for an
additional & minutes. When preparing KF-Streptococcus, the medium shoutd then be
covied 10 betweaan 45 and 50 °C, and 1 mi of sterila aguaous 1 percent solution of
tripheniltetrazoiivm should ba added per each 100 ml of medium, M-Enterococcus agar
slready includes this compound. The pH of the final medium should be adjusted 1o 7.2
with 10 percent sodium carbonate, if necessary. The fluid agar may be stored up to 4
hours in a water bath at 45 to 50 °C, until it is dispensed. The M-Enteracoccus agar and
the KF-Streptococcus agar employed with the MF method may be used immediately or
stored in a cool and dark place, and uzed within 4 weeks, provided no dehydration hag
oceurred.

9. THE MULTIPLE TEST TUBE METHOD

The multiple test tube method for enumeration of otal coliforms, faacal coliforms
and fagcal straptococet are axplained in detail in the rolative Referanca Methods for
Marine Pollution Studies prepared by WHO within the framewerk of the MED POL
Programme. In this mathod, replicate tubes of the appropriate culturs medium are
fnoculated with decimal dilutions of a water sample. The bacterial densities are then
calcutated from probability formulae that predict the most prabable number of bacteria
necessary to produce the combinations of positive and negative: tubes actually observed
whan analyzing replicate decimal dilltions, The Most Prebable Number (MPN} is
obtained from the corresponaing MPN tables, as presented in the Reference Methods
and Standard Methods (APHA, 1585).

9.1 Total Coliform Mathad

The determination of total coliforrns includes three distinct test stages: the
presumptive test, the confirrmed test, and the completed test. The objective of the
presumptive tast is to stimulate the metabolic activity of attenuated bactera and to
achieve a gross selection for lactose-utilizing organisms. After incubation at 35 °C, a
small inoculun of cultures from each gas-positive presumptive tube is transferred into
a tube of madium far the confirmed test. The objective of the confirmed test is to reduce
the paossibility of faise gas-positive resuits. To verify that the confirmed test selectively
gliminates all false positive results, it will aocasionally be nacessary to isclata these gas-
producing bacteria and identify them as coliforms by the completed test procadure.

The choice of dilutions to be used in the multiple fube test must be based on
-the information supplied with the water sampte. Resulis previously obtained at the same
or similar water sampling stations will also help in deciding what dilution level 10 use in
inoculating culture tubss.

Water samples must be shaken vigorously immediately before removing atiquot
sample to inoculate a series of presumptive tubes inthe multiple tube test. Inadequate
mixing will definitely result in heteragenaus disiribution of bactena, specially when
analyzing turbid water samples. As a result, the combinations of gas-positive results will
be inconsistent and the Mast Probable Number of bacteria will be quite erranaous.

Presumptive test tubes shouid be read after 24 = 2 hours, Each tube should be
examined carefully. Tubes showing gas in the fermentation vial are recorded as posiive,
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promptly submitted to the confirmed test, and then discarded. Gag in any quantity is
recarded as positive, All positive tubes must be confirmed at the end of the initial 24-
hiour peried regardless of the amount of gas produced. Since gas positive tubes contain
a mixed bacterial population competing with coliforms, it is possible that tubes
containing ceoliforms, and showing gas productian after 24 hours, may give negative
results when confirmed after incubation for 48 hours,

The two broths used in the presurmptive test are lactose broth and lauryl tryptose
broth, and they vield equivalent recoveries of ecliform organisms. Howsver, lauryl
tryfiose broth inhibits the development of aerobic spore-forming organisms that often
ferment lactose wilh gas production. Comparative analyses using lactose kroth and
laury| tryptose broth may reveal a significant reduction in false positive presumptive
tubes with the use of lauryl tryptose hroth. Therefore, the choice of presumptive medium
should he based on a comparative evaivation of a variety of water samples normally
examinzd in tha laboratory,

Culture tubes with no gas production are recorded as negalive and returned for
ar additional 24-hour ingubation period. These cultures are then inspected for evidence
of gag production or heavy growth. Positive lubhes are subimitted to the confirmed test,
and those with no gas production or litle growth are recorded as negative and

discarded.

Althcugh gas production inthe presumptive testindicates the probable presence
of caliform bacteria, gas may be produced by ather arganisms. Therefore, to confirm
the presenca of coliform bacteria all positive presumotive tubes should be submitted to
a more selective test after enrichment in lactose or lauryl tryptose broth. The confirmed
test consists of transferring a2 small inoculum of culturs from each positive presumptive
tube, and also #om those with haavy growth, to individual broth tubas containing
brilliant green lactose broth (BGLE) and incubating them at 35 "C far 48 howrs. Gas
production in the confirmed tubes indicates that coliform bacieria are actually present
in the water sample examined. ' '

The completed testis the reference standard for the multipia tube method. Since
the confirmed test may yield positive reactions in tha absence of the coliform group
- {false-positive test), itis recommended that petiodic comparisons be made between the
completed test and the confirmed test to verfy data reliability. A series of 5 test per
month should be sufficient when gogd agreement between the two lgsts is obsarved.
The compistad test is applied 1o all gas-positive confirmed tubes in tha individual test.
The detaited method for the complete test far total coliforms appears in the
cotresponding recammeanded Method in Part Il of these guideines.

9.2 Faecal Coliflorm Method

The determination of faecal coliforms can be performed by an additional step of
the multiple tebe methed for total colifarms, A small incculum of culture Irom each
positive tube of the presumptive test is transferred to a corresponding tube of EC broth.
EC broth tubes are incubated at 44.5 = 0.2 °C for 24 hours in & coversd water bath 1o

ensure aptimum tempegrature regulation.
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EC broth tubes showing §as production after the 24-hour incubation periad are
considered as posilive. Any direct inoculation of aliquot samples inte EC tubes without
preliminary enrichment in either tactose or lauryl tryptose broth is unsatisfactory.
Furthermore, incubation of 1x broth culture ubes beyond the 24-hour period is not
recommended since thara is a very minor probability that changes in gas reaction may
ooeur.

9.2 Faecal Streplococei Method

The multiple tube method for enurmeration of fascal streptococd employs azide
dextrose broth for the presumptive test. inoculated tubes are incubated at 35 = 0.5 °C
for 24 hours, and subsequently examined for the presance of turbidity. If no definite
turbidity appears after 24 hour of incubation, the tubes are reincubatad and read again
at the end of 48 = 3 hours.

All culture tubes showing lurbidity aftar the 24 or 48 hours incubation period are
subjacted to the confirmed test. A small inoculum of culture from each positive azida
dextrose broth tube is streak on a Petri dish containing esculin-azide agar. The culiure
dishes are then incubated at 35 = 0.5 °C for 24°-hours. The presence of brownish-black
colonies with Brown hates will contirm the presence of fascal streptococd. Although the
test is designed primarily for raw wastewater and chlorinated wastewater effiuent
sampies, it is applicable to other frash, but not saline waters. This method is commonty
used on watars with high turbidities, because of the interferences with the membrane

filter.
9.4 Calculalions of the Most Probable Numbar

Tha most prabable number (MPN) of bacteria in a water sample can be
statistically estimated from the number of positive and negative results obtained in the
multiple tube test. The multiple tube combinations most frequently used are the five
replicate poertions in three decimal diltions, although the three replicate samples can
also be uged. The greater the number of replicates of 2ach sample volume tn a dilution
saries, the greater the test precision.

When monitaring marine water samples, a five-tube, three decimal ditlutions MPN
shiould be used to obtain a more accurate collform enumeration (UNERP/WHO, 1985a,
b, c}. The practice of using a three-tube, rather than 2 five-tube combination, resuits in
a MPN density significantly less precise, ag llustrated by the larger 95% confidence
interval correspanding to the three-tube procedura. Furthermore, the MPN tables were
originally calculated to include a positive bias for health safety reasons. Taking this bias
into consideration, the values reported for & three-tube MPN test may be overestimated
by a factor of 43 %, whereas the corresponding values using the five-tube MPH test ara
oversstimated by only 23% (Geldreich, 1875).

The MPN tables commonly used contain the positive tubes combinations most
likely 10 accur during three. subsequent dilutions inoculated in serias of three or five
tubes each. However, for special studies involving other cambinations of replicate tubes
and dilutions, a simgle approximation of the MPN value may be obtained using ths
shart formulas indicated in Standard Methods (AFHA, 1685). Each positiva tube
combination has an estmated freguency of ccewrrence when performing routine
bacteriological analyses. When the freguency of the MPN positive tube combinations
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recorded exceed those assaciated to the less fraquent combinalions, the multiple tube
methad is prabably in eror. Such abnormal results may be due to the presence of
inhibitory substances in lhe water samples, or improper laboratory procedures.

10. MEMBRANE FILTRATION METHQD

10.1  Introdustion

The membrane filtration (MF} method for enumaration of total coliforrns, fascal
coliforrns, and faecal streptococcei are explained in detail in the relative Reference
Methods for maring pollution studies. These methods invoive filtering a known volume
of water sample through a MF of cptimum pore size for {ull bacterial retantion. As water
passes through the pores, bacteria are entrapped on the surface of the MF, The MF is
then placed in contact with either a paper pad saturated with liquid medium or directly’
over an agar medium to provide nuinents for bacterial growth. After incubation under
prescribed conditions of time, temperature, and humidity, the MF culiures ara examined
for bacterial colonies of speciiic characteristics that are then counted and recordec as
-3 bactsrial coneantration per 100 ml of water sampla.

The prasence of high concentrations of suspended matier in turbid waters, and
that of high concentrations of noncoliform bacteria are two of the main Imitations of the
membrane filar methods, In those cases, the MPN is the recommended method for
bacteriological anaiysis of water sampies.’

Tha MF methad may be adjusted to pramote recovery of attenuated coliform
bacteria. The methad frequently used consists in a twe layer enrichment differential
growth medium that allows for repair and subsequeni reproduciion of those fascal
coliforms that have been stressed by exposure to chlarine, industrial wastes or marine
waters. General proceduras and considarations regarding recovery of stressed indicator
prganisms appesr in Standard Methods (APHA, 1985).

The decisian to use the double layer M-FC agar methed or any other coliform
MF method for the bactericlegical assessment of coastal water guality must be based
on comparative analyses that show at least an 80 percent agreement between parallel
MF and MPN fascat coliformn methods. Approximataly 100 samples chosen from a
variety of coastal sampling stations shauld be used in this MF-MPN comparative study.

10.2 Total Coliform Method

Froper appiication of MF methods requires development of good leboratary and
routine operational practice. Since the MF method s guantitative, water samplaes should
be measured within a * 2.5 percent tolerance as specified in the MF methods.
Graduated cylinders or volumestric pipettes should be used fer accurate measurement
of water sample voivmes. Anindividual, sterite, graduated cylindesr or volumetric pipette
should be assigned to each sample examined in the filtration series.

Sample botties should be shaken vigorously immadiately before obtaining the
water sample io be filtered. This vigorous shaking is needeg to ensure an
homogeneous distribution of bacteria and is particularly critical when filtering very turbid
water. After shaking the sample thoroughly, pour or pipette the measured sample
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volume into the funnel with the vacuurm supply line connection turned off. To avaid
uneven distribution of organisms gver the effective filtering area, the vacuum should
never be applied simulianeausly with the addition of the sample test portion. When
dispensing 10 ml or less, approximately 20 mi of sterite dilution water should be
previously added to tha funnel to ensure uniform dispersion of the bacterial suspension.
The vacuum should then be applied to foree the passage of the watsr through the MF,
and then the funnef should be rinsed with 20-30 ml af sterile dilution water. After the first
rinse has passed through the filter, the rinsing procedure should be repeated. With a
proper rinsing technigue, hactarial retention on the funnet walls is negligible.

-To ensure that no contamination exits at the baginning of the analysis, & starile
100-mi dilution blank should be analyzed by the MF method, before processing any
other water sample. Water sampiles should be analyzed inincreasing degree of bacteriai
cantert. One sterile water sampie should be analyzed at the conclusion of each differant
groups of waters and one at the conclusion of the filtration series. The purpose of this
quality controf procedure is 1o ensure that funnet assemblies are starile at the start of
filtration, and 1o detect possible cross-contammation if the technician faits to adeguately
tinge all organisms onto tha filter surface of a polluted sample.

10.3 Incubation and Counting of MF Cultures

MF axamination for todal califarms recovery raguires a 22 to 24-hour Incubation
period at 35 °C for optimum growth and sheen develapmeant. A typical ealiform colony
has a pink 1o ¢ark red coiour with a metallic sudace sheen. All members of the coliform
group grow and develop a metallic sheen on Endo-type media. Noncoliform colonies
vary in appearance from colourless to a deep red celour. Colonigs having a red colour
and a touch ot shiny material resembling 2 metallis sheen are the most confusing of the
noncaliform types and are responsible for the overestimated MF colilorm counts made
by inexperianced bacteriologists. The bile salts present in Endo-type media are inhibitary
to injured colifarms and thus a resuscitation step may be necessary to recover strezsed
coliforms that may be presant in coasial marine waters. '

The coliform concentration may be calcufated from one or more MF counts
obiained from analyzing serial sample partions, provided the counts are in the 20 to 80
colony range and the total count of all colonias in the MF dees not exceed 200. When
different volumes of sampie are sxamined, it is permissibla to total the counts on sach
membrane and base the value on tha tofal volume of sample examined. Whan
monitoring coastal waters, an atternpt should afways be made to gquantify the number
of colonies grown in the MF. If all the cultures prepared from a water sample exceed the
maximum racommendsad limit, the bacterial count could be estimated from a partial
enurmeration of tha MF with the lower colony count.

Whan confluent growth oceuwrs, that is, growth covering either the entira filtration
area of the membrane or a portion thereof, and coloniss are not discrete, report results
as "conflvent growth with {or without) coliforms". i the total number of bacterial
colonies, califorms plus noncoliforms, exceed 200 per membrane, or if the colonigs are
not distinet enough far accurate counting, report resulte as "too numerous to count’

(TNTC} {Standard Methods, APHA, 1985).

The M-Endo broth can be transformed to an agar form by adding 1.5 percent
agar. Resulis from the intercalibration exercises conducted in the Mediterranean (UNEP,
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1986) ravealed the interest of using M-Endo agar, thus sliminating the need for an
absorbant pad. :

Imexperienced technicians fraquently find the deep red colonies difficult 1o
classify, especially when the presence or absence aof a metallic sheen is the only
distinguishing characteristic, The proper identification of colform colonies by & new
technician ecan only be solved by actual practice and experience in counting colonies,
together with the use of the confirmed test. This verification procedurs should be
followsd by any taboratory technician suspecting that typical sheen cotonies may not
be celiform bacteria.

Coliforrn colonies can be confirmed by transferring them to iactose or lauryl
tryptose broth and then to Brilliant Bile Lactose broth BGLB for evidence of gas

production at 35 °C within the 48-hour Emit.

10.4 Faecal Goliform Method

The MF method for taecal coliform enumeration requires: 1) a water bath which
can be ragulated at 44 5 + 0.2 °C, 2} M-FC culture media, and 3} sealable plastic or
metal containers to protect the cultures while immersed In the water bath incubateor. For
speciiic dataile an the MF method, the corresponding Reference Method for maring
poilution studies should be consuited.

The faecal coliform concentration may be calcutated from one or more MF
counts obtained from anafyzing seiial sample portions, provided the counts are in the
20to 80 colony range. When different volurmnes of sample are axamined, it is permissibie
to total the counts on each membrane and base the value on the iotal volume of
sample examined. When menitoring coastal waters, an attempt should always be mage
to gquantify the number of coloniss grown in the MF. If all the cultures prapared from a
water sample exceed the maximum recammended limit, the bacterial count could be
estimated {tom a partial enumeration of the MF with the lower mlnny count and the
remark of "confluent growth” should be indicated.

The M-FC broth can be transfermed to an agar form by adding 1.5 percent agar,
Results fromthaintercalibration exercises conducted in the Mediterranean (UNEP, 1986}
reveaied the interest of using M-FC agar, lhus eliminating the need for an absorbant

pad.

Gray to cream-coloured colonies may be occasionally observed on M-FQ
cullures. These arganisms are not faecal coliforms and should nat be counted as such,
0A-FC cuttures should be counted prompily after thair removal from the incubator, since
exposure ta reom temperature for more than 3¢ minutes may allow some of the
nonfaecal coliform colonies to ferment enough lactose to develop a pale blue colour.

10.5 Faecal Streptococei Method

The MF methad for enumeration of fagcal streptococsi requires a 48 haours
mcubation at 35 °C for optimurn growth. Catonies produced by faecal streptococci are
dark red to pink. Counting snould be dane using a 10x% to 15x magnlflcanan mlcrusccpe

cr similar GptICEJ nstrurmant.
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Tha MF method for tascal streptococci has ben recommended over the
catresponding multiple tube method for the following reasons: 1) recoveries on MF
-media are higher and less influenced by interference organisms, 2) the MPN mathads
result in greater numbers of lalse positive reactions, and 3) when identification is
required, MF plates allow for primary isclation of faecal streptococc calenies. However,
the comparative evaluation on MPHN and MF methods carried out during the
intercalibraticn exercises conducted in the Mediterranean offered no significant
difference hotween the two methods, particuiatly when using the M-Enterococcus agar

{Mujeriego, 1986).

The two media commonty used far the MF method are the M-Enterococcus agar
and the KF-Streptococcus agar. Although both media are considered 1o give similar
resiults in wastewater samples, studies conductad in various Maditerranean laboratories
hava shown a considerable number of false paositive colonies when using the KF-
Streptococcus agar for the analysis of coastal water samples {Yoshpe-Purer, 1988;
Feliu, 1988). Therefore, the M-Ernterococcus ager has heen propossed as a rore
adaquate media, although it may underestirnate the fascal streptococsi content of water
samples (LUNEP, 1975a). To verify the colonies grown on the membranas fiters, a
confirmed test should be conducted. -

The faecal streptococei concentration may be calculated from one or more MF
counts gbtained from analyzing serial sample portons, provided the counts ara in the
20 to 100 colony range. When different volumes of sample are examined, it is
permissible to total the counts on each membrane and base the value on the total
volume of sample axaminad, When monitaring coastal waters, an attemnpt should always
beo made to quantify the number of colonias grown in the MF. If all the cultures prepared
fram a water sampig excead the maximum recommended limit, the bacterial count
could be estimated from a partial enumeration of the MF with the lower colony count
and the remark of "canfluent growth” shouid be indicated.

Normally, there is no need for species identification of fascal streptococsi in
coastal water quality studies. The relationship between fascal coliforms concentration
and faecal streptococci concentration in a fresh wastewater sample is a useful
parameter for establishing the probabie source of the waste discharge as being
domestic or from farm animals ar wildiife. However, the more resistant character of
fascal streptococei in sea waler results in a decreasing value of that relationship
regardless of the wastewater source. in thesa cases, the fagcal coliforms to fascal
streptocacei ratio, or the faecal coliforms to faecat enterococel ratio, can be better
interpretod as a measura of the distance of the sampling station to the waste souree,
or of the time elapsed for the arrival of the wastewater 1o the coastal sampling point.

10.6 Replicate Samples

The colony count abtained by the MF methad is not an absaluta exact value, but
rather an estimation of the actual bactarial density of the water sample examined. By
increasing the number of replicate analyses, the 95 percent confidence interval of the
avarage MF count will be narrowar around the trug bacterial density of the water
sample. Thus for reutine analyses, i is recommended to perform a replicate sample
approximalely every tenth sample to verify continued level of data precision.
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11. INTERPRETATION OF RESULTS

11.1  Introduction

Conformity of awater sampling station with the microbiological limits established
by coastal water quality critetia and standards usually requires determination of the
microbrial concentrations not excesded in a given percentage of the water samples
analyzed. A subsequent comparison berween those percentiles and the microbial
congcentrations set forth by the criteria or standards aliows an avaluatt:m of the
microbiclogical guality of the sampling station considered.

Although maost microbiclogical criteria and standards for coastal waters are
expressed in terms of two concentrations cof a specified bacterial indicator which should
not be exceeded in two comresponding percentages of the samples analyzed, very few
criteria ¢r standards include explicit indications on how to obtain the micrabial
concentrations charactenstics of a 8t of experimantal results.

As an ilustration, the interim criteria for microbiclogical quality of recraaticnal
waters approved by the Contracting Parties to the Barcelona Convention {UNEP, 1985}
specifies that "the faecal celiforms concentrations of at least 10 water samples collected
during the bathing season should not exceed: a) 100 faecal coliforms per 100 mt in 50%
ot the samples, and b) 1000 faecal coliforms per 100 ml in 90% of the samples” The
irterim criteria recommend a graphical or anatytical adjustment to a logrormal
praobability distribution as the method for interpreting the results,

The two methods cammonly used for evaluating the experimental results
obtained at a given sampling station are 1} the ranking method and 2) the lognormal
probabiiity methad. The following sections include a brief discussion of these two
methods, whose detalled application can be found In the corresponding Reference
Methad for- marine pollution studies (Mujeriega, 1982).

11.2 The Ranking Method

A methad frequently used for assessing the conformity of a water sarnpling
station with the comesponding quality criteria or standards consisis in ranking the
experimantal values, inincreasing order, and then salecting the micrabial concentrations
corresponding to the percentites set forth in the standard or criteria. The rank numbser
of those percentiles are obtained by multiplying the total numbar of experimantal values
by the parcentages specitied by the criteria or standards. The water sampling station
will confarm to the relevant quality criteria or standard when the bacterial percentiles
obtained do not exceed the bacterlial limits se1 forth in the criteria or standard.

As an iHllustratian, the assessment of 2 sample station with 20 fascal coliforms
concentrations would require ranking the experimental values in increasing order and
then selecting the concentrations asscciated ta the rank numbers n50 = 20 x 0.50 =
10 and NS0 = 20 x 050 = 18. The watar sampling station will conform to the
WHO/UNER intarimn quality criteria if the microbial concentrations associated with those
rank ruribers 4o not exceed the two bacterial limits indicated in the previous section.

The main characteristics of the ranking method are:
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1. Itis very simple to perform, as it does nat recuire the use of complex
tarmutas or graphical analyses.

2. it frequantly leads to the practical difficulty of having to nterpret rank
numbrers that are not integers, as for axample when calculating nS¢ fram
a total of 14 values. This difficulty is usuaily solved by some rounding-off
criterion, or by requiring a total number of samples that prevents this
shtuatlon frorm occurring. This latsr condition brings considerable operating
and interpretation probiems.

3. The pregision of the percentile microbial concentration is quite variable and
relatively iow.

4. The method takes oniy into account the absolute values of the percenties
specilisd by the criteria or standard, disregarding the remaining
experimantai results. -

5. I does not provide any insight into the temporal variation of the
microbiclogical quality of the water at the sampling station copsidered.

11.3 The Lognarmal Distribution Method

The lognormal distribution method is based on the observad property of the
micrebial concentrations measured at a sampling station to follow a lognormal
probability distribution. This method requires determination of the iognormal distribution
that most closely fits the natural Ingarithms of the experimental resuls. The adjustment
procedure can be performed either graphically or numericaily, both alternatives baing
capabls of producing identical results provided the caleculation steps are adequately

specified.
The main characteristics of the lognormal probability method are;

1. it requires some knowledge of geometry and certain skills in graphical
treatment of data. However, the methad can be programmed for simple
application in persanal and mainframe computers.

2. There are no praciical difficulties dus to the total numbsar of experimertal
results available. Although the banefits of this evaluation method become
morg svident with ncreasing number of results, any set of experimental
values can be evaluated.

3. The precision of the method can be statistically estimated and is genarally
higher than that ¢f the ranking method.

4. The method iakes into account. the wvatues of all the microbial
congentrations considered.

5. The method estimates the lognarmal probability distnibution that most
closely fits the experimental results and thus provides very helpful insight
into the temporal variation.of the water quality, and allows comparisan
between diffarent sampling stations.
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The simplest way Of applying the iognormat probability method is by means oi
a lognormal probability paper. By adequately drawing the experimental results and
visually interpolating the data peints it is possible to estimata the lognormal probability
gistribution that best fits the bacterial concentrations. The systematic evaluation of the
microbiological quality of coastal water during the two phases of the MED POL
Frogramme, using the lagnormal probability method, have shown the adeguacy and
interest of this method {Mujeriego, 1983). Only in very few sampling stations was the
prabability model not applicable, and even then the graphical representation of the data
offered some cluas as to the more adequate alkernative method for evaluating their
water quality.

Figure 1 lllustrates the use of the iegnormaf probability paper for interpreting the
microbiological quality of a ceastal sarmpling station. Direct comparison of the
probabllity distribution with the two limits set forth in the Mediterranean interim criteria
dllows the evaluation of the sampling station according 1o those quality criteria.

A systematic agpplication of this interpretation and ewaluation method 1o
microblological results obtained dwing the MED POL Programme should provide a
more reliable and consistent assassment of the microbiological quality of coastal waters
in the Meditetranean.

12.  ANALYTICAL LABORATORY CQUALITY CONTROL

121 Introductian

Among the elements of a guality assurance programme, the follawing three are
directly related to tha analytical guality control of |aboratory activities: 1) the use of
standard operating procedures, as indicated in the correspanding Refersnce Methods
for marine pallution studies prepared by UNEP, or in Standard Methods (APHA, 1985),
2) the systematic anaiysis of control samples with unknown microbial concentrations,
and 3) the periodic anatysis of a few reference samples prepared by some central
laboratory; as water samples with known rmicrobial concenirations are difficult to prepare
and preserve, replicate samples of unknown microblal concentrations are commonly
used for distribuifon to participating laborataries.

The second quality assurance element mentioned above is designated intra-
faboratory or statistical guality control, and the third is known as external laboratory
quality control, inter-laboratory quality evaluation, or intercalibration of anatytical

laboratories.

The following sections describe some basic techniques commonly used for
intra-laboratory quality control and inter-laboratory quaiity evaluation.

12.2 Intarnal Duaﬁty Controd

Control charts are the technigues most frequently used for intermnal guality conirol
of analytical laboratories. Their applicability is based on the assumption that
experimentaf results approximately follow a2 normal distribution. Although this is usually
an acceptable hypothesis in chiemical labaratory practice, the micrabial concentration
of & water sampie has lo be numerically transformed 1o obiain a normai variable. _E!!"
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Several types of controi charts can be prepared. The two most commoniy uged
in statistical quality cantrol of analytical laboratories are: 1) the X or average chart, to
evaluate the precision of replicate analyses of a given water sample, and 2) the R or
range char, to evaluate the precicsion of replicate analyses of different water samples.
In contrast to what happens with chemical selutions, the bacterial content of a water
sample dogs not remain stable with time, rendering quite dificuit replicate analyses over
mare than & faw hours. As a resull, the R charts are those normally used 10 evaluate:
the analytical precision of microbiclogists examining water samples of variabie bacterial
cancentrations.

_ The fundamentals and practical applications of control charts are described in
specialized references such as Statistical Quality Control {Grant and Leavenworht, 1880)
and Standard Methods (APHA, 1885). Table 1 and Figure 2 illustrate the application of
the R gontrof chart to the experimental results obtained during the intercalibration
exercise conducted &mong microbiological laboratories in Catalonia (Mujeriego, 1885).

Table 1 indicates the concentratian range calculated from 3 replicate analyses
conductad on three bacterial indicators during a 8-waek period. The valugs appearing
in Table 1 were obtained as the difference betwegen the higher and the lower
cancentrations of each data set, expressed in decimal logarithm. Alhough it s
recommended that for best results a series of at lgast 20 pairs of duplicate
determination shouid be obtained, the shorter series of results was compensatedin this
particular case by conducting 5 replicates determinations, a value much higher than
those commonly used.

Figure 2 illustrates the evolution of the concentration range with the different
water samples analyzed. The experimeantal data points {all within the upper contral limit
and the lower control limit of the charts for the three microorganisms, with the exception
of the total coliforms range ior sample number 4, These resuils indicate that the
analytical precision of the microbiologist remained within acceptable limits, in all but one
series of total coliforms replicate analyses. The systematic application of this stalistical
lechnique ensures that the analytical precision is Kept within acceptable imits and
provides an immediate indication of possible sources of emors within the analytical
procedure,

It is important to reaiize that the R charts appearing in Figure 2 do not provide
any indication of the accuracy of the analytical procedurs, for this wauld necessarily
require knowledge of the truz microbjal ¢oncantration of the samples, an information
seldom available in practice,

The R cantrol charts of Figure 2 indicate that, under stable conditions of tha
analytical procedure conducted by the speclfic microbiotogist, it can be expected that
the membrana filter methad rmay result in R valtes as high as 0.53 In the analysesof
taecal streptococei. This reprasents a ratic of 3.40 between the highest and the lower
values of a set of & faecal streptococcl determinatiens. Similarly, the ratio between the
highast and the lowest of the faecal coliforms concentrations may be expectad to be
as high as 2.40. Thege vaiues clearly iliustrate the considerable different bacterial
congentrations that one microbiclogist may find when analyzing a water sample
according 1o standardized procedures.
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Table 1

Concentration range, expressed in terms of decimal logarithm, of the total coliforms,
faecal coliforms and faecal streptococc abtained by a single microtiologist when
conducting 5 replicate analyses of water samples by the membrane fitter method
: {Mujeriego, 1985).

NATE CONCENTRATION RANGE, R
TC FC FS
05.07.1983 : 0.20 0.12 .14
12.07.1983 0.12 0.035 0.20
18.07.1883 0.24 0.08 0.07
25.07.1983 0.57 0.25 0.27
02.08.1983 Q.15 0.30 ) 0.40
09.08.1083 0.09 0.25 0.34
16.08.18583 0.13 0.24 0.36
23.08.1983 0.10 0.14 0.23
Average R 0.21 ' 0.18 0.25
Lipper control limit 0.45 .28 0.53
UCL =D, xR : '
D, = 2115
Lower control limit .00 0.00 0.00
LCL = D4 xR
C,=0
() Obtained from 3 replicate analyses, as the ather 2 only
containad one coliform colony sach

12.3 External Quality Control

Intarcalibration of analytical laboratories has become an essential elernent of
guality assurance programmes aimed io ensurg that results obtained by different
laboratories are reliable anc comparabie. Extarnal quallty control has made considerable
progress in chemical labaratories through the use of reference and standard sampies
that remain stable for extended pariods of time. The MED POL Programme has played
an important role in providing and analyzing reference samples of organic compounds
and heavy metals. Microbigiogical laborateries have not been able to reach similar
levels of external guality control due to the practical difficulty of preparing and
maintaining stabfe water samples of known bacterial concentration.
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Attampts have been mads to overcome thig limitation by preparing replicate
natural water samples and distributing them to differsnt microbiologists working in one
givan laboratory or, in some ¢ases, sending the samplas to different laboratorias for
immadiate analysis. The fist approach was adopted during the 5 intercalibration
exercises conducted in the Mediterranean region during the 1982-85 perind.

Although this form of external quality confrol did not take into account the
analytical conditions of each participating laboratory, it greatly contributed 10 harmonize
analytical methodologiss, to evaluate the comparability of the MPN and MF methods,
and to point out the training needs ameng Mediterranean microbiciogists (UNEP /WHO,
1985}, As a results of these intercalibration exercises, the recommendation was made
(UNEP/WHO, 1985, 1989) to carry out an extarnal guality control among Mediterranean
laboratories as the best way (o ensura the comparabifity and reliability of their results,

Few atternpts have bean made to conduct an external quality control programme
in which replicate watar samples are sent simultanecusly to different microbiclogical
laboratories for their analysis. One of these was conducted in Catalonia, Spain
{Muferiego, 1985). The results of this intercalibration exercise, conducted among 11
microbiological laboratories of Catalunia, wili be used to illustrate some of the alternative
ways in which the experimental resulis can be intarpreted and evaluated.

The interpratation of the basic microbiclogical results abtained in this
intergalibration exsrcise was camed out by statistical methods based on the normal
behaviour of the natural iogarithm of the mierobial concentrations. Two basic evaluation
processes were applied:. 1) an evaluation of the relative precision of the individual
microbial concantrations obtained by each laboratory for each water samplz, and 2) an
evaluation of the water guality assessment obtained by each laboratory for the stampling
station eonsiderad, over the whole study periad.

Water samples were systematically collected at a2 coastal sampling station,
distributed into replicate portions, packed adequately with charnical ice packages, and
sent 1o participating laboratories for reception within 4 hours after sampling. The water
samples were analyzed by the MF method for total coliforms, faecal coliforms, and
fagcal straptocoech. Aeslative precision was always established by comparisen to similar
results obtained at 4 centrai reference laboratory.

12.3.1 Evaluation of micrabial concentrations

Figura 3 illustrates the evolution of the faecal coliforrms concentration obtained
at the reference laboratory on series of replicate water samples analyzed at different
timeos after collection. Tha axparimental points show a relative decrease of the precision
of the anaiytical method as the time elapsed after sampling goes beyond 23 hours.
While analyses performed within 9 hours afier sampling are generally centered around
the regression line, lthe results obtained from analyses conducted after 23 hours of
sampiing show a larger scattering from that ling.

Furthermore, the regression ling in Figure 3 indicates that analyses conducted
after 10 hours of sampling collection represent a 25% mean reduction on the fascst
coliforms concentration. However, the considerable high value of the standard deviation

" associated to samples analyzed at a given time results in a 95% confidance tnterval
aniivalent tm fascal celifarms cancartratione frimm 98 a0 20N timaa the initesl
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cancantration. These results further illustrate the interest of a statistical evaluation of
microbiglogical results.

Considering the precision achieved at the reference laboratory when conducting
replicate analyses of & given sample, and the mean reduction of the bacterial content
of a'water sample as a function of the time elapsed after sampling, it was estimated that
the faecal coliforms concentration at a water sample obtained 23 hours after sampla
¢ollecting and the concentration obtained immediately after collection would not be
statistically different with & 85% confidence level, -

Figure 4 illustrates the faecal coliforms concentrations obtained by participating
laboratories in the same series of replicale water samples. A comparison of the results
shown in Figures 3 and 4 clearly points aut the wide variations in rafative precision
achieved by different laboratories;, while the concentrations obtained. by some
laboratones ars well within the confidence interval of the refarence laboratory, others are
clearly outside thatinterval, indicating the prasence of impertant sources of experimantal

errar,

Without further siatistical evaluation, a simple comparison between resulis in
Figures 3 and 4 reveals the need for comective action 1o bring the analytical precision
within acesptable limits. In the intarcalibration exsrcise under consideration, only 5 out
of 11 |laborataries obtained acceptatle microbial results and, of those S5, only 2
laboratories obtained a precision comparabie to that of the refersnce laboratory.

12.3.2 Assessment of water quality

One of the main objectives of a monitoring pragramme is to determine the
conformity of the water sampling station to the criteria or standard under consideration.
Consequently, the assessment made by different laboratories of the quality of a given
sampling station can be used to verily the camparability of their analytical results.
Instead of testing the precision of the basic microbiclogical results, this appraach allows
testing of the overall quality evaluation made by participating laboratories.

The expermental results cbtained by ithe reference latoratory and the 5
paricipating laboratories previously selected were used to evaluate the mean microbial
concentrations corresponding to the water sampling studied. The mean concentratians
were derived using the lognormal probability model for interpreting micrabial
concentrations, as discussed in previocus sections.

Figure 5 .illustrates the mean bacterial concentrations obtained by each
participating laboratory, as a function of the time elapsed after sample coliection
adeoptad by each labioratory. The experirmental values obiained at the reference
laboratory had been used to estimate the regression lines and the corresponding 95%
confidence limits of the mean concentration vallues as a function of the time elapsed

after sampiing.

As Figure 5 indicates, the mean bacterial concentration obtained at the referance
laboratory shows a slight reduction as the time elapsed after sample collection goes
from 2 to & hours. The mean bacgterial concentrations obtained by the cother &
laboratories fluctuate considerably around the walues obtained by the reference
laboratory. Athough it has always been recommesnded to analyze the samples as s00N
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as possible after collection, transport and storage time may exceed B hours in some
cases. Thesa results illustrate the influence of storage tirme on the final assessment of
the water guality made by different laboratories.
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Figure 3.
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Faecal coliforms concentrations obtained by a reference laboratory as a
funiction of the time elapsed since sample collsction. Regression line and
85% confidence limits {Mujeriego, 1985).
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Figure 5,
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Faecal streptococdd examination appears to be the analytical method providing
the most comparable results armong laboratories. In particular, the disgrepancy
observed in iaboratory number 11 was traced 10 the use of M-Enterococcus agar,
instead of the KF-Streptococci agar used by other iaboratories. Several Mediterranean
laboratories (Yoshpe-Purer, 1889; Feliu, 188%9) have studied the causes of the
significantly farger caurnts abtained with the KF-Streptococei, and have shown the large
number of faise positive counts as the main reason for those discrepancies.

An overall assessment of the results shown in Figure 5 indicates that laboratory
number 10 and, to & lesser extent, jaboratory number 1 are those oblaining watar
quality evaluations comparable 1o that obtained by the reference laboratory. This
approach provides therefore a useful tool for analytical quality control of mlcmbinluglcal
iaboratories.

In contrast to tha approach discussed in the previous section, this procedure
emphasizes a comparison between the overall evaluation of a water sampling station
obtained by individual laboratories, instead of concentrating on caparisons between
individual microbial examination of those same iaboratories. Although the aim on both
cases iz to improve the quality of axparimental results, one type of approach may be
more suitable than the other, depending an the circumstances. Obviously, the statistical
interpretation of the individual results has to be conducted acceording to identical
protocols, a5 to prevent the introduction of an addtional scurge of variation The
adoption of a reference method for interpretation of results appears thus as one
gssential element of any quality assurance programrmie.
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ANNEX 1
QUESTIONNAIRE FOR LABQRATORY SURVEY

QUALITY CONTROL IN MICROBIQLOGICAL MONITORING OF
COASTAL MARINE WATERS

The objactive of this guestionnaire is 1o provida useful advice whan evaluating
the need for and the degree of implementation of 4 quality assurance programme in
microbioclogical laboratories engaged in monitoring coastal marine waters.

The questionnaire is intendad for use by a survey axpart during a parsonal visit
to the taboratory fagilitiss for ditect observation and technical discussions with laboratory
personnel on the procedures followed for microbiclegical analyses.

Futhermora, the person conducting the survey should gather detailed information
on: :

Tha organizational sst up of the laboratory.
The scientific, technizal and suppoit personnet available.

The waorking space, the analytical eguipment and the support eguipment
avaitable at the laboratory.,

The type of analyses narmailly conducted and the total amount of work carried
out annually.

The quaiity assurance pratocot guailable at tha laboratory.

This information should be summarized and included as one chapter of the
report 1o be prepared by the survey expert. This informatian will be vary useiul when
intarpreting the résults of the guality assurance evaluation conducted according to the
following questionnaire,

Tha foilowing seciions of the questionnaire summarize important aspects to be
considered during the personal visit and technical discussion hald with laboratory
management and staff. The questionnaire is not intended to be completed by the

laboratory ;ZIEI'SDI'II"IE[ directly.

The material contained on Chapter 1 of the Guidelines for Guality Control in
Microbiological Monitoring of Coastal Maring Water should help in establishing final
recommendations on the quality assurance programme to be ad-:::pted in a specific
laboratory.
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SAMFLING PROCEDURES

Sampling Station Characteristics:

Water depth at sampling station

Type of base-line steady conducted to define sampling stations
Total number aof sampling stations mapitored

Tatal length of coastline monitored

Mean coasial length covered by one sampling station

Water sampling depth

Number of samples collected at each sampling station
by categories (summer season/winter season, far example)
average value annually -

Time of day when samples are collected
Number of sampling station changed during {ast year

Sample Collection:
Sample volume normally collscted
Sampling procedures: direct collection, rope or extension arm
Air space left in sample bottle when sampling
Systematic character of sample collection
Additional parameters and infarmation collected during sampling, and
sources of such Information
Sample Identification:

Method of identification of sampte bottles
Pracedures for sample reception and registration at the laboratory

Sample Conservation:

Methods for sample conservation: temperature and light exposure
Consarvation time before analysis

Sampie Analysis

Category level of the laboratories actually analyzing the sampies



LABDRATORY EQUIPMENT

Air Incubators:

Recording thermometers or direct reading thermometers
Presence of 0.5 °C scale divisions
Water reservoir for humidity control

Elevated Temperatisre Thermometers:

Recording thermometers or direct reading thermomaiars
Presence of 0.1 °C scale divisions
Rust or salt deposits in water bath.

Ery Heat Sterilization:

Equipment used: cammercial type ar homa type avans
Sterilization temperature range used
Availakility of thermometars in the 160-180 °C range

Autoclaves:

Equipment used: commercial autoclave or pressurg coaker
Avaiigbility of temperature control: position of thermometer
Availability of pressure control: position of prassure valve
Btate of internal walls, drains and rubber gaskets

Thermometers:

Availability of certified thermometers for reference
Proceduras used for paricdic calibration
State of thermometers in use: mercury column integrity

pH-meier:

Availability of 2 0.1 pH unit precigion instruments
Procedures used for pericdic calibration

Balances:

Availahility of a balance with sensitivity better than 2 g at 100 ¢ load
Availability of an analytical balance with sansitivity better than 1 mg at 1 g
load

Light Saurce:

Availability of a 10x to 15x magnification apparatus with a cold-white
fluarescent lamp :
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g, Inocuiating Tools:

Type of tools available: wire locps, hardwood sticks, Fasteur pipettes
Adequate size and characteristics of each type of tool
Autosiaving procedures used for gach tool

10. Meambramne Fillration Assemblies:

Types of assemblizs available: glass, plastic, stainless-siesl
Presence of dirt or deposits on funnel walls

Detarioration or deformation of funnels

Cleaning procedures used

11. Forceps

Forgeps with smooth ends
Sterilization procedures used
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LABORATORY UTENSILS

1. Sampling Bottles:

Type of material: borosilicate glass, plastic, metal

Type of closure: ground glass stappers, plastic screw-cups
Control of plastic cups toxicity

FPossible deformations due to autaclaving

2. Pipettes:

Typa of material: barosilicate glass, plastic
Accuracy within 2.5%
Sterilization containers: metal, wrapping papsr

3. Petri Dishes:
Size and type of material
Disposable or reusable
Stenlization containers: metal, wrapping paper
Claaning and stariiization proceduras for reuse

4, Culture Tubes and Bottles:

Size and type of material

Meathods for measuring dilution water volumes

Closure for tubes and bottles: ground-giass stoppers, rubber or metal
stoppsers, plastic screw-caps

5. Membrane Filters:

Brands, types and porasity in um
Cleaning and sterilization procedures for reuse

6. Absorbeni Pads:

Brands and types
Alternative use of 1.5% agar media
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CLEANING AND STERILIZATION

Gleaning of Glassware:
Cieaning methods: mechanical washing, hand washing
Type of detargent used. for laboratory use, home dish washing
Washing and ringing procedures: yse of digtilled water
Yisual inspection of dry glassware for sparkling clarity
Sterilization Pracedures:

Media and reagents:

Autoctave for 10-12 minutez, and less than 15 minwtes
Haating of MF culture media: in water bath for 5 minutes

Membrane filters and absoroent pads:

Frestarilized or sterilized by autoclaving for 10 minutes
Precautions to prevent excessive exposure to heat

" MF filtration equipment:

Autoclaving for 15 minutes, in wrapping paper
Availability of UV light for bench sterilization
Contrel of UV steriization effectivensass

Dry heat sterilization of glass filter assemibilies

Sample bottlas:
Plagtic bottles: autociaving for 15 minutes

loosely closed caps far pressure equalization
Glass bottles: dry heat for 2 hours

{3lagsware items:

Sterilization by dry heat for 1 hour

Dry heat stenilization of hardwaod sticks
Storage in metal foil /'wrapped paper covers .
Avaiiability of metal containers for pipettes and glass Petri dishes
Sterilization in metal containers: dry heat for 2 hours

Dilution Water Blanks:

Autociaving for 15 minutes
Caraful timing of steam exhaust process

Prawickan of avreoe watar ynlima tn rommensate for vannr insees
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Culture Dish Reuse;

Procedures for plastic Patri dish reuse: repeated washing, ethylene oxide
Pracedures for vetifying the efficisncy of sterilization procedure: standard
plate count agar at 35 °C for 48 hours

Flame Sterilization:

Procedures for needles and wire loops: flame sterilization
Procadures for forceps and spatulas: alcohol flaming

Laboratory Water Quality:

Methods and equipraents for producing distilled water: stainless-steel, glass
systams '

Presence of palyvinyl chloride tibing

Availability of commercial systems: cartridges replacement records and
control of water guality '

Canductivity measurements

Suitability test: frequency and rasults

Diiution Water:

Distilled water. 0.1% peptone water, or phosphate-buffered water {pH =
72 :

Sampling processing time after dilution: less than 30 minutes

Control and storage of dilution water; turbidity, refrigeration
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- CULTURE MEDIA

1. Culture Media:

Brand and type: prepared dehydrated media, ampotied meadia, preweighsd
media

Broth dissolution: preheating in distilled watar to 50 °C.,

Agar dissoiution: heating in water bath at 50 °C. _

Media additives: rosolic acid only as inhibitory for noncolifarm colonies

2. pH Measurcments and Records:

Calibration with & pH = 7.0 standard buffer
Media pH deviations from tolgrance limits: less than 0.5 pH units
pH measurernent of sterilized culture media: at least one batch of each naw

media bottle

3. Media Storage:

Media stocked for tess than a year anc preferabily {or less than 6 months

Conservation of prepared media; protected form suniighl, cantamination
and excessive evanoration

Preparad media should be stocked l2ss than 1 weak

4, Media Guality Controf:

Cammaearcially prepared mecia: 2 years of shelf live
Periodic salectivity and recovery test
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MULTIFLE TEST TUBE METHOD

1. Total Coliforms:

Presumptive test reading: 24 hours at 35 °C

culture media: lactose broth, lauryt iryptose broth
Confirmead test reading: 48 hours at 35 °C

culture media: brilliant green lactose broth {BGLE)

Completed test

o Faecal Coliforms:

Incubation in EC broth for 24 hours at 44.5 = 0.2 °C, subsequent to total
califorms presumptive test

3. Faecal Streptococcei:

Presurmnptive test: azide dextrese broth at 35 °C for 24 hours {or 48 hours)
Confirmed test: Esculin-azide agar at 35 °C far 24 hours

4, MPN Calculations:

Mumber of replicate tubes in a2 series and number of dilution series
considered '

MPN tables used far calculations

Procedures for determining the combination of positive tubss

Note: The coresponding Reference Methods for Marine Pollution Studies
WHO/UNEF} or Standard Methods (APHA, 1985) shouid be consulted for
further deatails. '



MEMBRANE FILTRATION METHOD

Laboratory and Routine Operational Practice:

Precision of water sample volumes _

Vigorous snaking of sample bottles before pipetting
Ciiution of water sample in filtration funnel before filtering
Rapeated ringing of the funneal after sampls filtration
Dilution blank before filtration of water samples

Dilutian blank ir: between fitration of water samples

Incubation and Caunting of Golgnies:
Total Cotiforms:

Culture media used: M-Endao broth ar agar {1.58))

Incubation at 35 °C for 24 hours

Typical pink to dark red colour colonies with metallic surface sheean

Cifliculties in counting small red colonies: practice and experience of
personneal, together with results of the MPN confirmed test

Faecal Califorms.

Watar tbath with pracise temperature contral: 44.3 + 0.5 °C
Incubation far 24 hours '
Culture media ussed: M-FC breth or agar (1.5%)

Typical Blue colour colonias

Nonfagcal coliforms: gray to cream-coloured colonies

Faecal Stregtucocci:

Culture media used: M-Enterococcus agar, KF-Streptococeus agar
Incubation at 35 <C for 48 hours
Typical dark red to pink celonies

R eplicate analyses:

Replicate analyses conducted periodically to verify analytical precision
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INTERPRETATION OF RESULTS

Interpratation Methods:

Systamatic and adequate appiication of interpretation methods: ranking
meathed, lngnomal probability method

Resuits available for each sampling station: range and average nurnber of
micrebial concentrations

Variability of microlriological quality: typical values of the standard deviation

Adjustment to the lognommal probability model: possible causes or
expianations

Experience gained and results obtained when intarpreting expetimental
results

ANALYTICAL QUALITY CONTROL

Analytical Quality Contraf Programme:

Parlicipation in intra-laboratory and intralaboratory quality control
Programmes
Experience gained and results obtained from that participation

Intra-labaratory Control:

Methods used: contral charts
Levels of precisicn of analytical analyses

Inter-laboratory-co nirol:

Sources and type of intercalibration samples

Methods used: lognormal probabifity method, regression analysis
Precision of individual microbiological concentrations

Precision of overall quality of sampling stations
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