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Introduction to the Workshop - Goals and Objectives
Paul Whitfield

On behalf of the Coordinating Committee of the Canada - BC
Water Quality Monitoring Agreement, I would like to welcome you to
this Data Collection Quality Assurance Workshop, and thank you for
attending. We are gratified at the number of participants'from
other parts of Canada who have chosen to participate in the
workshop. This workshop is focused on quality assurance around
water quality sampling, but the principles can be applied to other
types of data collection as well. |

We intend the workshop to be an open forum on all aspects of
quality assurance and I would like to encourage each of you to
contribute to the dialogue through comments or questions.

Quality assurance must be proac‘j:ive. We have no proven
mechanisms for correcting bad or suspect data. We have an ongoing
need for our data to be credible. To achieve this significant
efforts must be put into collecting good well documented data. At
a recent meeting I attended one of the authors speaking on quality
assurance put up the following equation:

O,=R, +E +E, +E+E, ... +E

The observations (0) we make at over time (t) are really the real
values (R) combined with a series of errors (E). These errors

" include sampling, preservation, handling, storage, analysis etc.

While this may be daunting view, it is a good picture of the
reality of data collection.

The presentations and discussions of the papers which follow
should provide some insight into the problems and solutions
involved in quality assurance. More than any one individual
action, we must work together towards the common goal of obtaining
"good data."
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-A PRACTICAL MODEL INTEGRATING QUALITY ASSURANCE
INTO ENVIRONMENTAL MONITORING!

Malcolm J. R. Clark and Paul H. Whitfield2

ABSTRACT: A model of comprehensive environmental monitoring
process with integral quality assurance is presented. This model
views the monitoring process as iterative cycles of a series of ele-
ments: design, plan, protocols, preparation, field liaison, sample

.collection, sample handling, laboratory analysis, data transmission,

data validation, data approval, data provision, statistical analysis,
and reporting. Quality assurance is linked to each element, not just
to laboratory analysis. The program of quality assurance ensures
that environmental monitoring data are compatible with the pro-
ject goals, are comparable between various sampling agencies, and
maintain a high degree of scientific credibility. The key characteris-
tics of the overall quality assurance process are detailed documen-
tation, timely resolution of problems, regular reporting, and routine
independent audits.

(KEY TERMS: environmental studies; modeling/statistics; monitor-
ing; quality assurance; study design; water quality.)

INTRODUCTION

Quality assurance applies to each step of the envi-
ronmental monitoring process, and not only to those
quality control procedures carried out in laboratories.
This paper outlines a model of the complete data col-
lection and analysis process in terms of integral
quality assurance. The model is based on the use of

-best available practices, detailed protocols and appro-

priate documentation of methods, and deviations from
procedures. Together these provide a level of assur-
ance which allows the data to be of scientific value in
the future or to other researchers. In addition, each
step in the process of environmental monitoring has
some specific requirements that apply to at least that
step. This entire process sometimes is referred to as
“Quality Assurance” or “QA,” and sometimes as

“Quality Assurance/Quality Control” or “QA/QC.” In
the latter case, QC refers to those aspects which are
fully under an investigator’s personal control (such as
instrument calibration or comparison to reference
materials of known value), and QA refers to those
aspects which are not under the investigator’s routine
control (such as analysis of reference materials of
unknown value for evaluation by an independent
party). Not surprisingly, these two different defini-
tions for “QA” result in semantic confusion. For this
paper the authors use the first, more comprehensive,
definition for the synonyms “quality assurance” and
“QA”

Under ideal circumstances, scientific data are col-
lected from carefully controlled experimental condi-
tions which may be repeated should any question of
data validity arise. However, environmental monitor-
ing data are collected under conditions which are
imprecisely controlled and difficult or impossible to
repeat. In view of these problems, researchers must
ensure that their environmental data are scientifical-
ly credible by documenting their adherence to proven
scientific practices. For uncontrolled conditions, these
practices include detailed documentation of proce-
dures, ongoing evaluations of precision and accuracy,
and regular independent audits. Together these docu-
ments provide a complete chronological record to sup-
port the validity of the data.

This paper describes a data collection and analysis
model which provides the framework for integrating
quality assurance into all elements of environmental
monitoring. The paper also describes those quality
assurance activities that are common to all steps in
any environmental monitoring process, and provides

1Paper No. 92112 of the Water Resources Bulletin. Discussions are open until October 1, 1993.
2Respectively, Senior Scientist, Environmental Protection Division, Ministry of Environment, Lands and Parks, 2nd Floor - 777 Broughton
St., Victoria, British Columbia, Canada V8V 1X5; and Head,_ Networks Divis_ion, Environment Canada, 224 West Esplanade, North

Vancouver, British Columbia, Canada V7M 3H7.
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Clark and Whitfield

example applications from a water quality perspec-
tive.

THE ENVIRONMENTAL
MONITORING PROCESS

The model of the environmental monitoring process
is presented schematically in Figure 1. The model
views the monitoring process as an ordered series of
linked elements covering all activities in the data
gathering process. Each element in the cycle is sub-
ject to changes and enhancements over time, reflect-
ing changes in knowledge or improvements in
methods and instrumentation. Therefore, each ele-
ment must have defined quality assurance activities
to monitor these changes.

There are several advantages to this type of model.
First, it serves as a visual tool scientists can use when
organizing the budgets and manpower resources for a
project so as to ensure all aspects of a project receive
an appropriate share. Second, the model emphasizes
that data are no better than the weakest link, and
therefore all elements must provide QA. Third, the
model reminds us that, even if each element itself has
appropriate QA, problems may occur in the links
between elements. Therefore, we must take steps to
ensure the links between elements are closely exam-
ined as well as the elements themselves. Fourth, the
model shows that, if one waits for information to fol-
low the complete cycle, problems may not be identi-
fied and resolved on a timely basis. Therefore, a
negative feedback mechanism is an essential part of
the process.

Environmental monitoring requires a large invest-
ment of resources. Appropriate quality assurance

: Protocols
Preparation

Information Flow

Reporting

Statistical
Analysis

Data
Provision

Data
Approval

Negative Feedback re Problems

Data
Validation

Field
Liaison

Sample
Collection

Sample
Handling

Laboratory
Analysis

Data
Transmission

Figure 1. Fourteen Element Iterative Cycle Model of the Environmental Monitoring Process.
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A Practical Model Integrating Quality Assurance Into Environmental Monitoring

provides a mechanism which protects that invest-
ment. Proactive steps are taken which seek to elimi-
nate flaws and errors before they compromise the
quality of the data that are being collected. Mohnen
(1992) points out that QA programs have benefits
which include less replication of effort since poor
quality studies often must be redone. Mohnen (1992)
emphasizes that the greatest benefit to be derived
from a QA program is confidence in the results by
staff, clients, and peers. Conversely, we have noted a
“QA Paradox” whereby unexamined programs may be
viewed by some parties as superior to examined pro-
grams, since the unexamined programs have no
known problems. This “QA paradox” must be avoided
through education of parties unfamiliar with the QA
process, and through emphasis within QA reports
upon successes rather than upon problems.

ELEMENTS OF THE ENVIRONMENTAL
-MONITORING MODEL

Element 1: Design

Environmental monitoring programs must be
based upon effective strategies to meet specifically
defined goals. Many papers point out this need to link
monitoring activities to environmental management
goals (Lettenmaier, 1978; Ward, 1979; Schilperoort
and Groot, 1983; Ward et al., 1986; Whitfield, 1988).
However, a somewhat cavalier attitude still persists
for many environmental monitoring programs. It
must be emphasized that data collected for one specif-
ic purpose may not be appropriate for some entirely
different purpose. Also, data collected without any
formal purpose may be useful for very few specific
future purposes. It is a fallacy to suppose that poor
data are better than no data.

The logical starting point for any study is the
design step. All monitoring programs must have a for-
mal design before any work is initiated. The most
important parts of any design are a clear delineation
of the study area, plus clear tabulation of the study
goals. These goals provide direction in the planning of
the data collection process. The five goals most com-
monly identified for environmental monitoring
include (a) assessment of trends in variables of
concern, (b) compliance with objectives or standards,
(c) estimation of mass transport, (d) assessment of
environmental impact, and (e) general surveillance to
determine typical levels of environmental quality over
a broad spatial area (Whitfield, 1988).

Quality assurance for the design process includes
the delineation of specific goals and geographic area
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while ensuring that the data collection strategies are
appropriate to these goals. Millard (1987) has pointed
out that serious program flaws can occur if only
superficial consideration is made of statistical con-
cerns at the design stage. Study area, design goals,
and sampling strategies should be optimized as new
information comes available. The cyclic model ensures
that these topics are reviewed and optimized on a reg-
ular repeated basis at least once per study cycle.

Element 2: Plan

The Plan is a working document which can be dis-
tributed to all the study participants so each party
knows in some detail precisely what is expected of
every participant. The Plan must include schedules
and budgets for every job to be done within all ele-
ments of the monitoring cycle for not less than one
complete project cycle. The Plan structures the pro-
cess and defines the tasks and steps required to
attain each goal. In a sense, if the Design is consid-
ered an outline sketch of a project, then the Plan is
the corresponding detailed blueprint. Budgets, sched-
ules, manpower resources, manpower training
requirements, safety programs, and vehicle and
equipment requirements all must be detailed within
the Plan.

The QA aspects of the Plan element need to focus
on ensuring timely identification of variances from
the schedules or budgets. Additionally the QA aspects
of the Plan must ensure that good communications
are taking place between those participants undertak-
ing interlinked activities.

In preparing the Plan plus the related QA pro-
gram, it is useful to test the draft Plan with either a
Pilot project or with a mock project using surrogate
data. Such studies will optimize cost-benefit ratios,
and will assist towards early identification of conflicts
between study participants with regard to objectives,
schedules, or methods. Analysis of existing data sets
can be usefully employed to ensure adequate sam-
pling to determine genuine effects or trends, or con-
versely to weed out inappropriate sampling programs
which are unlikely to determine any effects for the
resources available.

Element 3: Protocols

The Protocols, sometimes called Standard
Operating Procedures (SOPs), are formal written pro-
cedures of all methods to be followed during the
course of the project. Included in the Protocols are
details as to how actions are performed and what

WATER RESOURCES BULLETIN
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records are to be kept. Examples include sample col-
lection and preservation in the field, laboratory proce-
dures, data recording, and computer processing.

The Protocols must require reporting of quality
assurance results on a regular and timely basis, and
also must specify acceptance criteria for specific
QA/QC programs. Additionally, the Protocols must
ensure that all data, including handwritten results
and the Protocols themselves, are protected against
loss. Thus, one or more duplicate copies of informa-
tion must be kept in separate and secure locations.
The Protocols must also include provision for report-
ing all exceptions-to-the-rule or nonconforming
events, since our experience suggests it is nearly
impossible to avoid exceptions under real world condi-
tions. It is also our experience that exceptions and
problems need to be communicated rapidly between
study participants to avoid misunderstandings or
repeated use of flawed procedures. The Protocols need
not duplicate already published Methodology Reports,
such as laboratories often publish. However, where
multiple methodologies exist, where existing methods
have been modified, or where new methods have been
implemented, it is important that the exact details of
the methods be documented.

The Protocols must be completed before sampling
commences, and must be kept up-to-date on an ongo-
ing basis. Failure to do this may result in problems
serious enough to invalidate the main data sets. Our
experience with interagency studies has shown that
those studies were most successful which had a for-
mal signoff procedure to authorize the Protocols and
changes to the Protocols. Wherever possible, interna-
tional protocols must be used so as to make the data
compatible with similar information collected in other
countries.

Within any particular environmental monitoring
program, collective understanding of the procedures
being used greatly enhances the quality of the data
being gathered, and all members of the study team
should be encouraged to contribute to the Protocols.
Busy staff members will do a better job if they under-
stand the practical purpose of some job. Adequate doc-
umentation of all methodology enhances the potential
for future use of the collected information, possibly
decades or centuries into the future. With this long
term repeat use of the study information in mind, all
Protocols must be published or placed in archive with
national libraries, public archives, or with interna-
tional agencies.

The QA aspects for the Protocols element must
ensure both that the Protocols are up-to-date, safely
archived, and correspond to genuine practices. Our
experiences indicate two common problems which
require extra effort to avoid. First, an agency may
honesty believe a particular methodology is being

WATER RESOURCES BULLETIN

followed, but had, in fact, lost track that these proce-
dures had been changed. Second, agencies may report
no methodology change for some variable over a num-
ber of years, yet the data themselves clearly reflect
stepwise increments in method sensitivity. Our expe-
rience suggests that latter problem usually results
from a failure in communication, either between the
laboratory chemists and the data processing staff or
between the laboratory and its clients.

Element 4: Preparation

The Preparation element includes those activities
which take place prior to sampling and away from the
sampling locations. Activities include purchase of
materials and equipment, preparation of sampling
bottles and of reagent chemicals, maintenance and
calibration of equipment, and also shipping of sam-
pling kits and equipment to remote areas.

Quality assurance for preparation must ensure
that maintenance logs and calibration records are
maintained for every scientific instrument.
Also, materials such as sample bottles and reagents
must be routinely checked to ensure they meet speci-
fications. Our experience suggests three common
problems: (1) overreliance on manufacturers’ specifi-
cations, (2) presampling sources of contamination,
and (3) late or incomplete shipments of materials and
supplies to field crews. Specifications supplied with
instruments are often found to be optimistic. With
regard to the contamination problem, we have found
that reuse of either sample bottles or preservation
vials for trace elements both are likely causes of con-
tamination. Also, late or incomplete shipments can be
very frustrating to field staff and can cause serious
program interruptions, often with significant inter-
ruptions to the data records. A proactive approach,
which prevents problems rather than resolving them,
is the optimum approach. QA programs must attempt
to identify such problems as early as possible during
the course of a study.

Element 5: Field Liaison

Field liaison covers communication between head-
quarters and field staff which must be two-way as
partners rather than master-servant. Field staff must
be provided with the necessary skills and equipment
to do the job adequately and safely. Both headquar-
ters and field staff must be thoroughly educated with
regard to safety concerns and also as to proper use of
vehicles and equipment. Headquarters must be
advised when exceptions to regular routines occur
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and also when problems, such as late delivery of
equipment and supplies, happen. Where authority is
delegated to field staff, the accompanying responsibil-
ity and accountability must be delineated.

Poor communications can result in even trivial
problems being blown out of proportion, while serious
problems may be only slowly recognized and resolved.
Also staff training must be ongoing, and must be
repeated frequently where changes in personnel are
frequent. From our experience, we have found that
field liaison goes far more smoothly when semiformal
paper records of all communications between head-
quarters and field staff are maintained, and also
when headquarters and field staff undertake some
joint operations.

Quality assurance checks for field liaison verify
that both communication records and training records
are maintained complete and up to date. The quality
assurance procedures additionally must attempt to
identify and minimize or resolve misunderstandings
between headquarters and field teams. This type of
problem often can best be identified through investi-
gation of deviations from schedules in the Plan or
from methods defined in the Protocols.

Element 6: Sample Collection

The Sample Collection element encompasses those
activities which take place immediately before and
during actual collection of samples from the environ-
ment. These activities include site selection, sample
collection plus on-site sample handling, in-situ mea-
surements, photography and other means of observa-
tion, and the keeping of all related records. Also
included are on-site care and calibration of field
equipment. (Off-site care and calibration of equip-
ment is part of Preparation.) As noted by Brown et
al. (1991), detailed notes taken during the sampling
process often are invaluable during data interpreta-
tion steps.

The associated quality assurance must ensure that
all relevant details are recorded, especially deviations
from defined procedures. The QA must also ensure
that all Protocols were followed, including those relat-
ed to the QA part of the Plan. Five major QA concerns
are: (1) completeness of sample collection, (2) repre-
sentativeness of samples, (3) unique identification of
each sample, (4) documentation of the characteristics
of each sample, and (5) recognition of external con-
tamination. The authors have found that early warn-
ing of missing samples can often be noted in program
costs (i.e., unexpected low costs), which accounting
staff usually keep fairly up to date. With regard to the
representativeness of samples, gradients (e.g., mixing
zone at the confluence of two rivers) should be recog-
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nized through in-situ measurements and, where pos-
sible, avoided. If gradients must be sampled, then the
Protocols must specify some formal strategy of repli-
cate samples or composited samples to be followed.
Samples are best identified by being immediately
labeled with a unique number. All samples must be
thoroughly described as to precise sampling location,
date and time, collector, collection equipment, site
conditions, sample details, and unusual features or
events. Contamination is best identified through use
of a formal program of blanks. A field blanks program
must be maintained on a regular basis, with contin-
gency provisions for a major effort to resolve any con-
tamination problem once identified.

Element 7: Sample Handling

The Sample Handling element includes sall activi-
ties which take place between collection of samples
and receipt of those samples by some scientific insti-
tution for cataloging or for detailed scientific analysis.
These activities typically include various sample
manipulations, including preliminary measurements,
sample preservation and packaging prior to trans-
portation, plus the transportation step itself.

The quality assurance for Sample Handling
assures sample integrity and identity. Positively no
foreign object must be placed into any sample bottle,
with the sole exception of preservation reagent. This
includes stirring rods, thermometers, dissolved oxy-
gen probes, and conductivity probes. If measurements
must be made on site from a portion of the sample,
then, ideally, this should be an extra portion which
can be discarded, or at least kept separate from the
remaining sample portions. For water samples, such
field measures should be made in-situ or else from a
unique bottle used for no other purpose. If samples
must be manipulated (for example, water samples
might have to be filtered), then the Protocols must
include detailed methods for both the manipulation
and for related QA/QC sampling (e.g., filtration of a
field blank). The Protocols must also detail require-
ments as to sample identification, chain of custody Gf
required), and preservation.

Some samples may be unstable under certain con-
ditions. Therefore, the QA Protocols must specify
acceptable conditions, such as allowable temperature
ranges and appropriate preservation methods. It is
common for water samples to be cooled with ice
between time of sample collection and receipt by a
laboratory. From the authors’ experience, it should be
appreciated that large volume water samples in a
cooler with a small mass of ice may arrive at a labora-
tory too warm in summer or frozen solid in winter.
Therefore, the samples must be inspected on receipt

WATER RESOURCES BULLETIN



Clark and Whitfield

at the laboratory, and the status recorded. Also, even
with preservation, some types of samples will slowly
deteriorate over time. Therefore, QA Protocols must
specify maximum acceptable delays between time of
sample collection and time of analysis for specific
variables. The goal of Sample Handling QA programs
is to guarantee that the QA Protocols were rigorously
enforced, and any exceptions unambiguously identi-
fied.

Element 8: Laboratory Analyses

Most environmental studies require sample analy-
sis by one or more laboratories, whether physical
measurements, bacteriological analyses, bioassay
testing, chemical analyses, or taxonomic identifica-
tions. Most laboratories will have their own in-house
QA/QC programs. However, these in-house programs
will not suffice to replace comprehensive Project QA.
The Project QA must ensure that laboratories report
both data and their associated in-house QA results on
a timely basis. It is important that a process be in
place to ensure methodology changes at a laboratory
are immediately recorded in data management sys-
tems. The authors have found that, where laborato-
ries report data in machine-readable form, they
sometimes are tempted to ignore important method
changes so as not to interfere with the smooth flow of
the data to the client. This practice is best discour-
aged by requiring signature authorization for method
changes.

Project QA results should be published in detail
and not kept confidential. The Project QA program
must include submission of reference samples, blanks,
and spiked samples to the analyzing laboratories,
some portion of which must be on a blind basis G.e.,
the laboratory staff must be unable to distinguish the
QA samples from genuine environmental samples). If
true sample blindness is not possible, then this should
be recognized and steps taken towards establishing
sample blindness. For example, if sediment samples
are wet but associated QA samples are freeze-dried,
then it makes no sense to pretend the samples are
blind. Rather, true blindness must be re-established,
possibly by freeze-drying some genuine samples.

The Project QA must also ensure that laboratories
themselves maintain comprehensive in-house QA/QC
programs. Laboratories need not publish detailed
results from these in-house programs, as they may
include confidential and proprietary information.
However, the results must be published in summary
on a regular and timely basis, and full details must be
maintained for not less than five years in case ques-
tions of possible sample contamination or similar
problems arise during the data interpretation steps.

WATER RESOURCES BULLETIN

After five years, these results should be placed into a
permanent archive, though confidentiality may be
maintained for several decades. If practical, some
statement of QA/QC results should appear directly
upon the laboratory reports of results. Qur experience
suggests that laboratories primarily focus upon pro-
viding the best results on a sample-by-sample basis,
while looking forward to improving methods for
future samples, but with little interest concerning the
QA/QC of samples they analyzed five or ten years ago.
Laboratories must be encouraged to realize the long-
term existence of these data, the need to document
chronological details of method changes, and the need
to preserve methodology details and QA/QC informa-
tion into permanent archives. For samples undergo-
ing taxonomic identification, laboratories must
publish details as to identification keys used, level of
identification, staff expertise, plus verification steps
including creation of reference collections and photo-
graphic catalogs. .

The Project QA program must also include occa-
sional inspection of the laboratory facilities. King
(1982) notes that the following areas need to be
addressed to establish laboratory credibility: condi-
tion of the laboratory facility, condition of the analyti-
cal equipment, quality of the reagents, availability of
documented analytical methodologies, existence of
documented internal QA protocols, proficiency and
experience of the analysts, and the reliability of cali-
bration materials, in-house controls, and external ref-
erence materials. To this list the authors suggest
adding the requirement for a full-time quality assur-
ance officer. While QA/QC needs to be every scientists’
responsibility, nonetheless, our experience leads us to
believe that the best programs do have a single per-
son clearly identified as having QA as his or her
major responsibility. The QA Officer must be separate
from laboratory management, since the role of mini-
mizing budget costs often may be in direct conflict
with the role of maximizing data quality.

Element 9: Data Transmission

Laboratories usually convey results of chemical or
other analyses to their clients, either as printed
reports from a computer data base or as file transfer
from computer to computer. Even when data are
transmitted via printed records, at least some portion
of the results may be manually re-entered onto anoth-
er computer system. Thus, at least one computer and
sometimes two or more computers may be involved in
validating data and manipulating results. Agencies
either transmitting or receiving the results may modi-
fy the data, possibly by error. Errors may occur
during electronic data transmission, especially in
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situations where data move through a number of dif-
ferent computer systems.

The Data Transmission element covers all those
operations where data are likely to be changed as part
of the laboratory reporting process or the arranging
for results to be accepted into another agency’s record
holdings. Three common types of operations which
take place are calculations of some variable result
based on two or more other variables, some type of
validation procedures, and censoring of data. An
example of a calculation would be calculation of non-
filterable residue as the difference between total
residue and filterable residue. An example of a valida-
tion procedure would be a check to ascertain whether
the dissolved form of a metal exceeds the total form
by an amount in excess of some defined criterion.
Various types of data censoring commonly occur.
These include merging of results from analyses of sev-
eral aliquots into one value, rounding off to signifi-
cant digits, deletion of all results below some
detection limit cutoff, and nonreporting of results
which fail a laboratory’s in-house validation. The
authors would prefer that laboratories abandon cen-
soring and suggest as an alternative the presentation
of data as measurement-uncertainty or measurement-
reliability data pairs. Porter and Ward (1991) note
that censoring data increases bias and that censored
data require more complex and less familiar statisti-
cal procedures than analogous methods for uncen-
sored data.

A project’s QA Protocols must ensure that a perma-
nent and complete record is established as to what
algorithms and code were used in flagging, checking,
calculating, validating, censoring, or otherwise pro-
cessing the data. These records should all be placed
into some permanent archive. Of particular concern is
that samples be correctly identified and that any post-
receipt modifications to the data whatsoever be fully
documented. Additionally, every laboratory plus every
analytical method must be uniquely identified on the
data records. If a method’s sensitivity changes due to
methodology changes or due to instrumentation
changes, then the transmitted sample method code
must be of sufficient detail that there positively is no
ambiguity as to which sensitivity relates to which
subdata set. Since different scientists often have very
different views of the validity of various calculations
and data censoring activities, it is important that the
exact procedures be fully documented. The authors
strongly concur with Porter’s et al. (1988) argument
that censoring of analytical results by reporting labo-
ratories should be discouraged and that measurement
precision must always be reported.

The four most important jobs the QA Protocols
must ensure with regard to Data Transmission are
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that: (1) every sample is correctly identified, (2) a
clear audit trail exists for every formal change or cor-
rection made to the original data, (3) informal or acci-
dental changes to any results are impossible, and (4)
all data files are fully backed up at some secure loca-
tion so that data loss in case of disaster will be mini-
mal.

Element 10: Data Validation

During Data Validation, all data values are exam-
ined and prepared for Approval and Publication. The
Data Validation element includes all those validation
checks made after receipt of results from the analyz-
ing agency. This element covers checks of the data
themselves, whereas the previous element covered
checks of the systems holding and manipulating the
data. Data Validation checks typically include statisti-
cal analysis of replicate and spiked sample data, of
blanks and of standard reference materials data, and
also of the historical data records. Where more than
one agency is sampling a study area, then having sev-
eral sites where the agencies sample simultaneously
will yield data very useful towards ensuring the
agencies are collecting comparable data. Though some
initial steps of data validation can be done by comput-
er, we recommend that a knowledgeable scientist
must confirm any computer-generated validation
results. We also recommend that questionable data be
flagged or moved to a secondary file, rather than
being destroyed. Even suspect data often contain
some informational content.

The QA Protocols regarding Data Validation must
include details as to what methods and checks are to
be utilized to ensure the data on record are valid.
Where multiple laboratories are involved in analyzing
samples, then statistical methods of interlaboratory
comparisons must be considered during data evalua-
tion. There is considerable recent literature on this
topic, for example Aspila (1989), Mesley et al. (1991),
and Gaskin (1991). The QA Protocols should also en-
sure that, at the conclusion of the study, all machine
readable data are deposited in an archive with an
institution specializing in holding archival computer
records.

We recommend that all data be fully validated so
as to maximize usefulness of the information. Some
agencies, however, prefer to give a judgmental rank-
ing as to the quality of the data. For example, PTI
Environmental Services (1991) recommends four
levels of Data Validation: Level 1 Validation pertains
to all sample data and all laboratory QC data, Level 2
Validation covers either critical elements or represen-
tative subsamples, Level 3 Validation includes a
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cursory review of summary results only, and Level 4
Validation does nothing beyond regular internal labo-
ratory QC studies.

Element 11: Data Approval

The Data Approval element gives formal accep-
tance of the values obtained as being within the
acceptance criteria established. Approved data may
be released or published as having been officially
“Validated.” We have separated the concepts of Data
Validation and Data Approval, since the focus of the
former is on finding and dealing with errors, whereas
the focus of the latter is upon the release of the vali-
dated results. Data released for publication, without
having gone through the entire Data Validation and
Data Approval process, must be clearly identified as
“Preliminary” or “Not Validated.” The Approval pro-
cess must always be a formal process where the
reviewers formally, through signature, take responsi-
bility for the data being scientific level quality.

Quality Assurance Protocols for Data Approval
ensure that there is a clear distinction made between
validated and nonvalidated data. If different levels of
data validation have been used through a study, then
the QA Protocols must ensure that there is no ambi-
guity as to what level of validation had been applied
to each specific subset of data.

Element 12: Data Provision

Data Provision refers to the distribution of data,
whether to the public, to university scientists, to regu-
latory agencies, or to whomever. The form and format
of the data depends on the specific needs of the per-
sons to receive the results. Thus, the lay public will
benefit from simplified data presented in visual form
whether photographs, graphics, or maps. Scientists
and regulatory agencies will benefit from data pre-
sented in machine-readable form for easy input into
geographic information systems (GIS) or statistical
software packages. It must be kept in mind that the
term data includes not just measurements made on
collected samples, but also all ancillary QA/QC
results.

Graphics often can be used to communicate com-
plex data sets with clarity, precision, and efficiency.
Graphics are intended to reveal patterns in data,
often being more revealing than lengthy tables of
numbers resulting from statistical computations. The
principles of graph construction are: (1) clear vision,
(2) clear understanding, (3) appropriate scales, and
(4) general strategy. Clear vision focuses on making
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the data stand out and avoiding clutter. Clear under-
standing presents major conclusions in graphical
form. Selecting appropriate scales allows comparison
of graphs. The general strategy of graphics is to pack
a large amount of quantitative information into a
small space. Graphs should always stand alone. There
should be no requirement to refer to text or external
data sets. _

The Quality Assurance aspects of the Data Provi-
sion element should ensure that three key goals are
met. First, the results must be perceived by all par-
ties to be complete and accurate. Second, the results
must be perceived as timely. Third, the results must
be convenient for users to obtain, understand, and
use.

Element 13: Statistical Analysis

The statistical analysis of monitoring data ranges
from simple hypothesis testing through sophisticated
time series analyses and forecasting techniques.
Three important points to keep in mind are that good
statistics won’t fix bad data, that bad statistics will
misinterpret good data, and that the primary goal of
statistical analysis is to communicate information.
Often, simple techniques of analysis are the most
effective; for example, a far wider audience will
understand percentages than Z-scores, yet the infor-
mational content is similar for a number of purposes.
Table 1 identifies a number of statistical techniques
for analysis of survey (spatial) and monitoring (tem-
poral) data, and different classes of statistical tech-
niques needed to analyze data. In either case, the
recommended approach is that of hypothesis testing
rather than data exploration, since hypothesis testing
directly ties into the study goals. Our experience sug-
gests that hypothesis testing encourages proper pro-
ject planning while data exploration encourages a
more laissez faire attitude. However, it is vital that
hypothesis testing always include consideration of
beta, the probability of making a Type II error when
null hypotheses are rejected. Peterman (1990) report-
ed that 98 percent of papers in fisheries and aquatic
sciences omitted the beta information. Millard (1987)
reported that there is widespread misuse of statistics
in environmental monitoring, and recommended that
professional statisticians be more regularly consulted.

Special care and attention must be paid to statisti-
cal assumptions; for example, many procedures
require that data observations be both independent
and normally distributed. Problems related to data
censuring, to pseudoreplication, and to autocorrela-
tion are fairly commonplace. Where violations of sta-
tistical assumptions do occur, they must be stated and
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TABLE 1. Classes of Statistical Techniques Recommended for the Statistical Analysis of
Monitoring (time series data) and Survey (inventory data) Information.

Monitoring Surveys
Type of Analysis (Temporal Data) (Spatial Data)
Location Moving Average Mean, Variance
Loading/Mass Transport Difference Analysis Difference Analysis
Events Outlier Tests, Wavelets Rare Event Analysis
Water Quality Criteria Exceedance Testing Distribution Analysis
Spatial Patterns Ranking Cluster Analysis
Environmental Impact Intervention Analysis Paired Stations Studies
Patterns for Biota Species Diversity Comparison Cluster Analysis
Cyclic Patterns Spectral Analysis Pattern Analysis
Trend Assessment Time Series Analysis Analysis of Variance

appropriate statistical techniques used. Nonparamet-
ric tests can be used for data sets which are heavily
skewed or which contain significant proportions of
censored data. Heavily censored data require special
methods of statistical analysis (e.g., Gilliom and
Helsel, 1986; Helsel and Gilliom, 1986; Helsel and
Cohn, 1988). The authors believe that the best mecha-
nisms to ensure appropriate statistics are employed
include independent audit by a professional statisti-
cian plus peer review through publication in refereed
journals.

Element 14: Reporting

Reporting must focus on the synthesis of the data
collected, not upon the reporting of the data per se. It
is crucial that interpretative reports provide the
broad view environmental situation necessary to com-

municate effectively with managers, politicians, and .

the public. The understanding and reporting of envi-
ronmental quality on the basis of processes, events,
and mechanisms (rather than individual data results)
is the most effective method of communicating with
these diverse audiences. Cullen (1990) notes that
decision makers prefer reports which are concise,
which make explicit recommendations, and which
clearly identify key variables. While it is important
that scientists studying environmental quality phe-
nomena understand the fine detail of events and
observations, nonetheless, many people who will
encounter the published reports will be nonscientists.
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Therefore, understandable summary-type explana-
tions should be emphasized. Short, simple interpre-
tive reports accompanied by one or more thick
detailed technical appendices can be both practical
and cost effective. The short reports can be widely dis-
tributed at minimal cost, while the detailed informa-
tion is available for scientists. Cullen (1990) also
makes the important point that conflicting advice
from otherwise credible sources tends to be disregard-
ed.

Interpretive Reports should provide a synthesis of
the accumulated data, including ancillary QA/QC
results, and should also recommend future actions.
This process can go on in a number of modes: process
identification, problem solving, and attainment of
desired effects. The synthesis of the data collected
must be targeted to the specific goal for which the
data were collected. For ongoing studies, Interpretive
Reports must be issued on a regular basis to assure
that program goals remain current. These updated
goals then become the basis for the Design element of
the next iterative cycle. It should always be kept in
mind that the primary purpose of a report is to com-
municate information to some audience. Therefore,
the information must be assembled in a well-orga-
nized fashion so that a person may conveniently
review the results. Take the example of a situation
where 30 variables were analyzed at a site once a
month for one year. If the results were reported with
one page of results for all 30 variables for each sam-
pling date, then a person looking for seasonal trends
would be flipping pages back and forth. However, if
the results are presented as chronological data sets or
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as chronological plots, then a person can readily scan
the results to check for outliers, patterns, and trends.

The quality assurance for the Reporting element
has four main goals: (1) to ensure that interpretive
reports are issued on a timely basis, (2) to ensure that
the findings are understandable to a diverse public
readership, (3) to ensure that the presentation is rele-
vant to known environmental problems, and (4) to
ensure that the overall program from start to finish is
credible to other scientists. This last aspect of QA is
best answered by ensuring that both the overall pro-
gram and key elements to it are independently
reviewed by publication in refereed scientific journals.
Additionally, the QA Protocols for the Design element
of the following cycle must ensure that results from
the interpretive reports are used as the basis for mod-
ifications to the next series of Project monitoring pro-
grams.

SUMMARY

It is the authors’ opinion that quality assurance
procedures must be applied to all aspects of environ-
mental studies, from project design through report-
ing. Yet, according to our experience, the majority of
studies focus QA efforts primarily upon laboratory
operations with some secondary effort regarding sam-
ple collection and handling, but with little QA effort
for other aspects. Our strategy towards encouraging
more comprehensive programs of QA is to define
major projects as repeating cycles of 14 discrete ele-
ments, with each element having its own unique pro-
gram of quality assurance. This model additionally
can be used to present key QA-relevant features of a
complex environmental study, simply and on a single
page (see Figure 2 for an example presentation of the
overall QA features for the Canada-British Columbia
Water Quality Monitoring Agreement Study). This
study has been detailed elsewhere (Anonymous, 1992;
Clark, 1992). One can scan a figure and readily iden-
tify the program weaknesses; namely, lack of formal
protocols and audits in the last six elements. Also, the
last peer-review of the overall project Design was
some seven years ago, and is no longer current.
Conversely, the project does have some strengths —
namely, encouragement of peer-review plus formal
protocols or published procedures for a majority of
elements. ,

Some quality assurance activities apply to every
element of environmental studies, whether or not our
- model is adopted. Activities must be designed to meet
the formal goals of the study, and must not be done on
an ad hoc basis. Protocols and procedures must be
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published and kept current. All personnel must be
thoroughly trained and every staff member, no matter
how senior or junior, must be assigned definite QA
responsibilities. However, one person should be desig-
nated to hold primary QA responsibility for any activ-
ity. Records must be kept on a formal basis, kept
current, and protected from loss. At the conclusion of
a project, all documents and records should be sent to
a permanent archive. Activities must be audited on a
regular basis, and at least occasionally by an indepen-
dent party. Exceptions from scheduled activities or
routine scenarios must be recognized as common-
place, and appropriate contingency plans developed.
Scientific credibility must be maintained through
cross-agency QA/QC, external audits, and peer
review. Proactive and negative feedback approaches
must be encouraged so that unacceptable deviations
from QA are prevented or identified on a timely basis.
Retrospective approaches to QA gamble that major
portions of the collected information might have to be
discarded.

Our experience suggests that, if less than 30 per-
cent of the overall budget is allocated for QA, the
quality assurance programs are unlikely to be ade-
quate. Some situations will call for over 50 percent of
budget for QA, particularly where there are major
flaws in procedures, methods, or equipment to be cor-
rected. Administrative managers may be unsympa-
thetic to the considerable costs of quality assurance
and it is wise to emphasize cost-benefit ratios, and
also the fact that the QA program for a major study
will extend considerable spinoff benefits to an organi-
zation’s regular operations. Bad data for half the price
of good data is a fool’s investment.
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[V

Design based on historical water quality and flow data.

DESIGN Design published and last peer-reviewed in 1985.
Detailed Plan formally signed-off and published annually.
PLAN R
In-house peer-reviewed annually.
PROTOCOLS Signed-off Protocols are .kept in p’ermanent archive.
) Draft Protocols are kept in open file.
Published procedures peer-reviewed and copy kept
PREPARATION : P P Py kep

v

in permanent Archive. Assigned responsibility.

FIELD LIAISON

Formal written records kept of communications.

v

Assigned responsibitity.

SAMPLE Published procedures in-house peer-reviewed and copy
COLLECTION kept in permanent Archive. Procedures presently are
¢ being updated. Some minimal QC.
SAMPLE Published procedures in-house peer-reviewed and copy
A HANDLING kept in permanent Archive. Procedures presently are
¢ being updated. Some minimal QC.
LABORATORY Published procedures in-house peer-reviewed and copy
ANALYSIS kept in permanent Archive. Procedures presently are
¢ being updated because of laboratory chanc_;e. Good QA/QC.
DATA Published procedures in-house peer-reviewed and copy
TRANSMISSION kept in permanent Archive. Documental needs updating.
¢ Partial audit of one system but not of second.
DATA Protocols in draft. Assigned responsibility.
VALIDATION No audit procedure in place.
DATA Protocols in draft. Assigned authority.
APPROVAL No audit procedure in place.
DATA Protocols in draft. Assigned responsibility.
PROVISION Data are accessible via computer BBS.
STATISTICAL No Protocols have been writteri. Delegated responsibility.
ANALYSIS Peer-review; publication in scientific journals
\L encouraged.
REPORTING No Protqcols havg bgen .wnttc.an. Pelggated responsibility.
Peer-review; publication in scientific journals
E l encouraged.

Figure 2. Demonstrative Use of the Iterative Cycle Model to Present Key Quality Assurance Features for Environmental
Monitoring Implemented Under Terms of the Canada-British Columbia Water Quality Monitoring Agreement.

129 WATER RESOURCES BULLETIN



Clark and Whitfield

Gaskin, J. E,, 1991. Principles and Guidelines for Interlaboratory
QA Studies. Water Quality Branch, Environment Canada,
Ottawa, Ontario, Canada, 67 pp.

Gilliom, R. J. and D. R. Helsel, 1986. Estimation of Distributional
Parameters for Censored Trace Level Water Quality Data
1. Estimation Techniques. Water Resources Research 22:135-
146.

Helsel, D. R. and R. J. Gilliom, 1986. Estimation of Distributional
Parameters for Censored Trace Level Water Quality Data
2. Verification and Applications. Water Resources Research
22:147-155.

Helsel, D. R. and T. A. Cohn, 1988. Estimation of Descriptive
Statistics for Multiply Censored Water Quality Data. Water
Resources Research 24:1997-2004.

King, D. E., 1982. Credibility: The Consequences of Quality Assur-
ance. Laboratory Services Branch, Ontario Ministry of Environ-
ment, Ontario, Canada, 28 pp.

Lettenmaier, D. P., 1978. Design Considerations for Ambient
Stream Quality Monitoring. Water Resources Bulletin 14:884-
902.

Mesley, R. J., W. D. Pocklington, and R. F. Walker, 1991. Analytical
Quality Assurance — A Review. Analyst 116:975-990.

Millard, S. P, 1987. Environmental Monitoring, Statistics, and the
Law: Room for Improvement. The American Statistician 41:249-
253.

Mohnen, V. A,, 1992. Quality Assurance for Air Quality Monitoring
in the United States of America. Staub-Reinhaltung der Luft
52:13-17.

Peterman, R. M., 1990. Statistical Power Analysis Can Improve
Fisheries Research and Management. Can. J. Fish. Aquat. Sci.
47:2-15.

Porter, P. S. and R. C. Ward, 1991. Estimating Central Tendency
From Uncensored Trace Level Measurements. Water Resources
Bulletin 27(4):687-700.

Porter, P. S., R. C. Ward, and H. F. Bell, 1988. The Detection Limit.
Environ. Sci. Technol. 22:856-861.

PTI Environmental Services, 1991. A Project Manager’s Guide to
Requesting and Evaluating Chemical Analyses. EPA Contract
No. 68D80085. Prepared for the U.S. Environmental Protection
Agency, Region 10: Office of Coastal Waters, Bellevue, Washing-
ton, USA,, 84 pp.

Schilperoort, J. and S. Groot, 1983. Design and Optimization of
Water Quality Monitoring Networks. Presented at the Interna-
tional Symposium on Methods and Instrumentation for the
Investigation of Ground Water Systems.

Ward, R. C., 1979. Regulatory Water Quality Monitoring: A
Systems Perspective. Water Resources Bulletin 15:369-380.

Ward, R. C., J. C. Loftis, and G. M. McBride, 1986. The “Data Rich
But Information-Poor” Syndrome in Water Quality Monitoring.
Environmental Management 10:291-297.

Whitfield, P. H., 1988. Goals and Data Collection Designs for Water
Quality Monitoring. Water Resources Bulletin 24:775-780.

WATER RESOURCES BULLETIN 130



CALCULATING MDC’S

- TOWARDS A UNIFORM APPROACH

Dorothy A. Jeffery

Zenon Environmental Laboratories



CALCULATING MDC'S — TOWARDS A UNIFORM APPROACH
. TEXT
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l. Many definitions, many terms

la. I will limit the number of concepts presented, and tend
to use DL most frequently.

The aim is to try to understand the concept not remember the
name. .

2. The definition

include:
DL EPA
DL Keith
IDL
MDL
LOQ ,

exclude: PQL, (see Std Methods 18:1030E, 1010C, & Keith)

Some introduction:

3a. (the EPA definition of DL)
-a reported value is often viewed as rar value
-a detection limit is seen as a defined line, either the
analyte is there, or it is not.

-in reality both the value and the DL are a range

-whether you can detect a concentration depends more on the
vgria?ility of the measurement than the height of the
signal.

-Keith Fig 9, shows the normal distribution for a true

analyte value of conc.=0. -
Note units in standard deviation on the "X" axis, in
order to make the diagram more broadly applicable.

"Y" axis increasing probability, units could be
assigned .......

the "normal" distribution
centered on "O"
symmetrical
if units were assigned, you could see that the area

under + 3 SD = "99% of the area

+ 2 SD = "95% of the area

+ 1 SD = "68% of the area, giving the curve its
shape.

If we make multiple measurements of analyte concentration,
we see that half the time we see measurable concentrations
of the analyte, even though its true concentration is "O".

By deciding that we are willing to accept some risk of
declaring a concentration true when it is not, we can set a
concentration where it can be distinguished from "O". This
is essentially a detection limit, a level at which we have a
known certainty that a concentration is different from "O".
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True Analyte
Conc. = 0

Increasing
Probability

S N B I I N
6 5 -4 3-2-10 1 2 345 6 78 9 10

Concentration in Units of
Standard Deviation ( G )

Figure 9. Graphic representation of a PDF curve, where the true value of an analyte is

Zero.
True Analyte
Conc. = MDL
Increasing -
Probability

6 -5 -4 -3 -2 140 1 2 34 5 6 7 8 9 10

MDL =RDL
Concentration in Units of
Standard Deviation ( ¢ )

Figure 10. Graphic representation of an unbalanced false positive/false negative risk
when the MDL and the RDL are the same.



3b.

The frequently used definition of detection limit (Federal
Register 40CFR ..... ), which I will call the EPA definition,

uses the 30 definition. Thus, if a concentration is greater
than 3¢ above "0", there is >99% probability that a measured
goncentgation is greater that "O". The analyte has been
etected.

Conversely there is <1% chance that the analyte is NOT present.

I1'11 look at the underlying assumptions and some practical
considerations about this definition later, but first I'd

like to go onto another frequently asked question when low
level analysis is done.

(The Keith definition of DL)

For people doing environmental monitoring, or required to
meet permit levels, the question often asked is "This result
is <DL. Does that mean there is nothing there?"

What does our "EPA" definition say about this. Not a lot.

If we take our distribution and move the central point up to
set a detection limit at 3¢ (Figure 10), we know there is
some analyte there, but in 50% of the observations (measurements),
the result will be below the detection limit. This means the analyte’
was not detected, even though we know it is there.

Figure 10 shows that when detection limit is set at 3o, <1%
of the time when analyte concentration is "0" will we say
that some analyte is present (the black portion of curve
labelled «). alpha is the probability of a Type I error (saying
something is true when it is not: specifically saying the analyte is
present when it is not). '

The gray portion of the graph shows that if the true
concentration is in fact = 3¢, 50% of the time we will say
it is not there. The gray portion labelled g is the
probability of a type II error (saying something is not true when
@tfs:.xmciﬁumlly ,saying the analyte is not present when it
is).

In order to reduce the size of the type 11 error, we can
raise our detection limit. [Figure 11 Keith & leave on].
Incidentally we further lower the probability of the type I
error.

Remember that the distribution centered on "0" gives the «
probability, and the distribution centered on the detection
limit .gives the g8 error where the 2 distributions
intersect.

By setting the detection limit 2 x 3¢ (=60), we have <1%
chance of a type 1 error (saying the analyte is present when
it is not), and 1% chance of a type 1I error (saying an
analyte is not present when it is). This is a much more
balanced situation, than the "EPA" definition (<1% chance of
type I error, but 50% chance of type II error, failing to
see an analyte that is present).
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Graphic representation of the MDL and the RDL, where false positive (oz) risk
and false negative (g) risk are equal, and each is less than 1%.




CAEAL has adopted this definition, but has defined the

detection limit with 95% confidence that the wvalue is

different from "0", which is 1.645 5. When both the o and
confidence limits are set at 95%, the CAEAL detection
imit becomes 2 x 1.645 ¢ = 3.29 ¢

with the probability of both « and g errors at < 5%.

[Have Table 3 available,'but probably do not use].

Now that we have two definitions of detection limits, lets look
at some of the underlying assumptions, as a type of review.

3. The underlying assumpfions
3a. Frequently not recognized
3b. Frequently not tested
3c. Re distribution
3c.i Normal distribution

One of the underlying assumptions of these DL
calculations is that the data used to estimate the DL
is normally distributed.

This assumption is often not confirmed.

The distribution may be flattened, so the % of area enclosed by
say * 3 SD is less than 99%.

The distribution may be skewed to the left or the right. This
can be shown to the case for some/much blank data.

When the criteria for the normal distribution is not met the
probabilities of errors will differ from those described in
the theory.

3c.ii. the infinite population

The theory presented so far has used sigma, the
population statistic for standard deviation. It is not
possible to known the standard deviation of an entire
population of environmental data.

3c.ii. the finite sample

Correction can be made for the finite sample size used
to estimate standard deviation.

The 't' distribution is the normal distribution
adjusted for sample size.

For the determination of detection 1limit, we use the ‘one-sided’
part of the table because we are interested in only one side of
the distribution [Figure 10 or 11]. We only want to know the
probability that the true value is greater than the limit we have
set. (We do not care about the other tail of the symmetrical
distribution).

B B
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The 't' value to use with a given sample size varies
with the sample size. A partial 't' table follows:

af a 0.01 a 0.05 one sided 't'
- 2.326 1.645
20 2.528 1.725
10 2.764 1.812
7 2.998 1.895
5 3.365 2.015
3 4.451 2.353

3c.iii. Type I error (&)

This is the probability of saying an analyte is present when is not, or

declaring a false positive.

This has been discussed already.

For the 'EPA' definition the probability of a Type I error is <1%.

For the 'CAEAL' definition the probability of a Type I error was set at

5%, actually <5%.

3c.iv. Type II error (B)

This is the probability of saying an analyte is not there when it is.
That is it is the probability of a false negative.

The 'EPA' definition does not recognize the probability of a Type II
error, but the probability is 50%.

The ‘'CAEAL' definition recognizes the Type II error and sets the

probability at 5%.
3d. re blank

The 'EPA' definition states blank level should be measured
on every sample used to determine the MDL, if blank
correction is required in the analytical procedure. rhe
average blank should be subtracted from the sample measurements used to

determine MDL.

The 'CAEAL' definition refers to data being appropriately
blank corrected if necessary.

Guidance on 'appropriately blank corrected' is necessary.

3d.i. blank distribution

3e. The formulae for detection limits for n=infinity are

EPA: DL = 3¢ with 99%
CAEAL: DL = 2 x 1.645¢

confidence on « only,

= 3.29¢ with 95% confidence on o & 8.
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Formulae for detection limits for n=infinity

EPA: DL = 30 with 99% confidence on « only,

CAEAL: DL = 2 x 1.6450 = 3.29¢ with 95% confidence
on a« & P.



4. Who is using/promoting the definition

4a. MDL -1984 EPA definition -original 40 CFR Part 136,

October 26, 1984 Federal Register Part VIII. (40 CFR Chapter

1 (7-1-90 Edition Part 136, Appendix B. - current version).

The first definition I described, has been used in the US on
a regulatory basis since 1984 . 1Its use has been criticized

throughout by various people. Much discussion has taken
place.

4b. RDL - L Keith, Radian, CAEAL, maybe BC MOE (QA task
group/new methods manual).

The second definition I gave, which recognizes both the type
I and type 1l error probabilities, was introduced in 1990 by
L. Keith, and promoted since then but not yet to success in

the US. It has been adopted in Canada by CAEAL, and maybe
the BC MOE (in the new methods manual). CAEAL is a step
ahead in using this definition, in my opinion. (Being a
step ahead necessitates being out of step, but I can show ,
the additional effort involved in recognizing the two
d%flnlt?ons is not large). [Formulae slide , an extra line
of text

You will have noticed that when I discussed the "EPA" definition, I used

30 (<1% chance of type I error), but when I discussed the second
definition, I used 1.640 + 1.640 (5% chance of a type I error, and 5%
chance of a type II error). There are practical reasons in choosing the
latter: easier to convince people to accept the second definition. 1In
fact the definitions presented can be gpplied at many reasonable levels
of probability, as long as the level is stated.

4c. Limit of quantitation- (LOQ) is less rigorously defined

as 10x SD. The LOQ is the concentration at which quantitative
results are possible (precision approaches * 30%). At the MDL,
on the other hand, the presence of the analyte is defined with
gggg?lnty but its concentration cannot be defined (precision =

5. The practical side of determining DL

5a. What I see is what you get
-no estimate of variation

5b. Rigidly defined protocol
spike reagent water at conc X and make 8 replicate
determinations; calculate using one factor (eg. MISA
options ¢ & d, and older EPA definitions ?2?
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5c. Determining variability data: (see MDC_ZEL) and QAWG
documents

Minimum detectable limits (MDL's) are set at the 95% confidence level above
zero (or the blank - see later). For an infinite number of replications this
is .

MDL = 2 * 1.645 * SD

2ear Tero

=3'29 * SD aeaxr rero*
where SD near zero is standard deviation estimate made within a factor of 10
of the (expected) MDL.

MpI for a smaller number of replicates is

MDL = 2 * t; 4.0 * SD

where t; , .~ the one-tailed ‘t’ statistic at p=0.05 (see Table later)}.’

The standard deviation, SD, of a low level sample may be used to
prgduce this estimate. The determination of SD must be carried
out
(i) on a sample that is stable,

(ii) at an analyvte concentration which minimizes the over
estimation of sigma, , (the population standard deviatjion at
zero), and vet is sufficient to produce a measured concentration
value that is statisticallyv significant (the concentration 1-3 x
MDL is recommended).
The standard deviation used to estimate sigma,, may be within
batch standard deviations provided by duplicate or replicate
samples carried through the same sample processing steps, or
duplicate or between batch replicates.

Calculation of standard deviations should be based on

(i) blank corrected data, if appropriate,

(ii) and a sample size of at least n = 7. The 't' statistic is
used to compensate for the tendency of small sample sizes to
underestimate variability.

Significant Figures:

MDL's should be recorded to one significant figure.

Data used to estimate SD should be recorded to one extra significant figure
than data is normally recorded to in order to reduce rounding errors in the SD
estimate.

Results should be reported to no more decimal places than the DL.
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The formulae used to calculate standard deviation, SD, are as follows:

Case 1. duplicate analyses carried out in successive batches

D= 2 $FaXa)?

2n

NS
N\ »

where n= pumber of pairs of data.

Case 2. replicate analysis carried in a single batch

{X-x
2 (n- jj

(

where n = number of replicates.

Case 3. replicate analysis carried out in successive batches

(vi*82) +{v*82) +. .. .. {v;*8])
{(vitv+to .. .avy)

pooledSD=J

where v= degrees of freedom for each batch.

’
<
\

Values of the one-tailed 't’ statistic at p=0.05, applied to the standard
deviation, SD, appear in the following table:

Degrees of Freedom £ .05
7 ‘ 1.90 ¢
8 1.86 ,
9 1.83 kY
10 1.81 .
15 1.75
20 1.73 J
25 1.71
30 1.70 ..
40 1.68 .
60 . 1.67 ,ll
infinity 1.64
For case 1, duplicates, degrees of freedom = n the number of pairs of

duplicates,

<-

for case 2, replicates in same batch, degrees of freedom = n -1, where n = the
number of replicates,

for case 3, pooled SD from replicates in successive batches, degrees of
freedom = sum of V, + V, + ... V

i

o0
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Examples of samples for estimating SD for MDL calculation (preferred
approaches are shown first).

1. Replicate analysis of a bulk sample of the desired matrix
known to be homogenous and stable. Sub-sampling of the bulk
sample is performed and each sub-sample is carried through
the entire preparative and analytical step. Concentration
is not to exceed 10 times the estimated MDL, but is
preferred to be 1-3 times the estimated MDL. Estimate SD
using formula case 2 for single batch analysis, and formula
case 3 for multiple batch analysis.

2. If a bulk sample is not available, prepare a composite
sample in the concentration range required. Continue as in

3. If above two are not possible use dupliéate analyses from
several batches, adhering to the described concentration
range. Use formula in case 1 for estimation of SD.

4, If above three are not available, use a spiked blank or
clean matrix, to produce a large sample. Take steps to
assure the spike is homogenously distributed (eg. mixing
overnight). Spike to a concentration not greater than 10
times the estimated MDL. Subsample this bulk spiked sample
and carry each sample through all preparative and analytical
steps. Use formula case 2. to estimate SD.

5. If facilities do not allow preparation of a bulk spike
sample, spike individual blank or clean matrix samples to a
concentration as defined above. Take steps to assure the
spike is homogenously distributed (eg. mixing overnight).
Continue as described above.

6. If no blank or clean matrix is available proceed as in 4
or 5 using pure de-ionized water as_the matrix. - :

7. Organics application of 3x noise in the area of the
analytical peak can be used if none of the above can be
used. This produces an estimate of instrument SD and little
of the contribution of preparative and matrix effects.




Examples of samples for estimating SD for MDL
calculation (preferred approaches are shown first}.

1. Replicate analy31s of a bulk sample of the
desired matrix

2. A composite sample in the concentration range
required.

3. Duplicate analyses from several batches,
adhering to the described concentration range. Use
formula in case 1 for estimation of SD.

4. Splked blank or clean matrix, to produce a large
sample. Take steps to assure the spike is
homogenously distributed (eg. mixing overnight).

5. If facilities do not allow preparation of a bulk
spike sample, spike individual blank or clean matrix

6. Spiked de-ionized water as the matrix.

7. 3x noise in the area of the analytical peak This
produces an estimate of i1nstrument SD and little of
the contribution of preparative and matrix effects.
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Modifiers
The MDL should be modified to describe how the data was obtained.

Instrument DL -~ the data for determining the MDL is derived
using only the instrument steps of the analysis, eg. a GC
analysis of pesticides in water where no extraction step is
used in obtaining the MDL data, and only repeated injection
of the analyte in solvent would we an instrument MDL.

Method MDL - the data for determination of MDL was obtained
by carrying replicate samples individually through all
preparative and analytical steps, eg. as above except
samples are extracted and analyzed.

Method MDL should be further defined to indicate the matrix
to which it applies and matrix upon which it was determined.

Examples are shown: '
MDL_, - method MDL intended for use with soil
sampTes and determined on soil matrix,
MDL_,,,..... — method MDL intended for use with soil
samples BUT determined using water matrix,
MDL .., ... — MDL for soil calculated from the
diliition factors of a water MDL.

Additional modifiers could be used for plants, animal
tissue, water dissolved, waters total.

It is necessary to accept different types of MDL's because,

for example, there may be insufficient sample or no clean
matrix to run method MDL's in all situations.

11



Method MDIL should be further defined to indicate
the matrix to which it applies and matrix upon
which it was determined.

Examples are shown:
MDL..;; - method MDL intended for use
with soil samples and determined on soil
matrix, :

MDL. ;1 warer — Method MDL intended for use
with soil samples BUT determined using
water matrix,

MDL,oi1/ca1c — MDL for soil calculated from
the dilution factors of a water MDL.

12
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6. Interpretation of DL
6a. In today's climate find out what the lab means
6b. Remember the detection limit wars.
6c. What type of error is important to your work?

6d. Remember that limit is not a line, it is a range

Conclusion-

I have recognized that the issue of detection limits is not
settled. Much discussion continues. But to be pragmatic, I have
chosen to look a only two definitions: the KEITH/CAEAL definition
which recognizes and sets a balanced false positive and false
negative rate, and the EPA definition which is widely used but is
incomplete in its recognition of errors. I favour the former
definition.

The second important point is that detection limits must reflect
the matrix to which they are to be applied. To the best of our
ability we need to obtain data which represents the samples when
we estimate detection limits. Finally we must state sufficient
igformagion with detection limits to indicate how they were
obtained.
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The issue of appropriate blank correction has not been addressed
in this paper.

13



Blanks 0, < MDL, meaningfully matched, batch blanks.

Case 1 - blank = 0, no adjustment to the MDL calculation is
necessary.

Case 2 - blank < MDL, since a value less than MDL cannot be
distinguished from zero, no adjustment to the MDL calculation is
necessary.

Case 3 - meaningfully matched blanks, can be used to blank
correct the data before calculation of the MDL. An example of
meaningfully matched blanks are daily digest blanks when batches
of data are acquired over several days. Because blanks
contribute an additional source of variation, the estimate of MDL
will be elevated. The formulae for estimating SD are the same as
above. Data for 33 elements in total metals ICP scan showed that
for 9 elements the MDL was increased by daily blank subtraction,
for 3 elements there was no effect on MDL, and for 21 elements
the MDL was decreased by blank correction.

Case 4 - batch blank applied to a single batch of data, does not
alter the estimate of SD nor the estimate of the MDL.
Subtraction of one degree of freedom prior to choosing the 't'
value will elevate MDL slightly. This does not yield an
appropriate estimate of the MDL when blanks are non-zero.

11
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Abstract

The ISOMET stream sampler program was developed by the Water Quality Branch,
now known as the Ecosystem Health Branch, to provide reliable water quality data,
for an assessment of stream chemistry in Pukaskwa National Park. It is intended
for use in surface water sampling applications, at a nominal depth of 0.5 to 1m.
Sampling materials are prepared in a clean air workstation, and are maintained in
clean state throughout the sampling process using simple and effective isolation and
containment strategies.

The ISOMET sampling system has proven to be rugged and reliable, under a wide

range of stream velocities, and in air temperatures ranging from +35 to -35°C. In
terms of data quality, there has been a high degree of correspondence within

multiple replicate sets for trace metals, sampled in a wide range of environmental
concentrations.

Introduction

Monitoring of trace metals in surface waters has been fraught with considerable
uncertainty owing to severe contamination problems. As detection limits and more
appropriate quality assurance and quality control protocols have been developed, it
has become evident that much of the historical freshwater are suspect. Recently,
considerable mitigation of these problems has been achieved through use of
portable field laboratories. Many of these developments, however, are not suitable
for remote monitoring applications where transportation is limited, and where access
is difficult.

The ISOMET stream sampler was designed to provide reliable trace metal samples
for a monitoring program in Pukaskwa National Park (PNP). Pukaskwa is a
wilderness park, located along the northshore of Lake Superior, in one of the more
rugged regions in Ontario. With few exceptions, Pukaskwa’s streams and lakes are
only accessible by helicopter.

The approach adopted in the development of the PNP monitoring program was to
design a portable sampling system, of modular design, where the risk or occurrence
of contamination would be mitigated through the use of isolation and containment
strategies. The resulting ISOMET sub-surface sampler and related protocols were
developed for sampling streams during both open-water and under-ice conditions.

As an integral part of the PNP stream and lake monitoring program, a series of
blank and replicate samples were collected to obtain a measure of the precision and
accuracy of the data being generated. These quality control data are summarized in
this report with a particular emphasis on the trace metal data sets. In addition,
information regarding the suitability and appropriateness of the sampler under a
wide range of field conditions is presented.
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Method

The ISOMET stream sampler consists of three basic components: a rod, body and
bottle/valve assembly (Fig. 1). Of these, the bottle/valve assemblies are most
critical since they come in contact with the water being sampled. All sample bottles
and sample processing materials, including the valves and bagging, are routinely
prepared in batches in a laminar flow work station, where they are subjected to a 5-
step cleaning procedure. Immediately following cleaning, sets of bottles and valves
are assembled as a kit, and then double bagged to maintain their integrity through
the life-cycle of the monitoring process. Bottles from each batch processed are
randomly chosen as preparation blanks and are verified prior to being shipped to
sample collectors. A complete description of the sampler and related protocols can
be found in McCrea and Fischer (1994).

Bottle

[ Sampler Body

Figure 1. An illustration of the ISOMET stream sampler.



In the field, sampling personnel thread the bottle/valve assemblies to the sampler
body without removing the double bagging. Immediately prior to sampling, the
bagging is carefully removed and the sampler is lowered, in a closed state, into the
water. The lower end of the sampler is then whisked through the water for one
minute with the bottle/valve assembly pointing upstream. Once rinsing has been
completed, the valve is then opened underwater. After the sample bottle has filled,
the valve is closed and the ISOMET is withdrawn from the water body. The sample
bottle is immediately double bagged, and placed in a plastic shipping case to
maintain the integrity of the sample.

To mitigate contamination, the samples are forwarded directly to the trace metal
analyst for the National Laboratory for Environmental Testing (NLET). While under
the custody of the analyst, the bottles are kept in their double bags, and sealed in
shipping cases until time of analyses. The samples are concentrated, and later
analyzed with an Inductively Coupled Argon Plasma - Optical Emission
Spectrometer (ICAP-OES).

Results

Physical Appropriateness

In terms of the appropriateness of a water sampling system, it is important that all
components expected to come in contact with the water being sampled are:

1) suitable for the application, including the range of air and water temperature, and
are appropriate for the nature of the water body being sampled;

2) non-contaminating; and,

3) easily maintained in a clean state through the life-cycle of the sampling process.

Preparation of bottles, valves, and other materials for the ISOMET sampling
program, has proven to be very reliable. In 3 years of sampler use, all preparation
bottle blanks have been shown to be effectively free of contamination.

The ISOMET has been deployed in a wide range of environmental conditions and in

temperatures ranging from +35 to -35 °C. The sampler has been used successfully
to collect samples during open-water conditions from boats, canoes, off helicopter

pontoons and by wading. It has also proven to be effective for sampling water
below ice cover. Problems associated with both stagnate water which may contain
melt waters from the ice pack having a much different chemical profile and with
possible contamination resulting from cutting the sampling hole have been averted.
As a result, representative water samples of free flowing water under ice cover have
been routinely obtained.

Despite the fact that the sampler is of relatively light weight, it has proven to be
rugged and durable, and can withstand the stress of high flow conditions. Not a
single sampler has been lost to date - it floats.
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The ISOMET is shipped in a rigid protective casing and, to date, there has been no
incidents of breakage. Subsequent to its deployment in Pukaskwa National Park,
the ISOMET has also been deployed successfully used in numerous locations
throughout Ontario, including streams in the James and Hudson Bay frontier.

Data Validation

Multiple replicate sets were obtained during lake surveys, and serial replicate sets
were collected as part the stream monitoring program, for data quality assessment
purposes. The first set of lake replicates (N,,=10) were collected, in 1989, from
Lake Superior approximately one kilometre off the PNP shoreline (Table 1).
Analyses of these whole-water replicates yielded low trace metal concentrations;
only Al, Ba, Fe, and Sr had mean values above 1ppb. In all cases, the standard
deviation was small, and included variability associated with the natural
heterogeneity of the water body as well as analytical variability.

Table 1. A statistical summary of replicate data (N,,,=10) from Lake Superior off
the Pukaskwa National Park Shoreline.
Parameter Detection Mean Standard
Limit : ug/L Deviation
ug/L
Al 2. 16.2 1.6
Ba 0.2 9.5 0.1
Cu 0.2 0.96 0.1
Fe 0.4 14.5 0.7
Li 0.1 0.7 0.1
Mn 0.1 0.8 0.1
Sr 0.1 22.7 0.3

Note: Concentrations of Be, Cd, Co, Cr, Mo, Ni, and Pb were at or below their
respective detection limits.

In 1991, a lake monitoring program was initiated, within PNP, to characterize water
quality and to assess their sensitivity to acidification. All samples were collected, by
PNP staff, off the pontoon of a helicopter. Despite the fact that PNP lakes are
susceptible to acid stress, concentrations of many of the trace metals investigated
were below 1ppb. Results are presented in Table 2.



Table 2. Median concentration of trace metals in whole water samples from 58
Lakes in Pukaskwa National Park (1991 and 1992), found below 1ppb.

Metal Detection Median
Limit Concentration
ug/L ug/L
| cu 0.2 0.3
Cd 0.1 <0.1 “
Co 0.1 0.1
Cr 0.2 0.2
Li 0.1 04
Mo 0.1 <0.1
Ni 0.2 0.2
Pb 0.2 <0.2
\'4 0.1 0.2

Standard deviation and other statistical computations for Cu, Cd, Co, Cr, Li, Mo, Ni,
Pb, and V were not determined owing to the fact that concentrations were near
their respective analytical detection limit, and further statistical analyses would have
not been meaningful. The non-detection of these metals does, however, provide
further evidence that the ISOMET isolation and containment strategies are effective,
for this level of analyses and assessment.

Concentrations of Al, Ba, Fe, Mn and Sr were consistently above 1ppb, and
samples were representative of a wide range of environmental concentrations.
Results of the replicate data, for metals having concentrations above 1ppb, are
summarized in Table 3.
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Table 3. Percent coefficient of variance for trace metal replicate samples
(N,,=5) collected from four PNP lakes, October, 1991 and 1992.
Metal Coefficient of Range of
Variance (%) Sample Concentrations (ug/L)
Min Max Mean
Al 032 256 140 104. --- 676.
Ba 112 269 2.05 6.8 --- 146
Fe 081 4.07 2.16 92. --- 290.
Mn 041 212 1.02 104 - 274
Sr 062 1.69 1.10 71 --- 16.6 ||

Results of the replicate analyses revealed little variation within each set of lake data.
Overall the mean %CV for the individual metals ranged from 1 to 2%. It is important
to note, that these whole water lake samples were collected when the lakes were
essentially isothermal, and when algal concentrations would have been insignificant.
Higher %CVs would be expected in whole water samples collected in the summer
months when the surface waters exhibit a greater degree of heterogeneity. Much of
this variability would not be attributable to the sampling system used.

As part of the stream monitoring program, in PNP, water samples were collected, on
a monthly basis, upstream of the confluences of the West and East Pukaskwa
Rivers. The West Pukaskwa site was designated as a master station, and
replicates were collected at all sampling events, within 5 to 10 minutes of sample
collection. Samples and replicates for whole and filtered water analyses were
processed within six hours of collection, in a laboratory located in the PNP
administration building. Results of these analyses provided a continuous record of
data quality. All sample collection and processing was conducted by park staff and,
over the period, of record several wardens were involved.

During the development phase of the ISOMET sampler, modifications were made to
maintain or improve the effectiveness of the isolation and containment strategies.
The West Pukaskwa replicate data set, presented in this report, commences with
the first sample set collected from the West Pukaskwa and extends through the
development phase and includes data obtained during the deployment of the original
prototype.



As expected, very good agreement between the sample and replicate data was
found for the most abundant major ions, which included calcium, magnesium and
alkalinity. Good agreement was also obtained for trace metals such as aluminum,
which was present at concentrations approximately two orders of magnitude below
that of alkalinity. Aluminum and alkalinity represent two of the most important
parameters in the PNP studies. The correspondence between the sample and
replicate data sets are presented in Figures 2 and 3, respectively.

Aluminum concentrations varied approximately a 10 fold (Fig. 2). Nonetheless, the
mean of the replicate samples was within 4% of the sample mean over this range.
There was also good agreement between the individual data points as shown in the
time plot and in the sample versus replicate plot. The correspondence of the
sample and replicate data for aluminum was only slightly less than that found for
alkalinity (Fig. 3).

Of the trace metals consistently detected above 1ppb, manganese and strontium

had the highest degree of correspondence between the sample and replicate series.

The degree of correspondence was found in the following order: Mn > Sr > Ba > Fe
> Al. The correspondence of Mn, Sr, Ba and Fe and the major ionic constituents
are presented, in order of decreasing concentration, in the appendix.

The Pukaskwa River monitoring program has also yielded interesting temporal
profiles. Despite 5 to 10 fold changes in their concentration, many of the
parameters exhibited virtually identical chemical signatures for the West and East
Pukaskwa Rivers, over the period of record. This concurrence in water chemistry is
attributable to the Pukaskwa watersheds being located in the same ecodistrict, and
having essentially the same surficial area. Additionally, both watersheds are
unimpacted direct sources of anthropogenic pollution. The detection of this
concurrence, particularly for the trace metals, is attributed to effectiveness of the
ISOMET stream sampling program.



| Statistical Profile Sample i
Mean (mg/L) 0.125 0.120
Standard Deviation (mg/L) 0.065 0.061
Coefficient of Variation (%) 52.0 50.8
Difference of Means (%) 4.08
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Figure 2: A graphical and statistical summary of aluminum in duplicate filtered water
samples collected from the ( West ) Pukaskwa River, September 1987 to March 1991.
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Statistical Profile Sample | i
Mean (mg/L) 21.2 21.7
Standard Deviation (mg/L) 14.6 14.9
Coefficient of Variation (%) 68.9 68.7
Difference of Means (%) 2.33

Alkalinity (mg/L of calcium carbonate)
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Figure 3. A graphical and statistical summary of alkalinity in duplicate filtered water
samples collected from the ( West ) Pukaskwa River, September 1987 to March 1991.
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Conclusion

The ISOMET has been successfully deployed over a four year period in Pukaskwa
National Park, and in some 15 other monitoring sites located throughout Ontario.
The sampler has proven to be rugged and durable, and appropriate for use from
boats, canoes, off helicopter platoons, and by wading. It has also been successfully
deployed in a wide range of environmental conditions, and in temperatures ranging

from +35 to -35 °C. Given that the ISOMET sampler floats, the risk of loss in the
field has been insignificant.

Through the use of effective isolation and containment practices, and
comprehensive QA/QC protocols, precise water quality data has been routinely
obtained. Results of replicate sampling from Lake Superior has illustrated the
reproducibility of trace metal sampling with the ISOMET stream sampler, in the
lower range of levels found in the environment. The serial replicate data set from
the West Pukaskwa River and the multiple replicate data from the PNP inland lake
studies have demonstrated the high degree of correspondence possible, over a wide
range of environmental concentrations.

The quality assurance program has been effective in the delivery of data,
appropriate for environmental assessments. It has allowed for the routine collection
of representative samples by warden staff at PNP, and by numerous lay collectors
at other sites in Ontario. Given that the ISOMET sampler and related protocols
have facilitated the collection of quality samples by non-water-quality-staff,
considerable savings have been achieved in both travel cost and person-years in
comparison to more traditional sampling strategies.
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Statistical Profile Sample | Duplicate
Mean (mg/L) 8.8 89
Standard Deviation (mg/L) 4.2 42
Coefficient of Variation (%) 47.7 47.2
Difference of Means (%) 1.13

Calcium (mg/L)
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Figure A.1. A graphical and statistical summary of calcium in duplicate filtered
water samples collected from the (West) Pukaskwa River, September




Statistical Profile Sample | Duplicate
Mean (mg/L) 1.61 1.59
Standard Deviation (mg/L) 0.72 0.72
Coefficient of Variation (%) 44.7 45.3
Difference of Means (%) 1.25

Magnesium (mg/L)
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Figure A.2. A graphical and statistical summary of magnesium in duplicate filtered
water samples collected from the (West) Pukaskwa River, September

1987 to March 1991.



Statistical Profile Sample | Duplicate
Mean (mg/L) 4.68 4.71
Standard Deviation (mg/L) 0.58 0.56
Coefficient of Variation (%) 12.4 11.9
Difference of Means (%) 0.64

Sulphate (mg/L)
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Figure A.3. A graphical and statistical summary of sulphate in duplicate filtered
water samples collected from the (West) Pukaskwa River, September
1987 to March 1991.



Statistical Profile Sample | Duplicate
Mean (mg/L) 0.78 0.77
Standard Deviation (mg/L) 0.13 0.13
Coefficient of Variation (%) 16.7 16.9
Difference of Means (%) 1.29

Sodium (mg/L)

0.2 A Sample B —
Duplicate ---=---
R o N R UL UL U UL U R AL
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Figure A.4. A graphical and statistical summary of sodium in duplicate filtered
water samples collected from the (West) Pukaskwa River, September

1987 to March 1991.
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Statistical Profile Sample | Duplicate
Mean (mg/L) 0.360 0.352
Standard Deviation (mg/L) 0.118 0.112
Coefficient of Variation (%) 32.8 31.8
Difference of Means (%) 2.25

Chiloride (mg/L)

0.6

0.1 4 Sample ——y——
Duplicate ---==---
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Figure A.5. A graphical and statistical summary of chloride in duplicate filtered
water samples collected from the (West) Pukaskwa River, September

1987 to March 1991.




Statistical Profile Sample | Duplicate
Mean (mg/L) 0.35 0.34
Standard Deviation (mg/L) 0.05 0.05
Coefficient of Variation (%) 14.3 14.7
Difference of Means (%) 2.90

Potassium (mg/L)
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Duplicate ---=---

Duplicate (mg/L)

0.50
0.45 4 *
*
0.40 A
*  *
*
*
0.35 A * * *
* % %
*
* % *
*
0.30 - * *
*
*
0.25 * T T T T
0.25 0.30 0.35 0.40 0.45 0.50

Potassium (mg/L)

Figure A.6. A graphical and statistical summary of potassium in duplicate filtered
water samples collected from the (West) Pukaskwa River, September
1987 to March 1991.




Statistical Profile Sample | Duplicate
Mean (mg/L) 0.0804 0.0783
Standard Deviation (mg/L) 0.0378 0.0367
Coefficient of Variation (%) 47.0 46.9
Difference of Means (%) 2.65

Iron (mg/L)
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Figure A.7. A graphical and statistical summary of iron in duplicate filtered
water samples collected from the (West) Pukaskwa River, September
1987 to March 1991. '




Statistical Profile Sample | Duplicate
Mean (mg/L) 0.0039 0.0039
Standard Deviation (mg/L) 0.0032 0.0032
Coefficient of Variation (%) 82.1 82.1
Difference of Means (%) 0

Manganese (mg/L)
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Figure A.8. A graphical and statistical summary of manganese in duplicate filtered
water samples collected from the (West) Pukaskwa River, September
1987 to March 1991.




SE = R .

Statistical Profile Sample | Duplicate
Mean (mg/L) 0.0188 0.0187
Standard Deviation (mg/L) 0.0049 0.0048
Coefficient of Variation (%) 26.1 25.7
Difference of Means (%) 0.53
Strontium (mg/L)
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Figure A.9. A graphical and statistical summary of strontium in duplicate filtered
water samples collected from the (West) Pukaskwa River, September
1987 to March 1991.




| Statistical Profile Sample | Duplicate |
Mean (mg/L) 0.0085 0.0084
Standard Deviation (mg/L) 0.0010 0.0011
Coefficient of Variation (%) 11.8 13.1
Difference of Means (%) 1.18

Barium (mg/L)

0.014
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0.008
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Figure A.10A graphical and statistical summary of barium in duplicate filtered

water samples collected from the (West) Pukaskwa River, September
1987 to March 1991.
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CONTROLLING SAMPLE TEMPERATURES

Tom N. Webber
British Columbia

Ministry of Enviromhent, Lands, and Parks



CONTROLLING SAMPLE TEMPERATURES
(Field to Lab Shipments)

Introduction:

-Federal Provincial Water Quality Monitoring Program currently operating 14 sites 12 months of

the year from all over the province. Total number of sample sets = 395 routine samples & 44 for

quality assurance samples.

-Working towards acquisition of consistent good data by eliminating as many factors as possible

which are likely to corrupt analytical results.

-Can not rely on good statistics to fix bad data.

-Current use of 4° C as the limit for reduction/elimination of biological activity in samples (may not

be applicable to northern regions).

Discussion:

1).

2).

3).

4).

5).

6).

Review current list of Zenon’s Sample Container Preservation Criteria and compare with the
1993/94 Site, Variable & Shipping list used by the province.

Review overhead for record keeping and shipments received by Zenon; note temperature
and transit time columns.

Review overhead for Check-list for Water Sampling and highlight items which relate to
packing and cooling of samples in coolers.

Review overhead for Factors Affecting Sample Temperatures and Controlling Sample
Temperatures. “Use a volume of ice about equal to sample volume during coolers months
and double the volume in warmer months.”

Review overhead for Marguerite and_Creston sites to compare results of record keeping
and sampler reliability in collecting, preserving and shipping of samples to the designated
lab(s).

Review overheads (5 graphs) of Zenon’s May, 1993 report on Sample Holding Times-A
Study of Nutrient Depletion and/or Coversion. Note in particular comparisons between
room temperature and 4° C for various temperature sensitive variables; ignore filtered vs
unfiltered comparisons. “The study concurs with Zenon’s standard operating procedures
with regards to the treatment of samples prior to analysis. The 4° C (filtered) bottles show
stability with every analyte with a slight exception with TDP, however, that was stable for

ol

Tom N. Webber

Biologist, Water Quality Branch
Victoria, B.C.

October 17, 1993

two weeks.”



).

3).

4).

5).

6).

7.

8).

Factors Affecting Sample Temperatures
(From sample site to analytical Lab)

SHIPPING CONTAINER
* Insulated ?
* Size ?
VOLUME of SAMPLE WATER
TEMP. of SAMPLE WATER

* Seasonal variation
* Latitude and altitude etc.

AIR TEMPERATURE
* During transit or storage.

NO. and SIZE of ICE PACKS

LOCATION of ICE PACKS
* Contact with sensitive samples ?

TRANSIT TIME

SAMPLER RELIABILITY
* Incentives ?



1).

3).

4).

5).

6).

.

8).

9).

Controlling Sample Temperatures
(From sample site to analytical Lab)

SHIPPING CONTAINER

VOLUME of SAMPLE WATER

TEMP. of SAMPLE WATER

AIR TEMPERATURE

NO. and SIZE of ICE PACKS

LOCATION of ICE PACKS

TRANSIT TIME

SAMPLER RELIABILITY

SENSITIVE VARIABLES

* sturdy & insulated

* just large enough to handle samples, preservatives
& ice packs.

* minimum volume to complete analysis

* adjust sampling season
* pre-cool samples in freezer or fridge

* where is container during transit or storage ?

* faster cooling with increased surface area .
* longer cooling with more ice packs

* rearrange sensitive samples to contact ice packs.

* sample early in week, i.e., Tuesday or Wednesday
* re-evaluate transit mode & courier to speed delivery

* Hire reliable samplers, provide incentives
for successful completions.

* re-evaluate need for sensitive variables



Zenon Preservation Criteria

Zenon Environmental Laboratories

Sample Container and Preservation Criteria

1993
Water & Waste Water

BACTERIOLOGY: ‘

Analysis Type: Container Size: Container, Type & Preparation: Preservation: Hold Times:
Coliform, E. Coll 250 mL " |Plastic, Sterilized 4°C, do not freeze 48 hours |
Coliform, Fecal 250 mL Plastic, Sterilized 4°C, do not freeze 48 hours
Coliform, Total 250 mL Plastic, Sterilized 4°C, do not freeze 48 hours '
Enterococcus 250 mL Plastic, Sterilized 4°C, do not freeze 48 hours
Fecal Streptococcus 250 mL Plastic, Sterilized 4°C, do not freeze 48 hours |
Salmonella 500 mL Plastic, Sterilized 4°C, do not freeze 48 hours |
Standard Plate Count 250 mL Plastic, Sterilized 4°C, do not freeze 48 hours '
Biomass 250 mL Plastic store frozen N/A
BOD 1L Plastic 4°C, exclude all air 48 hours |
BOD & TSS 2L Plastic 4°C, exclude all air 48 hours ,
Chlorophyll / Phaeophytin Membrane or GF/C filter store frozen in dark with dessicant N/A '
Microtox 100 mL Amber Glass 4°C, exclude all air 5 days
Taxonomy, benthic Invertebrates 100 mL Plastic Tissue Cup 70% ethanol or 10% Formalin, 4°C, dark |N/A |
Taxonomy .periphyton 500 mL Plastic Lugols to tea colour, 3mL/L, 4°C, dark IN/A
Taxonomy, phytoplankton 1L Plastic Lugols to tea colour, 3mL/L, 4°C, dark  |[N/A
Taxonomy, zooplankton 1L Plastic 70% ethanol, 4°C, in dark N/A
Bioassay, Daphnia 4L Plastic 4° C, exclude all air 5 days
INORGANIC ANALYSIS:
General Chemistry 4L Plastic keep cool, 4°C 72 hours
General Chemistry 2L Plastic keep cool, 4°C 72 hours
General Chemistry 1L Plastic keep cool, 4°C 72 hours
General Chemistry 500 mL Plastic keep cool, 4°C 72 hours  §
General Chemistry 250 mL Plastic keep cool. 4°C 72 hours
Carbon: TIC/TOC, Inorg/Org 100 mL Plastic or Glass 4°C 72 hours
Phosphorus, Low level 100 or 250 mL |Amber Glass, Acid rinsed keep cool, 4°C 72 hours
ORGANIC ANALYSIS:
Chlorophenols: PCP,TTCP, TCP 1L Amber Glass, Solvent cleaned 4°C 30 days
Dioins & Furans 3x4L Amber Glass, Solvent cleaned 4°C 30 days
EPA 624, Volatiles 3 x40 mL Glass vial, Baked, Solvent cleaned 4°C, Na2S203, Headspace-free 14 days
EPA 625, CP/OC/PAH/PCB 1L Amber Glass, Solvent cleaned 4°C 30days |
Glyphosate 500 mL Amber Glass, Solvent cleaned 4°C 30 days
Herbicides, Acid Extractable (AEH) 1L Amber Glass, Solvent cleaned 4°C 30 days
Herbicides, Solvent Soluble 1L Amber Glass, Solvent cleaned 4°C 30 days
Herbicides, Triazine 1L Amber Glass, Solvent cleaned 4°C 30 days
Organochlorine (OC) pesticides 1L Amber Glass, Solvent cleaned 4°C 30 days
Organophosphate (OP) pesticides 1L Amber Glass, Solvent cleaned 4°C 30 days
Polycyclic Aromatic Hydrocarbons (PAH)[1L Amber Glass, Solvent cleaned 4°C 30 days
Polychorinated Biphenyls (PCB) 1L Amber Glass, Solvent cleaned 4°C 30 days
Petroleum Distillates (Hydrocarbons) 1L Amber Glass, Solvent cleaned 4°C 30 days
PQ-8 (copper 8, copper quinolate) 250,500 mL |Solvent cleaned glass, Foil lined cap  [4°C. HCL to pH <2 30 days
Resin Acids . 1L Amber Glass, Solvent cleaned 4°C 21 days
TCMTB 1L Amber Glass, Solvent cleaned 4°C 36 hours
THM's, Trhalomethanes 500 mL Amber Glass, Solvent cleaned 4°C, Na2S5203, Headspace-free 14 days
Volatiles / Gasoline / BTEX 500 mL Amber Glass, Solvent cleaned 4°C 14 days !
IPBC/DDAC 1L Plastic 4°C. 6N HCL, 2mL/L 14 days
SOILS, SEDIMENTS, TISSUES and OTHERS: B
Extractable Organic Halides (EOX) 50 g min Solvent cleaned glass, Foil lined cap  |freeze 6 months
Metals 100 g min Wide mouth Plastic keep cool, 4°C 6 months
Organic Carbon 100 ¢ min Plastic or Glass keep cool, 4°C 6 months
Organics 100 g min Wide mouth glass, Solvent cleaned freeze 6 months
Particle Size Analysis 100 ¢ min Plastic or Glass keep cool, 4°C 6 months
PQ-8 (copper 8, copper quinolate) 100 g min Wide mouth amber glass, Solv. cleanedfrecze 6 months

Zenon Environmental Laboratories
991 e 4 ;

ﬂ
!
|



t+ S6€ tea g 1od sapdureg # (vio]
wioyijo) j833]|  jeajdejoprajoeg w95
(ared1p o) N D ob 01 [enba 10 wey) ss3f e
CIHVaTany e N Q] 3 01 PIWMAL 5q 1SNUI 7% SI[GELIRA 2ANISUSS amiesadwz) ulRIuod (704 U sofneg sjdures
(st 19161) 4
{OfI0 $5iay d
{5511 “N) efuowuiy
(1) anpisay 1E12UD T 2609023 (G0 Sy d
{'{1j-uou) 3nprsay wANTI[ ¢ 97 [s8pug 1y AeayBif] 1e 1oary vowjug {551 "N wiiouiury {8uD 17 6L59024
(‘[1j-uoti) 5npisay AINTY € £1 33015|2A2Y 18 JOATY BIQUIN[OD
uuojijo) [233|  jeadojopaapeg Ju gsT
CTssigeol) d uojijo) e33g|  revidojorserong Tw 057
(o1 "ssiq) d (ssiq [e10) d
fraauan 17 02L00S0 {'ssiq] ‘) eluotinuy (LU 1 7 $8590z3
WANII € 9z 1310 ¥ 19a1y] ueBeueyQ ("[1j-uou) anpisay HANTI € 9T 12A1Y SII|Y 2A0GR JIARY 2083
| 8071400
[LERUDN B 4 9100020 iquiel) d
YANTT € 9¢ 23pug g6 Keaydigg 1e 22any Y3 ('ssiq] *N) eiuowury
(') onpisay [[AEHEY Y K 9859023
(jij-vou) anpisay WINTI € 97 |98pug saouads 1e 19Ary uosduwoy,
Wwiojijo) j833g|  uaBojopapeg Ju gsz
(]343] Av0 Vd 194971 MO TWISTT
T wesig o) N wiojie)y (83|  esjdojoparong i 5T
CIivaTan 1oy N {ssigyeior) d
{'ssi(] "N vruowuury £8$90¢a (*ssi(] "N) eluowury?
T{j-vou) anprsay jeuIn 1 g ¢ 9T U0IS3ID) I8 421y Keulood] (1) anpisay [TIENE S %s €4 £85902H
o ('11y-uou) npisoy dANTI € 9z 381030 23Ul 12 191 ONRYION
(Tm§) nojo)
o ssich) d R— 18590¢H
{'ss [q] Zv ﬂ_:G:::./s WMSONO xo< € T &OI je hv_a_x Jaselq
¢ [eaatIn 1 ¢ € 9z uonEIS YIIMUI] 1 Jaaly Avuatooy T
Xov sapuediQ Jw gos € 44
{endojopaappug T 95T uliojijor) [eda]|  [edidojopaidng Ju 0S5
(QV1) dnojon
(ssiq je10L) J
(oyug 'sstq)
(*ssi(] "N) etuowiuy
[edoudd) "I T 6550020 ('119) anpisay fepPUID 17T 1100090
WINTI € 2 BlauBAy 1L J3ATY IqUINGOD) (‘lu-wouy anptsay WANT1 € 9z 1SRN 1T SA1Y 1958
13ojopaadeg Tt 05T ubojiey jexad)  (eaidojopaatdeg T g5t
(QVv.1) anojo)
TS 10610 (ss1 1¥10]) d
s wioid (Oifi0 "S5iq)
Aos_ﬁv .mm_ﬂ: n— A.mw_ﬁ_ .Zv N_—_O——:—E.
[aauaf) °§ ¢ £000020 ‘) 3 etauan) 1 ¢ 08590¢H
WINTTI ¥ 9¢ NURQUIEE 1 IATY REQURIO]) AN T € 9c pRSURL] IR AdALY JOSEL]
CdLLLOY VO unnoy ‘A1LLOY VO Punnoy
:SATIVIIVA A1INVS Jeay Jad IONWVAS ¥ ISATAVIIVA - ATDNYS aeaf sod :ONINVES %
DM ITJINYS JINVN ALIS > Oddd TJINYS JINVN JLIS

16618 YdJely t2iepdn isej

ISI'T ONIJdIHS ® HTAVIYVA ‘ALIS
JINTNITUDY ONFHOLINOW ALITVYND YALYAL TVIONIAOYI-TVHAAIA +6/C661

“JeA suss dwal IS} d/4




€6/CI/LO 19999M "L ajedrfdar pjayy = Y *juejq qel= g ue[q P[oY = G duUnnoI=Y
(‘m9 dwn (sAep) " (Do) (renup) | (@ WAL AA) | (GG AN AX)
orduies wueay aw nsuva Juoj ‘sordwes Juissiur) suel] | adKy, |rdwiag, ‘HOAL! :dLvdad HALvd “ON ('ON NVHS)
SAINAWWOD ‘QANI H1dNVS 4V1_{ GQIAIHOTY | ONITIAYS INOLLISINOA -H.LIS
:JuIpua Y29\ 93 10 PAAIddAl sajduieg
:Jo 38eq
-Ag pa1wadsuj v6/£661

:a1e(] uonoadsuy weagoaq SurioiuoA Apgend) J91BAA [BIDUIA0LJ/[RIIPI]




FEDERAL-PROVINCIAL WATER QUALITY MONITORING PROGRAM
‘ Check-list for Water Sampling

Date:

Site:

Sampler

Observer:

last update: October 21, 1993

T. Webber

STEP or PROCEDURE: |oKAY 7|

COMMENTS:

sampling day and shipping arrangements carefully planned to
minimize transit delays.

bottles clearly labelied & dated before wetting, i.e., uses a permanent
marking pen.

sampler & rope are clean before use.

bottle caps removed just before sampling, are protected from
contamination i.e., placed in a clean, dry plastic bag: avoids
touching inside of caps and bottles.

exercises caution when sampling: generally satety conscious
around site.

sample taken at designated sampling sile; any deviations from site
location recorded.

samples in deep, well-mixed & tlowing water whenever possible.

samples upstream when wading: avoids collecting in stirred-up water.

avoids causing debris from falling trom bridge onto the sampler.

sample bottles are not rinsed before collection (i.e., are lab pre-cleaned).

bottles filled to correct level & securely capped immediately after filling.

i.e.. room for preservatives, small air space for coliforms.

handles preservatives caretully with appropriate safety equipment, i.e.,
gloves & glasses; demonstrates technique that minimizes preservative
contamination; empty preservative vial re-capped, placed inside
secondary container and returned to cooler.

no contact between preservative vial or dispenser & sample water
or sample bottle.

no contact with sample water, inside of bottles or caps with anything !

allowed thermometer to equilibrate 3 to 4 minutes in "field” bottle
before reading: thermometer never inserted in any sample bottle.

sampling time recorded as hh/mm (2400 hour clock). sample date as
yy/mm/dd on all lab requisitions.

packs bottles carefully with enough ice packs to cool
temperature sensitive samples.

records field measurements, observations & possible contamination
sources where appropriate.

reuseable sampling & safety equipment is kept clean & stored for tuture
use in such a manner as to minimize damage or contaunination.

shipping coolers secured (taped) for transit; destination clearly
labelled on cooler(s).




1).

2).

3).

4).

5).

6).

.

8).

9).

Controlling Sample Temperatures
(From sample site to analytical Lab)

SHIPPING CONTAINER

VOLUME of SAMPLE WATER

TEMP. of SAMPLE WATER

AIR TEMPERATURE

NO. and SIZE of ICE PACKS

LOCATION of ICE PACKS

TRANSIT TIME

SAMPLER RELIABILITY

SENSITIVE VARIABLES

* sturdy & insulated

* just large enough to handle samples, preservatives
& ice packs.

* minimum vol. to complete analysis

* adjust sampling season
* pre-cool samples in freezer or fridge

* where is container during transit or storage ?

* faster cooling with increased surface area.
* longer cooling with more ice packs

* rearrange sensitive samples to contact ice packs.

* sample early in week, i.e., Tuesday or Wednesday
* re-evaluate transit mode & courier

* Hire reliable samplers, provide incentives
for successful completions.

* re.evaluate need for sensitive variables



Creston Chart 1

Kootenay River at Creston

Water Sample Temperatures

(Sept. 11, 1992 10 Oct. 15, 1993)

No ice pack

orduwres passA «

ordures passIA «

(Do) aamesadura |, ajduteg

£6-190-6¢
€6-1°0-G1
€6-190-1
£6-das-L1
£6-dog-¢
£6-80v-0T
£6-30y-9
€6-I0[-€T
€6-10[-6
€6-unf-gz
g6-unf-1|
€6-ABIN-8T
£6-KeN-b1
£6-1dv-0¢
€6-1dv-91
£6-1dy-g
€6-TeN-61
€6-TeN-S
£6-924-61

Transit time = 48 hours or less.

Sample Date - week ending (day/month/year)

£6-994-C 2
couerze § 2
£6-uef-g 3
S
grRasT
€6-2a-11 B
£6-AON-LT §
€6-AON-€1 §
€6000t T
£6190-91 £
€6P0T g
£6-d9S-81 é
g6-dos-p .

Sample temperatures are recorded as less than or equal to 4° C



Marg Chart 1

Fraser River at Marguerite

Water sample Temperatures

(Sept. 4, 1992 to Oct. 15, 1993)

16

<t

skx B

(o]
—

*k B

=] =] \O

p—

(9.) eumesadwa) sjdwes

aidwes passip

a|idwes passiy

a|dwes passiy

£6-190-6C
£67190-S1
€6-190-1
£6-dog-LT
g6-dos-¢
£6-30v-0¢
£6-30v-9
£6-Inf-€T
£6-10f-6
£6-unf-¢7
g6-ung-17
£6-AeIN-8T
€6-KeN-p1
£6-1dv-0¢
£6-1dy-91
g6-1dy-7
£6-TeN-61
£6-TeIN-S
€6-924-61
£€6-9°3-S
£6-uef-7z
£6-uef-8
£6-990-ST
€6-9°Q-11
€6-AON-LT
€6-AON-€1
£6-1°0-0¢
£€6-190-91
£6-1°0-T
€6-dog-81
£6-dos-v

Sample Date - week ending (day/month/year

** = transit time to lab longer than 48 hours.

* = empty, missing or non-frozen ice pack



Sample Holding Times - A Study of Nutrient
Depletion and/or Conversion

Prepared For: Steve Horvath
BC Ministry of Environment

Prepared By: Robert Gilbert
Analysts: Brad Henderson

Lauretta Liem
Robert Gilbert

Statistical Analysts: Dr. Dorothy Jeffery

Zenon Environmental Laboratories Inc. (BC)
8577 Commerce Court, Burnaby, B.C., V5A 4N5

May 1993



—~—

o

£66L'6L Aew - Apms uopsidaqg juadlnnN

sisdreuy jo sareq
= = @ @ @ Ry @ o a o
8 ) = = o o o o o o o o
N - = S N N N N n - - 3
N »n ® - o wn N w N © o ~
~N N N ~ N N N N N N ~ ~
&) %) O %) o © © S © o ) O
w w w w w w w w w w w w
— } f f f f f f t 0
T S0°0
o T +°0
; : o
Y, B
; o i - + S0 m
1Y
¢co B
B
%
G2'o
€0
-+ G€'0
paAlasald
panesdld IDH ——p—— YOSeH ———v——
paJsaliy <RoJoN UG

posdlild Doy ——— POIOYYUN Do — ¢ dwolwooy — 3 dWeL.WOOHR 5

(N s®) efuowIuxy - H# IS
IIA udesn



£66L ‘6L Aew - Apmis uopejdeq uslinN

SIsAeuy Jo ajeq
W w m by mn - - - T -n
0 ) < < ® 1) (1) (1) ® (14 o 12
8 8 B s o o o oy o o o o
N — - - N N N N N — _ -
N (9 o0 ~ o wn H w ™ w oo ~
~ ~ N ~ ~N N N ~N N N N N
o 0 © © 0 © w0 0 o (&) w0 )
w w w w w w w w w w w w
' t } } ; } 1 t } } } 9'0

«
o

@
o
1/3w Ut EON Pu0d

panasald
o poNIBSBI IO, — 72— yOSeH —v——
paJaNi4 paJaiun -

pasdlfid DoV — o—— POISHNUN Jor — ¢——  dwaL WooY — dwelwoow 5 .

(N s©) IeNIN - H# NS

S mS SE WS SN ON BE GE ER Gn we us ap on om am em" i em



£661 ‘61 Aew - Apmis uopajdag Jusipny

sisdreuy Jo areq

© 0 2 = =z (4] [1] (1) ® (1) @ ® 1)
= = ) 0 o o o o o o & 8
N ~ - - n N N [\V) n — — —
S < N 3 Q 4 & w N © ® ~
~ ~ ~ ~ N ~ ~ ~ ~N ~ < ~
w0 © © w0 0 (8] 0 © 0 ) o o
w w w w w w w w w @ o S
“ n _ ; i } } } ! + 0

5 — M=
L

1 200

¥0°0
= 900
80°0
1’0

ct0

/8w U ZON JO *dU0D

¥L'0
g91'0
8L'0

PaAIasSald
pangsald IOH ——g— vOSeH —»—

paielji4 . peleyun
paiolild Do — o POIGHHUNDl ' — —¢——  AWOILWOOH a Huwsy-wooy L

(N S®) N - ¥# NS

X1 ydesn



£66L°6L Aew - Apms uopajdaqg Ius|nN

siseuy jo sajeq
5 = & Py ) g ) Py ) Py
N — I = N N n N N — — —
n [9,] (o] — o>} wn N w ~ © P 3
N N N ~N ~ N ~N ~N ~N ~ N ~
[{e} [{e) (L] [{] [{e} ($] [{e} (8] [Ce} (L] w (L)
w w w w w w w w w w w w
O T ——¢— _ i | | | | | | | 0
200 +
+ 20
¥0'0 +
90°0 -+ o8
o . 8
B 800 + :
Z W
S o+ Leo®
3 o
B g
g 2Lo + =
B
+ 80
vL'o + i
91'0 -+
+ 1
81’0 +
AV 1 5

N-ZON —a—— N¢tON ——¢—— N-¢HN ——[——

PIINTYU() AIMEIIdUWL WO - H# NS
lll--llllllll-lllfl.l



£66L°6L Aew - ApmS uopajdag JusLNN

sisAfeuy Jo sajed
T F 7 & & & § & & &8
) ) S s o o o o o o o o
~N — = - N ~N N N ~nN - u—y J—
N~ n © - o wn i w N ©0 ®© ~
N S S ~ N S S S ~ < < ~
&) w0 © © © © © © © © © ©
w w w w w w w w w w w W
0 f " f f t i ; f t f “ 0
— —* . O _——¢ . —
30 4 + S0°0
T+ L0
O
o + S
0 O
3 ¢
m T+ S0 m
S90 + x
) 0
m .\\*/./.‘\\T“\.\‘\-/I/. T N o .Izl
=)
w | \.\\-/l :
8'0 + W
+ 620 .
L+ .
+ €0
¢t - ] - G§€°0

N-€ON ——g@—— N-ZON ——¢—— N-¢HN —(}—

& PRI Do Trucnlib: NS
IX ydeig



pH MEASUREMENTS

Colin J. P. McKean
British Columbia

Ministry of Enviromhent, Lands, and Parks



MINISTRY OF ENVIRONMENT
PROVINCE OF BRITISH COLUMBIA

pH DETERMINATION AND MEASUREMENT

Colin J.P. McKean

Brent W. Huggins
Resource Quality Section
Water Management Branch

November 1989



Canadian Cataloguing in Publication Data
McKean. Colin J.P. (Colin John Pearce), 1955-
pH determination and measurement

Includes bibliographical references.
ISBN 0-7718-8903-8

1. Hydrogen-ion concentration - Measurement.
I. Huggins, Brent W. II. British Columbia. Ministry
of Environment. III. Title.

QD561 .M34 1989 541.3'728 €90-09201k4-9



1.

2.

TABLE OF CONTENTS

INTRODUCTION ccevevooanessoassssocncnscsossnsosssncsssssacsnssscas

DEFINITIONS . evuunnnenennns e eeiereaeaaan e
2.7 PHuveeeoeaesesusoseaacsoassssssssssossosassscccssosnsssnosas
2.2 Conductivity.eeeeeoeeenencenccncecaansnnecs Cesesscseraseoane
2.3 AcCidifY.eeevevsooerecacecenanasnsns ceressasseresnns ceceesnan
2.4 Alkalinity.veeeoceees Cestecsesesiessasesceenns ceerersenssnes
2.5 BUf OIS ..veessassssasosessseesacssasssascssscscansasnnssansas

BUFFERS . e e eecsarsonssossssessessoossssssssnssascssacssssssssasas
3.1 Normal Buffers....... ceeseccveecetsssaces st esasnoranss ceens
3.2 Low Ionic Strength Buffers....ciieeecisrenesscensscessonans

pH MEASUREMENT....... T
4,1 Reference Electrode....cccveiecceeenanaancnnens ceseescees e .
4,2 Glass Electrode....cceceuierecerancesacacssssacnss eeeseenan
4,3 HygrosCOpPiCity.eeeeeseeeseracecscassnccsnnns cecsaseens creee
4,4 Gel Layer..... Ceeeccessetasaveneos cerasan certeasaceas ceesas

FIELD METHODOLOGY ..vees.. vesesenn cesiaenseens teetsecsessranene
5.1 Sample Collection......... e
5.2 Temperature Effects ..... ceesenesas tessessesssssensre cesenne
5;3 Pressure Effects....cceeeccccacrenans ssccesccsssreneres veee
5.4 Electrode Storage....... ceeranes teevesecsossrasecessnssenns
5.5 Electrode Regeneration........... cesssvevesane cessessaranae

STANDARDIZATION OF PROCEDURES........ cessecccnns ceesccnsens con
6.1 Literature...............................;....... ........ -
6.2 Field and Laboratory CompariSonS.......... ceeceescevenas oo

w N DN

W\

1
12

14
14
14
16
16
18

20
20
21



ii

TABLE OF CONTENTS (Continued)

7. PROCEDURES OF pH MEASUREMENT .....vvuicveenrecenerionseccnnanns
7.1 PreparationN.ceeecececes teceessesesstreseseans ......; ..........
7.2 Determining pH - Normal Procedure..ceeecsccccccnns ceacsesas

7.3 Determining pH - Low Ionic Strength Samples

(K200 PS/CM) evnsesesaconennsacsansoassasssscsssasnsassasns
8. CONCLUSTONS .« s vnnensensensonnennensassoneeseoens e
9.  LITERATURE CITED..svveeennnneeeunnnneeenennes e

APPENDIX Tuueevoeeaceccoosscsceccsansosonsnnonse ceesseacssans

24
24
26
27
28

29

Ly




FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

10:

11:

iii

LIST OF FIGURES

pH Scale with Acidity and Alkalinity Terminology........
Structure of a Typical Combination pH Electrode.........

Electrical Potentials Associated with a pH
Combination EleCirode..eesescsccccsccssscssacasessssonos

Lattice Structure of the Glass Electrode..cceeececasssss

Hygroscopicity and pH Response of Nine pH
Sensitive GlaSSeS iceeeroerssscssasosssscsesscsssossnssssses

.Schematic Illustrations of the Structure of

3 Glass MemMbrane.eceeeesecccsoossosssssoscsesstassssscnsescs

Difference Between HACH Field pH and Laboratory pH
as a Function of Laboratory pHeveeseeoooceceneccscsaanas

Difference Between ColorpHast Paper Field pH and
Laboratory pH as a Function of Laboratory pH............

Difference Between Taylor Comparitor Field pH and
Laboratory pH as a Function of Laboratory pH....eecveen.

Difference Between Hydrolab Field pH and Laboratory
pH as a Function of Laboratory pH...iceviverenenanencnes

Difference Between Combination Glass Electrode Field
pH and Laboratory pH as a Function of Laboratory pH.....

Page
30
31
32
33
34
35
36
37

38

39



TABLE 1:

TABLE 2:

TABLE 3:

iv

LIST OF TABLES

The pH of Three Commonly Used Buffers at
Different Temperatures..................................

Characteristics of Some Commercial Electrode
G1lassesS 8L 25°%C .ceeccscecsssssssassssnsosccsscssossncssscnsne

Average Difference Between Field and Laboratory
pH Measurements from the Same Sample (all data
collected by the Ministry of Enviromment)...ceeeveeeenen

Page

41

u2

43



1. INTRODUCTION

pH is a measure of the hydrogen ion activity not concentration. The
modern pH electrodes develop an electromotive force (emf) that Iis
proportional to the H* activity. The emf from the glass electrode is
compared to the constant emf developed by the liquid junction potential of
the reference electrode. The pH measurement is essentially a determination
of an emf between the glass and reference electrodes (potentiometric
measurement). Inaccurate pH measurements occur when the emf of the glass
electrode is not properly calibrated with buffer solutions, or there are

fluctuations in the constant potential developed by the reference electrode.

The purpose of this report is to outline the function, calibration, and
storage of the glass and reference pH electrodes inorder to reduce problems
and errors with pH measurements. Dole (1941) noted that if we wish to
compare pH results with those obtained by other workers, we must standardize
methodologies, because comparison of numbers based on different standards

and conditions are meaningless.



2. DEFINITIONS

pH is a measure of the hydrogen ion activity (aH*) of a solution and is

defined by the equation pH= -log aH*.

2.2 CONDUCTIVITY

The electrolytic conductivity of a water body refers to its ability to
carry an electric current, which in turn is related to the total concentra-
tion of ions (i.e., charged solutes). This relationship depends on the geo-
metry of the electrodes (area and distance apart), the temperature and, to
some extent, on the nature of the major ions in solution. A pH electrode is

actually a type of conductivity probe which is sensitive to hydrogen ions.

2.3 ACIDITY

Aéidity of water is its quantitative capacity to react with a strong
base to a designated pH. The measured value may vary significantly with the
end-point pH used in the determination. Acidity is a measure of an aggreg-
ate property of water énd can be interpreted in terms of specific substances
only when the chemical composition of the sample is known. Strong mineral
acids, weak acids such as carbonic and acetic, and hydrolyzing salts such as
iron or aluminum sulphates may contribute to the measured acidity according

to the method of determination (Figure 1).

2.4 ALKALINITY

Alkalinity of a water is its acid-neutralizing capacity. It is the sum
of all the titratable bases. The measured value may vary significantly with
the end-point pH used (pH u;5 or inflection point; Figure 1). Alkalinity is
a measure of an aggregate property of water and can be interpreted in terms

of specific substances only when the chemical composition of the sample is




known (anion/cation balance). For specific discussion on the measurement of

alkalinity see McQuaker et al., (1983) and McQuaker (1976).

Because the alkalinity of many surface waters is primarily a function
of carbonate, bicarbonate, and hydroxide content, it is taken as an
indication of the concentration of these constituents (Figure 1). The
measured values also may include contributions from borates, phosphates,

silicates, or other bases if these are present.

Very acidic (pH<4.5) or alkaline (pH>10) waters have appreciably higher
conductivities than that expected from total iqnic concentration, because of
the high molar conductivities of H* or OH~ iohé. In waters of high conduc-
tivity (>1000 pS em™!), including brackish waters, the molar conductivity
and HY activity are appreciably reduced because of suppression of ionization

(ionic inactivation).

When designing a new sampling program on a water system of unknown
attributes, determining (or measuring) the anion/cation balance of the
conservative elements (sodium, calcium, magnesium, chloride, bicarbonate and
sulphate) is recommended. The ion pairs for the water sample can be recon-
structed using the procedures by Riehl (1971) (Appendix 1). Because these
elements are conservative in nature, a sample taken in winter and summer

every 5 years is adequate.

2.5 BUFFERS

A buffer is a weak acid or base which can oppose changes in H*
concentration by binding or releasing H* to resist change in pH. If 1073
moles of a strong acid are added to a litre of water, it dissociates
completely changing the H* concentration from 1077 to 107% (pH 7 to 3). If

102 M of a weak acid is present and half dissociates to A% at pH 7, then

%A = conjugate base of weak acid HA 2 H*+A~



the addition of the 107%® moles of strong acid will result in nearly 1073
moles of A” being converted to HA. A negligible proportion (1 in 50,000) of
the 107° moles of H* added will add to the concentration of free H*. The
latter will change from 1.0 x 1077 to 1.5 x 1077 M (pH 7.0 to 6.8). This

act of resisting pH change is called buffering.



3. BUFFERS

3.1 NORMAL BUFFERS

1) Use commercial buffer reagents outlined in Table 1. Note the pH of

the buffer solutions changes with temperature.

2) In situations where the conditions governing the formation of
calcium carbonate (marl) are being studied, a standard solution in
equilibrium with calcium carbonate is recommended. Using the
formula below, the pH of distilled water in equilibrium with CaCO,
(calcite) is 8.34, assuming the partial pressure of coz(g) is

one atmosphere and the temperature is 25 °C.
H,CO, —p 2H* + CO0,?~ log K°= 716.69

At pH 8.34 the above reaction will be in equilibrium with

atmospheric CO, and calcite.

3.2 LOW IONIC STRENGTH BUFFERS

Low ionic* strength buffers are available for sclutions below pH 5;
however, low ionic strength buffers for pH 7 have not been developed. The
recommended calibration procedure for low ionic strength waters is to use
normal pH 7 buffer and a low ionic strength pH 4 buffer. Sandberg (pers.
comm.) observed a significant difference in pH between the recommended
procedure and the use of normal ionic buffers. The low ionic strength
buffers can be purchased from Canlab or prepared using the following

procedure:

% low ionic strength freshwater has a specific conductivity of s 200 uS/cm.



Purchase 0.1 N sulphuric acid¥ and complete 3 serial dilutions to
obtain 0.0001 N H,S0, (one serial dilution = 10 mL of acid per 100 mL
of distilled water). Use boiled distilled water to eliminate

COz(g) and carbonic acid from solution.

Place the pH 4 buffer thus prepared in a sealed container to avoid CO,

contamination.

* use assured quality or equivalent acids



4, pH MEASUREMENT

pH may be estimated with coloured indicators (e.g., multi-range pH
bapers (not recommended for accurate measurements) or Taylor Comparitors
etc.), but is measured more accurately with a pH meter, a reference
electrode, and a glass electrode. A combination pH electrode consists of a

reference and a glass electrode contained in a single unit (Figure 2).

4.1 REFERENCE ELECTRODE

The reference electrode typically has a calomel (Hg/HgCl,) or a
silver-silver chloride wire immersed in 3 M or saturated KCl. The reference
electrode is in contact with the external solution (sample) by means of a
porous ceramic disc, fritted glass, or semipermeable membrane. Diffusion of
the reference electrolyte into the sample creats a liquid junction
potential, which is relayed to the pH meter by the calomel or silver-silver
chlorine lead out. The liquid junction potential is stable and constant in
most freshwater environments, however, it can be unstable in very dilute

waters (s 50 uS/cm).

Most reference electrodes use a 3 M KCl electrolyte saturated with
AgCl. Without the saturation of AgCl, the KCl would gradually dissolve the
silver chloride layer on the lead-out, causing the response of the electrode
to become unstable. Lead-outs used in conjunction with AgCl-free KC1l
solutions contain sufficient amounts of AgCl within the element to saturate
the area around it and eliminate corrosion (e.g., Argenthal electrodes,
Ingold Industries Ltd). Check the manufacturers specifications before

preparing or purchasing KCl electrolyte.

Silver chloride can precipitate around the 1liquid junction if the
reference electrolyte evaportates, or the molarity of the reference
electrolyte increases. Silver sulphide can also precipitate around the
liquid junction if the probe is exposed to sulphides. These precipitates
contaminate the liquid junction and alter its potential causing zero-point

drift and errors in the determination of pH.



A new type of reference electrode has been developed which uses a solid
pressure resistant gel material that is saturated with KCl. An aperture
exposes the gel to the sample solution, allowing the diffusion of
electrolyte, and the formation of a 1liquid junction 'potential. One
advantage of the gel filled reference electrodes is they do not require a
Ag/AgCl lead-out, and AgCl is not required in the electrolyte. Conse~

quently, contamination of the aperture is avoided.

Unlike normal reference electrodes, gel-filled electrodes show definite

ageing phenomena because:

1. KCl1 diffuses continually from the gel 1into the sample solution.
Reduction in electrolyte concentration causes zero-point drift, lower
liquid junction potentials, and larger measuring errors.

2, Infiltrated sample solutions cannot be removed easily from the gel.

The storage of gel-filled reference electrode requires special

treatment (see Section 5.2).
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4,2 GLASS ELECTRODE

In recent years, the glass electrode has tended to replace all other
types of pH indicators. The platinum/hydrogen gas electrode is only used

for thermodynamic investigations or for the very accurate pH determination.

The glass electrode has the same lead-out (calomel or silver-silver
chloride) as the reference electrode. The lead-out extends into a glass
reservoir containing a buffered solution with a constant hydrogen 1ion
activity. The glass of the reservoir is made of special glass which is
selectively sensitive to B* ions. A difference in the hydrogen ion activity’
between the external solution and the interﬁal buffer solution creates a
electronic potential (called the boundary potential) which can be measured
with respect to the liquid junction potential of the reference electrode.
The boundary potential is proportional to the hydrogen ion activity of the
sample solution. A sensitive high-impedance millivolt meter is used to

measure the boundary potential.

The potential (E) generated by the glass electrode can be calculated

theoretically using Nernst's equation:

E = E° + EN(log ai')
where E° = a constant characteristic of the probe, EN is known as Nernst's

potential, and its value is influenced by temperature.

0°C EN = 54,2 mV
20°C EN = 58,2 mV
25°C EN = 59.2 mV
50°C EN'= 64.1 mv
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The measurable electrode-assembly potential E is the result of several
components, as shown in Figure 3. E, (the boundary potential) is the only
potential which is of interest in the pH measurement. All the other
individual potentials E,-E.,, are constant (assuming the probe is working
properly), and are included in the standard potential E°,. Since these
_individual potential components are all subject to a certain error; there is
a dispersion of E° as a probe ages, and from one probe to another. This is

why slope calibration is necessary.

The slope (change in emf potential per pH unit) is a very important
parameter of any pH electrode. New electrodes should have a slope exceeding

98% of the theoretical value E Since the slope varies slightly from

electrode to electrode, slope cﬁlibration is recommended for accurate pH
measurements. Some pH meters have a mV setting which can be used .to
directly calculate the electrode response per unit pH. The Hydrolab
multiprobe sensor does not have a mV setting., For these units the glass
electrode requires replacing when the slope calibration cannot lower the
read out of a pH U buffer solution by 0.2 pH units, or raise the read out of

a pH 9 buffer above 9.2.

The ablility of certain types of glass separating solutions of
different hydrogen ion activities to develop a boundary potential was first
demonstrated by Cremer in 1906 (Bates, 1973). Since that time, the
formulation of. the glass has been steadily improved, so that modern pH
electrodes approach the accuracy of a platinum/hydrogen electrode. Studies
of glasses by means of X-ray diffraction reveal a network of oxygen atoms
(Figure 4), held together in irregular chains by silicon atoms (Bates,
1973). Each silicon atom is presumably associated with four oxygen atoms,
and each oxygen atom is shared by two SiO, groups, to form a three-
dimensional network. The oxygen atoms are relatively large (about 1.4 A in

diameter as compared with 0.4 R for silicon), and hence make 'up the
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bulk of the network. The holes in the three dimensional pattern are
occupied by cations, held in place by the electrostatic fields of the
neighboring oxygen ions. However, as a result of the irregularity of the
silicon-oxygen lattice, the cations occupying the holes in the lattice
possess many different energy levels. In other words, the work ﬁequired to
remove a cation from the lattice may be different for each individual ion.
The ability of a group of negative ions to retain positive ions within the

glass, determines the "anionic field strength".

The glass of a glass electrode contains roughly 72 percent by weight
Si0,, 8 percent Ca0, and 20 percent Na,0 (Bates, 1973). Systematic
investigations led to the production of an effective pH glass, which is
still manufactured and sold under the designation Corning 015. It consisted
of 72.2% Si0,, 6.4% Ca0 and 21.4% Na,0 {(molecular percentages). Modern pH

glasses usually contain lithium instead of sodium, providing a much wider

measuring range for pH.

Over time the sodium content of a glass electrode will become depleted,
causing decreased electrode reponse and EN potential. Once the electrode
potential falls below 95% of the theoretical response (Section 3), the
electrode should be regenerated (Section 5.5). If the regeneration 1is

unsuccessful, the probe has been depleted of exchangeable sodium, and should

be discarded.

4,3 HYGROSCOPICITY

The degree of sorption of water by the glass membrane of an electrode
is termed the hygroscopicity of the glass. Water within the glass lattice
structure is essential for the exchange' of H* and sodium to form the
boundary potential. The correlation between the water sorptionvof a glass

and the pH response of electrodes made from the glass is a very direct one

(Figure 5).
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The application of heat to the glass causes the formation of a non-
hygroscopic silica-rich layer. The electrical resistance (EN, Section 4) of
glass electrodes increased 230 percent when the electrodes were dried
(Bates, 1973). The resistance returned slowly to its original value when
the elecﬁrodeé were immersed in water. Electrodes made from the lithia-
silica glasses are influenced less by drying agents than those of Corning
015 glass. The lithia giasses are known to absorb about one-ninth as much
water as do the sodium based glass. Hygroscopicity of a glass membrane can
also be destroyed by coating the glass electrode with lacquer or oily
substances. The maintenance of the hygroscopicity of the glass electrode is

essential for fast and accurate pH measurements.

4,4 GEL LAYER

All glass membranes used in pH electrodes react with water to form a
hydrated gel layer (Figure 6). The gel layer is of decisive importance for
the performance of a glass electrode as it is the layer that interacts with

the hydrogen ions in the sample solution.

Upon hydration of a glass electrode, hydrogen ions in solution exchange
Wwith the sodium in the glass to set up a gel layer. As the H* ions permeate
the gel layer and the lattice structure of the glass electrode, the anionic
field strength within the electrode is lowered, allowing sodium ions to

diffuse from the glass and the gel layer into the sample solution.

The hydrated glass electrode has two gel layers. The inner gel layer
interacts with the internal buffer solution which has a constant hydrogen
ion activity and hence potential. The outer gel layer interacts with the
hydrogen ions in the sample solution; consequently, the difference between
the two potentials (boundary potential) is a function of the pH of the

solution.
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In solutions containing very low hydrogen ions (pH29), the hydrogen
ions comprising the gel layer can be exchanged with alkali metals from the
solution. Some glass membranes respond to charged alkali metals (e.g. Na*)
under high pH conditions. The exchange of alkali metals (alkaline error)
with the gel layer under these extreme conditions cause lower pH values (up
to 0.3 pH).

The thickness of the gel layer increases with decreasing temperature
because the hygroscopicity of the glass increases with decreasing
temperature. The result is a change in the anion field strength and probe
response. Under fluctuating temperatures, the gel' layer has to establish a
new equilibrium with the glass before an accurate pH measurement can be
made. Instability of the gel layer leads to sluggish electrode response.
The effect of temperature on the gel layer demon_str'ates the need to
stabilize the glass electrode by keeping the temperature of the buffer

solutions, the sample solution(s), and the glass electrode uniform.



14

5. FIELD METHODOLOGY

5.1 SAMPLE COLLECTION

To minimize the interaction of atmospheric CO, with the sample
solution, the sample container should be filled to exclude air. Rinsing the
sample container prior to collection will also help to avoid contamination.
pH measurements must be performed within a few hours of collection or stored
in a cool dark environment to minimize the effects of biological activity on
the sample. Planktonic respiration produces CO, (and concomitantly carbonic
acid) which will lower the pH of the sample. ‘Photosynthesis by phytoplank-
ton is not a concern if the samples are stored in the dark prior to
analysis. The post-sampling biological effects on pH are more of a concern

in eutrophic lakes because of the higher plankton biomass.

5.2 TEMPERATURE EFFECTS

Temperature is a very important consideration in the determination of
pH because it affects the hydrogen ion activity in the buffer and sample
solutions, the hygroscopicity of the glass electrode, and the thickness of

the gel layer.

Lower solution temperatures reduce the activity of the hydrogen ion,
causing higher pH readings. The effect of temperature on a typical buffer
is summarized in Table 1. It must be emphasized that pH electrodes measure
the hydrogeh ion activity, not hydrogen ibn concentration, consequently,

buffer readings must be adjusted for temperature.

Lower temperatures increase the hygroscopicity of the glass electrode,
which in turn increases the thickness of the gel layer. The gel layer may
take 15-30 minutes to reach equilibrium when the temberature is changed
significantly (20 + 5°C). pH measurements should not be taken until the gel

layer has reached equilibrium.
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The increased thickness of the gel 1layer raises the electrical
resistance of the glass, which reduces the response time of the electrode to
the sample solution. If the electrical resistance of the electrode exceeds
the electrical outpﬁt of the meter, no pH reading can be made by the meter.
Glass electrodes, developed for use in cold environments, use low electrical
resistance glass to compensate for the effect of low temperatures on the

electrical resistance of the glass electrode.

Hydrogen ion activity declines by approximately 0.01 unit for each 1°C
increase in temperature. Thus a sample measured in the laboratory (25°C)
will be approximately 0.2 units lower than measurements of the same sample
in the field at 5°C (e.g., during winter or in the hypolimnion of a lake).
During the summer, when the ambient air temperatures exceed the water
temperatures, the glass electrode should be allowed to equilibrate to the
water temperature for at least 15 minutes or until the read out is stable.
The probe and solutions must be shaded from the direct sun to prevent

temperature changes of the test solution during measurement.

Winter sampling poses more difficult problems. Ambient air and water
temperatures may be sufficiently cold to inactivate the glass electrode.
Samples must be taken to a field laboratory to warm the electrodes and
solutions to operating temperatures. Winter sampling may require special-
ized electrodes. Most suppliers offer a low-temperature glass electrode
which are suitable for use to -30°C. A special reference electrolyte will

be required for measurements below -10°C (the freezing point of 3M KCl).

The Equithal combination electrode from Ingold Electrodes utilizes a
different internal buffer solution which allows a very short response time
even when there is a large temperature difference between the electrode and
the sample solution, These electrodes are more expensive, but may be

desirable under certain field conditions.
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Gel-filled reference electrodes are becoming more common, and dry
storage can be harmful since the aperture can dry out completely. If the
gel becomes dry it may be rehydrated by immersion in a concentrated KCl
solution over night. Otherwise there may be an altered liquid junction

potential giving rise to unstable readings.

Most manufactures of gel-filled reference electrodes recommend storage

in concentrated KC1l.

5.5 ELECTRODE REGENERATION

The slope of a glass electrode is a measure of the actual response to
hydrogen ion activity (E) versus the theoretical response (EN calculated
using Nernts's equation (Section 4)). The slope is calculated by (E/EN) X
100. New electrodes should have a slope greater than 98% while old probes
should not be used if the slope is lower than 95%. Contamination of the gel
layer on the glass electrode or changes in the liquid junction potential are
the principal reasons for the reduced slope. The regeneration of the gel
layer and the liquid junction potential varies from probe to probe. Check
the manufactures specifications and procedures. Some of the more common

procedures are outlined below.

Regeneration of the gel layer usually involves immersion of the glass
electrode in dilute strong acid (e.g. HCl) for a several minutes. Exposure
of the électrode to the dilute acid dissolves some of the aged gel layer.
Remove and rinse the electrode, before storing it.for zu hours in a normal
storage electrolyte solution. Recalibrate the electrode before using it

again.

The most common problem with refenence electrodes is zero¥point drift,
which is a change in the liquid junction potential. The most common causes
of zero-point drift are the reference electrolyte becomes contaminated by an

ingress of dirt or sample solution, the liquid junction becomes plugged or
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contaminated with KC1, AgCl, or AgS precipitates, or the silver chloride has
become stripped from the lead-out wire. Regeneration of the reference
electrode consists of renewing the reference electrolyte and cleaning the
contaminated 1liquid junction. Check the owners manual for specific
instructions of the cleaning procedures for the reference electrode. The
stripping of silver chloride from the lead-out resulting in unstable
readings, is caused by the use of an incorrect electrolyte. Replacement of
the lead-out is a very expensive and complicated procedure, which makes

replacement of the electrode more practical.

Regenerated glass and reference electrodes with a slope of less than

95% are beyond further regeneration and should be discarded.
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6. STANDARDIZATION OF PROCEDURES

6.1 LITERATURE

pH is a major determining factor in the yield of a chemical process,
the rates of growth of organisms, and the solubility of metals. Measure-
ments to determine the effect of pH on these processes from one sample to
another have to follow strict guidelines to be comparable with a high degree
of reliability. A study by Davison and Gardner (1985) emphasized the need
for standardization of procedures in determining pH. 1In their study, ten
participants gathered at one 1location to compare field and laboratory
measurements of the pH of quiescent solutions in natural waters and dilute

acids.

Interlabdratory testing at one site showed that standard deviations of
measurements on dilute acids and natural waters were generally less than
0.05 pH, and maximum possible bias errors were not usually larger than
0.1 pH. As 95% of all determinations will be within two standard deviations
(s.d.) each side of the mean, the maximum error associated with a single
measurement of pH will be +0.2 pH (biés error + 2 s.d.). These results were
obtained by laboratories which had been supplied with recommendations
regarding equipment and procedures. Focusing_of attention on points of
detail, and participation in a programme of testing, is sufficient to bring
about improvements in accuracy. Therefore, despite any problems caused by
the unfamiliar circumstances of the bias tests, the estimate of a total
laboratory error of #0.2 pH is a reasonable assessment of the accuracy which

might be achieved routinely when commercial equipment is used.

For field measuréments, precision and bias errors were much worse (up
to 1 pH unit), apparently because of increased operator error and poor
equibment performance (Davison and Gardner, 1985). Eléctrical equipment
marketed specifically for field use can be pfone to humidity problems in
rain, and the electrodes are selected because of their rugged construction

rather than their proven performance. Because pH instability due to CO,
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diffusion enroute to the laboratory, is a recognized problem, high quality
field measurements are desirable. In principle, the use in the field of
laboratory-grade equipment and well defined analytical procedures should

provide the necessary accuracy.
Davison and Gardner (1985) made the following conclusions:

"Considerable bias errors may be due to the preparation of standards,
as well as inaccuracies associated with the actual measurement.
Undoubtedly, care in the selection and initial testing of electrodes will
improve the quality of results. Most important, however, is the unambiguous
description of preparation and measurement procedures, and the adoption of
routine analytical quality control. The quality of pH data, like those from
any other analytical determination, will be greatly improved by strict
adherence to a rigorously defined proven routine. Although implementing a
programme of quality control will decrease errors, it will not ensure the
accuracy of the determination.” .

The recommended procedures for determination of pH using a glass and

reference electrode is outlined in Section 7.

6.2 FIELD AND LABORATORY COMPARISONS

Laboratory and field pH measurements cannot be taken under the same
conditions, consequently they are not expected to be the same value.
Laboratory measurements from the Environmental Laboratory are assunmed to be
taken at 1 atmosphere, 22°C, and in equilibrium with atmospheric carbon
dioxide. Field pH measurements are taken at ambient temperatures and carbon
dioxide concentrations. Altitude and primary productivity- can depress
carbon dioxide concentrations, while ambient temperatures can be as much as
22°C 1lower, Decreased ambient temperatures and carbon dioxide
concentrations encountered in the field will cause higher pH measurements

©

when compared to the laboratory measurement.
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Field pH data determined by a combination glass electrode, pH paper,
Hach and Taylor colour comparitors, Surveyor 8000 Hydrolab, and a new
relatively inexpensive product, the pH pocket pen were compared to the pH
values determined by the Environment Laboratory. The differences betwéen
field pH values and Environmental Laboratory pH values are listed in Tables
3 and 4,

Results show the pH pen to have the lowest average and maximum
difference. These results may be misleading due to the small sample size
and the fact that the pH measurements were taken in the laboratory rather
than in the field. The pH pen would certainly be adequate for general, less
specific pH measurements (e.g. detection of écid mine drainage). Of the
methods commonly used in the field the portable Hydrolab (Surveyor 8000)
displayed the 1lowest average and maximum difference. The new Applied
Microsystems Aquamate is expected to have a similar error as it uses the

same pH electrode system.

Differences for the combination glass electrode were slightly higher
than the differences of the portable Hydrolab. The differences for the Hach
and Taylor colour comparitors were 0.2 or 0.1 pH units higher than the
average difference of the Hydrolab, and between 0.6 and 0.9 pH units higher
than the maixmum difference of the Hydrolab, respectively. The largest
deviation between field pH data and lab pH data was found in results
determined by the pH paper¥*, The field pH data measured with the paper
showed a 1.2 pH unit average difference from the lab data and maximum

differences as large as 2.7 pH units.

A correction factor of 0.01 pH unit was added for every 1°C difference
between laboratory temperature (22°C) and the recorded field témperature to
allow for temperature induced pH change (Table 4). Comparison of the
results show that the addition of'the temperature correction factor did not
affect the differences between the field pH data and the laboratory pH data.

¥Brand name = ColorpHast sticks
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The difference between the field and laboratory pH data were plotted as
a funetion of the laboratory pH (Figures 7 through 11). Figure 7 summarizes
the field pH data collected with a Hach kit. The majority of the Hach field
pH determinations were less than the laboratory pH, and there was no visual

pattern in the variation.

The field pH measurements collected with the ColorpHast pH paper were
typically less than the laboratory pH, and there was a distinect increasing
bias with increasing pH (Figure 8). These results indicate that the pH

paper products are not suitable for field pH measurements.,

Field pH measurements collected with the Taylor Comparitor (Figure 9)
were usually less than the laboratory pH measurements. There was a general
trend for the Taylor Comparitor to overestimate the acid pH measurements,
and underestimate the neutral to alkaline field pH measurements. The
discrepencies with the Taylor Comparitor were not as drastic as the pH
paper, but are sufficiently high as to cause concern regarding the

technique.

The combination glass electrode produced field pH measurements that
were generally less than the laboratory pH measurements (Figure 10), but no
distinct pattern was observed. The Hydrolab (which uses a combination glass
electrode) had field pH analyses equally on both sides of the laboratory pH

(Figure 11). There was no clear trend in the Hydrolab data.

Based on the results presented, the field pH measurements were usually
below the 1laboratory 'pH results. The field and laboratory measurements
should be routinely compared to provide a check for both procedures.
Idealy, the field pH measurements should be slightly higher than the
laboratory measurement. Field procedures producing measurements less than,
or 0.5 units higher than the equivalent laboratory measurement should be

documented and investigated.
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7. PROCEDURE FOR pH MEASUREMENT

The following procedure is adapted from those suggested by Bates (1973,
pp. 422) and the Department of Biology at Simon Fraser University. It is
deéigned to ensure a high degree of accuracy with the unusual conditions in
the field. However, the optimum procedure may vary in detail with the
application and the reduired accuracy (see Bates, 1973). For example,
locating acid mine drainage at a mine site requires a pH probe capable of
differentiatiﬁg PH 4 from pH 7. Accuracy to 0.1 pH units is not required
for this application. 1In contrast, very accurate field pH measurements are

required to calculate calcite saturation indicies in marl lake.

. 7.1 PREPARATION

Allow the instrument to warm up thoroughly. If the electrodes have
been stored dry, soak in 0.1 M HC1 for 2 hours, rinse thoroughly and soak in

pPH 4 buffer, replacing with fresh buffer periodically, until drift stops.

For reference electrodes with liquid electrolyte, check that the

reference electrode is filled and the filling hole is uncovered.

Buffers, sample solutions, wash water, and electrodes should be brought
to within 2°C of each other. The electrode temperature can be adjusted by

immersing for 10 minutes in a large volume of water having the desired
temperature.

All the pH measurements should be taken under quiescent conditions to

eliminate error caused by residual 'streaming potential (McQuaker et al.
1983).

Standardization

1. Set the temperature compensation dial to temperature of standard and
test solutions.
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Choose 2 standard buffers whose pH's differ by about 2-3 pH units and
which bracket the estimated pH of the sample solution, Use the buffer
nearest pH 7 for calibration ("calibration buffer") and the other for

adjusting slope ("slope buffer").

Rinse electrodes and remove adhering drops with adsorbant tissue without

touching the glass membrane.

Immerse reference and glass electrodes in thevcalibration buffer. The
entire glass membrane of the glaSs electrode should be immersed. Do not

allow it to touch the beaker.

Set function switch to M"pH". Set mode switch to normal range (not

expanded scale). Some meters have only one operating range.

Observe the pH. If present, use the mirror behind the indicating needle
to prevent parallax error (align the needle and its reflection by moving

your head).

Allow drift to decrease to less than 0.005 of a pH unit per minute.
This may require several minutes if the electrodes have just been

soaking in distilled water.

Adjust the calibration knob until the meter indicates the correct pH of
the buffer solution at the temperature of the solution (usually room

temperature).

Set function switch to '"stand-by", remove electrodes and replace

solution with fresh standard buffer. Do not rinse or blot electrodes.

Re-insert electrodes, set switch to "operate" and allow drift to stop

(about a minute).
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11. Repeat steps 9-10 until the reading is within 0.02 pH units of the
' correct pH for 2 successive portions of buffer. If several portions
are needed the electrodes may not have been initially at the same

temperature as the standard.

12. Set meter to "stand-by", remove €lectrodes, rinse briefly, remove adher-
ing drops and place in the second "slope buffer" solution. Note the pH
after drift is negligible (<0.005 unit/min). This should take about a

minute.

13. Compare this pH with the correct pH at the'temperature of the measure-
ment. Normally the difference should be <0.02 unit. If much greater
than this the electrode or meter may be malfunctioning. Small errors in
slope can be corrected by adjusting (1) the slope control if present, or

(2) the temperature compensator control.

14, Repeat steps 12 and 13 with additional portions of the second standard

until successive readings agree within 0.02 unit.

For occasional pH measurements the pH assembly should be restandardized
each time. If a series of test measurements are to be done, check the
standardization between the first several measurements. If agreement is
within 0.02 pH unit, then standardization can be checked less frequently.
This will depend greatly on the nature of the test solution. Solutions of
some biological materials leave a deposit on the electrode which makes it

necessary to wipe the electrode frequently (as in step 3) and restan-

dardize.

7.2 DETERMINING pH - NORMAL PROCEDURE

15. If a weakly buffered solution, such as low ionic strength fresh water,

is to be tested see special procedure below (Section 7.3).
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Set function switeh to "stand-by", rinse electrodes well but briefly
with distilled water, then remove adhering drops with a tissue without

touching the glass membrane.
Fill a cup with a portion of the test solution and obtain a preliminary
reading of the pH. Repeat without rinsing electrodes until pH is repro-

ducible to +0.02 unit and drifts less than 0.005 unit per minute.

If you are planning more measurements, see the discussion after step 15

and restart either at step 3 or step 15.

DETERMINING pH: LOW IONIC STRENGTH SAMPLES (<200 uS/cm)

i) Glass and reference electrodes should be designed for low ionic
strength conditions. - Innovative Electrodes of C(California have
developed a gel-filled reference electrode for use on the Hydrolab
and Applied Microsystems multiprobe units which are adequate to
50 uS/cm. Special liquid filled reference electrodes are available
from Innovative Electrodes for low ionic solutions £ 50 uS/cm.
Ingold Electrodes Ltd.! is one electrode company specializing in low

ionic strength combination electrodes for laboratory use.

ii) Low ionic strength buffers should be used, which can be made up

using the procedures in‘Section 2.

Follow procedure of steps 15-16 except:

a)

b)

rinse electrodes additionally with a portion of the test solution.

repeat until drifts are less than 0.05 unit/min and successive portions

agree within 0.1 unit.

1

261 Ballardvale Street, Wilmington, MA 01998, 617-658-7615
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8. CONCLUSIONS

A combination pH electrode works by exchanging sodium or lithium ions
with hydrogen ions in solution through an intermediate gel layer associated
with the glass electrode. A boundary potential is generated in the glass
electrode which is proportional to the hydrogen ion concentratioh of the
sample solution, The boundary potential of the glass electrode when
compared to the‘liquid junction potential of the reference electrode will

provide an accurate estimate of the hydrogen ion activity in solution.

The care and storage of glass and reference electrodes is critical to
maintain the life and accuracy of the electrodes. Typically the glass and
reference electrodes should be stored in the reference electrolyte or, in
the case of gel-filled reference electrodes, in concentrated KCl. Glass
electrodes should be stored dry for long periods, while referénce electrodes

should always be stored in the reference electrolyte.

Glass and reference electrodes should be reconditioned when the
electrode response to 1 pH unit decreases below 95% of the theoretical

response. If the reconditioned response is below 95% the probe should be
discarded. |

Low temperatures increase the thickness of the gel layer which slows
the sodium to hydrogen exchange. As a result, the electrical resistance of
the glass electrode increases and response of the electrode to the hydrogen

“ion activity is slowed. Sample solutions in winter should be warmed to the
temperature‘ of the buffers and electrode in a field lab to obtain an
accurate reading. The pH taken in the field lab can be corrected to ambient

temperature by adding 0.01 pH unit per °C increase.

The liquid junction potential of the reference electrode is influenced
by low ionic strength solutions. Low ionic strength pH buffer 4 should be
used to eliminate potential 1liquid Junction error when the specific
conductance of the sample solution in below 200 uS/cm. Special reference
electrodes should be used when the specific conductance of the sample
solution is below 50 uS/cm.
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FIGURE 2: Structure of a Typical Combination pH Electrode



32

wheatstone bridge

reference electrolyte

D

internal buffer solution

A = Potential on outer surface of membrane, dependent on the pH value of the

sample solution.

B = Asymmetry (bias) potential, being the potential of the glass membrane with
jdentical solutions and lead-out systems on each side of it. B is
determined by the thickness of the glass membrane and by its manufacturing
process.
= Potential on inner surface of glass membrane, depending on the pH value of
the internal buffer solution.
[) = Potential of the internal Ag/AgCl Tlead-out electrode, dependent on the
ac)~ value of the internal buffer solution.

= Reference electrode potential, dependent on the ac)- value of the
reference electrolyte.

F = Diaphragm or diffusion potential.

FIGURE 3: Electrical Potentials Associated with a pH

Combination Electrode
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FIGURE 4:
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© Na*

Lattice Structure of the Glass Electrode
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gel layer
app.1000 A
(= 10-4 mm)
internal solution membrane glass (0.2-0.5mm)
(conc. KCI)

FIGURE 6: Schematic Illustrations of the Structure of

a Glass Membrane
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as a function of laboratory pH



FIELD pH - LAB pH

.=-0.2

33

TAYLOR COMPARITOR

1
>

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0 A P
-0.1

>
>
>

LR AL
>
o
>
@
>op
O
>

P
b

+

>
oo»>»>»
»O>
>ow
> >0
>

-0.3
-0.4
-0.5
-0.6
-0.7
-0.8
-0.9
-1.0

-1.1
-1.2
-1.3
-1.4
-1.5
-1.6
-1.7
-1.8
-1.9

@ >
> >
O0o>»

o »>»>r>3P
DoO>P®
P m>>wn

>m>Mm
>»>» » »r»m

T T 1T 1T T 1T 1T T1T°1
>>rm

>

o> m>>w

DOTWP>>P>OP
O

> > >

[s)

UL
lw]
>

LI

1 L1 1 1 i 1 | 1 1 1 | 1 1 1 1 1 1 1 1
6.0 62 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 B2 84 86 88 9.0 9.2 9.4 9.6 9.8
: LABORATORY pH '

Figure 9: Difference between Taylor Comparitor tield pH and laboratory pH as a function of iaboratory pH



FIELD pH ~ LAB pH

0.8

0.7

0.6

0.5

0.3

0.2

0.1

0.0

-0.1

-0.2

-0.3

-0.5

-0.6

-0.7

-0.8

-0.9

-1.0

39

HYDROLAB 8000

- A
- A A
- A A
A C A A
- A A
- A B A A
- ABC A
—6—B—* A
= EC A A A
~ A BB AD
A B F
- A B AB A
- A c
- A A
B A
- A
1 1 1 1 1 | S | 1 1 1 1 1 1 1

6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8. 9.0 9.2 9.4 9.6
LABORATORY pH

Figure 10: Difference between Hydrolab field pH and laboratory pH as a function of laboratory pH



FIELD pH - LAB pH

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

]
o
-

1
e
)

-0.4

~0.5

-0.8

-0.7

-0.8

-0.9

40

COMBINATION GLASS ELECTRODE

as a function of laboratory pH
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TABLE 1

Temperature °C Phthalate Phosphate Borate
0 4,01 6.98 9.46
5 4,00 6.95 9.39
10 §.00 6.92 9.33
15 4,00 6.90 9.27
20 4,00 6.88 9.22
25 4,01 6.86 9.18
30 4,01 6.85 9.14
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TABLE 2

CHARACTERISTICS OF SOME COMMERCIAL ELECTRODE GLASSES AT 25°C

Designation of Glass Composition of Glass Regigiznce
or Electrode (megohms)
Beckman E2 Li,, 0, BaO, 8i0, 375
Beckman General Purpose Li,0, BaO, SiO, 150
Beckman Amber Li,0, BaO, SiO, 550
Cambridge Standard Na,0, Ca0, SiO, 87
Cambridge Alki Li,0, BaO, SiO, 560
Corning 015 Na,0, Ca0, SiO0, 90
Doran Alkacid Li,0, BaO, SiO, 200
Electronic Instruments GHS Li,0, Cs,0, Si0, 200
Ingold U - 250
Ingold T - 140
Ingold UN Li,0, SiQ, 30
Jena H -- 105
Jena U -- 30
Jena HT -- 800
Jena HA -- 290
L & N Blue Dot Na,0, Ca0, SiO, 50
L & N Black Dot Li, 0, La,0,;, SiO, 70
L & N White Dot Li,0, La,0,, SiO, 250
Lengyel 115 Li, 0, BaO, UO,, SiO, 15
Metrohm ﬁ Li,0, BaO, SiO, 1400
Metrohm X Li,0, Ca0, SiO, 100
Metrohm U Li,0, BaO, SioO, 500
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TABLE 3

DIRECT COMPARISON OF FIELD AND LABORATORY pH DATA

Method No. of Average Standard [Median 90th Maximum
‘ Records|Difference¥Deviation Percentile{Difference
Combination 415 0.4 0.24 0.4 0.8 1.0
Glass Electrode
HACH Comparitor 55 0.4 0.34 0.4 0.8 1.6
ColorpHast 118 1.2 0.58 1.2 1.9 2.7
Sticks
Taylor Comparitor 189 0.5 0.34 0.4 0.9 1.9
Hydrolab 83 0.3 0.20 0.2 0.5 1.0
Hach Pocket Pen Lo 0.135 0.14 0.1 0.3 0.5
%¥absolute difference between laboratory pH and field pH.
TABLE U4
COMPARISON OF FIELD AND LABORATORY pH DATA AFTER
CORRECTING FOR TEMPERATURE DIFFERENCES
Method No. of| Average [Standard |Median 90th Maximum
Records |Difference*|Deviation Percentile|Difference*

Hach Comparitor 52 0.4 0.34 0.4 0.8 1.7

ColorpHast 116 1.1 0.59 1.1 1.9 2.8

Sticks

Taylor 179 0.5 0.33 0.4 0.9 2.0

Comparitor '

%¥absolute difference between laboratory pH and temperature corrected

field pH.
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APPENDIX 1

Anion/Cation Balance in Fresh Water
(from Riehl, 1971)

The accuracy of an analysis may be estimated by comparing the sum of
the milliequivalents per litre (me/L) of the positive radicals {cations)
with the sum of the milliequivalents per litre of the negative radicals
(anions). In a perfect analysis they would be exactly the same. The

percentage of error may be figured readily by the Stabler formula:

e = IP~rn + 400 e = percentage of error
rp+rn rp = sum of me/L of positive radicals
rn = sum of me/L of negataive radicals .

The milliequivalts per litre are determined as follows:

me/L = mg/L of element or compound y
(found by analysis)

Valence

Atomic Weight
Conversely, if results are expressed as milliequivalents per litre,

milligrams per litre are determined as follows:

mg/L = me/L X Atomic Weight

Valence

The following table shows the coefficients for converting milligrams

per litre (mg/L) into milliequivalents per litre (me/L):

Positive Radicals

mg/L Calcium (Ca) X 0.0499 = me/L
mg/L Magnesium (Mg) X 0.0823 = me/L
mg/L Sodium (Na) X 0.0435 = me/L
mg/L Potassium (K) X 0.0256 = me/L
mg/L Manganese (Mn) x 0.0364 = me/L
mg/L Hydrogen —  (H) x 0.9921 = me/L
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Negative Radicals

mg/L Carbonate (Co,) X 0.0333 = me/L
mg/L Bicarbonate  (HCO;)™ x 0.0164 = me/L
mg/L Sulphate (80,) x 0.0208 = me/L
mg/L Chloride (c1) x 0.0282 = me/L
mg/L Fluoride (F) x 0.0526 = me/L
mg/L Nitrate (NO,) x 0.0161 = me/L

The following table shows the coefficients for converting me/L into

mg/L.

Positive Radicals

me/L. Calcium (Ca) x 20.04 = mg/L
me/L Magnesium Mg) x 12.16 = mg/L
me/L Sodium (Na) X 23.00 = mg/L
me/L Potassium (X) X 39.10 = mg/L
me/L Manganese (Mn) X 27.46 = mg/L
me/L Hydrogen (1) x 1.01 = mg/L
Negative Radicals

me/L, Carbonate (CO,) X 30.00 = mg/L
me/L. Bicarbonate (HCO,) x 61.01 = mg/L
me/L Sulphate (s0,) x 48.03 = mg/L
me/L Chloride (C1) X 35.U46 = mg/L
me/L Fluoride (F) x 19.00 = mg/L
me/L Nitrate (NO,) X 62.01 = mg/L

Reporting results in terms of positive and negative radicals does not
always satisfy the layman for it gives him a hazy impression of the
composition of the water; therefore the results may be reported according to

a graphic scheme or a possible hypothetical combination.

*Bicarbonate alkalinity expressed as 1.22 X (T-2 Phenothaline Alkalinity)
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Graphic Scheme

Graph the milliequivalents/L using the following conventions. The
length corresponding to the calculated milliequivalent is graphed in two
coiumns, the catiqns in the first column and the anions in the second. The
anions and cations should be arranged according to a recognized system of

pairing. Use the order of positive and negative radicals outlined

previously.

The graph provides a visual assessment of the ionic pairs, and anion/-

cation balance which is a fundamental requirement in any freshwater study.
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Executive Summary

This report describes the analytical precision of two methods of measuring pH—the Orion Ross
combination pH electrode method and the Metrohm automated electrode method—in ambient
water samples. The study involved:
+ a comparison of precision measurements for each method to the Long Range
Transport of Air Pollutants (LRTAP) interlaboratory acceptable error values, and
to the U. S. Environmental Protection Agency intralaboratory precision objective;
+ an evaluation of the effect of calibration methods on analytical variability;
+ an evaluation of the change in reported pH values over time;
« an evaluation of the interaction between the sample and the atmosphere and it’s
effect on pH variability; and
« an evaluation of the data management methods for reported pH values.

Ionic strength of ambient water quality samples determines the analytical procedure used to
measure pH. We recommend that: '

« the Orion Ross combination pH electrode method be used with the 60-mL
syringe sampling method for data required to meet the LRTAP criterion for
interlaboratory acceptable error values or the EPA intralaboratory precision
objectives.

+ the conductivity of ambient water quality samples should be used to indicate
ionic strength. If the conductivity of ambient water quality samples is less than
1000 u S/cm, then the Orion Ross combination pH electrode method should be
used. The Metrohm automated electrode should only be used for high ionic
strength samples or when low ionic strength solutions have been used in the
calibration procedure.

- water samples be analyzed for pH as soon as possible to minimize changes in
pH values caused by gas exchange.

« reported values for pH using the two analytical methods be stored separately and
evaluated separately. '

« a data quality flag be associated with all values that were analyzed immediately
after the Metrohm automated electrode was calibrated.
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1 INTRODUCTION

The Lake Trend Monitoring Program has used two analytical methods for measuring pH in
ambient water samples and used two methods for collecting these samples. This report assesses
the analytical methods and sampling methods, and recommends how future measurements of pH
in ambient water samples should be sampled, analyzed, and stored in a database.

The purpose of the Lake Trend Monitoring Program is to assess the long-term effects of acid
deposition on water quality and aquatic life (Swain 1991). Ambient water samples are collected
monthly from four lakes located on Vancouver Island, one lake located on Saltspring Island, and
one lake located on the lower mainland of B.C. The Quality Assurance and Quality Control
(QANQC) sampling portion of this program includes samples containing de-ionized water and
ambient water. The de-ionized water is added to the 1-L sample bottle and sent to the laboratory
for analysis. Ambient lake samples are collected from the six lakes, with the use of a 1-L sample
bottle and a 60-mL syringe, and sent to the laboratory.

The monitoring program uses two analytical methods to measure pH (Dr. D. Jeffery, pers.
comm.).! The Metrohm automated electrode consists of a glass indicating electrode and a
platinum reference electrode. The electrodes are placed into the water sample and allowed to
stabilize (i.e., allows the sample to interact with the indicating electrode and allows the electrode
to compensate for the temperature of the sample) for ‘a fixed period of time. The pH value is
reported two minutes later. The electrodes are removed from the sample, rinsed in de-ionized
water, and placed in the next water sample for analysis. Calibration of the reference electrode is
done at the beginning of the day with solutions of pH 4 and 7. Samples with known pH values
of 4, 7, and 10 are used to verify the accuracy of the readings from the electrode. Analyses of
these samples are performed as required.

The Orion Ross combination pH electrode method is a manual method used to measure pH in
water samples. Two aspects of this method differ from the Metrohm automated electrode method.
First, the Orion Ross combination pH electrode method uses a stabilization period which varies
with each sample. Second, the calibration method for the Orion Ross combination pH electrode
is expanded to include pH 10.

Two methods of sample collection are used in this program. Water quality samples were collected
with a 1-L sample bottle and with a 60-mL syringe. The syringe was used to minimize the
amount of interaction between the sample and the atmosphere. These interactions may contribute
to the variability in reported pH values.

- Details of the two analytical methods and calibration method were provided by Dr. D. Jeffery
(Zenon Enviromental Laboratories) to Mr. G. B. Holms (Water Quality Branch) on September
17, 1991 and May 20, 1992.



2 EXPERIMENTAL DESIGN

A "repeated measures” design was adopted to compare the two analytical methods and two
sampling methods used for pH. This type of experimental design compares the difference
between values that are collected sequentially. The difference may be measured within a series
of values (e.g., the difference in pH values between sequential samples from a lake) or between
a series of values (e.g., the difference in pH values reported over time). This assessment
compared:

- the difference between reported values of pH from the two analytical methods,

- the variability in reported values of pH for each analytical method

(i.e., standard deviation was used to expressed variability),
- the difference in reported values of pH over time for each analytical method, and
- the difference between reported values of pH from the two sampling methods.

The difference between reported values of pH from the two analytical methods was evaluated
using a Student’s paired ¢-fest and the Long Range Transportation of Air Pollutants acid rain QC
interlaboratory criterion for acceptable error between reported values (0.25) (Arafat and Aspila
1990). The pH values reported by the two analytical methods are considered unique when the ¢-
test indicates that the differences are significant or when the difference exceeds the criterion.

The purpose of examining the variability within each analytical method was to determine the
randomness of the error measurement. The distribution characteristics (i.e., normality, kurtosis,
skewness) of repeated pH measurements were used to describe the variability in reported values
of pH for each analytical method. A normal distribution is characterized by a constant mean
value with no variability. If this is not the case, skewness and kurtosis are used to describe the
shape of the distribution of values. This type of variability was also examined in this report using
the U. S. Environmental Protection Agency intralaboratory precision objective (standard deviation
for replicate samples in a laboratory should be < 0.05 pH units) (Silverstein et al 1987) and
Grubb’s test for outliers (Taylor 1987). Values for pH reported by an analytical method are
considered unreliable when the standard deviation is not normally distributed, contains outliers,
or exceeds the objective.

A Student’s paired r-fest was used to evaluate the differences in pH values over time for ambient
water analyzed by the two analytical methods. Values for pH reported by an analytical method
are considered unreliable when the t-test indicates that the differences over time are significant.

The difference in reported pH values between the two sampling methods, for ambient water, was
evaluated using a Student’s paired #-fest. Values for pH reported by a sampling method are

considered unique when the r-test indicates that the differences are significant.

The purpose of using de-ionized water was to reduce the sources of variability in samples by

‘minimizing the interactions between ions within the sample and their effect on the reported pH

value. Buffering capacity of de-ionized water was not considered in the selection of this sample
medium. Ten de-ionized samples (collected on September 21, 1990, and reported in Table 1 and
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Figures 1 and 2) were used in these comparisons. The ionic strength of these samples and their
reported pH values were lower than for the samples from ambient lakes. Therefore, additional
ambient water samples were collected on four occasions to verify the results of the comparisons
made using de-ionized water: September 21, 1990 (Table 1, Figures 1 and 2), November 8, 1990
(Table 2, Figures 3 to 6), and February 14 and August 2, 1990 (Table 4, Figures 7 and 8).

Samples collected from Maxwell Lake on February 14 and August 2, 1990, were used to compare
the difference between sampling methods. These data are presented in Table 4 and Figures 7 and
8. "

A comparison between evaluations using the reported pH values and those using an antilog
transformation of the pH values indicated that the evaluations were similar. For clarity, the
presentation of the comparisons uses the reported pH values.

3 VARIABILITY IN REPORTED pH VALUES FOR DE-IONIZED WATER

In September 1990, ten 1-L samples of de-ionized water were opened, sealed, and labelled over
the course of the sampling trip: three samples at the start of the trip (labelled as "Sample 1 Day
1 Pre-Maxwell Lake"), four over the course of the sample trip (three samples were labelled as
"Sample 1 Day 2 Pre-Maxwell Lake" and one sample was labelled as "Pre-Maxwell"), and three
samples at the end of the sampling trip (labelled as "Sample 1 Day 1 Post Old Wolf Lake™). All
the samples were analyzed for pH using the Orion Ross combination pH electrode method and
the Metrohm automated electrode method. These samples were then re-analyzed three days later
using the Orion Ross combination pH electrode method. The pH values reported from these
samples were tabulated in Tables 1 and 3 and presented in Figures 1 and 2.

3.1 Comparison of Analytical Methods

The differences in pH values between the two analytical methods are shown in Table 1 and
Figure 1. Seven of the 10 samples reported higher values for pH when analyzed by the Orion
Ross combination pH electrode method than when analyzed by the Metrohm automated electrode
method.

The difference in pH values between the two analytical methods ranged from 0.055 to 0.623,
with a mean difference of 0.147 and a standard deviation of the differences of 0.17. A paired
Student’s t-test (p= 0.023) confirmed that the two analytical methods produced different results.

The LRTAP acid rain QC interlaboratory study lists an acceptable error of 0.25 between reported
values (Arafat and Aspila 1990). This value was applied to the difference between pH values
reported by the two analytical methods. In one sample, Sample 1 Day 2 Pre-Maxwell Lake, the
difference (0.623) between pH values reported by the two analytical methods exceeded the
acceptable error value. The influence of the difference between this one pair of pH values (6.268
measured by the Metrohm automated electrode and 5.645 measured by the Orion Ross electrode)
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was sufficient for the r-fest to conclude that the results from these analytical methods were
different.

3.2 Variability within Analytical Methods

The variability of pH values analyzed using the Metrohm automated electrode method (standard
deviation, 0.239) was greater than the variability in values analyzed using the Orion Ross
combination pH electrode method (Table 1). The latter showed very little variability (standard

deviation, 0.021). ‘

A Grubb’s test for outliers (Taylor 1987) identified the first value reported for the Metrohm
automated electrode method as an outlier (T 4, =2.665, probability of the value not being an
outlier : p < 0.1%).

The U.S. EPA intralaboratory precision objective (the standard deviation < 0.05 pH
units)(Silverstein et al 1987) was exceeded by values analyzed by the Metrohm automated
electrode method. Even after the outlier identified by the Grubb’s test was removed from the data
series, the variability (0.089) remained four times greater than that found using the Orion Ross
combination electrode method (0.021) and exceeded the U.S. EPA intralaboratory precision
objective (the standard deviation < 0.05 pH units). These facts suggest that the difference
between pH values reported by the two analytical methods is primarily a function of the
variability in values reported by the Metrohm automated electrode method.

The randomness of variability in pH values reported by each method was evaluated and presented
(Table 3, Figures 1 and 2). The pH values for de-ionized water analyzed using the Orion Ross
combination pH electrode method were normally distributed about the sample mean (p=0.44).
However, the shape of the distribution differed from that of a normal distribution (e.g., Bell
curve) by having more values occurring in the intermediate region of the distribution than near
the mean or tails (“platykurtic distribution"), and that the pH values for the intermediate region
were less than the mean of the distribution ("positively skewed"). Reported values for pH using
the Metrohm automated electrode method were not normally distributed about the sample mean
(p <0.01). This reflects the influence of the first sample analyzed. This distribution differed from
a normal distribution by having more reported values occurring near the mean and tails than in
the intermediate regions ("leptokurtic distribution”), and were positively skewed.

3.3 Variability over Time

The water samples were analyzed for pH using the Orion Ross combination pH electrode method
and then re-analyzed three days later (Table 1 and Figure 2). Reported pH values increased over
time (mean value Day 0, 5.62; mean value Day 3, 5.64) with a mean difference of 0.021 and
standard deviation of 0.017. The results of the z-fest indicated that pH values reported on Day
0 differed from those reported on Day 3 (p= 0.041).
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4 VARIABILITY IN REPORTED VALUES OF pH FOR AMBIENT LAKE WATER

Ambient water samples were analyzed for pH using the two analytical methods in 1990. A
sample was collected from each of the three lakes (Maxwell Lake, Stocking Lake, and Spectacle
Lake) in September, and 32 samples were collected from four lakes (Maxwell Lake, Stocking
Lake, Old Wolf Lake, Spectacle Lake) in November. The pH values reported from these samples
were tabulated in Tables 1 and 2 and are presented in Figures 3 to 6. The November series of
samples were re-analyzed by the Metrohm automated electrode to compare changes in pH values
over time. Six samples collected from one lake (Maxwell Lake) in February and in August were
used to evaluate the difference between the sampling methods. The pH values reported from these
samples are presented in Figures 7 and 8 and Table 4.

4.1 Comparison of Analytical Methods

A comparison of analytical methods was made using pH values from 1-L bottle samples. Values
for pH analyzed using the Orion Ross combination pH electrode method were consistently higher
than those analyzed using the Metrohm automated electrode method for samples collected in
September, November, and February. In August, values for pH using the Metrohm automated
electrode method were higher than those reported using the Orion Ross combination pH electrode
method. The difference in pH values between analytical methods for ambient lake samples ranged
from 0.215 to 0.528 in September, from 0.027 to 0.27 in November, from 0.08 t0'0.21 in August,
and from 0.011 to 0.147 in February.

The results of the 7-rest indicated that the pH values reported by the two analytical methods were
significantly different (November: p=0.0001, p=0.007; August: p=0.0012, February: p=0.0042).

The acceptable error of 0.25 between reported values, set by the LRTAP acid rain QC
interlaboratory study (Arafat and Aspila 1990), was approximated on one occasion in November
and exceeded on three occasions, twice in September and once in November.

4.2 Comparison of Sampling Methods

A preliminary comparison between pH values reported for the 60-mL syringe sample method and
those of the 1-L bottle sample method was done at each lake in November 8, 1990 (Table 2
Figures 3 to 6). In this comparison, pH values from eight 1-L samples were compared to one
value from a 60-mL syringe sample. The comparison showed that the pH from the 60-mL syringe
sample:
+ was approximated by the mean pH value reported using the Orion Ross
combination pH electrode method for 1-L samples collected in Maxwell Lake;
« was greater than those reported using either the Orion Ross combination
pH electrode method or the Metrohm automated electrode method for 1-L samples
collected in Stocking Lake and in Old Wolf Lake; and
» was greater than those reported using the Metrohm automated electrode
method and less than those reported using the Orion Ross combination pH electrode
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method in 1-L samples collected in Spectacle Lake.

The differences between pH values reported by the two sampling methods were greatest when
the samples were analyzed by both analytical methods (i.e., 1-L samples analyzed with the
Metrohm automated electrode method and 60-mL syringe samples analyzed with the Orion Ross
combination pH electrode method). The differences in pH values reported for 1-L bottle samples
analyzed by the Metrohm automated electrode method and 60-mL syringe samples analyzed by
the Orion Ross combination pH electrode method were similar to the differences reported
between analytical methods for samples collected in November and for de-ionized water samples
in September. These results indicate that sample method and analyzing method have a
compounding effect on the reported pH values.

The pH values reported for samples analyzed using the Orion Ross combination pH electrode
method were combined (eight values reported using 1-L sample method and one reported value
using the 60-mL syringe sample method) and presented in Figures 3 to 6. A Grubb’s test for
outliers (Taylor 1987) identified the value reported using the syringe sample method from
Spectacle Lake was an outlier (T 4, =2.31, risk of false rejection 5%). This preliminary
comparison indicates that the sampling method has an effect on pH values.

A second comparison of the pH values reported by the two sample methods is presented in Table
4, and Figures 7 and 8. This comparison evaluates pH values reported from replicate samples
using the two sample methods (1-L bottle samples and the 60-mL syringe samples). The
acceptable error of 0.25 between reported values, set by the LRTAP acid rain QC interlaboratory
study was exceeded by one value in August (0.27). This difference was between the value
reported for a 1-L bottle sample analyzed using the Metrohm automated electrode method and
the value reported for a 60-mL syringe sample analyzed using the Orion Ross combination pH
electrode method. The U.S. EPA intralaboratory precision objective (the standard deviation <0.05
pH units) (Silverstein et al 1987) was exceeded by 1-L bottle samples analyzed using the
Metrohm automated electrode method (standard deviation, 0.055) and by 60-mL syringe samples
analyzed with the Orion Ross combination pH electrode method (standard deviation, 0.063)
collected from Maxwell Lake in August.

The results of the paired Student’s ¢-fest concluded that:

» The pH values reported for 1-L bottle samples analyzed using the Metrohm automated
electrode method were different than those values reported for 60-mL syringe samples
analyzed by the Orion Ross combination pH electrode method (August
samples, p=0.0001; February samples, p=0.002).

« The pH values reported for the 1-L bottle samples and the two analyzing methods were
different (February samples, p=0.004; August samples p=0.001).

« The pH values reported for 1-L bottle samples analyzed using the Orion Ross
combination pH electrode method were similar to values reported for 60-mL syringe
samples analyzed using the Orion Ross combination pH electrode method in February
(p=0.11). The values reported by these sampling procedures were different in August
(p=0.023).
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In the two comparisons, a larger difference between pairs of pH values was observed when both
the sampling methods and the analytical methods were different. This difference is reduced when
the two sampling methods are analyzed using the Orion Ross combination pH electrode method.
The replicate sampling comparison indicated that the sampling method had a minor effect on
reported pH values compared to the analytical method.

4.3 Variability within Analytical Methods

A comparison of variability within analytical methods was made using pH values from 1-L bottle
samples. The variability within analytical methods was lower in samples analyzed by the Orion
Ross combination pH electrode method than in samples analyzed by the Metrohm automated
electrode method (Tables 2 and 4). Variability, expressed in terms of standard deviations, ranged
from 0.015 to 0.027 using the Orion Ross combination pH electrode method, and from 0.03 to
0.055 using the Metrohm automated electrode method.

The U.S. EPA intralaboratory precision objective for replicate samples analyzed in a laboratory
(standard deviation of 0.05 pH units) was exceeded by values from the 60-mL syringe samples
collected from Maxwell Lake in August 1990 and analyzed using the Orion Ross combination
pH electrode method. The objective was also exceeded by values from replicate 1-L bottle
samples collected from Maxwell Lake in August 1990 and analyzed using the Metrohm
automated electrode method. However, these results were reported to one significant figure rather
than two or three significant figures used for all the other analyses. For this reason the results
reported for replicate 1-L bottle samples collected from Maxwell Lake in August 1990 and
analyzed using the Metrohm automated electrode method have been excluded from this
comparison. Factors which could cause variability to exceed this objective are:
- the low ionic strength of the lake samples,
- the calibration methods of the electrodes, and
- the period of time the indicating electrode is exposed to the sample before a reading is
made (i.e., the time period is predetermined for all samples analyzed by Metrohm
automated electrode method, whereas this time period varies for samples analyzed by
the Orion Ross combination pH electrode method).

Ionic strength of a lake sample can be determined by the formula:

I=1/2 Z Z* (S;) where (S, is the molar concentration of S; and
Z; is the charge number of the ion.
or by measuring the conductivity of the sample.

The ionic strength of the lake samples (Old Wolf Lake, 2.54 x 10 - * moles/L or 36 u S/cm;
Stocking Lake, 3.55 x 10 “* moles/L or 38 u S/cm; Spectacle Lake, 5.45 x 10°* moles/L or 58
u S/cm; Maxwell Lake, 6.18 x 10"* moles/L or 60 u S/cm) were three orders of magnitude lower
than the ionic strength of the buffer solutions (pH 4, 0.5 moles/L or 4740 u S/cm; pH 7, 0.14
moles/L or 8290 u S/cm; pH 10, 0.116 moles/L or 6190 u S/cm) used to calibrate the electrode.
This difference may contribute to a lower pH value being reported by the electrodes in two ways.
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First, the hydrogen ions will not dissociate as freely when in a high ionic strength solution to a
weaker ionic strength solution. Second, time required for the sample to equilibrate may be greater
than the predetermined time that the sample is exposed to the indicating electrode when using
the Metrohm automated electrode method.

The method for analyzing pH in ambient water lake samples by the Metrohm automated electrode
method was modified between the September and November 1990 samples to reduce the
difference between the value reported for the first sample and those reported in subsequent
analyses. The method was modified by having two samples of de-ionized water analyzed before
each series of samples was analyzed by the Metrohm automated electrode method. The purpose
of the change was to extend the stabilizing period of the automated electrode after calibration.

A Grubb’s test (Taylor 1987) identified several outliers:
- the first samples analyzed using the Metrohm automated electrode method from Maxwell
Lake (T 5 , =2.24), Stocking Lake (T 4 , =2.00), and Old Wolf Lake
(T (s ,=2.00) in November 1990 at a 5% risk of false rejection;
- the sixth 60-mL syringe sample analyzed using the Orion Ross combination pH
electrode method from Maxwell Lake (T 4, =1.91) in August 1990 at
a 3% risk of false rejection; and
- the fifth 1-L bottle sample analyzed using the Metrohm automated electrode method
from Maxwell Lake (T ¢ , =1.83) in February 1990 at a 4 % risk of false
rejection.
The first set of outliers indicate that the modification to the method of analysis using the
Metrohm automated electrode method did not eliminate the bias on the first sample after
calibration. Only one pH value analyzed using the Orion Ross combination pH electrode method
was identified as an outlier.

The randomness of the variability in pH values reported by each analytical method was evaluated
(Table 3, Figures 3 to 6). The pH values analyzed using the Orion Ross combination pH
electrode method were normally distributed about the sample mean for ambient water from Old
Wolf Lake (p=0.30), Maxwell Lake (p=0.55), and Stocking Lake (p=0.63). The influence of the
fifth sample analyzed caused the distribution of water samples from Spectacle Lake (p=0.03) not
to be normally distributed about the mean. The distribution of these values showed more reported
values near the mean and tails than in the intermediate regions, and a pH value for the
intermediate region that was greater than the mean of the distribution ("negatively skewed").

Values of pH reported for ambient water from Old Wolf Lake (p=0.354) and Spectacle Lake
(p=0.646) analyzed using the Metrohm automated electrode method were normally distributed
about the sample mean. The pH values for ambient water from Maxwell Lake (p < 0.01) and
Stocking Lake (p=0.022) using the Metrohm automated electrode method were not normally
distributed about the sample mean. This is attributed to the influence of the first sample analyzed.
The characteristics of these latter distributions were similar to those observed using the Orion
Ross combination pH electrode method for Spectacle lake.
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The randomness of the variability in pH values reported, using the Metrohm automated electrode
for 1-L bottle samples and the Orion Ross combination pH electrode for 1-L bottle samples and
60-mL syringe samples, was shown in Table 5 and Figures 7 and 8. The variability of pH values
was normally distributed for all samples collected using:
- the 1-L bottle samples analyzed by the Orion Ross combination pH electrode
method (p=0.813, p=0.98);
- the 60-mL syringe samples analyzed by the Orion Ross combination pH
electrode method( p=0.680, p=0.22); and
- the 1-L bottle samples analyzed by Metrohm automated electrode method
(p=0.202).
Only the samples collected in August and analyzed using the Metrohm automated electrode
method were not normally distributed. A step decrease of 0.1 pH units in 1-L bottle samples was
observed between samples 1, 2, 3 and samples 4, 5, 6.

4.4 Variability over Time

The pH values in the November 1990 ambient lake water samples were measured by the
Metrohm automated electrode. Sample analyses were then immediately repeated to evaluate
changes over time (Table 2). The mean pH values were lower (mean difference values ranged
from 0.04 to 0.07 pH units) in the second series for all four lakes. The standard deviations either
increased over time (in samples from Maxwell Lake and Stocking Lake) or were similar over
time (in samples from Old Wolf Lake and Spectacle Lake).

Both series of samples analyzed were equal to or less than the U.S. EPA intralaboratory precision
objective (the standard deviation < 0.05 pH units).

The results of the ¢-fest indicated that pH values were significantly different over time in samples
collected at Maxwell Lake (p=0.0001), Stocking Lake (p=0.0001), Old Wolf Lake (p=0.0002),
and Spectacle Lake (p=0.038).
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5 CONCLUSIONS

Values for pH analyzed by the Orion Ross combination pH electrode method were higher than
those analyzed by the Metrohm automated electrode method in 7 of 10 de-ionized water samples
and in 42 of 47 ambient lake samples. The reported pH values for each method of analysis are
unique because:
- the differences between the values were significant; and
- the LRTAP acid rain QC interlaboratory study’s acceptable error between reported
values of 0.25 was exceeded by one de-ionized sample (10% of the de-ionized water
samples collected) and three samples (approximately 7% of the ambient lake samples
collected) from four lakes.

Reported pH values using the Metrohm automated electrode method are considered unreliable
because the data series contained outliers and the variability was high and not always random.
The first sample analyzed contributed a significant amount to this variability. Increased variability
in these samples is attributed to:

- the differences in ionic strengths between the low ionic strength lake samples and the

ionic strengths of the calibration solutions;
- the stabilizing period before measuring pH values; and
- the calibration procedures of the electrode.

Reported values for pH from 1-liter bottle samples using both analytical methods changed over
time.

Consistent trends were absent between pH values from the two sampling methods. The two
sampling methods are considered unique because:
- the differences between pH values from 1-L bottle samples and 60-mL syringe samples
were significant;
- the variability within analytical methods were different and exceeded the U.S. EPA
intralaboratory precision objective values (standard deviation <0.05 pH units); and
- the acceptable error of 0.25 between values, set by the LRTAP acid rain QC
interlaboratory study, was exceeded.
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6 RECOMMENDATIONS

Ionic strength of ambient water quality samples determines the analytical procedure used to
measure pH. We recommend that:

« the Orion Ross combination pH electrode method be used with the 60-mL
syringe sampling method for data required to meet the LRTAP criterion for
interlaboratory acceptable error values or the EPA intralaboratory precision
objectives.

« the conductivity of ambient water quality samples should be used to indicate
ionic strength. If the conductivity of ambient water quality samples is less than
1000 u S/cm, then the Orion Ross combination pH electrode method should be
used. The Metrohm automated electrode should only be used for high ionic
strength samples or when low ionic strength solutions have been used in the
calibration procedure.

« water samples be analyzed for pH as soon as possible to minimize
changes in pH values caused by gas exchange.

« reported values for pH using the two analytical methods be stored
separately and evaluated separately.

+ a data quality flag be associated with all values that were analyzed
immediately after the Metrohm automated electrode was calibrated.
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6.4
—f}——  Metrohm automated electrode method

-~ QOrion Ross combination electrode method

De-ionized water pH values, pH units

54

1 2 3 4 5 6 7 8 9 10
Order of analyses (over a 2 to 4 hour period)

FIGURE 1: Comparison of pH values analyzed by two analytical procedures
Samples collected September 21, 1390.

5.68
———e— Orion Ross combination electrode method (Day 3)

——  Orion Ross combination electrode method (Day 0)

De-ionzed water pH values, pH units.

5.58 T T T T T T T T
1 2 3 4 5 6 7 8 9 10

Order of analyses (over a 2 to 4 hour period)

FIGURE 2: Comparison of pH values analyzed over time
Samples collected September 21, 1990.
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—t—  Metrohm automated electrode 1-L bottle sample
——eo——  QOrion Ross combination pH electrode 1-L bottle sample

Orion Ross combination electrode 60-mL syringe sample
pH value (7.35)

Maxwell Lake pH values, pH units
~ ~
N o
[ 1

7.0

] ! 1 i L}

1 2 3 4 5 6 7 8
Order of analyses (over a 2 to 4 hour period)

FIGURE 3: Comparison of pH values analyzed by two analytical methods and two
sampling methods for Maxwell Lake samples, November 8, 1990.

73
<
o 7.24 §
=
: -
o
o
‘.g,’ 7.1 -
[ a7
> ——f— o i
-
[e4]
= 7.04 —— Metrohm automated electrode 1-L bottle sample
- ———  QOrion Ross combination pH electrode 1-L bottle sample
o . s .
£ Orion Ross combination electrode 60-mL syringe sample
§ pH value (7.26)
? 69 . . r ? T .

-

3 4 5 6 8
Order of analyses (over a 2 to 4 hour period)

FIGURE 4: Comparison of pH values analyzed by two analytical methods and two
sampling methods for Stocking Lake samples, November 8,1990.
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7.0

—t—— Metrohm automated pH electrode 1-L bottle sample
—eo— Orion Ross combination pH electrode 1-L bottle sample
Orion Ross combination electrode 60-mL syringe sample
pH value (6.92)

I ] 1] i 1
1 2 3 4 5 6 7 8
Order of analyses (over a 2 to 4 hour period)

Old Wolf Lake pH values, pH units

o
N
-

FIGURE 5: Comparison of pH values analyzed by two analytical methods and two
sampling methods for Old Wolf Lake samples, November 8, 1990.

7.4

7.3 4 * *

7.2

—f— Metrohm automated electrode 1-L bottle sample
—eo—— Orion Ross combination pH electrode 1-L bottle sample
Orion Ross combination pH electrode 60-mL syringe sample
pH value (7.20)
T ] L 4 | 1

1 2 3 4 5 6 7 8
Order of analyses (over a 2 to 4 hour period)

Spectacle Lake pH values, pH units

7.0

-y

FIGURE 6: Comparison of pH values analyzed by two analytical methods and two
sampling methods for Spectacle Lake samples, November 8, 1990.
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7.2

pH, pH units

6.9

——e&—— QOrion Ross combination electrode, 1-L. bottle sample
Orion Ross combination electrode, 60-mL syringe sample
—— Metrohm automated electrode, 1-L bottle sample

1

2 3 4
Sample Number (Routine and Replicate)

6

Figure 7: Values for pH reported for two sampling methods and analyzed using the
Metrohm automated electrode and the Orion Ross combination electrode
Sample date February 14,1990, Maxwell Lake

7.50 -

7.40

pH, pH units

7.30 ~

7.20

——e—— Orion Ross combination Electrode, 1-L bottle sample
Orion Ross combination electrode, 60-mL syringe sampler
——f&— Metrohm automatic electrode, 1-L bottle sample

1

] v I ] * §
2 3 4 5
Sample Number (Routine and Replicate)

6

Figure 8: Values for pH reported for two sampling methods using the Metrohm
automated electrode and the Orion Ross combination electrode

Sample date August 2, 1990, Maxwell Lake



"PROTOCOLS FOR
WATER QUALITY SAMPLING THROUGH ICE

by

Andrea Ryan
Environmental Monitoring Division
Monitoring & Systems Branch
Environment Canada

Introduction

The Water Quality Monitoring Network in the Pacific and Yukon
region is comprised of 58 stations located on rivers of federal
interest. Nineteen of these stations are designated as Federal, 18
are Federal-Provincial (operated under an Adgreement with the
Province of B.C.), and 21 are Federal-Territorial (operated under
an Agreement with the Department of Indian Affairs and Northern
Development) .

Samples at most of the sites are collected on a routine basis
(weekly, bi-weekly or monthly). The data is primarily being
collected to assess long term changes in water quality - ie. trend
assessment - but is also used for a variety of other purposes
(general surveillance, baseline data, water quality objectives,
emerging issues, etc.). :

Variables sampled under the program include immediates, major ions,
nutrients, physical variables, and a suite of total trace metals.

'The water quality sampling kits used contain a variety of bottles

of different sizes and materials which are specific  to the
variables in question. For open water sampling, a multiple sampler
which holds all of these various bottles is used. During winter,-
if the rivers stay open (or the ice is thin enough to break
through) the multiple sampler can still be used. At our sites in
Northern B.C. and the Yukon however, the ice is usually too thick
to use the regular procedure, and through-ice sampling techniques
must be employed. '

Summary of Through-Ice Sampling Procedures

The though-ice sampler consists of a 2 meter long plastic tube,
approximately 4 cm in diameter. At one end of the tube is a t-bar
handle (made of the same tubing): at the opposite end is a plastic
holder which accomodates a 2 litre polyethylene bottle. A length
of rubber tubing attached to the shaft of the sampler holds the
bottle in place during sampling. A No. 27 polyethylene stopper
attached to a cord is used to plug the bottle opening until it is
well below the ice surface and away from potential contamination.
(See Figure 1.)



The 2 litre bottle is lowered through a drill hole via the through-
ice sampler, and sample water collected from well below the lower
ice surface. During routine sample collection, two 2 litre bottles
are filled with sample water in this manner. This water is then
used to fill all of the kit bottles used for the different
variables. One of the 2 litre bottles is acid-washed, and used to
fill bottles for the metals variables. The other is "regularly"
washed (phosphate-free soap), and used to fill all of the other
variables bottles (those for immediates, major ions, nutrients, and
physical variables).

As in our protocols for open water sampling, the through-ice
sampling protocols stress the importance of minimizing the
possibility of sample contamination. Keeping the area around the
drill hole clean, allowing time for potential contaminants to be
flushed away from the hole before sampling, and exposing sampling
and kit bottles (both prior to and after sampling) to the open air
as little as possible are some of the main considerations. These
and other QA aspects to be considered are outlined in greater
detail in the formal "Sampling Through Ice" Protocol found in the
next section.

Figure 1. Through-Ice Sampler
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“"Sampling Through Ice' Protocol

Category: Field Sampling : [FS000004 .PR1]

Subject: SAMPLING THROUGH ICE

Effective Date: 01 September 1993

Protocol:

(1)

(2)

Always proceed with caution over ice and do not jeopardize
your safety. Check the ice for safety and thickness with a
rod or ice chisel every few steps. Ice over moving water can
be of varying thicknesses, and the strength of the ice cannot
be estimated from the apparent thickness near the shore. Be
aware that ice downstream of bridge supports may be thin as a
result of modified flow patterns and de-icing agents.
Honeycombed ice and areas over rapids should be avoided.
Always have someone accompany you, and carry a length of rope
to use as a life line. If the ice is unsafe, do not take a
sample. Never take unnecessary risks.

In preparation for measuring air temperature, remove cover
from field thermometer and place the thermometer in the shade,
preferably about 1 metre above the ground and away from any
vehicle, to minimize the heat influence from anything other
than ambient air temperature. Leave the thermometer for 5 -
10 minutes or for the time it takes to collect the water
samples. Measure the air temperature to the. nearest 0.5
degrees (°C), and record the value in its designated location
on the data card. '

(3) Winter sampling location should be as close aS'possible to the

(4)

(5)

location indicated on the site map. If sampling near a bridge,
the site should be far enough upstream to avoid contamination
from road salt. The site should be chosen where the water is
known to be deep to avoid stirring up bottom sediments and to
ensure that there is water flowing under the ice at your
selected spot. It is preferable to select a site where the
ice is sagging rather than bulging. The sampling location
used should be recorded in the "Remarks" section of the data
card. :

Clear loose ice and snow from sampling location, and drill
through ice with auger. Keep area around hole clean and free
of potential contamination (dirt from drill, boots, etc.).

Remove all ice chips and slush from hole, using a plastic
sieve. Wait several minutes for the water to flow freely
under the ice, allowing potential contaminants to clear.
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(6)

(7)

(8)

(9)

N.B.-

‘Load a clean 2 litre bottle marked AW (acid washed) into the

through-ice sampler. Remove the bottle cap, and insert stopper
with attached cord into the bottle opening. Lower the sampler
and bottle through the hole until it is clear of the bottom of
the ice surface, and into freely moving water. Remove the
stopper by pulling the cord, and allow the bottle to fill. For
the bottle to £ill in fast flowing water the sampler may have
to be held at different angles. Bring bottle back up and
replace the cap (do not rinse).

Repeat procedure outlined above, this time using the other
clean 2 litre bottle marked Reg (normal wash).

When both 2 litre bottles have been filled with sample, return
to vehicle. If in-situ pH and conductivity are to be
measured, refer to Protocols FS000012 and FS000013.

From the 2 litre bottle marked Reg, fill the bottles in the
kit that have red, green, yellow, white, and pink labels (ie.
all bottles except those with blue labels). Swirl the bottle
periodically during this procedure to ensure the sample
remains well-mixed.

Do not fill bottles with the RED labels from the 2 1litre

bottle marked AW. This 2 litre bottle has been washed with nitric
acid and could contaminate the sample in the 100 ml bottles with
red labels, which are analyzed for nitrogen compounds.

(10)

(11)

(12)

From the 2 litre bottle marked AW, fill the bottles in the kit
that have blue labels (ie. Teflon bottle for Mercury, 500 ml
polyethylene bottle for metals, and 100 ml polyethylene bottle
for Arsenic and Selenium ).

Record air temperature and place thermometer in sample bottle
labelled "FIELD" to equilibrate for at least 3 minutes.

Using the plastic gloves provided, add preservatives to those
samples which need preservation, being sure to match each
preservative with its similarly labelled sample bottle. Re-
cap bottles tightly, and shake those to which preservatives
have been added.

NOTE:Vehicle exhaust and cigarette smoke will contaminate water

samples - these should be avoided when bottles are open.

(13) Measure the water temperature within 5 minutes of sampling.
Read water temperature by holding the bottle and the
thermometer at eye level, and keeping the bulb of the
thermometer submerged in the sample. Record water temperature
in approprlate spot on data card.

N. Wade December 22, 1992 FS000004.PR1



Environment Canada - P&Y Region - Environmental Surveys Branch 5

(14)

(15)

(16)

(17)

Re-pack sampling kit, ensuring that glass bottles are
separated from one another by plastic bottles to prevent
breakage. Pack sponges in as tightly as possible to avoid
bottle movement.

Complete data card as per Protocol FS- 17. Make a note in the
"Remarks" section that the sample was collected through the
ice. Put data card back in its plastic bag, and pack it into
the sampling kit, along with the empty preservative vials.

Do not allow samples to freeze.

Send sampling kit back to the Conservation and Protection
(C&P) Laboratories on the same day that the samples are
collected. :

NOTE:Any deviations from this protocol must . be noted in the

"Remarks" section of the data card.

Samgling_Technigues:

If sampling kit cannot be sent to the lab on day of sampling,
bottles should be refrigerated overnight, and sent off the
next day. '

If regular sample is taken from a bridge and river ice is
thin, a hole of sufficient size to collect a sample (ie. with
the regular multiple sampler) may be broken by dropping a
weight attached to a hand line. g

If a bottle or cap is suspected of having been cohtaminated
rinse it thoroughly with river water, and make a note on the
data card.

Operational‘Responsibilityz

1.
2.
3.
4.

Sample Collector

Area Manager

‘Head, Operations Division
Head, Networks Division

Modification Approval and Justification:

01 September 1993 Amended to reflect use of clean acid washed

and normally washed 2 litre bottles.

N. Wade December 22, 1992 FS000004.PR1
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QUALITY ASSURANCE TECHNIQUES FOR ELECTRONIC DATA ACQUISITION!
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ABSTRACT: Electronic instruments are increasingly being used to
gather water quality data. Quality assurance protocols are needed
which provide adequate documentation of the procedures followed
in calibration, collection, and validation of electronically acquired
data. The level of precision of many data loggers exceeds the tech-
nology which is commonly used to make field measurements.
Overcoming this problem involves using laboratory quality equip-
ment in the field or enhanced quality control at the time of instru-
ment servicing. Time control procedures for data loggers are needed
to allow direct comparisons of data between instruments.
Electronic instruments provide a mechanism to study transient
events in great detail, but, without time controls, multiple loggers
produce data which contain artifacts due to timing errors.
Individual sensors deployed with data loggers are subject to differ-
ent degrees of drift over time. Certain measurements can be mea-
sured with defined precision and accuracy for long periods of time,
while other sensors are subject to loss of both precision and accura-
cy with increasing time of use. Adequate quality assurance requires
the levels of precision and accuracy be documented, particularly
those which vary with increasing time deployment.

(KEY TERMS: water quality; quality assurance; electronic acquisi-
tion; continuous monitoring; data logging.)

INTRODUCTION

Quality assurance of electronically acquired data is
a new challenge in the water quality field. The use of
data loggers capable of frequent, high precision mea-
surements of water quality variables offers many
opportunities for enhanced data collection. Ensuring
that electronically acquired data are of known quality
involves adapting standard quality assurance tech-
niques to new applications. Many applications chal-
lenge the limits of our current methods. The
development of adequate quality assurance protocols
for data loggers also includes data and method valida-
tion, and standardization of measurement techniques.
Some of the approaches being developed in our pro-
grams are described.

Environment Canada operates two electronic data
gathering sites in the Lower Fraser Valley of British
Columbia to allow the assessment of the effects of pre-
cipitation on water quality conditions in small
streams (Whitfield et al., 1993; Dalley, 1986) and
other transient events (Whitfield and Wade, 1992).
This project has as a general goal the development
and application of instrumentation and procedures to
allow water quality data to be gathered in an effective
and efficient manner. In support of this goal, instru-
mentation is being tested and evaluated, particularly
with respect to quality assurance questions such as
the length of deployment between servicing. The sites
are located on Kanaka Creek and on the Serpentine
River; two small streams in the Greater Vancouver area.

Through hands-on experience with operating elec-
tronic data stations, we have experienced many situa-
tions for which standard procedures did not exist.
These include, but are not limited to, the quality
assurance of sensors, hardware, software, and data
standards. Obtaining valid data from sensors requires
new procedures for verification that are field service-
able and of appropriate precision and accuracy.
Existing field methods are insufficient relative to the
accuracy obtainable with electronic sensors. There is
also a need for quality assurance protocols to be com-
patible with other agencies and other data loggers,
since other agencies may collect similar, but not com-
patible, types of data.

To illustrate the importance of quality assurance
procedures for electronic data acquisition procedures
currently in use, we will highlight three specific
areas: (1) sensor validations in the field, (2) time con-
trols for data loggers, and (3) precision and accuracy
of sensors over time.

1Paper No. 93007 of the Water Resources Bulletin. Discussions are open until December 1, 1993.
2Respectively, Head, Environmental Networks, and Senior Networks Technologist, Environmental Surveys Branch, 224 West Esplanade,

North Vancouver, British Columbia V7TM 3H7, Canada.

WATER RESOURCES BULLETIN
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Figure 1. Schematic Diagram of Stations.

METHODS

The two electronic data acquisition stations are
essentially identical in configuration. In-stream mea-
surements of temperature, specific conductance, pH,
dissolved oxygen, depth, and oxidation reduction
potential [ORP] are made and logged with a Hydrolab
Datasond ITH. The Hydrolab unit provides high reso-
lution measurement of these variables: pH ~ low ionic
strength (0.01 unit), specific conductance
(0.01mS/cm), temperature (0.01°C), dissolved oxygen
(0.01mgA), oxidation reduction potential (ORPX1mV),
and depth (0.1m). [Values in parentheses are the
manufacturers’ stated resolutions.] Specific conduc-
tance, pH, and dissolved oxygen measurements are
automatically compensated for temperature. Each
site is also equipped with a Campbell Scientific CR10
Data Logger equipped with sensors for measurements
of air temperature, relative humidity, photosyntheti-
cally active radiation {[P.A.R.] and rainfall. These sen-
sors are deployed in accordance with Atmospheric
Environment Service (1989) protocols; temperature
and humidity sensors are mounted in a Stephenson
Screen enclosure, standard tipping bucket rain
gauges are used, and P.A.R. sensors are mounted >2m
above the surface. At each station, the two loggers are
accessed through telephone lines, to a modem and
data logger switch. The data logger switch also pro-
vides password security against intrusion. The station
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arrangement is shown schematically in Figure 1.
Data is retrieved over phone lines at seven to ten day
intervals.

Over the past two calendar years, these two sta-
tions have been fully operational close to 100 percent
of the time. During 1989 the instream portion of the
Kanaka Creek station was out of operation for a ten-
day period due to severe flooding. With that one
exception, all four loggers have been maintained in
constant operation for two years, with occasional sen-
sor failure.

QUALITY ASSURANCE

Quality assurance of electronically acquired data is
a critical part of ensuring that the data so collected
have value beyond local application. Protocols are
developed so that the data being collected achieves
the goal of good data which is well documented. The
development of these protocols has required a broader
view, since many other agencies collect similar, but
not identical, data. In British Columbia for example,
other agencies operating electronic data acquisition
stations include: BC Ministry of Environment, Lands,
and Parks, BC Ministry of Forests, Atmospheric
Environment Service (Environment Canada), B.C.
Hydro, and others. Data from each of the instruments
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could be interchanged with other agencies if quality
control procedures ensured compatibility. Each agen-
cy currently operates under a loose set of guidelines,
data being gathered to meet specific goals and objec-
tives. No common protocols exist at present, beyond
the A.E.S. sensor siting guidelines. Common protocols
for sensor calibration, hardware installation, software
documentation, or data formats, while needed, do not
exist at present.

Quality assurance includes both generic, and
instrument or sensor specific issues. Our quality
assurance concerns have been focused on the follow-
ing issues:

1. Procedures are needed to allow validation of
measurement techniques in different types of loggers.
Water Quality loggers, such as the Hydrolab instru-
ments we use, are off the shelf and simple to use but
they are considerably less flexible than the pro-
grammable generic loggers. To maintain adequate
quality assurance, it is crucial that both types of log-
gers generate compatible data. Often this includes
using the measurement techniques of off-the-shelf
instruments for programmable loggers.

2. Conducting cross-comparison experiments
between paired loggers and paired sensors provides
information which indicates whether or not there is
any instrument or sensor specific effects. The results
from such experiments provide indications of sensor
or instrument biases which could, should they exist,
seriously compromise the validity of the data.

3. Water quality sensors are not as robust as some
meteorological sensors, and require more frequent
servicing. Optimized service schedules need to bal-
ance adequate data quality with frequency of servic-
ing. We have been experimenting with extended
instrument deployments to determine how long an
instrument can be in operation before serious biases
are introduced.

4. Procedures are needed to determine the validity
of the data being gathered. This includes developing
field procedures that allow the verification of the
highly precise measurements possible with many data
loggers. This requires enhancing field methods
beyond their existing capacity or alternate solutions.

5. Data comparability and compatibility, particular-
ly of data from different loggers, requires some degree
of standardization. Implementation of this is some-
times difficult in the broad sense as many water qual-
ity data loggers are off the shelf, and use
measurement techniques which are transparent to
the users. The techniques used need to be fully docu-
mented for future reference. Inter-agency cooperation
is needed so that data from different loggers and col-
lected by different agencies can be compared.

Quality assurance is an active process of using pro-
cedures which provide the checks and balances neces-
sary to provide good data. This is an area where a lot
of work remains to be done. In our own work, we con-
tinue to find that simple mistakes have a large impact
on the quality of the data. Spittlehouse (1989) notes
that almost all of the problems encountered in data
logger use are the result of operator error or sensor
damage. So long as the data logger is protected from
extreme environmental conditions, there is little risk
of data logger failure. This clearly put the onus on the
operators of data loggers to take all the steps neces-
sary to ensure proper operation of the equipment.

The results from some of our early work on quality
assurance for data loggers highlight three of the
many quality assurance areas that merit considera-
tion. First, the problems of field verification are iden-
tified. This is an area where much effort will continue
to be needed. Second is the subject of time controls.
The results of some experiments are presented. And
lastly, the relationship between sensor precision and
accuracy is discussed in relation to service schedules.

Field Verification

Sensor calibrations can change over time. This is
especially true of water quality sensors which can be
affected by fouling, breakage, and electrolytic drift. A
procedure for field verification is necessary to verify
that sensors are providing correct data. There are
considerable practical limits to the precision with
which a field data logger, which is capable of highly
precise measurements, can be verified. It is extremely
difficult to achieve the same degree of resolution of a
data logger in the field using field instruments. In
general, field instruments are very much less precise
than are laboratory instruments, and are inadequate
for verifying data loggers. Field verification tech-
niques need to be as precise as laboratory techniques
and as robust as field instruments. At the present
time, such technology is not available.

Field verification should be performed using inde-
pendent technology. Verification of electronic tempera-
ture sensors can be performed using a high precision
mercury thermometer. Other measurements are often
less suited to independent measurements. This is par-
ticularly true of ‘electronic’ measures such as pH and
ORP (Eh) which are defined properties. Wet samples
taken in the field can be used as a later stage valida-
tion, and form an important part of the quality assur-
ance program. However, such samples are susceptible
to drift and change over time. In addition, the delays
associated with wet analysis of samples prevent the
results from being used as an effective alternative to

WATER RESOURCES BULLETIN
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on-site verifications. On-site calibration is in the same
manner difficult to implement.

Location:

Date: Time: Who:

Datasond #__ TYpe

Clock Time verified: Adjusted:

Current Readings:
Time:
Temperature:

pH:

Conductance:
Dissolved Oxygen:
ORP:

Depth:

Battery:

Datafile Name:

Campbell CR10 #___ Who:

Clock Time verified: Adjusted:

Current Readings: Time:

1. 11. 16.

12. 17.

13. 18.

0w o 2 O

14. 19.

v o W N
P

10. 1s. 20.

Datafile Name:

M8A-%0B-90/12

Figure 2. Example of the Loggers Access Records
That are Maintained.

To overcome these problems, and to develop practi-
cal quality assurance for the sensors attached to data
loggers, we operate our sensors for a prescribed period
of time. Each 90-day duty cycle begins and ends with
a complete calibration by an independent service com-
pany. The service report documents the degree of drift
which has occurred, and an appropriate correction
factor can then be applied to the data. Independent
service of the sensors is an important part of the duty
cycle. To operate in this manner means that an
enhanced level of service from the company servicing
the sensors is required. When the instrument is ser-
viced, detailed records of alterations and changes are
required to ensure that the instrument is fully func-
tional. We inform the service company of the need for
this level of documentation. These service records pro-
vide information essential to the service cycle of each
individual sensor array. The service company is

WATER RESOURCES BULLETIN

charged with the responsibility of ensuring that the
electronics and sensors are fully operational and accu-
rate. Isolating the operational responsibility for sta-
tion operation from instrument servicing provides
each facet with independent service goals. The result
is a clear focus on good data being logged.

The production of good data requires a high stan-
dard of both servicing and record keeping. It is not
always possible to evaluate and analyze the data
when it is recovered from the data loggers. We main-
tain a paper trail of each interaction with the data
loggers. Each time we interrogate the instrument, we
record specific information which is used as a perma-
nent record of the contact with the data logger and
any recorded information. Maintaining this type of
record is an essential quality assurance step of every
data collection program. An example of our log sheet
is given in Figure 2. While this sheet is specific to our
programs, it does contain the elements which are
essential to all programs. Included on the log form is
a record of the most recent values. Recording the most
recent values in this manner provides an immediate
check for sensor failure. It is also possible to use this
as a reference check when one of the sensors starts to
fail. Maintaining accurate records of interactions with
the data loggers is a fundamental principle of good
quality assurance.

Time Controls

One of the first items we encountered as we initiat-
ed quality assurance experiments was the importance
of time controls. Two instruments were deployed side
by side to examine signal bias between a newly cali-
brated instrument and one which had been deployed
for a period of time. Figure 3 illustrates typical pH
and specific conductance results from the experiment
when strict time controls were not being kept. When
such results are first encountered, the impression is
that one of the two instruments has failed. Plotting
the response of one sensor unit against the response
of the other sensor unit illustrates the results when
sensors are operated without time control. Linking
the data points in sequence, such as in Figure 3a&c
(pH and specific conductance), show looping struc-
tures that result from two sensors sampling the same
process (Figures 3b&d) at different times. This type of
result typically is found when there is a rapid rate of
change in the variable being measured by the two
instruments, and there is a time discrepancy between
the two instruments. Figure 4 illustrates the same
comparison on the same instruments with clock
correction in place. When the events being measured
are highly transient and no local smoothing is being
performed [i.e., no averaging], strict time controls
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Serpentine River
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Figure 3. Data Relationship Without Time Control: A. pH vs pH; B. 2 pH Sensors Over Time;
C. Conductance vs Conductance; D. Conductance Sensors Over Time.

have been identified as being necessary. In this exam-
ple, we considered only the paired instruments. It is,

however, an important quality control protocol to -

ensure that such artifacts are not generated between
any pair of instruments. To avoid the potential for
time artifact generation, we have adopted a strict
time control system. In the time system used by our
counterparts in the weather observation field, all
clocks are maintained within +30 seconds. Local
clocks are adjusted to a tolerance of +5 seconds, and
records of adjustments are kept of all such corrections
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for future reference. Our data loggers and the com-
puters used to interface with them, are maintained on
UCT (Universal Coordinated Time). Weekly verifica-
tion of local clocks is performed using the Time Clock
at WWV (Fort Collins, Colorado). Records of time
deviations are kept as part of the audit trail for the
data loggers.

These procedures, although arbitrary, provide a
degree of control on this critical aspect of high fre-
quency data collection. These procedures are most
critical when the system under study is subject to

WATER RESOURCES BULLETIN
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rapid changes (Whitfield and Dalley, 1987; Whitfield
and Wade, 1992). Increased sampling frequency may
be an alternate solution in some cases, but memory
capacity can quickly become strained when too high a
frequency is maintained.

Maintenance of clocks in this manner requires con-
siderable effort. For independent loggers, the need for
such rigorous time control may not be necessary. If, on
the other hand, where data collection programs
require multiple loggers and or multiple sites for com-
parison, it will be necessary for procedures of this
type to be implemented. We recommend that all data
loggers have some documented degree of time con-
trol/verification as part of standard operating
procedures.

Precision and Accuracy

The duration of time in service of the instruments
is dependent upon several factors. Each instrument
and sensor has its own time dependent behaviour. In
particular, sensor drift varies between sensors and
electrode type. We have performed a number of exper-
iments to examine how much drift/bias is introduced
into the data set over extended periods of deployment.
For water quality variables, we find that dissolved
oxygen sensors are the most susceptible to degrada-
tion in performance; ORP (Eh) and pH are subject to
bias over time rather than decreased performance.
Figure 4 compares the recording from a newly condi-
tioned set of sensors (SOND#1) to one which had been
in service for one year (SOND#2). The results for tem-
perature show that both instruments produce the
same result (Figure 4a). The results for pH and
Specific Conductance and ORP show some bias. This
bias is approximately +10 uSiemens for Conductance,
0.15 units low for pH, and 0.02 mVolts for ORP.
Specific Conductance and pH sensors show a linear
response to stream fluctuations, i.e., the amount of
response is about the same for both the ‘new’ and ‘old’
instruments. In terms of a linear regression, there is
a change in the intercept. Dissolved oxygen and oxi-
dation reduction potential electrodes suffer decreased
performance in two ways. The readings from the ‘old’
instrument have a significant low bias, and the ‘old’
instrument has a much slower response to stream
changes. This is effectively a change in both the slope

and the intercept of a regression. While the response

changes were quite small for other types of electrodes,
dissolved oxygen was severely impacted by the long
deployment. However, it is interesting to note that,
even after a year in service, the dissolved oxygen elec-
trode still responded to fluctuations in stream oxygen
levels. Knowing the original calibrations to real val-
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ues and the post service calibrations, it would be pos-
sible to reconstruct any or all of the data collected to
‘real’ values.

SUMMARY

The ability to gather data, and to monitor process-
es, using electronic techniques provides opportunities
for enhanced understanding of water quality. There
are also the opportunities and risks associated with
each company, agency, or scientist operating indepen-
dently. Compatibility, particularly of data from differ-
ent loggers and from different agencies, may mean
that, in the future, many incompatible data will exist.
Some efforts in standardization of sensors, software,
and measurement (i.e., hardware) techniques could
alleviate some of the potential problems. Is there a
common solution or solutions? Inter-agency coopera-
tion in maintaining proper documentation of all
aspects would provide the necessary reference for the
future. All agencies who gather this type of data
would benefit from increased cooperation since many
of the common problems and situations can be avoid-
ed (Spittlehouse, 1989). Common procedures need to
be developed to assure the broader compatibility
between agencies.

What is the optimum sampling frequency at which
data loggers should operate? While off-the-shelf data
loggers have some flexibility in allowing sample inter-
val to be set, they usually treat all sensors equally.
Such loggers may not provide the optimum operation
of the loggers in relation to available memory.
Programmable loggers can be used to design more
effective sampling procedures; instruments, such as
the CR10, can operate at more than one sampling
rate simultaneously. Programmable logic may also be
used to enhance such data collections, allowing
enhanced sampling and storage during certain condi-
tions. Sampling of this type could also be used to oper-
ate ancillary devices, such as sample collection
devices or remedial equipment, during prescribed
events. Crucial variables could have replicate sensors
deployed, allowing for both a degree of redundancy
and some insurance against sensor failure. Electronic
data acquisition can provide opportunities for more
efficient and effective water quality monitoring.

Electronic data acquisition offers many opportuni-
ties and challenges for the future of water quality
monitoring. Our success in adapting and implement-
ing data loggers to real world problems and situations
hinges upon our ability to provide adequate quality
assurance, and to maintain our instruments in a
manner which provides good, well documented data.

WATER RESOURCES BULLETIN
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CYANIDE WORKSHOP UPDATE

‘Malcolm J. R. Clark
British Columbia

Ministry of Environment, Lands, and Parks



-' ’-

Nov 10/93

Follow-up Survey of speakers from Oct 9/92 Cyanide Workshop
-prepared for Malcolm Clark by Trevor Murdock, co-op student

Howard Singleton “Cyanlde Water Quality Objectnves”
Dec 9/92

-made recommendations on Thiocyanate toxicity _studies
~ (see pg 201-202 of 1992 Proceedings)

- Oct 14/93

-received comment from Graham van Aggelan' re Howard's
recommendations (see attached)

Oct 19/93

-HS will send MC a copy of response to GV's inquiry
-GV away until Oct 26

-if more needs to be done on thlocyanate Water Mngt cannot fund
any further work at the moment

Benoit Godin “Cyanide Speciation and. Toxicity”

" Nov 8/93

-Asked NWRI in Burlington for opinion, got mixed feelings:
“interesting, continue and we’'ll see”
-Has not pursued anything further since the presentation

Dorothy Jeffery “Waste Technology Centre Cyanide QC Study”
Oct 19/93
-Zenon has not had a chance to implement the methods presented as
yet since no one has submitted relevant samples.
However, if such samples are sent in, the new methods
will be tried 4
-noticed that tables from her paper appeared under Malcolm’s talk
in the Workshop Report [confirmed by MC - apologies to DJ]

Mélcolm Clark “Federal- Provméual CN RoundRobin Resuits” and
“Bioassay Study of Photodussocuatlon of lron Hexa-Cyanide
Solutions”



Oct 19/93
-nothing to add
-Some tables made up by Dorothy Jeffery of Zenon Labs which both
DJ and MC talked about appeared under MC’s report. These
tables (pgs 53-56) should have been placed under DJ's talk
with a note in MC’s talk to see those pgs.

Bruce Carmichael “Aquatic Toxicity of Fire Retardant”
May 17/93
-MC received FAX from BruceC of message from BruceC to Wally
McCulloch of Chemonics
May 19/93
- -MC received draft copy of confidential BCR Report “Toxicity of
Fire Retardants to Fish” from WM of Chemonics
May 20/93 _ _
-MC sent comments to BruceC re draft BCR Report to Chemonics
Oct 18/93
‘ -toxicity report was done by BC Research funded by Chemonics at
request of MOE: confirmed that toxicity increased when
fire retardant exposed to UV light
-Chemonics was requested to rewrite the report, the rewrite is
- now available
-the standard MSDS Sheets for fire retardant are not accurate!
-guidelines for portable helicopter mixing sites updated by
Chemonics and Monsanto to take into account what was
learned from the Stone Creek spill
-a large file on the spill is available from Bruce Carmichael

Larry Pommen “The Similkameen Expenence”
Oct 19/93 _
-reviewed Federal cyanide data :
-levels have been below Water Quality Objective levels so the
contamination problems seem to have been solved

Vic Jensen “Anomalous Cyanide Resulis from a Gold Mining
Operation”
Oct 20/93

-not going to Qualicum

:



-more sampling has been done, Cyanide still present but at lower
levels since the mine has been requested to modify ‘
procedures regarding placing of blasting materials with
respect to waste waters '

-has not written up anything though, and has no plans to nothing
else has changed

-Cyanide appears to be generated in areas of waste drop, probably
from blasting medium, but uncertain

Jim Van Barneveld “Discrepancies in 'Cyanide Results for

‘Replicate Vegetation Samples”

Oct 19/93
~ -done nothing, no intent to do anything further

Gordon Ford “The Non-Reliability of Cyanide Analysis”
Oct 19/93 -
-still not sure if problems of non-reliability are caused by Cyanide
: or not (this problem has been worked on since the 70’s)
Oct 25/93 '
-GF has "Technical Guide for Environmental Management of Cyanide
in Mining”
-available through Bitec Pubhcatuons Richmond

Rob Gilbert “A Comparison of Automated ‘Cyanide Analyses”
Nov 10/93
-forwarded Draft of results to Steve Horvath
-might have a good way of separating Cyanide from Thiocyanate
using Formaldehyde & C0, membrane to measure both
separately |
-haven’t had time to implement yet, have setup to do it, but to do it
properly would need grant money to fund ‘
-plan to write a proposal asking for government money, will
contact MC about this in future

Paul Whitfield “Workshop Summation”
Oct 19/93
-nothing to add



PROACTIVE QUALITY ASSURANCE FOR

CONTRACTED ANALYSIS

Robin C. J. Sampson
Environment Canada
National Laboratory for Environmental Testing -

- Burlington Ontario
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FIELD QUALITY ASSURANCE FOR

ORGANIC CONTAMINANTS

- A Discussion

Taina Tuominen
Environment Canada

Pacific and Yukon Region



Field Quality Assurance for Organic Contaminants

A Discussion

T. Tuominen informally discussed sampling methodology used in
studies conducted by the Environmental Studies Division of
Environment Canada. The discussion focused on current sampling for
contaminants in suspended sediments and work in river systems.
Equipment preparation, duplication, and QA procedures by the lab
were also discussed. ‘



'DATA VALIDATION AND APPROVAL PROCEDURES

Paul H. Whitfield
Environment Canada

~ Pacific and Yukon Region



Data Approval and Validation
Paul Whitfield

The Data Approval Work Group is developing a process which
provides a basis for agencies to move from a view - "Any Data is
Good Data" to one where "Data is of a known and recorded Quality".
In developing the process we initially established a set of
principles which form the basis from which the process would be
developed: _

- all data should be in the public domain

- data validation should not delay availability

- data is a valuable corporate resource

- need to know who is using the data

~ feedback mechanism from users

- credit to the funding agency

- issue of ownership needs to be addressed

- user is responsible for application

- issue of copyright needs to be addressed

- data is a shared responsibility

- value of data is increased through approval process

- data needs to be good for decades

- data is of value to multiple persons/agencies

- records must be kept for long periods of time.

Validation

The validation processes béing developed recognizes that the
validation processes needs to use QA data and release it;
therefore QA data must be public. The results must be documented
with a real paper original; paper trail for corrections - include
both field and lab. All errors must be recorded and corrected as
part of paper trail. Questionable data is to be flagged. There
will be a ’paper’ récord of the validation which records the
approval, and records what was found and what was done.

It has been agreed that it is important to flag data to mark
different types; and such flagging would be applied to values,



observations, and records. Flagging would indicate suspect,
validated, repeated measures, non-conforming. The épplication of
flagging needs to:

e empower people

e be consistent

® be concrete

e convey information

Approval

Approval is the confirmation that the data collected meet
certain standards. It requires the signature of the person
designated to approve the data. The work group envisages this as
two parts:

- ongoing review and screening of incoming data

- formal approval no less than once per year

The approval will be based on observations, laboratory ga reports,
and field ga program results. The.validation and approval process

needs mechanism for ongoing changes through peer review
Process

APPROVAL ,

- collect and record substantiating data
- work within a set of rules |

- classify data on adherence to rules
poor, fair, good, excellent

AUDIT

- audit on a random basis

- selected stations '

- check for consistency with process

Y T E IS E B EE
.



STANDARDS

Ian McLaurin
Environment Canada

Headquarters, Ottawa
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CONSERVATION AND PROTECTION

FROM
DE

MEMORANDUM

Distribution list
Liste de diffusion

Chairman, Standards
Framework Team

Président de l’équipe chargée
de l’élaboration d‘un cadre

L— pour les normes E—

CONSERVATION ET PROTECTION
NOTE DE SERVICE

Security-Class.-Sécurité

our file/Notre référence

Your file/Votre référence

Date. September 16, 1993

SUBJECT Integrated Monitoring - Standards Workshop - November 24-25/
Atelier sur les normes - surveillance intégrée -

OBJET

24 et 25 novembre

The purpose of this memo is to
announce a Department of the
Environment Standards Workshop for
November 24, 25 in Toronto.

As part of the Integrated Monitoring
initiative a Standards Framework Team
was formed and tasked to develop a
framework for the development of
standards and to develop a process
for their maintenance. The outline
of that standards framework will be
included in the Integrated Monitoring
Business Plans scheduled to be
completed by this September. These
plans will put forward the overall
departmental strategies for
environmental monitoring while
meeting the demands for integration,
ecosystem approaches, modernization,
products and services. Standards
will play a key role.

The Standards Framework Team 1is
inviting you to the workshop (see
attached). The purpose is to develop
a path forward, in practical terms,
to implement the recommendations of
the Business Plans as they apply to
standards.

As you know, standards can specify
that monitoring is to be done to a
certain accuracy and precision, or to
a certain methodology, or by using

specified equipment or reference
materials. This makes the collected
data and information more usable,

‘partie des

Cette note de service vise & vous
informer de la tenue d‘un atelier sur
les normes du ministére de
l’Environnement qui se tiendra a
Toronto du 24 au 25 novembre.

On a formé, en tant qu‘initiative
reliée & la surveillance intégrée,
une équipe chargée de l'élaboration
d‘un cadre pour les normes. Elle
devra élaborer un cadre destiné a
l’établissement des normes et d’une
procédure nécessaire pour les mettre
en vigueur. L‘ébauche du cadre fera
plans d’entreprise en
matiére de surveillance intégrée
prévus pour le mois de septembre.
Ces plans mettront en évidence toutes
les stratégies ministérielles reliées

a la surveillance intégrée
satisfaisant aux demandes concernant
l1’intégration, les approches

écosystémiques, la modernisation, les
produits et les services. Les normes
joueront un rble important.

Les membres de l’équipe vous invite &
y participer (voir la piéce jointe).
Cet atelier vise a élaborer une
approche, & savoir la mise en oeuvre
des recommandations des plans
d’entreprise reliés aux normes.

Comme vous le savez, les normes
peuvent spécifier l‘exécution de 1la
surveillance & une certaine précision
ou selon une certaine méthodologie ou
finalement par l’utilisation de
matériel ou documents de référence

spécifiques. De cette fagon, les



accessible and comparable with
benefits to both the science and
management of monitoring programs.
Standards have, for the most part,
been developed by headquarters
offices for national programs. The
regional integration of our
monitoring operations and the shift
towards ecosystem  approaches is
already having an effect on the
process. :

Please circulate this invitation to
your colleagues. You may also invite
your counterparts in provincial and
other agencies. If you have any
suggestions for speakers or
discussion topics please feel free to
provide them.

Ian McLaurin

données recueillies seront plus
valables, accessibles et comparables
et, de ce fait, le domaine des
sciences et de 1la gestion des
programmes de ' surveillance plus
avantagés. L'établissement de 1la
grande majorité des normes revient

aux employés des bureaux de
l’administration centrale
responsables des programmes

nationaux. L’intégration régionale
de nos activités de surveillance et
l‘accent mis sur 1les approches
écosystémiques ont déji eu des
conségquences sur la procédure.

Veuillez faire circuler cette
invitation & vos collégues. Vous
pouvez également inviter vos
homologues des provinces et d’autres
organismes. " 8i wvous avez des
suggestions relativement aux
conférenciers ou aux thémes de la
discussion, veuillez me les
communiquer.



WORK GROUP

PRESENTATIONS |

- (Overhead slides transcribed by Norman L. Wade)



- Work Group I - Don Morse
REFERENCE SAMPLES

- BLIND’ - WHY

- Essential QA Element

- More Of A ’NORMAL’ Sample.

- Sources + Types Are Limited

- NWRI

- NRC - Marine‘ Sediments

- EPA - Certified Standards
- Requires Facilities To Make Program Samples

| ’Appear" Blind

- Standard Reference Material ( SRM )
- Limited Availability - Expensive |

- Can Provide Long Term Assurance



Work Group II - Ian McLaurin
Field Safety
- Chemicals, Remote areas, Water,
Equipment, Flying, Dfiving, Etc
- Training Materials / Manuals |

C & P / Dept. Manual

- Traiming Before field work
- Proactive Manag'emeni Activity
- Training |
- Checking
- Retraining
- Use Health and Safety' Committees
- Report close calls

- Lay People



‘Work Group III - Larry Pommen

FIELD FILTRATION / CLEAN METHODS
‘& EVERYTHING ELSE
FIELD FILTER: (ory NOT!
- Depends on every factor you can
think of, but......
- Need resourses to develop / implemenf
- Use NWRI expertise

- Sea Star prototype - Lay Collectors

CLEAN METHODS: YES! or Quit.
- Comparison of McRae vs. Ryan
- Just do it, e. g., double bags

clean thru - ice bottles



| . SEASTAR MODEL
( B |
Collection Bottle

NN A ( Squeezed )

Remove plug + attach
Bottle etc

Teflon

2 - piece
with filter
paper

Receiving bottle
+ Preservative

\_ )

] L ----- — - -—

Prepared & Shipped from Lab; Returned
| by Collector ( double bagged )



Work Group IV - Dorothy Jetfery

Contract Labs
1. Continuity (of) data
2. Validation of data between labs
. - methods
- performanced based

- Interlab QC - Blind Samples
- Lab Accredited

3. Report format

- driven by government std

- QC data
- batch

4. Fed. government contracts approved
by Fed. Lab staff

- Need feedback

5. Sub-contracting, side contracts



. Data associated to lab id.

. Uncertainty in

X=T+E +E +E;..... |

in Batch QC
. Documentation std. for methodology

. Encourage giving contract to archive
method documentation



D. Jeffery note§'from Oct. 28, 1993 meeting with Dorothy Jeffery,
Henry Quon, H. Nguyen, Norm Wade and Malcolm Clark.

10.

11.

12.

13.

14.

angragg Labs

Continuity of data .
- overlap period of labs for real samples

Validation of data between labs

Standard procedures, eg., BCMOE new manual

- method development

- performance based methods (how evaluated’)

- DL, prec1s1on, and accuracy to be reported for each sample

Private clients usually are reporting to government agencies
so government standards will apply to private/contract labs

Federal government (especially in organics) gives out
contracts with approval by federal lab staff to a certain
standard

~Contract labs participate in inter-lab QC studies

- funding of studies by contracting agencies gg; contract
labs

Blind samples - some are made without proper equipment,

proper chemicals (stability contamination free), proper

techniques, proper interpretation - some/all blind samples

have no credibility ' .

Lab Sub Contracting

- labs now are specializing or limit their scope therefore
subcontracting may be a plus. :

MOE 51de contracts outside main iab contract and have no QC!
Certifying agencies is to a minimal lab performance level but
may not cover parameters needed, or you may want a higher
performance. ‘ ~

No contracts let by Environment Canada; future ones will be
checked by C&P lab (Henry Quon, Randy Engler, Paul Kluckner).

Contract labs of any type must have access to historical data

. for. valldatlon checks.

~

Feed back from contract lab should be via orlglnal approv1ng
person

‘During term of contract, communication should go to client

from contract 1lab.

¥ 1;,//’/6/ ;’7 7



15.

16.

17.

Parent
Agency

Batch QC to be recorded with data on reports or at least be
available in separate/relatable computer file:

- callbratlon line/points - llnearlty

- calibration control

- blanks & method (1f appropriate)

- replicates

- ref. material, or spike, if appropriate
- surrogate recovery (organics).

Sources of data uncertainty:

- linearity

- precision

- sample stability-"

- preparation recovery
- etc.

Technology transfer



MERCURY ISSUES

Lari'y W. Pommen
" British Columbia

Ministry of Environment, Lands, and Parks
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Summary

The accurate measurement of mercury in water is very difficult because it is present in extremely
low concentrations in the water phase (e.g., 1 ng/L total mercury in unpolluted water; 5-10 ng/L in
polluted water; Bloom, 1989, Watras et al, 1990) (1 ng/L = 1 part per trillion =10-12) and is
subject to artificial contamination from many sources, including mercury vapour in the air.
Improvements have been made in the way we measure mercury in water in BC, but further
improvements are needed before meaningful low-level results can be obtained. Present methods are
prone to contamination and are not sensitive enough to measure significant levels in water.

History

The Quality Assurance Work Group of the Canada - BC Water Quality Agreement began
addressing the issue of mercury measurement in water in October, 1987. At this time, the BC
Environmental Laboratory was using common polyethylene (PE) sample bottles and bulk
dispensers for preservatives, while Inland Waters of Environment Canada was using teflon sample
bottles and single-sample glass vials with teflon-lined Bakelite lids to dispense preservatives.
Environment Canada (1981, Brooksbank, 1985) and Fisheries and Oceans (Thomas, 1986)
publications recommended the use of glass sample containers because mercury vapour passes
through PE, and some doubts were expressed about teflon containers. A literature search by the
federal and provincial labs in 1988 indicated that glass was best, teflon was satisfactory, and
common PE was unsatisfactory. The BC lab - about to be privatized- refused to change from PE
because of concerns about glass breakage and the cost of teflon bottles. The BC lab was taken
over by Zenon Environmental Laboratories in 1989, and the mercury issue was submerged by
numerous transition problems until late 1990.

Literature searches by Zenon and the BC Water Quality Branch led to the use of glass bottles and
single-sample glass preservative vials with teflon-lined lids in late 1991. Meanwhile, Inland Waters
began to experience contamination from their glass preservative vials with teflon-lined Bakelite
caps in the late 1980’s. The vials were being reused and over time the teflon liners deteriorated,
allowing the preservatives to contact the Bakelite lid, imparting mercury, cyanide, copper, lead and
zinc to the preservatives and samples. These vials were replaced by polypropylene vials in early
1991, but polypropylene is also pervious to mercury vapour, and Inland Waters is currently
searching for a suitable glass/teflon replacement. Also, in 1993 we discovered that the
Environment Canada Conservation and Protection Laboratory in West Vancouver is still using PE
sample bottles.

The BC Water Quality Branch has used Analytical Services Laboratories (ASL) for its ambient
surface water mercury analyses since 1991. ASL uses glass bottles with teflon-lined lids and has a
comprehensive field/lab QA program, but the preservatives are dispensed in bulk from a PE bottle
using PE pipettes. CanTest Laboratories will take over from Zenon for routine mercury analyses
for BC Environment in 1994, but the lab to be used for the Water Quality Branch’s analyses has
yet to be selected. ‘



Sample and Preservative Containers

The lessons learned about sample and preservative containers are:

» Mercury contamination significant to levels in water is everywhere - in the air, dust, dirt, lab
water and acids ( Figures 1 to 5).

 Mercury vapour in the air is literally sucked from the air into acid preservatives and acidified
samples (Figure 6).

* Glass (borosilicate or quartz) and or teflon must be used; they are impervious to mercury
vapour; polyethylene, polypropylene, and vinyl are not (Figures 7 and 8).

« Containers must have tightly sealing caps since mercury vapour will go up the threads and into
the sample or preservative (ultra-clean method uses a wrench to tighten lids!).

» Bulk preservatives should not be used; opening the preservative container many times invites
contamination, as does repeated insertion of pipettes. The risk of contamination increases with
the length of exposure to potentially contaminated atmospheres. '

« Use fresh, single-sample aliquots of preservatives.

» Teflon containers are preferred over glass for ultra-clean work; can be cleaned better, lids seal
better, light, unbreakable, and the life-cycle costs are similar (Figure 9).

Normal Sampling Methods

* Collect surface samples directly into clean sample bottles.

« Collection of samples from depth is a problem; discrete samplers such as Van Do, Niskin,
GoFlo, and Kemerer grossly contaminate samples at the ng/L level even under the best
conditions (Figure 10). See ultra-clean sampling methods.

» Minimize exposure of open bottles and preservatives to the air.

Ultra-clean Sampling Methods

To decrease mercury detection limits to the sub-ng/L levels so that the actual levels in water can be
measured will require not only an improvement in laboratory methods, but also the adoption of
ultra-clean sampling methods. According to Brooks Rand (1990) and the Wisconsin Department of
Natural Resources (Knauer, 1991), these include: '

« Stringent bottle washing and handling; double bagged in clean PE bags.



 Two-person sampling crew; one “clean hands”, one “dirty hands”.

* Clean room gloves (new ones for each sample or unclean contact), suits and hats for sample
collectors.

* Cleaned, plastic sampling boats.

* Pump sampling for samples from depth (e.g., cleaned teflon tubing/peristaltic pump or cleaned
vinyl with high-volume pump).

Mercury Levels, Detection Limits, and Criteria

Mercury levels in unpolluted waters have steadily fallen as more sensitive and cleaner measurement
methods have been adopted as shown in Figure 11. Unpolluted waters typically contain about 1
ng/L total mercury, while polluted waters contain 5-10 ng/L (Bloom, 1989, Watras et al, 1990).
Figure 11 also shows that the detection levels used in BC have been, and continue to be inadequate
to measure these levels. Five ng/L is the lowest detection limit currently used, which is not
adequate to measure polluted or unpolluted levels accurately. A detection limit of about 0.1 ng/L is
needed so that levels in the 1 ng/L range can be quantified with reasonable certainty. Figure 12
shows the detection limits that are attainable with ultra-clean methods versus typical levels in
uncontaminated waters for various mercury species. Mercury speciation will become increasingly
important as our understanding of mercury cycling and toxicity increase.

Our data bases contain numerous mercury values above the various detection limits used (5-50
ng/L); my contention is that most of them represent nothing more than artificial contamination and
uncertainty close to the detection limits. We should either improve our detection limits by adopting
ultra-clean methods or abandon trying to measure mercury in water - efforts would be better
directed at effluents, biological tissues, and sediments where higher concentrations reduce the
influence of artificial contamination.

The water quality criteria for total mercury in water are a maximum of 100 ng/L and an average of
20 ng/L (Nagpal, 1989; CCREM, 1987)(Figure 11). Given the past difficulties of accurately
measuring mercury and the knowledge that polluted levels are much lower than the criteria, I
expect that criteria levels will fall in the coming years. Wisconsin is adopting criteria that limit the
increase in the mixing zone of waste discharges to 2 ng/L. (Knauer, 1991).

Quality Assurance Samples

Analytical Service Laboratory Ltd.(ASL), which has analysed the Water Quality Branch’s ambient
mercury samples since 1991, has an excellent program of QA samples to define precision and
accuracy and to demonstrate contamination control. For each batch of <10 real samples the
following QA samples are analysed:

» A method blank (a lab blank of all the steps in the method)

» A duplicate (repeat measurement on a real sample)



* A travel blank (a preserved blank that travels to the field and back unopened) or a field blank
(an unpreserved blank that is opened and preserved in the field)

» An “archived” travel blank or field blank (blanks that remains in the lab-same batch as the ones
that go to the field) :

« A field spike

« An “archived” field spike (prepared at same time as field spike and retained in lab to check for
analyte degradation)

» A certified reference material .

All of these QA results are reported with the results for the real samples in the batch.
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Figure 2

CLEAN-UP OF LAB AIR FOR LOW LEVEL Hg ANALYSIS

Initial Condition:  [Hg¢) ngem=3
Closed room, old paint, S

used lab benches ‘ 320
Ventilate with 6utside air 79
Cover old paint containing Hg 60
Remove contaminated sinks , 15

Final Condition:

Gold filters on clean air
benches, venting outside air

« Room air (varies) 2-10
* Clean Hood air 1-2
OQutside Air, Seattle: 3-15

From: Brooks Rand Ltd., Environmental Sciences Division. 1990. Determination of Mercury
Speciation in Environmental Samples. Seminar Procceedings, November 16, 1990,
Seattle, Washington.
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Mercury Levels in Lab Water and Acids
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SUSPENDED SEDIMENTS

WHOLE BOTTLE ANALYSIS

- Norman L. Wade =
Environment Canada

Pacific and Yukon Region _



POTENTIAL SOURCES OF ERROR IN MEASUREMENT OF

SUSPENDED SEDIMENTS FOR WATER QUALITY PROGRAMS

Norman L. Wade
Introduction

The measurement of suspended sediment is usually an essential
component of a water quality monitoring program. High suspended
sediment concentrations can be a threat to fisheries habitat and to
drinking water supplies. Nutrients and a variety of toxic inorganic
and organic pollutants can be transported with suspended sediments.
Sediments can affected the productivity of an aquatic ecosystem and
in some cases be a health concern.

Many water quallty data collection programs measure non-filterable
residue (NFR). These samples are not generally taken with a
standard sediment sampler and usually analyzed by sub-sampling a
large collection bottle. Total suspended sediment (TSS) is measured
by Water Survey Canada (WSC) and the U.S. Geological Survey (USGS)
using standard point or integrated depth samplers and by contrast
all the material collected in the sample bottle is analyzed.

A comparison of data collected from the Stikine and Iskut Rivers
(Chuchland and Schreier, 1984) showed a differance of 35 to 76%
between NFR samples collected by Environment Canada and TSS
collected by WSC and USGS (Table I, Fig. 1). Three hypotheses were
put forward to explain these differances (Churchland and Mah
Unpublished). First, that the time of day of sampling was
different. This hypotheses was quickly discounted, as there was no
evidence to explain that large a differance. Second, that the
sample collection methods were different. Third, that the
analytical procedures were different.

Sampling Methods

A likely cause of the differance between the NFR and TSS values was
the sampling methods. Environment Canada's 'NFR samples were
obtained using a peristaltic pump whereas WSC and USGS TSS samples
were collected using a P-63 depth integrated sampler. It has been
observed (Golterman et al., 1983; WMO, 1981; Beschta et al., 1981)
that pumped samples can provide a low estimate of suspended
sediment concentratlon, partlcularly when a 51gn1f1cant proportlon
of the sediment is coarse, and pumping rate is not iso-kinetic.

The lower Fraser River and the Stikine River are similar in that
the suspended sediment in both rivers is composed of 20 - 40% sand
during freshet (IWD, 1984; Milliman, 1980). The range of suspended
sediment concentrations found in the Fraser River were similar to
those found in the Stikine River except that the concentrations in
the Stikine River were higher during freshet. Therefore a



comparison of TSS and NFR values from the Fraser River could also
apply to the sStikine River. Table II and Fig. 2. compares the
" means of six samples taken with a P-63 depth integrated sampler and
six samples filled in rapid succession with a peristaltic pump
(Churchland and Mah Unpuplished). Although the values obtained
with the P-63 sampler are biased high compared to the values
obtained with the peristaltic pump, they do not fully explain the
differences found in the Stikine basin data.

A comparison of the means nine samples taken with a peristaltic
pump and five depth integrated samples taken with a P-63 sampler on
the Stikine River itself (Table III Fig. 3) shows relatively good
agreement for both total concentration and particle size..

Analytical Methods

The third hypotheses to explain the difference between NFR and TSS
results is the analytical method. WSC and USGS use the same
analytical method in which the entire contents of a sample bottle
is measured gravimetrically either by evaporation or filtration.
The water quality NFR method calls for a measured aliquot of the
sample to be filtered. It was suspected that, despite vigorous
shaking, a representative sub-sample could not be obtained from a
sample containing a high proportion of coarse sediment (Klelber and
Erlebach, 1976).

To test this hypothesis replicate samples were collected from
various rivers and streams with a peristaltic pump the intake of
which was one meter below the surface and pumping at the maximum
rate. At each location 10 replicate samples were collected in each
of the follow1ng bottle types:

1. - 250 ml. polyethylene (subsampled)

2. - 250 ml. polyethylene (whole bottle)

3. - 100 ml. polyethylene (whole bottle)

4., - 500 ml. glass (suspended sediment analysis)

The first bottle type was analyzed by the normal NFR method where
a measured aliquot was drawn though a preweighed 0.45 micron filter
with a vacuum aspirator. The material on the filter was then
determined gravimetrically. The second bottle type was analyzed in
the same manner as the first type except that the entire contents
of the bottle was poured into a graduated cylinder and the volume
recorded. These contents were then filtered, the bottle and the
cylinder were rinsed and this rinsate was added to the filter. The
material on the filter was determined gravimetrically as above.
The third bottle type analyzed in an identical manner to the second
only the bottle size differed. The fourth bottle type was analyzed
by WSC by their filtration method.

The results of this study (Table IV, Fig. 4) show a substantially
lower result for the NFR samples which were subsampled when
compared to the TSS samples. The NFR samples where the whole
bottle was used however show good agreement with the TSS samples.



It appears that the subsampling step can be a major source of error
in the analysis of Non Filterable Residue when the concentrations
are high. This low bias can also be expected to affect variables
which are associated with suspended sediment and have a subsampling
step, such as total metals.
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COLLECTED BY DiFFERRENT AGENCIES IN TKé S8TIKINE BASIN

SUSPENDED SEDIMENT CONCENTRATIONS

CONCENTRATION mqg/TL

)
%

DATE LOCATION WQB* WRB & USGS** DIFF
03/06/82 sStikine above Choquette 722 + 67 1101 66
03/06/82 Iskut below Johnson R. 303 + 17 581 52
03/06/82 Stikine near Wrangell AK 498 + 52 1070 47
04/06/82 sStikine above Choquette 680 + 52 1076 63
04/06/82 Iskut below Johnson R. 276 + 19 423 65
04/06/82 Stikine near Wrangell AK 551 + 38 875 63
20/07/82 Stikine above Choquette 120 + 16 341 35
20/07/82 Iskut below Johnson R. 127 + 14 278 46
20/07/82 Stikine near Wrangell AK 125 + 20 220 57
21/07/82 stikine above Choquette 143 + 11 280 51
21/07/82 1Iskut below Johnson R. 152 + 12 285 53
21/07/82 Stikine near Wrangell AK 179 + 58 300 60
03/10/82 Iskut below Johnson R. 47 + 5 85 55
03/10/82 sStikine near Wrangell AK 65 + 9 155 42
04/10/82 Stikine above Choquette 46 + 9 114 40
04/10/82 1Iskut below Johnson R. 47 + 5 67 70
04/10/82 Stikine near Wrangell AK 46 + 6 85 54
NOTE:

* Values are means and 95% confidence limits of nine pumped

samples throughout a river cross section.
the non-filterable residue method.

*% Values are published values derived from one to several depth

Samples analyzed by the evaporation or
WRB sampled Stikine above Chogquette and
USGS sampled Stikine near Wrangell

integrated samples.
filtration method. -
Iskut below Johnson R.;

AK.

Table I

Samples analyzed by
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SUSPENDED SEDIMENT CONCENTRATIONS

COMPARISON OF P63 SAMPLER AND PERISTALTIC PUMP
' IN LOWER FRASER RIVER

' Concentration mg/L
LOCATION DATE DEPTH = PERISTALIC P63

M PUMP - SAMPLER
North Arm @ Oak sSt. 06/05/77 1 157 + 5 166 + 21
Bridge ' '
_ North Arm @ Oak St. 06/05/77 11 180 + 8 179 + 17
Bridge S
North Arm @ Oak St. 04/07/77 5 74 £+ 5 86 + 19
Bridge
Main Arm @ Tilbury 16/05/77 5 362 + 24 410 + 53
Island
Main Stem @ New 19/04/77 10 153 + 5 166 + 9
Westminster '
NOTE:
Values are arithmetic means and 95% confidence limits of six
samples
Table II
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SUSPENDED SEDIMENT CONCENTRATION AND PARTICAL SIZE

COMPARISON OF P63 SAMPLER AND PERISTALTIC PUMP
Iskut River below Johnson River

Date Sampling Suspended % Sand $ Silt % Clay
: method Sediment
ng/L
12/07/80 P 63*% 379 + 30 30 + 6 41 + 4 29 + 7
12/07/80 Peristaltic 391 + 78 31 + 9 47 + 7 22 + 3
Pump ** ' ?
NOTE:
* Values are means and 95% confidence 1limits of five depth

integrated samples across the river.

* % Values are means and 95% confidence limits of mine pumped

samples through a river cross section.

Table III
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EFFECT OF ANALYTICAL TECHNIQUE ON CONCENTRATION
OF SUSPENDED SEDIMENTS

: Non Filterable Residue
‘Location Date A B C TSS

mng/L mg/L mg/L ng/L
Liard River 16/05/84 107 + 8 165 + 14 172 + 21 187 + 10_
Swift Current 28/07/84 488 + 10 561 + 9 540 + 15 549 + 9
Creek
Squamish 07/06/83 83 +3 . 137 + 7 142 + 9 137 + 10
River
Fraser River 22/06/83 100 + 12 157 + 15 148 + 17 156 + 33
at Mission :
Greely Creek 29/07/84 180 + 18 437 + 90 455 % 57 390 + 46
Sumas River 16/11/83 25 + 4 29 + 4 35 + 6 32 + 1
NOTE: :

Values are arithmetic means and 95% confidence limits, sample
size is ten. : '
A is the analysis of a'100ml‘subsample from a 250 ml bottle.

B is the analysis of the total contents of a 250 ml bottle.
C is the analysis of the total contents of a 100 ml bottle.

Table IV
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THE CHANGING FACE OF MONITORING

Jim Van Barneveld
British Columbia

Ministry'of Environment, Lands, and Parks



I have been asked to look into my crystal ball on what the future
holds for monitoring. Following the detailed and precise
discussions of the previous speakers I will attempt to focus your
mind for a minute on the broad and nebulous.

We all have an intuitive appreciation of what we mean by
monitoring. Attempting to put arbitrary limits to the concept will
not serve any useful purpose and I will skip over this.

Monitoring takes place for a wide range of purposes, each with its
inherent requirements for accuracy, precision and experimental
design. Research, Grab sampling, Adaptive management ,Performance
control/Permit monitoring, Plan implementation, Impact assessment
verification, Legal enforcement monitoring, etc. illustrate the
wide range of data gathered for some or other kind of monitoring
purpose.

Currently in B.C. monitoring is carried out largely through
individual programs, with a direct focus to serve one or several
of the above purposes and some program objectives. Monitoring is
often expensive , and the benefits may not readily be apparent.
With increasingly greater competition for funds, the priority for
monitoring is frequently viewed lower than that for other “more
directly producing” activities. 1In recent years the cost of
allowing a number of practices to proceed without adequate
monitoring has become apparent. Global effects of ozone
destruction and climatic warming , improper forest land use
practices, contaminated sites, etc. are presenting society with
mind-boggling bills for remediation if at all possible.

Public awareness of these (potentially) enormous impacts on the
environment , ever increasing pressures of taxation, together
with an emergence of the understanding of the links between v
environmental health and human welfare and prosperity are spawning
new public demands on government. Effective management that will
prevent large scale deterioration of the resource base and the
environment, efficient use of available funds and resources
without duplication to avoid waste of limited funds and ecological
relevance of all programs and activities to ersure that the
environment and human health and welfare is protected to the
greatest extent possible. Putting these public demands together
spells:

Integrated Ecosystem Monitoring
“Integrated” implies the pooling of expertise , knowledge and
resource interests to ensure that common interests are addressed
jointly, while apparent conflicts can be addressed effectively. I
clearly also goes towards efficient use of financial, scientific
and human resources as well as facilitating holistic and ecosystem
based management.
“Eccosystem” implies that the principle, that all parts of the
environment are linked to all other parts, must be fundamental to



environmental management. All known linkages between the elements
of the environment must be accounted for and, as we are not likely
to ever understand the full complexity of the ecosystem, ‘
provisions must be made to respond to the unknown linkages. The
most up to date knowledge of ecosystem functions and processes
must be applied at any time. Ecological relevance refers at once
to all scales of ecological organization, local , regional- and
global.

It is within this market place that you must ply your trade. The
type of data required may shift to easily observed data. There is
not the money nor the time to undertake elaborate sampling schemes
and complex laboratory measurements. At the same time the data
.must be directly relevant, accurate and reliable. Far greater
attention must be paid to the context (ecosystem) within which
measurements are being taken. The traditional “in lab”
measurements may not present the ecosystem context within which
effects of pollution, land-use, or life processes take place. You
will need to adapt your equipment to “field” use. Typical
measurements of biological activity can no longer be carried out
in exotic 19th century equipment, but requires the full use of
computer technology and principles of physical chemistry,

electro chemistry etc. Some marvellously simple and

rugged electrodes and electrochemical probes have been
.developed.This combined with computer technology allows for the
measurement and data compilation of the principal factor (ex
chlorophyll fluorescence to measure photosynthetic activity) as
well as some of the characteristics of the environment within
which these measurements will be taken. I had the good fortune to
observe Bill Gensler of U.of Arizona, who has developed a rugged
outdoors data acquisition pod that offers 44 data input channels.
The probe for measuring oxygen (in plant tissue, in water, or
wherever) consists of simple piece of titanium wire. No moving
parts, no material transfer, no wear.The 44 channels provide
enough replication to allow for the loss of some of the measuring
probes without loosing the monitoring. The pod has now
incorporated a satellite link and is capable of providing ongoing
real time monitoring of 44 measurements from anywhere in the
~world.The cost8§of this pod appear to be well in line and is well
below the cost c¢f travel, person time etc. If the monitoring is
warranted, this is the way.to proceed. :

The new marketplace for environmental monitoring offers exciting
- opportunities for research and technology. Classical laboratory
analyses will continue to be with us but at a far more limited
scale and with far greater technological sophistication.

There, now you heard it from someone else. I hope this crystal
ball gazing will give you some feeling for where I think
monitoring is heading, and that it will give you the inspiration
to lead the pack.I may be out to lunch, but if it makes .you take
another look at your functions I have been successful in this
presentation. ' '

Jim van Barneveld

22/2/94 '
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Workshop Summary
Paul Whitfield

on behalf my colleagues I would 1like to eXpress our
appreciation for attending the workshop. Reflecting on the past
two days, it is apparent that quality assurance is a team effort,
and a shared problem. Data in the 1990’s is a shared corporate
resource, and it is our common responsibility to ensure that this
resource has lasting value. We have heard and discussed a wide
range of quality assurance; these can be grouped into four general
areas. First, there are the topics which are quality assurance
structures - MDC’s, validation, standards, and the integrate
quality assurance model. Second, there are the topics of process -
sampling methods, samples in transit, sémpling organics. Third,
there are the topics which deal with details - pH measurements,
mercury contamination, and sediment. Fourth, there are the topics
of the future - ecosystem monitoring, biological measures. This
brief listing conveys the range of complexities associated with
good quality assurance - we must be concerned with the structures,
the process, the detailé, and the future needs for quality
assurance. This workshop has covered this spectrum; but we must
recognize that it has not exhausted any of these topics.
The workshop provided an opportunity for us to meet and open
a dialogue, and continue the discussions which are essential to
cooperation and collaboration. It was the intention of the
Coordinating Committee that this workéhop would promote the
communication on the topic of quality assurance. Workshops of this
type are an important vehicle for communicating each of our
findings, ideas, and problemns. None of our agencies has the
resources to resolve all of the quality assurance issues which it
faces. In my opinion, the future of quality assurance focuses on
achieving personal commitment to producing good data, while

- recognising that these data and an important corporate resource,

and a significant corporate investment. I hope that each of the
objectives you had in attending this workshop were met over the

past two days.
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