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1. INTRODUCTION

To protect fish and fish habitat, the amended Pulp and Paper Effluent Regulations (PPER) of the federal
Fisheries Act (1991) prescribe limits for discharge of Biochemical Oxygen Demand (BOD) and Total
Suspended Solids (TSS) in effluent and acute lethality of effluent to rainbow trout. However, the
Canadian pulp and paper industry includes mills utilizing a variety of manufacturing processes and
discharging effluent to widely varying receiving environments. The application of regulations based
on uniform effluent standards alone, therefore, may not necessarily ensure adequate protection of
receiving environments. The adequacy of effluent regulations will consequently be assessed by
undertaking Environmental Effects Monitoring (EEM) studies at all locations where effluent is
discharged to the aquatic receiving environment from a pulp and paper mill or an off-site treatment
facility which receives mill effluent (hereafter referred to as "mills").

Many Canadian mills have previously conducted effects monitoring in response to government priorities
and emerging environmental issues. To achieve national uniformity in such studies, an EEM
requirement is included in the amended PPER. Beginning in 1992, all Canadian mills discharging
effluent into aquatic receiving environments will be required to conduct EEM at regular intervals in
accordance with Sections 27 to 34 of the PPER, the generic requirements document accompaning the
PPER and the specific requirements outlined in this Annex.

A pulp and paper mill EEM program is comprised of a sequence of tasks and decision points as outlined
in Figure 1. These general steps and the types of information required are applicable to all existing
mills. The same steps will be followed for each EEM cycle, although the specific requirements within
a cycle may change.

This Annex outlines those requirements necessary for the design and undertaking of EEM studies for
mills. Tables 1 and 2 outline the requirements for measurement of both core variables and site-specific
variables, and the minimum level of effort for receiving environment samples is presented in Table 3.
Measurement of core variables must be conducted by all mills while measurement of site-specific
variables is triggered by criteria specific to individual mills. Further elaboration of these requirements
is contained in subsequent sections of this Annex. The requirements outlined in sections 2 to 9 are
designed to ensure national consistency in the manner in which mills assess the quality of the aquatic
receiving environment with respect to fish, fisheries habitat and the use of fisheries resources.
Recommended principles, specific methodologies and quality assurance/quality control activities deemed
necessary to ensure national consistency of EEM are detailed in the Techni uj Manual for

Aquatic Environmental Effects Monitoring at Pulp and Paper Mills (EPS 1/RM/ , Environment
Canada, 1991).

1.1 Pre-Design Information Requirements

Pre-design information requirements, specific to mills, are summarized in Table 1. Further details are
presented in sections 2 through 9 of this Annex. Provision of this information is necessary to identify
the potential quality of the receiving environment in the absence of mill-related activities, while
recognizing the influence of other dischargers or activities influencing the quality of the receiving




FIGURE 1:

SEQUENCE OF EVENTS INVOLVED IN EEM STUDIES
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TABLE 1: CORE AND SITE-SPECIFIC PRE-DESIGN REQUIREMENTS FOR EEM?

VARIABLES TRIGGER CODES”

Description of Study Area (Receiving Environment)®
Effluent Plume Delineation- Core
Resource and Habitat Inventory Core

Effluent Characterization®

Physical, Chemical, Bacterjological Analyses
pH Core
Flow Core
Total Organic Carbon Core
Temperature Core
Resin Acids and Unsaturated Fatty Acids Core
Chlorinated Organic Chemicals® C
Nutrients® NorF
Bacterial Indicators of Sewage" B
Chlorate D

Toxicological Apalyses
Fisk Early Life Stage Development Test Core
Invertebrate Reproduction Test Core
Plant Toxicity Test U
Genotoxicity E
Behavioural Tests Using Fish (preference/avoidance) v

OTHER REQUIREMENTS UNDER PPER AND CEPA (data to be included in EEM reports)

Mill History and Operations®

Effluent®
Biochemical Oxygen Demand (BODY
Total Suspended Solids (TSS)
96-h Rainbow Trout Lathality™
48-h Daphaia magna L-:IhlLi.ijld
Chlorinated Dioxin and Furan Congeasrs

Protocols may require measurements of additiopal variables

A Trigger Codes
Core - Core requirement for all mills.
- Effluent contains sewage or there are shellfish closures linked to mill discharge.
- Mill uses chlorine or chlorine-based bleaching process.
- Mill uses chlorine dioxide substitution.
- Statistical increase in fish tumour incidence relative to reference areas.
Freshwater receiving environment.
- Nutrients added to secondary treatment system.
- Site-specific concern or evidence of impact on plant community as shown by habitat inventory
- Site-specific concern or evidence of effluent-associated impacts on fish migration, distribution or abundance.

<CcZTOmgaow

b To be re-evaluated, but not necessarily repeated in entirety, for each EEM.

¢ To be repeated annually. Involves analysis of one lo six samples as outlined in Section 3.4 of this Annex.

d pylp and Paper Effluent Regulations, Fisheries Act (1991).

© Analyses to be conducted on same samples used to fulfill Effluent Characterization requirements listed above.

[ Regulations respecting the Release of Polychlorinated Dibenzo-para-Dioxins and Polychlorinated Dibenzofurans from Pulp
and Paper Mills (Canadian Environmental Protection Act).

€ The listing of specific chemicals to be measured is given in Section 6 of this Annex.

h Specific bacterial analyses to be measured is given in Section 6 of this Annex.




TABLE 2: CORE AND SITE-SPECIFIC MONITORING REQUIREMENTS FOR EEM?

TRIGGER CODESA

Receiving Sediment Tizsum
VARIABLES Water
Effluent Characterization (as per Table 1)
iological [ t Assessments
Adult Fish Survey Core
Benthic Invertebrate Community Core
Physical, Chemical. Bacteriological Analyses
Dissolved Oxygen Core
Temperature Core
Total Suspended Solids Core
pH Y
Chlorinated Organic Chemicals® Cand Z C C
Nutrients8 Nand Z or F and Z
Bacterial Indicators of Sewagel Band Z M and B
Tainting Assessment of Edible Tissues of Indigenous
Fish and/or Shellfish G
Chlorinated Dioxin and Furan Congeners C C
Tozicological Analyses
Amphipod Survival Core
Invertebrate Reproduction R
Inveriebrate Survival and Growth X
Fish Early Life Stage Development R
In-situ Fish Lethality \'
*  Protocols may require measurement of additional variables,
A Tn gger Codes
Core - Core requirement for all mills.
B - Effluent contains sewage or there are shellfish closures linked to mill discharge.
C - Mill uses chlorine or chlorine-based bleaching process.
F - Freshwater receiving environment.
G - Site-specific concerns about impaired taste or odour in local fish stocks.
M - Marine or estuarine receiving environment.
N - Nutrients added to secondary treatment system.
R - Minimum effluent dilution in receiving water is less than the mean IC25 of corresponding effluent lest; mean

must include all pre-design test data collected which are relevant to current mill operating condition.

v - Site-specific concerns or evidence of effluent-associated impacts on migration or fish distribution.

X - No statistically significant lethal effect observed in the core sediment toxicity tests.

Y - pH change detected in plume delineation study.

Z - Found in the effluent and likely to be in quantifiable amounts in the receiving water above background level.
ﬁ The listing of specific chemicals to be measured are listed in Section 6 of this Annex.

Specific bacterial analyses to be measured are listed in Section 6 of this Annex.
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TABLE 3: MINIMUM LEVEL OF EFFORT FOR RECEIVING ENVIRONMENT SAMPLES
(FIRST EEM AND PRE-OPERATIONAL EEMs)

Minimum
Minimum Number of
Number of Sampling Units
VARIABLES Areas® Per Area®
FISH (ADULT SURVEY AND CONTAMINANT ANALYSES)
Length, weight, liver weight, gonad weight
(to 0.1 g), age, fecundity, egg size 2 20b
Fish required for tainting evaluation
- Reference Site 1 20°
- Exposure Site 1 12
Tissue samples for contaminant analyses
- Chemicals 2 3d
- Bacteria (marine shellfish) 2 3
BENTHOS (COMMUNITY ASSESSMENT)
No historical data 12¢ el
Historical data available 48 3
SEDIMENT SAMPLES (PHYSICAL, CHEMICAL, TOXICITY ANALYSES)
No historical data ; 12° 1f
Historical data available 4 3
RECEIVING WATER SAMPLES FOR:
Toxicity tests 4 3
Physical, chemical and bacteriological
analyses 4 3

Reference and near-field areas for all media, plus two far-field areas for benthos, sediment and water

from the same siies).

Number for fish for each sex of each of two species.

More fish required at reference site due to need for 8 known and 12 hidden control samples.
Number of fish for cach of two species.

Number of stations in extensive survey.

Number of field replicates per station in extensive survey.

Assuming only one major habitat type present. If two are present lhen 8 areas to be sampled.

L= T+ SR + T — o

For fish studies, the sampling units are fish. For other studies, the sampling units are stations. Wherever possible, the
location of sampling stations must be the same for different sample types (i.e., fish, benthos, sediment and water collected




environment. This information is also required to delineate the spatial extent of the EEM study area,
to ensure that sampling locations are appropriately located, and that only those variables of concern to
a specific site are addressed in an EEM program.

Three principal activities are required under the purview of EEM:

1) delineating the spatial extent of the effluent plume,

2) compiling and mapping an inventory of resources and
habitat within the mill study area, and

3) effluent characterization to estimate potential for mill
effects.

In addition, pre-design information requirements required under other sections of this, and other Acts,
are to be reported. This includes a description of Mill History and Operations, and reporting of effluent
quality as required under the PPER, Fisheries Act 1991, and quality of effluent with respect to
chlorinated dioxin and furan congeners, as required under the Regulations respecting the Release of
Polychlorinated Dibenzo-para-dioxins and Polychlorinated Dibenzofurans from Pulp and Paper Mills

(Canadian Environmental Protection Act).

As outlined in Section 32 of the PPER, mills must repeat the Effluent Characterization requirements
(Table 1) annually. Details of this requirement are outlined in section 3.4 of this Annex.

Prior to the first cycle of an EEM program, historical data may be used to satisfy the pre-design
requirements pertaining to the Description of the Study Area (Table 1) provided that:

° the data were collected during a period when mill operations were similar to existing
conditions; and

°  receiving environment samples were coilected under conditions in accordance
specified in this Annex, such as effluent plume dilution and seasonal timing of
sample collection.

The acceptability of historical data will be determined in accordance with the minimum data
requirements specified in this Annex, with consideration given to the principles, methodology and
quality control/quality assurance specifications outlined in the Technical Guidance Manual.

After the first cycle of EEM, the pre-design data required for the "Description of the Study Area” wil
be available from previous EEM studies, providing that mill operations or receiving environment
conditions have not changed substantially since the previous EEM.

1.2  Environmental Effects Monitoring Design

All mills are required to develop a study design incorporating those variables specified in Table 2 of
this Annex. Measurement of those variables listed in Table 2 and the requirements outlined in Sections
2 through 9 of this Annex must be followed to meet the minimum EEM program requirements.
Detailed recommended monitoring guidance is provided in the EEM Technical Guidance Manual.

N ) - AN i D e A T s Gl e



L

In recognition that some mills will not have sufficient historical data to support a statistically-based
study design for the first EEM, a minimum level of sampling effort is specified in Table 3. These
minimum requirements will apply to the first EEM cycle of all mills, except those that have historical
data a) which are of sufficient quality to meet the requirements of this Annex; and b) are relevant to
current mill operations and receiving environment conditions. In such cases, a mill may request a
reduced level of sampling effort for the first EEM, if the criteria outlined in Section 2.3.2 of the
Generic Requirements document are met. Detailed instructions for sampling design are outlined in

section 4 of this Annex, and additional recommended guidance is provided in the Technical Guidance
Manual,

1.3 Pre-Operational EEM

New greenfield mills will be required to complete an EEM prior (o the start-up of operations. Since
no effluent will be discharged at the time of the EEM, neither plume delineation nor effluent
characterization will be required. An inventory of resource and habitat must be conducted, in
accordance with EEM pre-design requirements, including mapping existing zones of solids deposition.
The EEM study will include all other core requirements, and those which are likely to be triggered in
future EEM cycles, based on trigger codes presented in Tables 1 and 2. The level of sampling effort
must follow the requirements specified in Table 3.



2, GENERAL QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS

Quality assurance (QA) encompasses a wide range of management and technical practices designed to
ensure an end product of known quality commensurate with the intended use of the product. In EEM
studies, the end product is a set of data which, upon analysis and interpretation, will be used to assess
whether effluents guidelines are sufficient to protect fish, fish habitat and the use of fisheries resources.

Quality control (QC) is an internal aspect of quality assurance. It includes the techniques used to
measure and assess data quality and the remedial actions to be taken when data quality objectives are
not realized. Within the context of a particular study, assurance of adequate data quality is only
possible when Data Quality Objectives have been defined. Users of the data must play a lead role in
defining Data Quality Objectives for a study and in ascertaining whether laboratory quality control limits
are consistent with these objectives.

External quality assurance activities include participation in interlaboratory comparisons and audits by
outside agencies. Outside audits may be a check on performance in analysis of standard reference
materials, or be a general review of laboratory practice as indicated by documentation of sampling,
analytical and QA/QC procedures, test results and supporting data.

A QA/QC program should stress the importance of Data Quality Objectives which encompass all
components of uncertainty in data generation, and of data quality check points at all stages from project
planning through sampling, analysis and data interpretation. It requires integration of these activities,
with real-time quality checks and corrective actions.

The concepts and basic elements of a good measurement system have also been discussed elsewhere
(ASTM, 1988) (Environment Canada, 1991) . A checklist for evaluation of aquatic biology studies is
provided as Table 4. Similar checklists for evaluation of aquatic toxicity, physical, chemical and
bacteriological evaluations are provided in Tables 5, 6 and 7, respectively. Quality assurance statements
with respect to each checklist item must be submitted to the Authorization Officer with each interpretive
report. Of the checklist items, specific data to be included in interpretive reports are indicaled in the
following sections. Documentation supporting other checked items must be available at the request of
the Authorization Officer.

References

ASTM. 1988. Standard practice for Generation of Environmental Data. (Draft)
on Biological Effects and Environmental Fate. Subcommittee E47.05 on Quality Assurance.
American Society for Testing and Materials, Philadelphia.

Environment Canada. 1991. Quality assurance guidelines for biology in aquatic
environment protection. Prepared for National Water Research Institute by Beak Consultants
Ltd.
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TABLE 4; QUALITY ASSURANCE CHECKLIST FOR AQUATIC BIOLOGY
(Check or enter footnote number to describe deficiencies)

Quality Management

Standard Operating Procedures available (sampling, processing and QA methods,
revisions),

Quality Management Plan for institution {may bsdpa.n of SOm),

Responsibilities, authorities, qualifications defined for each position,

Quality Assurance Officer with adequate authority for corrective action,

Data Qunl}it}r Objectives for project (sensitivity, accuracy, precision, lotal
“uncertainty).

Quality Assurance Functions Performed

[

Performance assessment review (biind samples).

Enowledge testing and training sessions (field and laboratory),
Review of test sample data {transcription and logic checks performed).
Report a‘}:pnwaj mechanism (signatures).

Quality Assurance Teports (corrective actions indicated).
Inl:ur]aimamr}' and accreditation studies (record of participation).

Review of QC sample results ( permanent record, replicates, exchanges, verifications).

Operations

Instrument calibration and maintenance (records, methods available).,

Crew training and evaluation (video records and comparisons).

Sampling equipment (appropriate, consistent, cleaning and maintenance records).
C‘n]im:n)nn. preservation, shipping, storage (methods, adequate labels, custody
records).

Additional effort checks (confirm little gain of information with extra effort).

R

Sample Processing, Quality Control and Reporting

Sorting and subsampling (methods, adequate records, error estimates),
Sorting verification (confirm few orgamsms overlooked).
Taxonomy and enumeration (appropriate keys, records, reference collection).
Replicate processing (within an between personnel, error estimates),
Exchange samples (betwesn laboratories, com rability assessed).
Tazonomic verification (by recognized -::::;|:|-zﬂ:rt~£‘.1
Archives (for samples, voucher specimens),
handling and reporting (entry checks; missing value codes, methods, QC data).

Mo, Problem
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TABLE 5: QUALITY ASSURANCE CHECKLIST FOR AQUATIC TOXICOLOGY
(Che:k or enter footnote pumber to describe deficiencies)

Soandard Oparating Procedures available (sampling, test and QA methods, revisions).
Quakity Mamugement PMlan for {nstitution (may be part of SOP).

Responstbilities, authoritied, qualifications defined for each position.

Quality Asmirance Officer with adequute authority for corrective action.

Data Quality Ohjectives for project {sensitivity, accuracy, precision, total uncertainty).

Quniity Assurance Functions Performed

Raview of 00 sample resaits-[permanent revord, replicates, raference Lo CEAEE ).
Performance assessmenl review (blind wampies)

Knowledges testing and traintig spsatpns (feld and laboratoryl.

Beview of test sumple data (transcription and Togie checks parformed).

Roport spproval michinism (gpgnatures),

Quallty Assurince reporis (corrective actions indicated)

Interiaboratory and acorediation smdies {record of participation).

Field Operations

Preliminary sampling (return for effort, environmental strata, variability).

Sampling design (based on objectives, adequate replication).

Instrument calibration and maintenance {records, methods available}.

Crew traiping and evaluation (video records and cOmparisons).

Sampling equipment (appropriate, consistent, cleaning and maintenance records).
Collection, preservation, shipping, storage (methods, adequate labels, custody records).

Laboratory Operations

Iostrument calibration and maintenance (records, methods available).
Animal care and acclimation (records, methods available, tank materials).
Reagents and working solutions (labels, acquisition, preparation, expiry dates).

Glassware cleaning adequate. i

Separation of areas (receiving, storage, preparation, testing, 1ab floor plan).
Temperature, light, ventilation control {records, adequate devices).

Dilution water supply (source, treatment, chemical check records).

Food supply (source, chemical check records).

Sample information system (log-in, labelling methods, holding times recorded).
Safety procedures adequate.

T

Testing, Quality Control and Reporiing

Test record sheets (concentrasions, daily responses, test conditions).

Dose selection guidelines (range tests, concentration intervals).

Dose verification (frequency, methods for miXxtures).

Dilution water controls (use of da, test acceptance criteria).

Test replication (frequency, range control limits).

Reference toxicant tests (type, frequency, control limits).

Warning chars or tables (limit determipation, out-of-control actions).

Method selection, guitelines for endpoint calculations-

Data, handling and reporting (confidence limits, methods, test conditions, QC daia).

Deficiency Descriptions

Footnote
No. Problem

1)




TABLE 6: QUALITY ASSURANCE CHECKLIST FOR PHYSICAL AND
CHEMICAL ANALYSES
(Check or enter footnote number to describe deficiencies)

Quality Management

Standard Operating Procedures available (sampling, analysis and QA methods, revisions).
Quality Mapagement Plan for institution (may be part of SOP).

Responsibilities, authorities, qualifications defined for each position.

Quality Assurance Officer with adequate anthority for corrective action.

Data Quality Objectives for project (sensitivity, accuracy, precision, total uncertainty).

Quality Assurance Functions Performed

Review of QU sample results (permanent record, replicates, blanks, standards, sgikes).
Performance assessment review (blind samples).

Knowledge testing and training sessions (field und laboratory).

Review of test sample data (transcription and logic checks performed).

Report approval mechanism (signatures).

Quality Assurance reports {corrective actions indicated).

Interlaboratory and accreditation studies (record of participation).

Field Operations

Preliminary sampling (return for effort, environmental strata, variability).

Sampling design (based on objectives, adequate replication).

Instrument calibration and maintenance (records, methods available).

Crew training and evaluation (video records and comparisons).

Sampling equipmeat (appropriale, consistent, cleaning and maintenance records).
Collection, preservation, shipping, storage (methods, adequate labels, custody records).

Laboratory Operations

Instrument calibration and maintenance (records, methods available).

Reagents and working solutions (labels, acquisition, preparation, expiry dates).
Glassware cleaning adequate.

Separation of areas (receiving, storage, preparation, analysis, lab floor plan).
Temperature, light, ventilation control {records, adequate devices).

Sample information system (log-in, labelling methods, holding times recorded).
Safety procedures adequate.

ITEET

Analysis, Quality Control and Reporting

Bench record sheets (concentrations, daily responses, test conditions).

Trip and lab blanks (use of data, acceptance criteria).

Field and lab replicates (frequency, range control limits).

Standard reference materials (type, frequency, control limits).

Control charts or tables (limit determination, out-of-control actions).

Blank and matrix spikes (types, frequency, use of data).

Data, handling and reporting (blank, recovery correction, significant figures, flag, QUL data).

RERRRR

Deficiency Descriptions

Footaote
No. Problem
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TABLE 7: QUALITY ASSURANCE CHECKLIST FOR BACTERIOLOGICAL ANALYSES
(Check or enter footnote number to describe deficiencies)

Quality Management

Standard Operating Procedures available (sampling, analysis and QA methods, revisions).
Quality Management Plan for institution (may be part of SOP).

Responsibilities, authorities, qualifications defined for each position.

Quality Assurance Officer with adequate authority for corrective action.

Data Quality Objectives for project (sensitivity, accuracy, precision, total uncertainty).

Assurance Functions Performed

Review of QC sample results (permanent record, replicates, blanku, standards, spikes).
Performance assessment review (blind samples).

Knowledge testing and training sessions (field aml laboratory). -

Review of test sample data (transcription and logic checks performed).

Report approval mechanism (signatures).

Quality Assurance reports (corrective actions indicated).

Interlaboratory and accreditation studies (record of participation).

T g

Field Operations

Preliminary sampling (return for effort, environmental strata, variability).

Sampling design (based on objectives, adequate replication).

Instrument calibration and maintenance (records, methods available).

Crew training and evaluation (video records and ¢omparisons).

Sampling equipment (appropriate, consistent, cleaning and maintenance records).
Collection, preservation, shippiag, storage (methods, adequate labels, custody records).

Laboratory Operations

Instrument calibration and maintenance {records, methods available),

Culture care and maintenance (records, methods, purity checks).

Reagents and working solutions (labels, acquisition, preparation, expiry dates).
Glassware cleaning adequate.

Separation of areas (receiving, storage, preparation, analysis, lab floor plan).
Temperature, light, ventilation control (records, adequate devices).

Water supply {source, treatment, chemical and microbial checks).

Media preparation (preparation, expiry dates, sterilazation, time, temperature, pH).
Sample information system (log-in, labelling methods, holding times recorded).
Safety procedures adequate,

ARRRERRRY

Analysis, Quality Control and Reporting

Bench record sheets (concentrations, daily respoases, test conditions),

Sterility controls (use of data, acceplance criteria).

Field and lab replicates (frequency, range control limits).

Reference culture tests (types, frequency).

Control charts or tables (limit determination, out-of-control actions).

Verification tests (types, frequency).

Data, handling and reporting (confidence limits, methods, test conditions, QC data).

T

Deficiency Descriptions

Footnote
No. Problem
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3. PRE-DESIGN REQUIREMENTS
Pre:design requirement details are outlined under four categories:

- Mill history and operations
Effluent plume delineation
Resource and habitat inventory
Effluent characterization

3.1 Mill History and Operations

Mills are required to report on mill history and operations data as specified in the requirements outlined
in the Regulations respecting the Release of Polychlorinated Dibenzo-para-dioxins and Polychlorinated
Dibenzofurans in Effluent from Pulp and Paper Mills under the Canadian Environm Protection Act
and the Pulp and Paper Effluent Regulations. Recommendations on additional data which will assist
in interpretation of EEM resuits are specified in the Technical Guidance Manual.

3.2 Effluent Plume Delineation

Plume delineation is necessary to ensure that the study area extends at least to the limit of the effluent
plume. In some environments, biological effects may occur well beyond the measurable chemical
plume. Knowing this plume limit will also permit a check that reference areas are well beyond any
potential zone of impact. Guidance on the selection of appropriate reference areas is provided in the
Technical Guidance Manual.

The plume delineation study is required to define:

- Region of Discharge-Generated Dilution (RDGD) (i.e., where effluent plume velocity exceeds
that of the receiving water body);

- zones in which receiving water quality objectives are not achieved;

_ zones of acute lethality and sublethal effects (predicted from core or site-specific effluent
toxicity tests); and

- spatial characteristics of the effluent plume to a 0.1% (1,000:1 dilution) effluent concentration
(i.e., toxic effects have been observed at concentrations of 1% or less in effluent toxicity tests
and some field studies have shown effects on biota at locations representing similar
concerntrations).

Requirements for plume delineation are outlined in Table 8. Additional guidance and recommended
methods are provided in the Technical Guidance Manual (Environment Canada, 1991).
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3.3 Resource and Habitat Inventory

The identification of aquatic resources and resource uses which may potentially be affected by the
effluent plume is critical to the design of the EEM study and the selection of site-specific variables.
As part of the pre-design requirements for EEM, an inventory of fisheries resources within the study
area is required. At a minimum, this will include the identification of fish and shellfish that are
presently exploited in commercial, subsistence and sportfishing, that may potentially be exploited in the
future, and any species recognized by federal or provincial authorities as rare, threatened or endangered.
This information can usually be obtained from district fisheries biologists in federal or provincial
regulatory agencies and from interviews with fishermen and members of the local community.

Habitat Classification

In addition to compiling an inventory of fisheries resources, mapping and classification of the fisheries
habitat that may potentially be affected by mill discharges is required, The extent of habitat required
to be mapped and classified is determined to be:

- those areas encompassed within the 0.1% effluent plume delineation limit (see Section 3.2);

- those areas potentially affected by deposition of sediments contaminated or contributed by
mill operation; and,
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- any areas within the reference area(s) necessary to identify similar dominant habitat types
as those identified in areas potentially impacted by mill effluent or sediment deposition (see
Technical Guidance Manual for guidance on selection of appropriate reference areas).

Habitat Classification System

The habitat classification studies will follow the hierarchical system of Cowardin et al. (1979).
Additional guidance for habitat description procedures is available in Fisheries and Oceans Canada
(1990) which is itself based in part on Cowardin et al. (1979).

All habitat areas mapped must be classified to the level of Class, as defined by Cowardin et al. 1979.
In addition, four locations, at a minimum, must be classified down to the level of subclass/dominance
type. These classifications should be undertaken at least at the approximate locations of 10%, 5% and
1% effluent plume dilution and one reference area.

In addition to this classification, salinity and water regime modifiers, as described in Cowardin et al.
(1979), must be identified in the habitat mapping. Further, all substrates dominated by deposition of
solids from mill operations are to be further classified according to the scheme outlined in the following:

Subsirate Class Subclass/Dominance Type Subclass/Dominance Type

Fibre Deposits* Sparse coverage coverage < 25% of bottom

(includes pulp fibre Intermediate coverage 25 to 75% bottom coverage

and dark) Heavy coverage coverage > 75% of bottom

Wood Deposits Sparse coverage coverage of < 1 log per 10 m’
Intermediate coverage coverage of 1 to 3 logs per 10 m?
Heavy coverage coverage of > 3 logs per 10 m?

Further detailed guidance on habitat classification is provided in the Technical Guidance Manual.

Habitat Classification Reporting Requirements
The reporting requirements for habitat classification are listed in Table 9. All habitat classification is

to be reported in map form, at a scale of 1: < 5,000 (actual scale to be reported). Habitats are to be
coded alpha-numerically and delineated as polygons.
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Table 9. Habitat Classification Reporting Requirements
Habitat to
Pararmatiar b monitred sscriptio ‘ormation to be Reported
Major tributaries, river mouth all habitatg - locations to be shown on maps
Fish spawning grounds, all hebitats - locations of all known sites to be shown on map

nursery areas

Fishing grounds, agueculture all habitats as - locations to be shown an map
sreas, significant shellfish appropriats

resources

Water intakes, all other discharges all habitats - locations t¢ be shown on map
Marine transport facilities, all habitats - locations to ba shown on map

recrawiional bosting, public beaches

Dams and other barriare to fish ell habitats - location to be ahown on map and structurs to be identifiad
movemant
Zones of plant growth all habitats - identify any areas in nasar-fiald plume whare aguatic plant growth

appesra to be reduced relative to upstream aresaa. This may
irigger plani fowicity teats |zes seomion &)

Bathiymstry mapping all habitats - units to be raported in meters (relative to mean sea lavel in tidal
habitats)
intervals:  0-S m water depth - 1 m intervals
5-10 m water depth - 2.5 m intarvels
> 10 m water depth - § m intarvals
Gradient riverine - gradient profila for antire watershed, produce from topographic
maps
Discharge nvenne - summary water discharge statistics (m?%s), as available
astuary for each month of record {gauged watersheds) for most
representative stationis):
- substantiated estimata of mean monthly discharge when data
unavailable
Water Chemistry all habiteta - tabulate avsilable historical water quality data
Water Currents acean - gompiles and map available data
astuary
lakas
Tides menne - tabulate available tide height data from government tide

tahlas for nearest station
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3.4 Effluent Characterization

The core requirements for effluent characterization must be completed prior to the design stage. This
will provide a basis for selection of relevant receiving water variables. Effluent characterization data
will also be used in conjunction with plume dispersion data to estimate the study area boundaries, and
the zones in the receiving environment where lethal or sublethal effects may occur or water quality
guidelines may be exceeded. These zones, in relation to indigenous biota, valued resources, and habitat
features, will be considered in the selection of site-specific monitoring variables and in definition of
EEM sampling areas. All potential impact zones are described below in more detail.

Mills must repeat the effluent characterization requirements annually (Table 1). Annual characterization
consists of the analysis of one to six effluent samples, with the frequency being determined by
substantial changes in mill operations or receiving environment conditions. Prior to the design of each
EEM, a minimum of six effluent samples must be analyzed which reflect current mill operations and
receiving environment conditions. Effluent samples must be collected according to requirements
outlined in Section 7. Methodologies for toxicological analyses required as part of the effluent
characterization are presented in Section 5 while methodologies for physical, chemical and
bacteriological analyses are given in Section 6.



4. SAMPLING DESIGN REQUIREMENTS

4.1 * Location of Sampling Areas

A sampling area is defined to be relatively homogeneous with respect to major habitat type and level
of exposure to mill discharge. In each study, there will be reference, near-field and far-field sampling
areas. All areas should be sampled so as to encompass spatial variation. This requires multiple
sampling stations, except in the case of those fish species which are highly mobile. The number of
sampling units (stations or fish) per area is determined as per Section 4.2.

For EEM studies, there will always be at least one reference area, to which near-field and far-field
exposure areas will be compared. Reference areas should have zero mill effluent exposure, and natural
habitat features similar to those in exposure areas. If there are several major habitat types in exposure
areas (e.g., depositional and erosional habitats for benthic community evaluation), then separate
reference areas should represent each habitat type. Comparisons are only made within major, or
dominant, natural habitat categories.

Reference areas are ideally located in the same waterbody as the mill discharge, but beyond (or
upstream of) any influence from the discharge. In some cases, it may be necessary to go to another
waterbody to avoid the influence of mill effluent. There will always be at least one near-field exposure
area, located outside the region of the discharge- generated dilution (RDGD), but otherwise as near as
possible to the discharge. For fish, only the near-field area is sampled in the first EEM cycle.

For media other than fish (e.g., water, sediment, benthos), there will be at least two far-field exposure
areas, representing substantially different levels of exposure. At least one area of the far-field areas
should be located so as to give the highest probability of an effect in each test or measurement (if effects
occur) for which a positive effect was determined in the near-field area. Both far-field areas should be
located, if possible, to avoid non-mill discharges. For benthos, if there are several major habitat types
exposed to mill discharge materials (e.g., erosional and depositional habitats), then two separate areas
will be sampled at each exposure level, in order to represent these different habitats.

4.2 Number of Sampling Units

The number of sampling units required to achieve the desired sensitivity in comparison of two areas or
time periods can be statistically determined. Statistical sampling design (power analysis) (Green 1989)
requires preliminary estimates of both environmental and measurement variability, for all variables of
interest. For the first round of EEM siudy, such data may not be available, so minimum numbers of
samples for each sampling area are prescribed in Table 3 of this Annex. For subsequent studies, the
information required for statistical design will be available, and should be used as outlined in the
Technical Guidance Manual.
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5. TOXICOLOGICAL TESTING REQUIREMENTS

The methods outlined in Table 10 and 11 are those that must be used to measure the toxicity test
variables identified and triggered in Tables 1 and 2. Reporting requirements are also indicated. The
samples tested must be collected according to the procedures referenced in Section 7. General and
specific quality control and quality assurance practices that must be followed and reported are identified
in Table 12.

Mills must ensure that a reliable method of sample tracking, logging and data recording is practised and
documented by the testing facility to establish continuity between the sample collected and the resuits
reported. Standard operating procedures for field and laboratory activities should also be available from
the testing facility. Testing facilities should also document the qualifications and experience of staff
conducting the tests. Procedures and records of instrument maintenance and calibration should be
documented. Records of the source, care and health or condition of the test organisms should be
maintained. Bench sheets containing original data for all tests must be kept on file by the testing facility
for review and audit purposes for seven years from the test date.

Acceptable test methods and minimum reporting requirements of toxicity testing are outlined in Tables
10 and 11. Additional guidance is provided in the Technical Guidance Manual.
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6. PHYSICAL, CHEMICAL AND BACTERIOLOGICAL ANALYSES
6.1 Specific Requirements of Bacteriological, Nutrient and Chlorinated Organic Chemical
Analyses

Physical, chemical and bacteriological analyses required to be measured in effluent, receiving water,
sediment and tissue samples are given in Tables 1 and 2. Detailed requirements of bacteriological,
nutrient and organic chemicals are presented in Table 13, along with the relevant trigger code. These,
and all other inorganic and organic chemical analyses must be measured in accordance with the method
principless specified in this section and following the specified QA/QC requirements.

6.2 Method Principles

The use of Method Principles is a performance-based approach adopted in preference to rigid official
methods, and is based on standard and non-standard methods, depending on the variable(s) in question.
Each laboratory must be prepare an SOP document, as described by CAEAL (1991), for each method
used in the EEM program.

Table 14 provides a summary of the Method Principles for each variable or group of variables for
effluent and receiving waters, while Table 15 presents corresponding information for sediments and
tissues. References have been provided for standardized methods and may be obtained from the
indicated sources. For non-standardized methods, references to the chemical literature or to tentative
published methods have been provided. For example, the method for resin acids in effluent was
originally published by Voss and Rapsomatiotis (1985), and was subsequently adopted by Ontario MOE
for the MISA program, but has not yet undergone an inter-laboratory validation study. Both the Voss
paper and MOE methods are referenced.

Both Tables 16 and 17 provide brief method descriptions, matrix detection limits, and precision and
accuracy criteria. The limits for precision and accuracy represent control limits which musi not be
exceeded without corrective action being taken. Surrogate and internal standards which should be used
for organic analysis are listed in Table 5 of the CAEAL (1991) under Analytical Test Group (ATG) 20
for the chlorinated phenols, guaiacol, and catechols, and under ATG 26 for the resin and fatty acids.
Methods for bacteriological analyses in effluent and receiving waters should follow APHA (1991) while
those in shellfish should U.S. Department of Health (1989).

6.3 Quality Assurance

Environment Canada defines analytical quality assurance as all those activities which define the way in
which tasks are to be performed to ensure that analytical results meet pre-defined data quality goals.
This includes not only analytical methods and their quality control, but all aspects of sample and data
management. The following QA requirements as described by CAEAL (1991) must be incorporated into
all chemical analysis programs undertaken as part of the EEM program:

sample handling, tracking and storage
o standard operating procedures (SOP)
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TABLE 13: SPECIFIC ANALYTICAL REQUIREMENTS FOR BACTERIOLOGICAL, NUTRIENT AND
CHLORINATED ORGANIC CHEMICALS

VARIABLE TRIGGER CODE

EFFLUENT  RECEIVING  SEDIMENY  TISSUE

5 ological
Fecal coliforms B Band Z - -
Escherichia coli (freshwater B Band Z - -

receiving environments)
Enterococei (marine and B Band Z - M and B
estuarine environments)

Nuinents
Ammonia-nitrogen (NH,) N
Total Kjeldahl Nitrogen (TKN)
Nitrate plus nitrite (NO,+NQ)
Total phosphorus (TP}
Soluble reactive phosphorus (SRP) =L =

F N&ZForF& Z = -

L] a3 a '2

Chlorophenols

2,4-dichlorophenol
2,4,6-trichlorophenol
2,3,6-trichforophenol
2,3,5-trichlorophenol
2,4,5-trichlorophenol
2,3,4-trichlorophenol
3,4,5-trichlorophenol
2,3,4,6-tetrachlorophenol
2,3,5,6-tetrachlorophenol
2,3,4,5-tetrachlorophenol
pentachlorophenol

C&Z

L] a L] » a a a L] ] -O

L] a a L] L] L] L L] L] Ih

3 » L] a a a L] [ § [ ] In

3,4,5-trichloroguai
4,5,6-trichloroguaiacol
tetrachloroguaiacol
3.4,5-trichlorocatechol
tetrachlorocatechol

C&Z

[ I I e
LI I e
a3 3 a2\

Chlopinated resin and fatty acids
Monochloroabietic acid C C&Z C 3
Dichloroabietic acid

L ]
]
4
&

Trigger Cudes
| B - Effluent contains sewage or there are sheltfish closures linked to mill discharge
C- Mill uses chlorine or chlorine-based bleaching process
F- Freshwater receiving environments
M - Marine or estuarine receiving environment
N - Nutrients added to secondary ireaiment system
Z- Found in effluent and likely to be in quantifiable amounts in the receiving water above background level




TABLE 13: SPECIFIC ANALYTICAL REQUIREMENTS FOR BACTERIOLOGICAL, NUTRIENT AND
CHLORINATED ORGANIC CHEMICALS (continued)
VARIABLE TRIGGER CODE
EFFLUENT RECEIVING SEDIMENT TISSUE

Chlorinated Dioxins and Furang
2.3,7,8-subatitited PCDD*

2,3,7,8-TCDD C C&Z C c
1,2,3,7,3-P,CDD n - n n

1,2,3,4,7,8-H,CDD " - - .

1,2,3,6,7,8-H,CDD " - - .

1,2,3,7,8,9-H,CDD - " " -

1,2,3,4,6,7,8-H,CDD - - " "

O.CDD n - n .

Tota| PCDDP

TCDD c c&z C .
P,CDD - - - "

H.DD - n - -

H 7CDD L] n n -

OBCDD n - n »

2.3 7.8 substitnted PCDF®

2,3,7,8-TCDF c c&Z C c
1,2,3,7,8-P,CDF . - . -

2,3,4,7,8-P,CDF " " - -

1,2,3.4,7,8-H,CDF - . n .

1,2,3.6,7,8-H,CDF = n - .

1,2,3,7,8,9-H,CDF E " " "

2,3,4,6,7,8-H,CDF = . " .

1,2,3,4,6,7,8-H,CDF . - " "

1,2,3,4,7,8,9-H,CDF a " . "

OHCDF " n - L]

Towl PCDFY

TCDF c c&z (= C
PjCDF " - n -

H.CDF c " . C

H’CDF L ] n n n

OGCDF L] - n n

2.3, 7. E-autgtituced PCOD means any palychiormnsted debenzo-parm-dioxin (hat has the molecubar formubs ©:H CL0,, m wibdeh
*n” is nol less than 4 and nol mere han B and chlorine siome are focoted st the 2,3,78 positens en the molesule;

g Total PCDD means the sum of the concentrations of all polychlorinated dibenzo-para-dioxin congeners that have the molecular
formula C;Hy ,CLO,, in which "n" is not less than 4 and not more than 8,

¢ 2,3,7,8-substituted PCDF means any polychlorinsicd dibenzofuran that has the molecular formula C,H, C1.0,, in which "a" is
nat less than 4 end nob more than & and chiorine stoms are lneated st the 23,78 pasitions on the moleoils;

4 Tatal PCDF means the sam of the concentrations of all palychlorinated dibearofuran conpencrs that have the molesilar [rmula
CHy.CLO,, in which "n" is not less than 4 and not more than &,

Trigger Codes

B - Effluent contains scwage or therc are shellfish closures linked to mill discharge

C - Mill uses chiorine or chlorine-based bleaching process

F - Freshwater receiving environments

M - Marine or esluarine receiving environment

N - Nutrients added 0 secondary Ereatment system

Z -  Found in effluemt and likely to be in quantifiable amounts in the receiving water above baskground level
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mass spectrometer tuning and performance check

organic analyte identification criteria

instrument response checks

Instrument calibration requirements

analytical documentation for detection limits, sample storage times,instrument
performance and maintenance, all quality control , samples and sample
reception/preparation/analysis records.

Quality assurance requirements for bacteriological analysis of effluent and receiving waters should
follow the minimum requirements presented in APHA (1991).

6.4 Quality Control

In order to demonstrate statistical control over these variables, specific quality control samples are
analyzed during each analytical run as given in Tables 16 and 17. The results of the QC samples are
compared statistically with confidence intervals calculated from historical data. The confidence intervals
at two standard deviations on either side of the historical mean of the controiled variable are known as
Warning Limits, while those at three standard deviations are known as Control Limits. A run is
considered out of control when:

. 2 successive points are outside the warning limits; or
. 1 point is outside the control limits.

For every batch of samples processed, the QC samples listed in Tables 16 and 17 for Inorganics and
Organics, respectively, must be run at the frequencies shown. Definitions of these QC samples are
provided by CAEAL, with the exception of specific definitions presented in Table 18. The QC samples
thus processed must be reported with the actual environmental sampies processed (as indicated in Tables
16 and 17), so that the validity of the data can be readily checked.

Quality control requirements for bacteriological analysis of effluent and receiving waters should follow
the requirements of APHA Standard Methods (1991).
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Te SAMPLE COLLECTION FOR PHYSICAL, CHEMICAL, BACTERIOLOGICAL AND
TOXICOLOGICAL ANALYSES

7.1 Effluent Sampling

Sampling is one of the most important aspects of producing valid environmental data. Without
representative samples, subsequent sophisticated analytical procedures are meazningless. Flow
measurement may also play an important role in the collection of rcpresentauve samples, but in any case
is an essential element in tlie calculation of total pollutant loading to the receiving water environment.
Consequently, properly installed, calibrated, and operated flow measurement devices must be included
in a sampling facility.

Sampling Facilities

During an EEM study samples of effluent will be collected by automatic composite samplers. If any
of the criteria listed in Table 19 are answered N (No) or the listed criterion exceeded, appropriate
modifications should be made prior to the EEM study.

Flow Measurement

Because of the lead time required for the design, construction, and installation of appropriate sampling
and flow measurement facilities, inspection of these facilities using the checklists in Table 19 and 20
must be undertaken at least six months prior to collection of the sample for effluent characterization.
Calibration of both the primary and secondary flow measurement devices must be undertaken on an
annual basis as a minimum to ensure accuracy. Overall accuracy of the flow measurement system must
be within +10%. Calibration of the flow measurement system may be conducted by continuous
injection dye or chemical tracer studies, together with manual measurements of flow depth to assess the
instantaneous response of the device. Additional information on flow calibration is provided in the
Technical Guidance Manual.

Preservative/Containers/Storage

Table 21 summarizes the sample handling requirements for the different analytical variables included
in the EEM monitoring program. As indicated in this table, different bottle types are required for each
variable or group of variables. These materials have been selected as the best materials for the specific
variable groups, and must not be changed. Where appropriate, preservatives must be added to the
sample bottle immediately on completion of the 24 hour composite sample collection,

Shipping/Storage

All samples, except for toxicity, must be kept at 4°C during collection and shipping to minimize the
potential for degradation during collection and shipping. Samples must be refrigerated, and shipping
coolers must be equipped with ice packs or bagged ice to ensure that samples are kept cold. Sample
shipping must be completed as quickly as possible. Each mill should have a pre-arranged means of
transporting the samples that will ensure delivery within 24 to 48 hours maximum.
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TABLE 19: CHECKLIST FOR EVALUATION OF SAMPLING FACILITIES
Factor Criterion
Sample Site
- readily accessible to staff Y/N
- sdeguate working space for handling
baottles, carboys etc. Y/N
1 - weatherproof, heated w avoid freezing Y/N
- effluent accessible for grab sampling
(by direct access to & 2 Or via
sample tap of suitable material) Y/N
- effluent wall-mixed (i.2. turbulent)
- sample lines heated to avoid freesing Y/N
- well-mixéd stainiess steel sample head-box
provided if éffluent not directly accessible Y/N
- sample intake screenad o minimize plugging Y/N
- sample intake at mid-depth Y/N
Automatic Samplers
- minimum 10 L sample size Y/N

- only teflon, glass or stainless steel
in contaet with sample (includes pump

and lines to sample headhox) Y/N

silicone rubber pump head tubing

(if peristaltic) Y/N
- length of silicone rubber Max 30 cm
- flow proportional if flow rate varies

in normal oparation Max 15% Variation

- condition of sampler
(for peristaltics check roller
wear, head corrosion; check desiccant

in electronics) Y/N
- sampler is reliable Y/N
- more than one samplé carboy

avallable for rotation/replacemeant Y/N

Sample Handling

- dry, dust free area, free of exhaust fumes,

OTganic vapours etc. Y/N
- d storage (4"C) available for

samples until shipped Y/N

TABLE 20: CONSIDERATIONS IN EVALUATION OF FLOW MEASUREMENT FACILITIES

¢  DESIGN AND INSTALILATION: good hydraulic design; device is level; device is sized correctly for flow; flow
calibrator in secondary device is correct for primary device;

. HOUSEKEEPING: bottom and stilling well condition; interferences/cbstructions absent; accessibility; overall condition
of system; gnit and Abre accumulation absent;

e HYDRAULICS: upstream and/or downstream turbulence; flooding; inlet or outlet channel slope
improper;

*  CALIBRATION: date of last calibration; accuracy at last check; accuracy this check; service performed to meet +10%;
. SERVICE RECORD: reliability; nature of breakdowns.

Note: See Technical Guidance Menual for additional guidance.
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TABLE 21: EFFLUENT AND RECEIVING WATER SAMPLE HANDLING REQUIREMENTS

Maximum
Analysis Container Volume** Preservative Holding Time
TOC, DOC HDLPE 100 mL H,S0, to pH2 10 days
Chlorinated Amber Glass 1L 4°C 30 days
Phenols, Guaiacols,
Catechols
Resin and Amber Glass 1L 4°C or 7 days or
Fatty Acids 0.5g Ascorbic Acid 14 days
{Chlonnated and plus 2 pellets NaOH
unchlornated)
Dioxins & Furans Amber Glass 4L 4°C 30 days
pH, TSS, HDLPE IL - 7 days
BOD;,,
Nutrients HDLPE 250 mL H,80, to 10 days
(Total P, NO,+NO,, pH 2; 4°C
NH,-N, TKN)
Acute toxicity HDLPE 10-25 gal exclude air 5 days
Sublethal/Chronic toxicity HDLPE 1L exclude air 3 days

Chlorate

** Suggested sample size; consult laboratory for specific requirements.

Bottle Preparation

1) Inorganics: Use new bottles; no preparation required; each new lot of bottles must be proofed by selecting I bottle
per box or part box and rinsing with preservative and reagent water and analyzing nnse as per Method Blank.

2) Organics: Use new containers; purchase proofed containers from supplier or proof | bottle per box by rinsing
wilh dichloromethane and analyziag as per Method Blank.
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Automatic Composite Samplers

For process effluent the composite may be obtained by one of two methods:

* automatic flow proportional composite sampler if instantaneous flow varies more
than +15% from daily average; and
® an automatic sampler that collects and combines equal volume sub-samples at equal

time intervals not exceeding fifteen minutes.

Samples of cooling water or other significant process discharges must be collected by one of the above
composite sampling methods.

There are several designs and makes of automatic samplers. However, for any sampler, effluent contact
with any material that would alter the concentrations of monitored variables in the effluent sample must
be avoided. The sample must contact only teflon, glass or stainless steel.

The sampler intake must be located at a point in the effluent stream that is free flowing and
representative of the entire flow. Stainless steel intake screens (openings of Smm minimum) should be
used to minimize plugging by gross solids.

Sample Sub-Division

Transferring of samples from carboys to bottles is potentially the greatest source of contamination in
the sample collection process and can also lead to non-representative samples. Consequently, all
transfers must be made with properly cleaned equipment and in a manner that will produce a
representative sample.

Equipment Cleaning Procedures

All field materials or equipment which contact the sample and/or which are re-used must be cleaned
with an inorganic lab detergent, rinsed twice with hot tap water, rinsed twice with distilled water, twice
with pesticide grade acetone, and then drained dry immediately before use.

Acute Toxicity

Sampling may be done by a single grab sample or composited with a peristaltic composite sampling
pump over 24 hours. Samples of at least 80 L must be collected in a 45 gal open top drum, with a
polyethylene liner, and must be delivered to the laboratory within 3 days of collection so that toxicity
testing can begin within 5 days of collection, as required by Environment Canada test methods. Samples
for toxicity testing must be shipped with no air space in contact with the sample.
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Sublethal/Chronic Toxicity

Sampling may be as a grab or composite as above. Samples of at least 1 L must be collected ix_1 a
HDLPE bottle and must be delivered to the laboratory within 2 days of collection so that toxicity testing
can begin within 3 days of collection, as required by Environment Canada sublethal/chronic test

methods. Samples must be shipped with no air space as above.

7.2 Receiving Water

Chemistry

Receiving water samples should be collected in containers of the same specifications as outlined for
effluent samples in the preceding sub-section (7.1). Prior to collection, each sample container and lid
must be rinsed three times with the water to be sampled.

The following procedures should be followed in the field:

o for surface waters, samples shouid be collected directly into sample bottoms, below
surface, with the bottle mouth facing up-current away from the sampler’s hand; and
. for depth samples, a Kemmerer or van Dorn sampler must be used; sampling must

proceed from least contaminated station to most contaminated with two thorough
rinses of pesticide-grade methanol and distilled water between stations; laboratory
blanks of the samplers must be run before and affer use to demonstrate that no
contamination is imparted to samples.

Toxicity

Receiving water collected for toxicity tests should be pumped from the appropriate sampling depth using
clean polyethylene tubing into a clean polyethylene or polypropylene container (typically a new food-
grade polyethylene bag liner inside a 20-L bucket). Storage and transportation requirements must be
in accordance with Environment Canada biological test methods (references provided in Section 5).

7.3 Sediment
Section 9 describes the coilection of sediments using Ekman and ponar dredges and corers. For the

dredge procedures, the following procedures are used to collect a representative sample for chemical
analysis:

. a 5 cm layer of surficial sediments is recovered using 2 methanol-rinsed stainless
stegl spoon; and
o the surficial layer of sediment must show no sign of disturbance and is recognized

by its loose, flocculent, uncompacted nature.



For cores, the same procedures are used except that the exterior "smear” zone of the core must be used
to avoid contamination. Several cores or dredges may be required to obtain sufficient samples to fill
the sample containers.

Chemistry samples must be collected into 500 mL amber glass wide-mouthed sample jars (see Table
21 for preparation) with teflon-lined lids. Toxicity testing samples may be collected into similar
containers, but polytetrafluoroethylene (PTF) is also acceptable.

Chemistry sample containers should be three-quarters full and frozen as soon as possible after collection
until analyzed. Toxicity test sediment samples should be refrigerated at 4°C (under anoxic conditions,

if appropriate) until analyzed, but not frozen. Toxicity testing should commence within two weeks of
collection if possible, but must be initiated no later than six weeks following collection.

7.4 Fish Tissues

The method of sample collection is described under Section 8.

References

Grant, D. M. 1985. Open Channel Flow Measurement Handbook, ISCO Inc.
Environmental Division, Lincoln, Nebraska.
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8. METHOD AND REPORTING REQUIREMENTS FOR THE ADULT FISH SURVEY

8.1 Survey Design, Field Measurement and Analytical Requirements

To meet the adult fish survey requirements outlined in Table 2, specific minimum design elements are
required for freshwater and estuarine/marine mill effluent discharge situations. Collection of two fish
species at a minimum is required with at least one to be a species with a high potential for prolonged
exposure to the effluent plume. For each species collected, a minimum sample of 20 adult males and
20 adult females is required from each area sampled. Required and recommended fish field
measurements and laboratory tissue analyses are outlined in Tables 22 and 23, respectively.

If no historical local fish resources information exists, a limited preliminary survey of resident fish
species will be required during the pre-design phase to identify suitable species for the adult fish survey.
For the first EEM survey, fish are to be collected in the near-field plume and reference areas only as
indicated in Table 3. In subsequent EEMs, fish collection will also be required at far-field sites if
effects on fish are observed in near-field sites. Sampling of fish during the spawning period, including
immediate pre-spawning and post-spawning periods, should be avoided, at least for species selected for
prolonged effluent plume exposure.

8.2 Fish population Evaluation

To assess the health of the local fish population exposed to mill effluent discharges, the PISCES
approach will be required for freshwater receiving environment fish surveys and is recommended for
estuarine/marine receiving environment fish surveys (Munkittrick and Dixon 1989). Further detail on
PISCES interpretation and general fish population health is provided in the Technical Guidance Manual.

References

Hodson, P.V., P.J. Kloepper-Sams, K.R. Munkittrick, W.L. Lockhart, D.A. Metner, P.L. Luxon, I.R.
Smith, M.M. Gagnon, P. Martel, M. Servos and J.F. Payne. 1991. Protocols for Measuring
Mixed Function Oxygenases of Fish Liver. Canadian Technical Report of Fisheries and Aquatic
Sciences 0000 (in press).

Jearld, A., Jr. 1989. Age determination, pp. 301-324. In: L.A. Nielson, D.L. Johnson and S.S.
Lampton. Fisheries Techniques. Am. Fish. Soc., Bethesda, MD.

McMaster, M.E., G.I. Vander Kraak and K.R. Munkittrick. 1991. Methods for Determining the
Circulating Levels of Gonadal Sex Steroids in Fish. Can. Tech. Rept. Fish Aquat. Sci. 0000:
in Press.

Munkittrick, K.R. and D.G. Dixon. 1989. A holistic approach to ecosystem health assessment using
fish population characteristics. Hydrobiologia 188/189: 123-135.
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TABLE 22: FISH SURVEY FIELD MEASUREMENTS
[r———— ————— e e———
Measurement Expecizd Precision Reporting Requirement
Requirement
Length (standard, total or + 02cm Individual measurements, mean,
fork) standard deviation
Fresh weight + 5% Individual measurements, mean,

standard deviation

Age + 1 year (10% to be Individual measurements, mean,
independently confirmed) standard deviation (Jearld, 1939)
Gonad weight + 1% Individual measurements, mean,
standard deviation
Egg size +1% Volumetrie, by displacement, minimum
of 100 2ggs per fish
Stomach contents qualitative Visual evaluation of food items
(taxonomic composition)
Liver weight + 1% Individual measuremeants, mean,
standard deviation
I Waler temperature + 0.5°C During period of capture
Dissolved oxygen + 0.5 mg/L During period of capture

Fishing effort

As appropriate, method of capture and
deviaticn of effort

Sample location and habitat
characteristica

Map at 1: 5,000 scale

43




TABLE 23: FISH TISSUE SAMPLES FOR LABORATORY ANALYSES
— .|
Analysis Tissue Staws Collection Pracedure
Mixed Function Liver Required Measurement Tissues from at least six fish of
Oxidase (MFO) each sex, each species and each
collection area; protocols as in
Hodson et al. (1991)
Contaminant Muscle Required measurement for | Fish to be handled to avoid

Residue Analysis

specific contaminants (see
Section 6)

contamination (e.g., gasoline, oil
in boat). Skinless, boneless
fillets of dorsal musculature, to
be removed with hexane-rinsed,
stainless steel knife and frozen
in hexage-rinsed aluminum foil.
Sample quantity to meet
analytical requirements. Six
samples per sex, species and
area (same fish as for MFO)

Occurrence of External liver, Required To be noted, described,
Tumours, and other photographed and frozen
Neoplasms, and organs

Growth Anomalies

Histological External, liver, | Required when incidence Process frozen samples as per

Examination and other in effluent exposed fish recommeuded procedures in the

organs significantly greater than Technical Guidance Manual

in reference area fish

{note: Significant tumour

incidence is the trigger

criteria for effluent

genotoxicity testing,

Section 5)

Sex Steroids Blood Strongly recommended Same fish as for MFO analysis;

protocol as in McMaster et al.
(1991)

Tainting Evaluation | Edible Tissue Required if there is a Processing procedures are
recurrent, documented dependent on the tainiing
record of tainting evaluation methods; acceptable
complaint in provincial or | tainting assessment methods are
federal fisheries office outlined in the Technical
records or if creel census Guidance Manual.
records show that areas of
the receiver are not fished
due to a suspicion of
tainting
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9. METHOD AND REPQRTING REQUIREMENTS FOR BENTHIC INVERTEBRATE
COMMUNITY MONITORING

Benthic macroinvertebrate community assessment is an integral part of EEM as it aids in delimiting the
extent of measureable degradation due to organic enrichment or other forms of contamination. Further,

it provides an evaluation of the aquatic food resources available for benthivorous fish used in fish
population monitoring.

9.1 Sampling Location, Intensity and Timing

Sampling sites are to be distributed throughout the plume and are to include near-field and far-field
locations, as well as locations within reference areas. The first EEM cycle requires that an extensive
survey be conducted with least at 12 twelve stations, and a minimum of two replicate samples at each
station. Subsequent EEM cycles require that intensive sampling be conducted within a minimum of four
areas, with at least three sampling stations to be sampled within an area. The four areas to be sampled
are to include a reference area and both near-field and far-field areas. Each area should be
homogeneous with respect to plume exposure level and major habitat type. If several major habitats
are present at a given exposure level, then a separate area should be defined for each habitat type.

The requirement for an extensive survey during the first EEM cycle may be waived if adequate historic
data exist. Adequacy of data will be judged as providing extensive coverage of the effluent plume and
representative of current mill operations and receiving water conditions. If historic data are considered
adequate, then an intensive survey is required.

A minimum of one survey is required during each EEM cycle, with timing of the sampling to coincide,
preferably, with a period of high biological diversity. The timing of sampling is to be consistent from
survey to survey.

9.2 Field Collection Methods

Sampling of natural substrates and communities is preferred, but artificial substrates may be used in
cases of extreme habitat heterogeneity or if sampling of natural communities is impractical. Acceptable
methods for sampling are given in Plafkin et al. (1989) and Klemm et al. (1990). Other methods are
acceptable providing that they are quantitative. In the extensive survey, the same sampling device
should be used at all stations wherever possible. For the intensive survey, the sampling device should
be identical for all areas of a given habitat type.

Sample reduction by sieving is to be standardized for each mill. Irrespective, the maximum mesh size
for sieving is 500 microns. Preservation of the final solution shall be with 10 to 15% formalin in water
collected from the sampling area.
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9.3 Laboratory Processing Protocols

Sample sorting is to be performed under a microscope at 10X to 20X magnification. Subsampling of
the sample is acceptable, providing that the method used is quantitative. Subsampling error must be
estimated in at minimum of 10% of subsamples. A minimum of 10% of sorted samples must be
resorted by an independent technician and confirmation of >>95% recovery of all organisms is required.
Unsorted and sorted fractions are to be retained unti taxonomy and sorting efficiency are confirmed and
the data are reviewed by the Authorization Officer.

Guidelines for the level of taxonomic precision to be achieved are given in Table 24. Organisms are
to be identified to genus and species wherever feasible. A reference collection of benthic invertebrates
is to be retained to assist in future taxonomic verification.

9.4 Reporting Requirements
Field reporting requirements are as follows:

- station location (grid coordinates)

- date and time of sampling

- field crew members

- habitat descriptions including: water depth; current characteristics, occurrence, abundance and
type of aquatic plants; substrate classification (as per Habitat Inventory); occurrence of mill-
related solids; evidence of poilution (discolouration, odour, petroleum residues)

- sampling method and sieve mesh size

Laboratory reporting requirements are as follows:

- bench sheets are to be retained for seven years and provided with final report

- raw data are to be reported for each replicate sample, listing taxa present, numbers of
individuals per sample and surface area of substrate subsampled

- location of reference collection and report on taxonomic verification

- degree of sorting efficiency achieved

- level of subsampling applied, and subsampling precision

9.5 Data Evaluation Requirements

Data from the extensive survey (i.e., the first EEM cycle where adequate historical data do not exist)
are to be interpreted using pattern recognition techniques to identify biological zones that may relate
to effluent exposure (e.g., Gordon, 1981). Multivariate statistical tests for differences between zones
is required (e.g., MANOVA) to test whether patterns are statistically significant. If statistically
significant patterns are identified, data must be characterized using at least three biotic indices (e.g.,
density, diversity, richness, equitability, or other recognized biological community measures).



TABLE 24:

GENERAL LEVEL OF TAXONOMIC PRECISION TARGETTED FOR BENTHIC

MACROINVERTEBRATE SAMPLE ANALYSIS

FRESHWATER SAMPLES

Group Level
Coelenterata enus
Turbellaria amily
Nematoda phylum
Nemertea genus
Poiychaeta species
Oligochaeta: §
¢ Tubificidae species (except some immatures)
¢ Naididae species
*  Lumbriculidae species
*  Other families genus
Hirudinea species
Bivalvia:

s  Pisidiidae
e  Unionidae

genus (Pisidium), species (Sphaerium)
species

Gastropoda species
Crustacea:

®  Qstracoda order

e  Harpacticoida subclass

*  Others species
Acarina order
Insecta genus
MARINE SAMPLES

Porifera class
Cridaria class/order
Turbellaria order
Nemertea phylum
Sipuncula phylum
Brachiopoda phylum
Bryozoa phylum
Mollusca species (except some immature)
Annelida;

¢  Polychaeta species (except some immature)
¢  Oligochaeta genus
Arthropoda:

¢ Pantopoda class

®*  Crustacea species
Ascidiacea class

During subsequent EEM cycles, data are to be tested for between area differences using a multivariate
statistical test, such as MANQOVA. If differences between areas are significant, data must be further
characterized using at least three biotic indices, as above.
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SUPPORTING DOCUMENTATION ON
AQUATIC ENVIRONMENTAL EFFECTS

MONITORING PROGRAM

STAKEHOLDER ROLES AND TYPICAL

ENVIRONMENTAL EFFECTS MONITORING SCHEDULE



1.0 Roles and Responsibilities in Environmental Effects Monitoring
1.1 Industry

Each facility will submit a study plan to the Authorization Officer (below) for review, as
described in the EEM clauses of the relevant regulation. Each facility will conduct a study
and prepare an interpretive report as outlined in the Generic Requirements document and
relevant Annex, to be delivered to the Authorization Officer, representatives of the
Department of Fisheries and Oceans and the respective province, as well as the national
EEM office. An electronic copy of data will also be provided.

1.2 Authorization Officer

The Authorization Officer is the Regional Director of Environmental Protection,
Conservation and Protection, Environment Canada. The responsibility of the Authorization
Officer is to:

. form a Technical Advisory Panel, made up of representatives from Environment
Canada (DOE) and Fisheries and Oceans (DFQ); a representative of the relevant
province(s) will also be invited; the panel will be chaired by the Authorization
Officer or his/her designate;

. in consultation with a specified regional Fisheries and Oceans official:
. authorize the study design, based on recommendations of the Advisory
Panel;
o decide whether adverse effects are evident based on the Advisory Panel’s

assessment of the interpretive report submitted by the facility; and
o act on the advice of the Advisory Panel to recommend:

- any additional work necessary to identify adverse effects in the
forthcoming EEM;

- to regulators a) the need for further regulation or control, and b)
the need for specific research and development.

1.3 Advisory Panel

The responsibility of the Advisory Panel is to ensure the proper design and implementation
of EEM proposed by the facilities, specifically to:




. advise the Authorization Officer in negotiation with facilities;

. make recommendations to the Authorization Officer on:

adequacy of pre-design information;

adequacy of program design (level of resolution, sampling station location,
quality assurance/quality control (QA/QC) practices); and

adequacy of site-specific requirements.

. review the interpretive report submitted by the facilities and advise the
Authorization Officer as to:

the quality of data and any required modification to QA/QC procedures;

the validity of conclusions presented in the report as to the adequacy of
effluent regulations in protecting fish and fish habitat at that site;

requirements for subsequent EEM studies; and

requirements for remedial action or further regulatory action.

1.4 Federal Government

The information available from the Environmental Effects Monitoring Program will enable
the federal government to assess the adequacy of regulations for the protection of fish and
fish habitat and to provide the public with information on the impacts of the current

controls.

A national EEM office will be set up within Environment Canada to coordinate the
assessment of the results of the EEM program on a national basis. The office will also
coordinate the management of the data archive for the EEM program.

1.5 Provincial Governments

The provinces will be invited to provide a member to participate on the Advisory Panel,

2.0 Follow-Up Action

A number of possible alternatives for further actions may be identified. These will include,
where appropriate:

o development of remedial action plans (voluntary or government-requested);

i




. regulatory action (national or site-specific);
. revision of the EEM requirements; and/or
. implementation of research and development programs [outside the EEM program

and by industry and/or government]
3.0 Timing and Implementation

A typicai EEM schedule is presented in Figure 1 where an example of timing is outlined
for the major components of an EEM program. The study design for the second and
subsequent EEM studies must be submitted to the Authorization Officer for review within
six months of submission of the interpretive report for the previous study. Any necessary
updating of pre-design data must be completed within six months of submission of the
proposed study plan.

The Authorization Officer will accept the proposed study design for an EEM within six
months of proposal submission.

For each EEM, the final interpretive report and electronic data (see Section 2.6 of the EEM
Requirement document) must be submitted within two years of the study design acceptance
by the Authorization Officer.
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