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Disclaimer

This publication and the accompanying map atlas contain the results of a project conducted under
contract to Environment Canada and Fisheries and Oceans Canada. Opinions and critique offered
herein do not necessarily reflect the opinions of either agency.

Comments concerning this publication should be addressed to:

Patrick Shaw
Science Division

Environment Canada
224 West Esplanade

North Vancouver, B.C.
CANADA   V7M 3H7

The electronic version of the summary document (in WordPerfect 5.1) and accompanying geo-
referenced database (roughly 20 megabytes in DBASE V) format are available by special
arrangement. For details, contact Patrick Shaw, Environment Canada.

This project was initiated in 1994, with expected completion at the end of the that year.
Difficulties with both the Environment Canada (ENVIRODAT) and B.C. Ministry of
Environment (SEAM) databases in conjunction with other unrelated problems slowed progress
for a full year. In the interim, independent of the outcome of this work, both agencies have done
or are in the process of a complete restructuring of their respective data storage systems. As such,
much of the critique presented herein is outdated and does not reflect the picture at the present
time with respect to data access. 

The data summary and presentation is, however, the first synoptic display and evaluation of
contaminants in the Fraser River Basin. Future effort in this regard should be greatly simplified by
the current changes in ENVIRODAT and SEAM.
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EXECUTIVE SUMMARY

A database of observations of contaminant and environmental quality data for the aquatic
environment within the Fraser Basin was developed and loaded into the ARC/INFO Geographic
Information System (GIS). The study compiled available data from published, unpublished and
electronic sources since 1986. The two major data sources were the BC Ministry of Environment,
Lands and Parks' (BC MoELP) System for Environmental Assessment and Management (SEAM)
database and Environment Canada's ENVIRODAT database. Limitations in both the SEAM and
ENVIRODAT databases were impediments and resulted in a much higher level of effort than
would commonly be expected. The utility of these data is also limited by the design (structure) of
these databases. As a consequence of this, study effort was reallocated from proposed data analysis
to increase the data compilation level of effort. Data compilation was terminated by level of effort
and time constraints. Nonetheless, the final database is considered to contain the vast majority of
the available data.

The vast majority of the data compiled are water quality observations. The database contains
very little or no data for six of the Department of Fisheries and Oceans' (DFO's) Habitat
Management Areas (HMAs) representing approximately 33% of the area of the Fraser Basin.
These HMAs are the Stuart/Takla, West Road, Chilcotin, Seton/Bridge, Harrison and Quesnel.
There are significant gaps in both spatial and temporal coverage.

Data were screened for anomalous values and outliers and converted to standard formats.
Descriptive statistics were computed for all parameters and media sampled. Data for parameters
were examined relative to environmental quality guidelines and criteria. Maps showing distributions
of individual parameters observed were produced for all parameters with more than 25 observations
above detection limits. Indices were developed for classes of parameters (such as metals in water)
where practical. The individual parameter maps and index maps illustrate "hot spots" and patterns
of contamination and degradation to the extent possible from the database. Some effort was directed
towards investigation of correlations between selected parameters (e.g., between metals and between
metals and suspended sediment) and to investigate trends over time. No significant correlations or
trends were observed. 

The main conclusions and recommendations of this study are: (1) a wake-up call to the
agencies involved in collection of environmental monitoring data in the Fraser Basin regarding the
lack of adequate data coverage over the past 10 years; and, (2) the critical need for substantial
revisions to existing data management systems for such data.
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RÉSUMÉ POUR LA DIRECTION

Une base de données renfermant des observations sur les contaminants et la qualité de
l'environnement dans l'habitat aquatique du bassin du Fraser a été constituée et versée dans le
Système d'information géographique (SIG) ARC/INFO. L'étude a permis de colliger les données
d'ouvrages publiés ou inédits et de sources électroniques remontant à l'année 1986. La base de
données du Système de gestion et d'évaluation environnementales (SGÉE) du ministère de
l'Environnement, des Terres et des Parcs de la Colombie-Britannique et la base de données
ENVIRODAT d'Environnement Canada représentent les deux principales sources de données. Les
limites inhérentes aux bases de données SGÉE et ENVIRODAT ont soulevé des problèmes et
exigé des auteurs de l'étude beaucoup plus de travail qu'il n'aurait fallu en temps ordinaire. De
plus, la conception (structure) des deux bases de données limitait également l'utilité des données.
Il s'ensuit qu'il a fallu réaffecter à la compilation des données une partie des efforts que l'on
proposait de consacrer à leur analyse. Le travail de compilation a été subordonné au niveau des
ressources disponibles et aux délais impartis. Néanmoins, on estime que la base de données
définitive renferme la majorité des données disponibles. 

La plupart des données rassemblées sont des observations sur la qualité de l'eau. La base
de données renferme peu d'information, sinon aucune, sur les six zones de gestion de l'habitat de
Pêches et Océans Canada, qui comptent pour environ 33 p. 100 du territoire du bassin du Fraser,
à savoir les zones Stuart/Takla, West Road, Chilcotin, Seton/Bridge, Harrison et Quesnel.
L'information contenue dans la base de données présente des déficiences d'ordre spatial et temporel.

Les données ont été vérifiées pour écarter les incohérences et les valeurs aberrantes, puis
converties sous une forme standard. Des statistiques descriptives ont été établies à l'égard de tous
les paramètres et de tous les éléments échantillonnés. Les données sur les paramètres ont ensuite été
comparées aux lignes directrices et aux critères sur la qualité de l'environnement. On a dressé
des cartes montrant la répartition de chacun des paramètres relevés qui ont donné lieu à plus de
25 observations au dessus du seuil de détection. Lorsque c'était possible, des index ont été établis pour
des classes de paramètres (p. ex. les métaux présents dans l'eau). Dans la mesure du possible, les cartes
index illustrent les * points chauds + et les tendances de contamination et de dégradation dégagées de
la base de données. Les auteurs de l'étude ont également examiné les corrélations entre certains
paramètres choisis (p. ex. entre différents métaux, ou entre des métaux et des sédiments en suspension)
et ont tenté de dégager des tendances. Aucune tendance ni corrélation marquée n'a été relevée. 

Voici les principales conclusions et recommandations de l'étude :(1) il convient d'alerter les
organismes chargés de la collecte des données de surveillance environnementale dans le bassin du Fraser
au fait que les données réunies au cours des dix dernières années sont lacunaires et (2) il faut réviser en
profondeur les systèmes actuels de gestion des données.
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1.0 INTRODUCTION

The Fraser River Basin supports significant natural resources, a large proportion of BC's
population, and a variety of natural resource based industries. The resources of the Basin,
particularly salmon, are under pressure from a variety of sources. For example, the population of
the lower mainland is expected to grow dramatically over then next 20 years with resulting urban
pressure and impacts on the Fraser Basin. Forestry, agriculture, mining, utilities and transportation
industries also contribute to environmental concerns. There is ample evidence of contaminants and
contaminant effects at various locations in the Fraser Basin. 

From its headwaters the Fraser River flows some 1,375 km to its delta in the southern Strait
of Georgia. Its drainage basin is very large encompassing more than one-quarter of British
Columbia's land mass and a small portion of Northern Washington State. The Fraser Basin includes
a diversity of habitats and supports abundant fish, birds and wildlife. In particular, it supports about
66% of BC's sockeye and 60% of BC's pink salmon harvests. Millions of waterfowl use its estuary
as feeding and staging grounds for their annual migrations.

The Fraser Basin is also home for about two million people, approximately 60% of BC's
population. It includes about 44% of the province's farmland and its natural resources and industries
account for about 80% of the province's economic production. The various human activities in the
Basin introduce contaminants and pollutants of various types. The Fraser River Action Plan (FRAP)
has compiled a comprehensive database of point sources in the Basin. This inventory shows that
municipal wastewater discharges are a significant input to the Fraser River (the Greater Vancouver
Regional District accounts for 41% of the wastewater released to the lower Fraser River). In addition
to urban contributions specific activities such as farming, mining, placer mining, pulp and paper
mills, saw mills and lumber yards also contribute contaminants. Various studies have demonstrated
the presence and effects of contaminants in the Fraser Basin including contamination of groundwater
and lakes (FRAP 1994).

The Environmental Quality Component of the FRAP is mandated to determine the present
environmental quality in the Fraser River Basin and assess environmental change in response to
pollution abatement efforts. To support these efforts, this study was initiated to prepare a
comprehensive basin-wide review of available information on the occurrence of contaminants and
conditions of environmental degradation in the receiving aquatic environment. 
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2.0 SCOPE OF STUDY

The Fraser Basin study area consists of a series of major drainage systems all of which flow
to the mainstem Fraser River and ultimately into the Southern Strait of Georgia. Fifteen major sub-
basins have been designated as DFO management units, Habitat Management Areas (HMAs), which
provide a convenient tool for sustainable development planning (see Figure 1 based on Langer et
al. 1992). It is noted that portions of the Fraser Delta HMA drain either to Burrard Inlet or Boundary
Bay and do not drain to the Fraser River.

The scope of this study is limited to the aquatic receiving environment and does not include
effluents, marine water, groundwater, well water, waterfowl or terrestrial wildlife and vegetation.
The study does include surface waters, estuary waters, suspended and bottom sediments and resident
and anadromous fish, aquatic invertebrates and aquatic plants. 

The study scope includes all available data, published and unpublished. Initially, the study
scope was restricted to 1985 to 1994 for contaminants and to 1990 to 1994 for nutrients.
Subsequently, because of limited data coverage, it was decided to expand the study to the period
from 1986 to 1994 for nutrients and from 1980 to 1994 for all other parameters.

Lastly, at the outset it was recognized that it would be impractical to compile all available
data simply due to level of effort constraints. Therefore, an approach was adopted which gave initial
priority to larger electronic data sources and which progressively moved to conventional
paper data sources. No special emphasis was given to any group of contaminants or location. 
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3.0 DATA COMPILATION

The following section provides a description of the data compilation effort and summarizes
the data sources examined and data compiled.

Data were compiled using Foxpro version 2.6 database management software and
ARC/INFO version 3.4.1 Geographic Information System (GIS) software. Geographic coordinate
information was captured at the resolution of the data source wherever possible. Where compilation
onto hard copy maps was required, current versions of 1:250,000 National Topographic Series
(NTS) maps were used and then digitized. Information captured from figures was entered directly
into the GIS relative to digital copies of the 1:250,000 NTS maps. These digital 1:250,000 maps and
a digital version of the HMA boundaries were provided by Fisheries and Oceans in Autocad DXF
(data exchange) format and then imported into ARC/INFO. The resolution of the digitizing table
used for data capture was 0.005" and digitizing was performed with an acceptance criterion of Root
Mean Square (RMS) error less than 0.008" at scale. Conversion from North American Datum 1927
(NAD27) to North American Datum 1983 (NAD83) was performed using the National
Transformation algorithm, where required. 

3.1 BC Environment's SEAM Database

The first step in the data compilation effort was to obtain a copy of BC Environment's
System for Environmental Assessment and Management (SEAM) database. This was based on the
understanding that virtually all of BC Environment's monitoring data are stored in SEAM and that
the Province is likely the largest originator of relevant data. Unfortunately, SEAM has some
limitations and it was not simple to request data from SEAM for the Fraser Basin. Instead we
obtained an ASCII copy of SEAM data for: 

!  Estuaries data (Type = '07') for all regions except Kootenay and Vancouver Island;

!  Lakes and ponds data (Type = '13') for all regions except Kootenay and Vancouver    
Island; and,

!  Rivers, creeks and streams data (Type = '21') all regions except Kootenay and Vancouver
Island.

Initially this involved 786,381 observations at 93,808 stations involving 16,274 sites.  For
the purposes of this study, a "site" is a unique geographic location. A "station" represents the
sampling of one medium (water, sediment, etc.) at a site on a specific data and time by a specific
agency. It should be noted that in this context, samples of different fish species, including samples
of different tissues from the same fish, are considered to be different stations.  Also, replicate
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samples are coded as different stations with identical information except the station identifier.
Lastly, an "observation" is the value observed for a single parameter at a station.

The process of identification of sites within the Fraser Basin proved to be a major obstacle.
While SEAM can store geographic coordinates, hierarchical watershed codes and the NTS map
sheet number, 11,824 of these 16,274 (73%) SEAM sites had no coordinate information. 11,414
SEAM sites (70%) had no NTS map sheet number and 13,670 sites (84%) had no watershed
codes. Headquarters requires completion of a site form which includes either coordinates or a
location map when a new SEAM site is established or an existing site changes location. In early
years of the program, site coordinates were captured by digitizing. However, headquarters stopped
digitizing in 1990 due to budget constraints. 

It was possible to eliminate many of the sites because only samples coded as "waste water"
had been collected there. Sites were also eliminated based on NTS map sheet number, by
geographic coordinates and by watershed code. Additional sites were then eliminated by matching
waterbody names occurring in the site descriptions against the Gazetteer of Canada for British
Columbia and eliminating those which unambiguously could not be within the Basin. The next step
was to obtain access to headquarters' records of site forms and maps. Unfortunately, a limited
number of site forms and maps were still on file at headquarters, the remainder had been archived
off site. Efforts to retrieve the archived information were unsuccessful. Coordinates were captured
by digitizing for the sites where information was available. A short listing of sites lacking location
information was then developed and forwarded to contacts at BC Environment regional offices and
headquarters branches. Even though this process was terminated due to time constraints, it was
possible to either eliminate or obtain coordinate information for most of the SEAM sites, leaving
355 sites without coordinate information that potentially may be within the Fraser Basin. 

After extraction of data prior to 1980, data for samples coded as "wastewater", data for
parameters not relevant to the study, data from outside the study area and data for which
geographic coordinates could not be obtained, this left a total of 172,957 observations at 19,812
stations involving 1,589 sites. In summary, approximately 78% of the observations and stations and
90% of the SEAM sites received in the original download from SEAM were eliminated from
the final database.

It is appropriate to make some general comments regarding SEAM. It was determined that
the vast majority, but not all of the data collected by BC Environment are stored within SEAM. Two
notable exceptions are 1992 Fraser Estuary sediment monitoring data (Swain and Walton, 1993) and
Thompson River fish organochlorine body burden data (Van Oostdam, 1991). Body burden data
were coded as either "biota, fish" or "biota, other" without supporting information such as species
or tissue analyzed. Also, there was some concern regarding accuracy of the geographic coordinates
in SEAM. Apparently, some of the coordinate information was collected recently by field staff using
Global Positioning System (GPS) receivers. Whereas, other coordinates have been estimated from
maps of 1:250,000 scale or smaller. There was no ability to identify the source of this coordinate
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information. Lastly, some sites have changed location without changing their site identifier.
Information on the previous location and/or date when the change occurred is not stored in the
database, and where this information had been archived it could not be retrieved.

3.2 Environment Canada's ENVIRODAT Database

Data from (1979 to present) were obtained from Environment Canada's ENVIRODAT
database as a series of ASCII (American Standard for Computer Information Interchange) tables
which were the results of specific queries. The only data available from ENVIRODAT for this
period were water and liquid effluent monitoring data. There were no data for bottom or
suspended sediment, fish or other biota.

Initially this data set involved 145,471 observations at 28,496 stations involving 351 sites.
Eleven (11) of the sites were already contained in SEAM and were eliminated to avoid duplication.
Thirty-two (32) sites had no coordinate information, while 2 had latitude coordinates but no
longitude coordinates. Also, 16 sites had inappropriate coordinate resolution: 1 to the nearest degree
and 15 to the nearest minute. Because of time constraints it was not possible to obtain locations for
the ENVIRODAT sites lacking adequate coordinate information. Therefore, these sites (35 sites)
were eliminated from the database. Of the sites which had coordinate information only 9 were
outside the Fraser Basin. These were also eliminated. Based on the site descriptions the majority of
the ENVIRODAT sites were effluent sampling locations. Only 10 of the remaining sites were water
monitoring stations. 

After removing data from outside the study area, data without adequate coordinate
information and data for effluents, a total of 57,030 observations at 2,363 stations involving 10 sites
remained. In summary, approximately 61% of the observations, 92% of the stations and 97% of the
sites received in the original download from ENVIRODAT were eliminated from the final database.

It is appropriate to make some general comments regarding ENVIRODAT. The version of
the ENVIRODAT database software maintained by the Pacific Region of Environment Canada is
not as current as versions operated by other regions. There appears to be a general expectation
within Environment Canada regional staff that the database is of high quality and more
comprehensive than it is. However, it appears that the scope of the database is limited and that it
contains anomalies and incomplete information that has been carried forward from previous versions
of the database. 735 station records had missing dates of sampling. The database documents that the
letter "Q" is used as a "flag" to mark questionable data, however, the letters "X" and "B" were also
employed and not documented to identify questionable data. There are 263 instances of "X" flags
which mark metal results which Environment Canada Laboratory staff suspect were contaminated
and 161 instances of "B" flags which mark pH results which were measured with an instrument
which was believed to be reporting values that were too low (Dunkley, pers. comm.). In addition
to the above, there are a few instances of "sample numbers" which include ASCII characters which
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are not alphanumeric. Lastly, as with the SEAM database there is no information regarding the
source and reliability of the site coordinate information in the database.

The data compilation process demonstrated some significant limitations of current
management of environmental quality data. The most significant limitation of both the SEAM and
ENVIRODAT databases is inadequate management of site location information. Generally, the site
description information is not adequate to determine the site location. Where descriptions do provide
relatively precise location information, such as "Eagle River at Cambie Bridge", there is excessive
effort involved in obtaining adequate road maps or other maps and digitizing coordinates. Where
geographic coordinates were provided, their accuracy was suspect because of the lack of information
on source and whether coordinates are relative to North American Datum 1927 (NAD27) or 1983
(NAD83). Positional errors may be up to 200 m. Errors up to a kilometre may occur in extreme
cases. For situations where no coordinate information is available and the site description does not
specify a clear location, such as SEAM site: E206831 "#9 Surface Water", the data are effectively
useless for mapping. 

3.3 CODIS Database

The Continental and Oceanographic Data Information System (CODIS) contains summary
information about organic sampling within the Fraser Basin (Fyles et al. 1993). This information
includes bibliographic information; locations, dates and media sampled; lists of parameters
measured; and information describing methodology and data quality. However, the database does
not store the actual data. The intended purpose of CODIS is to aid in identification of data sets of
interest for a specific purpose.

The CODIS database was examined. First, all data prior to 1986 and all SEAM stations
were discarded. The remaining station data were plotted. A large proportion of the stations were
located in the lower mainland. However, the SEAM and ENVIRODAT databases had already
contributed a large number of stations in the lower mainland. Because there was already an
abundance of data for the lower mainland and a lack of coverage in other areas, a decision was
made to give low priority to compilation of further data from the lower mainland. The stations in
the northern portion of the study area (everything but the lower mainland) were selected using the
GIS and a list of the corresponding data sets was compiled. Data sets involving only wastewater
or analyses of milk were then discarded. The resulting list of data sets is given below:

19865011A-C              19875018 19895013 19905010
19865035 19885023A-G 19905003A-G 19905011B,C
19875014A,B 19885024A-G 19905008 19915004
19875017 19895008 19905009A,C 19915005B
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There were 143 stations and 12 source documents associated with these 16 data sets. The
University of Victoria Organic Indicators Group (the developer of CODIS) was contacted to
arrange access to the source documents for these data sets. However, they only have copies of those
portions of the documentation that were included in CODIS. They do not provide a repository of
the actual data. Therefore, it was necessary to pursue copies of the data through conventional
sources. 

3.4 Literature Review and Direct Contacts

After assembly of the electronic data sets it became apparent that there were large data gaps
in spatial coverage and regarding specific data sets of interest. Some HMAs had virtually no
observations of contaminants. It was considered that a significant number of important data sets
had not been obtained and that it was important to pursue these. Therefore, it was decided to
reallocate effort from potential analysis of the database and to redirect this towards additional data
compilation effort. 

The study team developed a list of references and data sources from (1) a detailed review
of the 1992 and 1994 Fraser Basin bibliographies (Missler, 1992; 1994); (2) the data sets identified
from CODIS (see Section 3.3, above); (3) a reference list presented in the Statement of Work for
the study; (4) researcher and agency contacts suggested by the Scientific Authority; (5) computer
search of relevant library holdings; and, (6) direct contacts with consulting firms who may
potentially have collected relevant data. References and other data sources were then pursued
through direct contact with the senior author or agency and through the libraries at Environment
Canada Pacific Region, Fisheries and Oceans Pacific region Headquarters, Institute of Ocean
Sciences, Pacific Biological Station, BC Environment Victoria, University of Victoria and
University of British Columbia. 

Through this search process, an additional 12 data sources were compiled and loaded into
the database. These include data from Pitt River, Quesnel, Clearwater and Spius hatcheries, and
various reports: Dwernychuk (1990), Dwernychuk et al. (1991), Dwernychuk et al. (1993), Mah
et al. (1989), R.L.&L. Environmental Services Ltd. (1992), Swain and Walton (1993a), Tuominen
and Sekela (1992) and Van Oostdam (1991).
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4.0 METHODS

4.1 Data Screening and Standardization

Following completion of data compilation, units of measure and parameter coding were
standardized. A parameter and unit coding system was developed which was based on the SEAM
coding system. Site data was then assigned to HMAs using the GIS and the digital HMA boundary
data provided by DFO. Invalid dates for data obtained from ENVIRODAT were assigned to year
(but not month) based on ENVIRODAT station identifiers (which incorporate the year of
collection). The database was then screened for anomalous values. These included values of
parameters, such as metals, which were reported as zero - which were converted to "less than
detection" values with unspecified detection limits; and unreasonably high values - which were
flagged for exclusion from analyses. Generally, it was difficult to objectively identify such extreme
values because there were generally insufficient data at sites to perform statistical tests for outliers.
It was necessary to adopt a more subjective approach where individual values were scrutinized in
relation to the values of other parameters and the range of other values observed at that site.

4.2 Descriptive Statistics

After standardization and screening for outliers had been completed, descriptive statistics
were computed for each parameter. These are presented in Tables 1 and 2. Observations were
excluded where data were reported as less than values with unknown detection limits or with
detection limits in excess of applicable guidelines. Only observations with appropriate detection
limits were included in the counts of samples and sites presented in the Tables. Minima, maxima,
means and standard deviations are based only on detectable observations. "Less than" values,
"greater than" values and values which were reported in the original data source as the means of
replicate analyses were not included. For metals, inorganic and residue parameters in water,
observations collected during freshet (for the purposes of this study considered to be from April
to July inclusive) were excluded from all computations and maps. It is hypothesized that frequent
high values of these parameters (which exceed guidelines for total concentrations) during freshet
are due to high natural suspended solid loads and are not indicative of contamination or degraded
conditions. For nutrients in water, only observations collected after 1985 were included.
Computations of medians and 80th percentiles were sometimes complicated because several
different detection limits had been employed. Sometimes detectable observations were reported
which were below detection limits for "less than" values. This made it difficult to order the data
set for computation of median and 80th percentile. In such cases, only "less than" values relative to
the best detection limit were included in the computation.

4.3 Threshold Limits for Environmental Quality Parameters

Observations were examined relative to appropriate guidelines or environmental criteria.
Frequently there was some difficulty in the selection of appropriate threshold limits. Guidelines
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were selected from the compilation by Haines et al. (1994) in consultation with the Scientific
Authority or were specified by the Scientific Authority. For parameters observed in water and
sediment, priority was given to guidelines for protection of aquatic life. Parameters observed in
biota were examined relative to guidelines and criteria for protection of aquatic life, human health
and piscivores. Where guidelines and criteria do not exist, parameters were examined relative to the
value of the 80th percentile observed in the data. Specific details on how these limits were
determined are given below.

4.3.1 Water and sediment thresholds

Canadian Council of Ministers of the Environment (CCME) guidelines were given priority.
Where these were not available, priority was given to BC Ministry of Environment, Lands and
Parks (BC MoELP) criteria, then working criteria from Pommen (1989), then to Environment
Canada's St. Lawrence River sediment criteria for polycyclic aromatic hydrocarbons (Environment
Canada, 1992), Ontario Ministry of Environment and Energy (OMEE, 1994) criteria for cobalt in
sediment, and U.S. Environmental Protection Agency (EPA, 1977) criteria for barium in
sediment. 

In several cases, guidelines were available for specific applications and it was necessary to
choose one of these guidelines. Criteria pertaining to chronic exposure were selected wherever
possible. For example, where guidelines were available for "No effects level", "Low effects level"
and "Significant effects level", the "Low effects level" was chosen. Where guidelines were
available for "Maximum allowable concentration" and "30-day average concentration", the "30-day
average concentration" was chosen. In other cases, guidelines were available for specific
ranges of hardness and pH. Where required, guidelines were selected to conform with or
approximate the range of conditions naturally occurring in the Fraser Basin, i.e., guidelines
applicable to pH greater than 6.5 were chosen and for hardness in the range 60 to 120 mg/L
CaCO  .3

Other specific cases follow: The CCME (1987) guideline for total ammonia in water was
converted based on molecular weight to a threshold for total ammonia nitrogen in water. This was
necessary because the guideline is based on the concentration of ammonia whereas data were
reported as the quantity of nitrogen (occurring in the form of ammonia). This was in effect, a
conversion of units. The BC MoELP criterion for total phosphorus in salmon-bearing lakes
(Pommen, 1989) was adopted for all water samples (the database does not distinguish between
samples from salmon-bearing lakes, non-salmon-bearing lakes, and rivers and other waterbodies).
The guideline for total phosphorus was also adopted for application to total phosphate in water.
This assumes that all phosphorus in water is in the form of phosphate rather than, for example,
elemental phosphorus or organophosphorus pesticides. The CCME (1987) guideline for cadmium
in water at hardness 45 mg/L CaCO   was selected because criteria were not available for the3

hardness range 60 to 120 mg/L CaCO  .3
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4.3.2 Biota thresholds

Guidelines for protection of aquatic life, human health and/or piscivores were examined.
Where Canadian guidelines exist (either CCME, BC MoELP, Health and Welfare Canada, or
otherwise), the most sensitive guideline, i.e., the lowest threshold, was employed. Where Canadian
guidelines do not exist, foreign guidelines were considered.

A problem arose where the guideline was determined on a wet weight basis and where the
available data were on a dry weight basis and where the guideline was on a dry weight basis and
available data were on a wet weight basis. This was the case for chlorophenols, dioxins and furans,
arsenic, mercury and lead. To address this problem the guideline was converted to a wet weight or
dry weight basis using the mean moisture content for biota from the database. For fish this was
77.35% based on 169 observations (range 65% to 89.4%). For aquatic invertebrates this was 83%
based on 8 observations (range 65% to 88.5%).

Guidelines sometimes specify muscle of edible fish and sometimes whole body analyses.
Much of the fish body burden data were obtained from the provincial SEAM database (151 of 349
stations) which does not record either the species or the specific tissue. Therefore, in most cases it
can not be determined whether a specific observation is from an edible fish species or from muscle,
liver or whole body. Another consideration is that in most cases where the species and tissue are
known, the analyses were performed on composite samples and therefore represent an average
concentration. There was no effective solution to this problem other than to exclude observations
where the species and tissue are unknown. Unfortunately, this would eliminate all observations on
469 out of the 535 parameters observed on fish in the database (leaving only 66 parameters).
Frequently because of costs of analysis and the higher likelihood of detectable concentrations
occurring in liver tissues, many analyses of the parameters of interest are only conducted on liver
samples. 

Available criteria from other jurisdictions were used: The New York State Department of
Environment and Conservation (NYSDEC, 1993) criterion of 3.5 µg/L (converted to wet weight
basis) was adopted for chlorobenzene in fish. The Hong Kong (as cited by U.S. EPA, 1977) criterion
of 1 µg/L was adopted for chromium in fish. The Chile, Ecuador, India and Venezuela (as cited by
U.S. EPA) criterion of 10 µg/L  was adopted for copper in fish. The New Zealand (as cited by U.S.
EPA) criterion of 40 µg/L was adopted for zinc in fish.

4.4 Distribution Maps

Distribution maps were plotted for each individual parameter where there were more than
25 observations above detection limits. These maps are presented separately as a series of 236
maps in Volume 2 of this report. Selected distribution maps are contained in this volume (Volume
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1). For each parameter, a ratio was computed of the observed values relative to environmental
guidelines or criteria, where available. Observations where the magnitude of this ratio exceeded one
(i.e., greater than the guideline) were plotted as circles in size classes proportional to the this
ratio. Observations less than guidelines were plotted as "plus" marks in the smallest size class.
Where no guidelines existed, data were plotted relative to the 80th percentile calculated from the
database.

4.5 Index Maps

The distribution maps of individual parameters are useful, but do not provide any synthesis
of conditions in the Basin. Therefore a series of indices were developed and mapped to provide
a level of synthesis of the available information. Separate indices were developed for dissolved
nutrients and metals in water (Figures 5 and 11); metals, dioxins and furans, polycyclic aromatic
hydrocarbons (PAH), chlorophenols and resin acids in sediment (Figures 13, 17, 20, 21 and 23); and
dioxins and furans in fish (Figures 18 and 19). Details of the calculation of the indices are
presented on the facing page accompanying each map. A consistent problem was the lack of
observation of a consistent suite of parameters at stations. Therefore, the index maps typically
incorporate only a subset of the available data. Index maps for other groupings of parameters were
inappropriate, because of the limited number of stations for which an index could be calculated.
Additional maps showing locations of stations and indicating exceedance of one or more guidelines
are also presented for total nutrients in water (Figure 6) and for metals in water (Figure 12), in
sediment (Figure 14) and in fish (Figure 15).

It was not possible to develop an index or presentation which synthesized all parameters
of interest because of the general lack of a consistent suite of parameters. The exception to this
would perhaps be the Fraser Estuary Management Program (FREMP) study area, the Fraser Estuary,
where a consistent program of sediment sampling covering a broad suite of parameters has taken
place for several years.
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5.0 RESULTS AND DISCUSSION

5.1 Adequacy of Available Data

Figures 2, 3 and 4 illustrate the frequency distribution of sampling of water, sediment and
body burdens in fish respectively. In addition, there are a maximum of 16 stations at 3 sites where
body burdens for aquatic invertebrates have been sampled, 2 stations at 2 sites where contaminant
(dioxins and furans) observations on suspended sediments have been performed, and 1095 stations
at 120 sites where photosynthetic pigment analyses have been performed (see Tables 1 and 2). 

The most abundant data are common water quality parameters such as pH, specific
conductance, temperature, fecal coliforms and nutrients in water. Following these in abundance are
the common regulatory metals of concern (such as cadmium, chromium, copper and zinc) and
inorganic and physical parameters (such as magnesium, sulfate, chloride, hardness and alkalinity).

As can be see from the frequency distribution maps (Figures 2 to 4), the majority of the
available data are water samples which outnumber either sediment or fish body burden data  in
frequency by two orders of magnitude. Also, there are significant gaps in the spatial distribution of
all data. Several of the HMAs have very little data available. There are also some gaps in the
temporal distribution of the data between the HMAs. The following six HMAs are noteworthy for
the lack of available data: Stuart/Takla, West Road, Chilcotin, Seton/Bridge, Harrison and
Quesnel. Collectively these represent about 33% of the area of the Fraser Basin.

As noted in Section 3, the data compilation terminated because the available level of effort
had been reached, rather than by exhausting all possible information sources. Also, some data
have been incorporated into the database but were not included in the study analyses because of
time constraints. It is appropriate to comment on whether additional data compilation effort would
significantly alter these data gaps. Most of the additional data sources which have been identified,
but not incorporated into the database are for common limnology parameters (e.g., Sockeye Lakes
Limnology Program and BC MoELP Small Lakes Database). Much of the remainder are data sets
involving a limited suite of parameters at a few sites (e.g., Van Oostdam, 1991; Dwernychuk, 1990;
Derksen and Mitchell, 1994; Birch and Shaw, 1994). Overall, it does not seem reasonable
to suggest that an exhaustive compilation effort would resolve the apparent data gaps. 
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Problems associated with map scale affect the utility of the site location information. The
sampling site may in fact be located in a drainage ditch or a small creek which is not shown on
1:250,000, 1:50,000, or even 1:20,000 scale maps. Unless the site description or coding specifically
indicates that the site is not located in the nearest mapped waterbody, because of the general
uncertainty of coordinates, it is likely to be attributed to that nearby waterbody. The problem is that
many such sites are intended to provide data on potentially contaminated run-off and are not
representative of the nearby waterbody. Another situation is sites located near the junction of two
rivers: Is the site representative of the tributary before discharge to the mainstem, of the mainstem
before addition of the tributary, or of the mixed waters of the two? 

Errors, lack of consistency or documentation of coding (particularly of suspect data),
missing detection limit information and omissions (particularly data sets not entered into the
database) clearly limit ease of use. However, lack of information on biota species or specific
tissue, lack of standardization of parameter coding (different codes may represent the same
parameter but different analytical methods and detection limits), and lack of standardization of units
(particularly data on a dry weight basis whereas guidelines were on a wet weight basis and vice
versa) were of greater significance. These either required greatly increased effort or limited
use of the data. 

There is clearly a need to overhaul both the SEAM and ENVIRODAT database management
systems. This has been recognized by the agencies responsible and major overhauls of the two
systems are now in progress. 

5.2 Results

Graphical and statistical analyses were performed on selected parameters to examine trends
over time and relations between parameters. In these preliminary investigations no significant
correlations were observed between any metal parameters examined (e.g., between copper and
zinc) even where analysis was restricted to a single HMA, and when potential outliers were
excluded such as the period of freshet and observations above the 80th percentile. The maximum
correlation (R value) observed was 0.38 which is not significant. Even when data from only a single
site was considered (i.e., Fraser River at Spences Bridge with 209 observations of metals), there
were no significant correlations observed between metals in preliminary analyses. Also, no
correlation was observed between suspended sediment and metal concentration. However, in this
latter case there were relatively few stations with paired metal and suspended sediment data.
Therefore, this conclusion is based on limited data. Graphs of selected metal and nutrient
concentrations versus time were examined in preliminary investigation of trends over time. No
trends were evident either on the entire data set or when data were restricted to a single HMA.
Such graphs showed a fairly high component of noise which was likely sufficient to mask any
trends which may exist. Level of effort did not allow further statistical investigation of trends. It is
possible that statistical analyses involving selected stations from the database may provide evidence
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of trends. A difficulty is the identification of appropriate stations which are representative of the
general area rather than monitoring the effects of specific developments or activities at a location.
Our intention in reporting these preliminary results is to flag to the reader that care is required
in selecting appropriate data from the database for any particular analysis.

The individual parameter maps (see Volume 2) and the index and summary maps in this
volume show locations of contamination, degraded conditions and "hot spots", as well as distribution
of sampling effort. Generally, the indices were computed as the sum of the ratios of  observed values
relative to the guidelines (or 80th percentile where no guideline exists) divided by the number of
parameters observed which contribute to the index. The index maps only show stations where there
was a sufficient number of parameters observed. Stations are shown with symbols indicating the
magnitude of the computed index value. An index value greater than one indicates that on average
the values of parameters observed exceed guidelines or the 80th percentiles computed from the
database. Specific details for each index are presented in the figure caption for each map.
Frequently, sites are shown as a series of concentric circles with a "plus" mark in the centre
indicating that parameter values are sometimes within guidelines and sometimes high (exceeding
guidelines or the 80th percentile). As mentioned previously, where data were examined for trends,
no trends were evident. There is a limited ability to generalize from these results, particularly as
there are limited data available for most of the western portion of the Fraser Basin.

Nutrients

Elevated nutrient levels in water predominantly occur in the agricultural areas of the
Thompson/Shuswap, Thompson/Nicola, Chilliwack/Lower Fraser and Fraser Delta HMAs. It should
be noted, however, that the pattern shown in the Dissolved Nutrient Index (Figure 5) and Total
Nutrients (Figure 6) maps is strongly influenced by phosphorus data exceeding the guideline
of 15 µg/L used in this study. Pommen (1989) proposes 5 to 15 µg/L as a criterion for phosphorus
only for lakes with salmonids as predominant fish species. The Ontario Ministry of Energy an the
Environment (OMEE, 1994) specifies two guidelines: 30 µg/L for rivers and other fast-flowing
waters and 10 to 20 µg/L for lakes. The guideline of 15 µg/L adopted from this study may be
inappropriate for general application to the Fraser Basin. 
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pH

The map of pH in water (Figure 7) shows that 99% of pH values are within the guidelines.
Extreme acid values are likely in the vicinity of acid mine drainage or effluent discharges or may
simply be errors. A few, five, very alkaline pH values occur in the upper Thompson/Shuswap and
could potentially reflect agricultural run-off. The lower mainland area shows a moderate variance
from the guidelines both above and below the recommended range.

Fecal coliforms

The map of fecal coliforms in water (Figure 8) shows that sampling effort is associated with
monitoring of community sanitary waste facilities and run-off from livestock ranges. A relatively
high percentage (15%) of the observations exceed the guideline for contact recreational activity
(CCME 1987) with the majority of occurrences being in the lower mainland and
Thompson/Shuswap. 

Dissolved Oxygen

Figure 9 illustrates the distribution of dissolved oxygen in water relative to the guideline.
Spatial coverage of the data is limited. Extremely low values (<2.5 mg/L) are not uncommon.
Sampling effort is likely focused on areas of concern. 

Temperature

Figure 10 illustrates the distribution of temperature in water and primarily consists of
observations of surface temperature. Again the spatial distribution of data is limited. It should be
noted that some sites may only report temperature data during the cold season. The lack of
observation of elevated temperatures at a site may reflect this. Also, it should be noted that one
conspicuous elevated site is the Hot Springs near Pitt River. It is not surprising that this exceeds
the guideline.

Metals in water

Figure 11 illustrates the pattern of the computed Metal Index in Water. This index focuses
on twelve metals commonly of concern: aluminum, arsenic, cadmium, chromium, cobalt, copper,
lead, mercury, molybdenum, nickel, selenium and zinc. Iron and manganese were excluded
because it has been hypothesized that elevated concentrations reflect natural sources in the Basin
(P. Shaw, pers. comm.). At least seven of the twelve parameters were required for computation
of the index. The number of sites where this index could be computed is limited relative to sites
where at least one metal was observed (see Figure 12). Data collected during the period of freshet
(from April to July inclusive) are excluded from these maps. However, because the index (and the
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guidelines) are based on observations of total metals, it is likely that some of the elevated values
reflect elevated levels of suspended sediments, for example, following storm events.

Arsenic, cobalt, mercury, molybdenum, nickel and selenium concentrations in water rarely
exceed the guidelines (see Volume 2). An exception is a cluster of elevated mercury values on the
Pitt River. Aluminum and copper show a high frequency of values exceeding guidelines. The
remaining metals: cadmium, chromium, lead and zinc show a moderate frequency of exceedance.
There are subtle differences in the patterns of distribution.

Metals in sediment and fish

Figures 13 and 14 show the distribution of Metal Index in Sediment and locations of metal
concentrations in sediment exceeding guidelines, respectively. It was possible to calculate the Metal
Index for about 60% of the stations where metals had been sampled. The majority of stations
sampled show exceedance of one or more guidelines, sometimes by several orders of magnitude.
However, there are only 160 stations where metals in sediment have been observed. It is not clear
whether this suggests that the majority of sediment sources within the Basin contribute to elevated
levels of metals, or that the majority of sampling for metals in sediment has occurred in areas of
concern as sources of metals. Almost all of the sites are clearly in the vicinity of active or abandoned
mines (see Figure 16).

Figure 15 shows observations of fish body burdens of metals relative to guidelines. While
there are 123 stations with observations of fish metal body burdens, these all occur at 3 sites in
the Thompson/Shuswap. There are insufficient data to allow interpretation.

Dioxins and furans

Figures 17 to 19 illustrate the distribution of the computed Dioxin Index in sediment, fish
liver and fish muscle, respectively. This index is based on the International Toxicity Equivalency
Factors (I-TEFs) and is the sum of the Toxicity Equivalents (TEQs) of specific dioxin and furan
congeners of concern. Because I-TEFs only exist for specific congeners, observations which do
not specify the congener could not be included in the index. 2702 out of 6862 observations (39.38%)
did not specify a congener and were not included in the analyses. For the index maps (Figures 17
to 19) values less than detection were treated as zero and the TEQs of the congeners of concern were
then summed to produce an index value. 

Figure 17 (sediment) shows data only from 1988 to 1990. Figures 18 and 19 (fish liver and
muscle, respectively) show data only from 1988 to 1992. Care should be taken in the interpretation
of these results because of factors such as:

!  the small number of observations for each year;
!  different stations were sampled from year to year;
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!  sampling was conducted during different months from year to year;
!  analytical detection limits improved over this period; and,
!  variation in moisture content of fish samples (which ranged from 65% to 89.4% in these

data). 

Sediment

Figure 17 shows that all instances of high concentrations of dioxins and furans in sediment
occurred in the vicinity of a pulp mill. Descriptive statistics for dioxin and furans in sediment
(expressed as TEQs) are presented below. Note that for these descriptive statistics values below
detection have been replaced with 50% of the detection limit (whereas in the maps a value of zero
was employed). In the maps, index values of greater than 10 were only observed in 1988 and two
very high values (> 250 TEQ at Kamloops) were reported in 1988. Even when these two high
values are excluded there appears to be a significant difference between the dioxin and furan
concentrations in 1988 and 1989 versus in 1990. However, it should be noted that in 1988 2,3,7,8-
tetrachlorodibenzofuran (2,3,7,8-T4CDF) was the only congener detected. In 1989, both 2,3,7,8-
T4CDF and octochlorodibenzodioxin (O8CDD) were detected. While in 1990 a suite of congeners
were detected. There was a substantial change in analytical methods in 1990 and detection limits
for specific congeners improved by an order of magnitude. The observed decrease in dioxin and
furans in sediment between 1988 and 1990 may potentially be due to differences in analytical
methods (particularly detection limits) and sampling rather than a real change in concentrations in
the environment.

        Year No. Samples        Mean     Std. Dev.    95% Confidence Interval
88 24 38.23 78.17 5.22-39.10
88* 22 15.36 8.65 11.55-16.28
89 9 10.58 5.98 5.98-12.35
90 16 3.74 1.49 2.95-4.88

* excludes two outlier (very high) values
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Fish

Figures 18 and 19 present the observed distribution of dioxins and furans in fish liver and
fish muscle, respectively. The patterns of distribution shown for fish liver and muscle appear
consistent which is reasonable given that the liver and muscle samples were generally obtained
from the same fish. The figure for fish liver (Figure 18) is based on data from 1990 to 1992. In
contrast, the figure for fish muscle (Figure 19) is based on data from 1988 to 1992. Fish with
elevated body burdens were observed near pulp mills, downstream of pulp mills and in tributaries
upstream of pulp mills. 

Fish livers appear to hold higher concentrations of dioxins and furans relative to fish muscle.
This difference is significant in 1990, but not significant in 1991 and 1992. This conclusion is
reasonable given that the liver is an important organ in the elimination of organic contaminants from
fish. The fish muscle data show a decrease in body burdens from 1988 to 1989, an increase from
1989 to 1990, a decrease from 1990 to 1991 and no change from  1991 to 1992. There is a decrease
in dioxin and furan concentrations in fish liver between 1990 and 1991 and no change from 1991
to 1992. Again, it should be noted that analytical methods changed substantially in 1990. Therefore
it may not be appropriate to compare the data collected before 1990 with the later data.

The data suggest a decrease in dioxin and furan body burdens in fish between 1990 and 1992
which appears reasonable given the decrease in dioxin and furan concentrations in effluents
as a result of upgrading of pulp mills in 1991.

Fish Liver

        Year No. Samples        Mean     Std. Dev.    95% Confidence Interval
90 47 64.48 112.58 32.30 - 65.04
91 4 14.56 10.27 0 - 19.62
92 13 8.91 10.82 2.36 - 10.22

Fish Muscle

        Year No. Samples        Mean     Std. Dev.    95% Confidence Interval
88 21 36.92 61.42 8.96 - 37.87
89 10 2.06 1.36 1.09 - 3.68
90 74 23.54 34.67 15.64 - 23.98
91 4 2.21 1.06 0.53 - 7.28
92 16 2.36 2.75 0.89 - 3.49

All dioxin and furan sampling has been conducted in studies of pulp and/or paper mills which are
potential sources. The reader is referred to Dwernychuk et al. (1993) and Tuominen and Sekela
(1992) for a detailed analyses of these data. 
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Polycyclic aromatic hydrocarbons (PAH) in sediment

Figure 20 illustrates the distribution of the computed PAH Index in Sediment. Almost all
stations are located in the Fraser Delta or Boundary Bay. One site was sampled north of
Kamloops. Most stations analyzed the full suite of PAHs on which the index is based. The index is
based on Environment Canada criteria for the St. Lawrence River. Approximately two-thirds
of the stations have index values greater than one (on average exceed guidelines). PAHs are
associated with a number of potential sources, particularly with petroleum hydrocarbons. A common
source is run-off from roads and parking lots. It appears appropriate to monitor PAH in sediments
in other parts of the Basin.

Chlorophenols in sediments

Figure 21 illustrates the distribution of the computed Chlorophenol Index in Sediment. This
index is based on the observed values of up to 10 chlorophenol parameters relative to the 80th
percentile computed from the database. There are no appropriate guidelines or criteria for
chlorophenols in sediment. Sampling has been conducted primarily by the FREMP monitoring
program and studies of pulp and/or paper mills. With two exceptions the higher values of the index
are observed in the Fraser Estuary. 

PCBs in sediment

Figure 22 illustrates the distribution of data on polychlorinated biphenyls (PCBs) in
sediment. All data in the database (both measurements of specific and total PCBs) are presented.
The assessment of PCBs is limited by the amount of data available. Almost all of the data were
collected in the lower mainland. With the exception of 5 observations, the data are all below method
detection limits. 

Resin acids in sediment

Figure 23 presents the distribution of the computed Resin Acids Index in Sediment. All 25
stations are located in the Fraser Estuary and were conducted by the FREMP monitoring program.
The Resin Acid Index is based on exceedance of the 80th percentiles for 8 resin acid parameters
calculated from the database. Three (3) stations have an index value slightly greater than one. The
minimum index value observed was 0.14 which occurred at 2 stations. There is sufficient range in
the computed index values and in the observed concentrations of specific resin acids to suggest that
the index values greater than one are not simply an artifact from basing the computation on the 80th
percentile.
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6.0 RECOMMENDATIONS

The main conclusions and recommendations of this study are: 

1) a wake-up call to the agencies involved in collection of environmental monitoring data in
the Fraser Basin regarding the lack of adequate data coverage over the past 10 years; and,

2) the need for substantial revisions to existing data management systems. [Major overhaul of
both the SEAM and ENVIRODAT systems are presently underway (P. Shaw, pers. comm.).]

Some other recommendations have been mentioned earlier in the text. These and other specific
recommendations are listed below.

3) Consideration should be given to a study of distribution of PAH in sediments throughout
the Basin. Currently, data are only available for the Fraser Estuary. The majority of these
data exceed guidelines (Environment Canada, 1992).

4) Consideration should be given to modification of routine data reporting procedures so that
data are reported on a basis consistent with applicable guidelines and criteria. For example,
where guidelines are expressed on a wet weight basis it is beneficial to report results on
a wet weight basis. This comment is relevant to fish body burden data for chlorophenols,
dioxins and furans, arsenic, lead and mercury.

5) The adoption of a criterion of 15 µg/L for total phosphorus in water has contributed
substantially to the pattern of high Dissolved Nutrient Index values and stations exceeding
nutrient guidelines. Pommen (1989) proposes this criterion only for lakes with salmonids
as the predominant fish species. OGEE (1994) presents criteria of 10 and 20 µg/L for lakes
and 30 µg/L for rivers and fast-flowing waters. The criterion of 15 µg/L as adopted by this
study may not be appropriate for general application to the Fraser Basin.
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Figure 1. The Fraser Basin study area.

The Fraser Basin consists of 15 Habitat Management Areas (HMAs) as shown.  These HMAs
are summarized below.

ID Name Area (km²)

1 Stuart/Takla 15,100
2 Upper Fraser 35,400
3 Nechako 31,400
4 West Road 13,100
5 Chilcotin 19,600
6 Middle Fraser 24,500
7 Quesnel 14,900
8 North Thompson 20,700
9 Thompson/Shuswap 17,100
10 Thompson/Nicola 17,800
11 Seton/Bridge 6,600
12 Harrison 8,100
13 Pitt/Stave 3,200
14 Chilliwack/Lower Fraser 2,700
15 Fraser Delta 1,900
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Figure 2. Frequency of Water Sampling

Figure 2 illustrates the number of stations where water samples were collected in each HMA
over the period 1980 to 1994 by year. The term "station" refers to the combination of location,
date, media sampled, sampling method and sampling agency. Generally, there is only one water
sampling station record for a given location and date. Of the 22,581 station records in the
database, there are 20,657 water sampling stations. As can be seen from Figure 2, for several of
the HMAs the database contains virtually no water sampling stations.
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Figure 3. Frequency of Sediment Sampling

Figure 3 illustrates the number of stations where sediment samples were collected in each HMA
over the period 1980 to 1994 by year. The term "station" refers to the combination of location,
date, media sampled, sampling method and sampling agency. Of the 22,581 station records in
the database, there are 388 sediment sampling stations. As was seen in Figure 2, the database
contains virtually no sediment sampling stations for several HMAs.
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Figure 4. Frequency of Fish Sampling

Figure 4 illustrates the number of stations where fish samples were collected in each HMA over
the period 1980 to 1994 by year. The term "station" refers to the combination of location, date,
media sampled, sampling method and sampling agency. However, in the case of biota this also
includes species and tissue (where known). Frequently analyses were performed on liver and
muscle tissue separately or several species were sampled. Because of this, Figure 3 probably
over-estimates by double the number of locations and dates sampled. Of the 22,581 station
records in the database, there are 349 sediment sampling stations. Again, as was seen in Figures
2 & 3, the database contains virtually no fish sampling stations for several HMAs. 
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Figure 5. Dissolved Nutrient Index in Water

Figure 5 illustrates the distribution of the computed Dissolved Nutrient Index in Water over the
period 1986 to 1994. The Dissolved Nutrient Index is based on the average of the ratio of the
observed concentrations of the following dissolved nutrients relative to a threshold concentra-
tion:

Dissolved Nitrite Nitrogen
Dissolved Nitrate Nitrogen
Dissolved Nitrite and Nitrate Nitrogen
Dissolved Ammonia Nitrogen
Dissolved Ortho Phosphorus
Total Dissolved Phosphorus

For dissolved ammonia nitrogen, dissolved nitrite nitrogen and total dissolved phosphorus the
threshold concentration employed was the guideline as listed in Table 1. For the remaining
nutrients, the value of the 80th percentile as listed in Table 2 was employed. To avoid potential
over-representation, where both dissolved nitrite nitrogen and dissolved nitrate nitrogen were
observed, dissolved nitrite and nitrate nitrogen was excluded from the average. Lastly, only
stations where at least 3 of the possible 5 nutrients were observed are shown in Figure 5. An
index value greater than one indicates that on average the values of dissolved nutrients exceed
guidelines and/or the 80th percentile.  
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Figure 6. Total Nutrients in Water

Figure 6 illustrates the distribution of observations of total nutrients in water relative to guide-
lines: total ammonia nitrogen, total nitrite nitrogen, total phosphorus or total phosphate (see
Table 1). It was not possible to compute a Total Nutrient Index similar to the Dissolved Nutrient
Index in Figure 5. Of the 7003 stations where one or more total nutrient parameters were
collected, only 80 stations actually collected observations of more than one total nutrient
parameter that could be assessed relative to guidelines. Computation of indices is not appropriate
where most of the stations involve only a single parameter. Instead, Figure 6 illustrates all
observations of total nutrients in water and shows those which exceed or do not exceed
guidelines. It can be seen that at approximately 64% of the stations the concentrations observed
exceed one or more of the guidelines.



—

-.

L

b

.

Total Nutrients in Water ~

. ,0 Exceeds guideline(s) (4458) ~
+ Within guidelines (2545) !

&



Page 39

Figure 7. pH in Water

Figure 7 illustrates the observed distribution of pH in water relative to the CCME (1987)
guideline. The majority of observations are within the range of the guidelines. 
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Figure 8. Fecal Coliforms in Water

Figure 8 illustrates the observed distribution of fecal coliforms in water relative to the guideline
for contact recreational activity (CCME 1987). The majority of stations are located in relation to
community sanitary waste facilities or agricultural livestock areas. 
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Figure 9. Dissolved Oxygen in Water

Figure 9 illustrates the observed distribution of dissolved oxygen in water relative to the CCME
(1987) guideline. Circles indicate stations with oxygen concentrations which do not meet the
guideline. It is noteworthy that a relatively large number (270) of the stations have very low
oxygen values.
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Figure 10. Temperature in Water

Figure 10 illustrates the observed distribution of water temperature relative to the criterion for
protection of salmonid embryo survival (Nagpal et al., 1995). It should be noted that data for
some stations does not include the warmer weather periods. Therefore, locations which are not
show to exceed the temperature guideline, nonetheless, may exceed this guideline at some
times of year.
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Figure 11. Metal Index in Water

Figure 11 illustrates the distribution of the computed Metal Index in Water over the period 1980
to 1994. The Metal Index is based on the average of the ratio of the observed concentrations of
the following metals relative to guidelines (see Table 1):

Aluminum (Al)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Molybdenum (Mo)
Nickel (Ni)
Selenium (Se)
Zinc (Zn)

Observations collected during freshet (April to July inclusive) were excluded. Observations
where the month of sampling was not known were also excluded. Lastly, only stations where at
least 7 of the possible 12 metals were observed are shown in Figure 11. An index value greater
than one indicates that on average the values of metals exceed guidelines. Approximately 23% of
the computed Metal Index values (212 out of 920) exceed one.
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Figure 12. Metals in Water

Figure 12 illustrates the distribution of the total metals in water over the period 1980 to 1994.
Like Figure 11, this map is based on the following 12 metals, however, there was no require-
ment for a minimum number of metals to be observed at the same station.

Aluminum (Al)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Molybdenum (Mo)
Nickel (Ni)
Selenium (Se)
Zinc (Zn)

Observations collected during freshet (April to July inclusive) were excluded. Observations
where the month of sampling was not known were also excluded. At approximately 38% of the
stations the concentrations observed exceed one or more guidelines for metals (see Table 1).



Metals in Water ;
I

o Exceeds guideline(s) (1 346) ~
+ Within guidelines (818) ~

I

1

I

I

(

——



Page 51

Figure 13. Metal Index in Sediment

Figure 13 illustrates the distribution of the computed Metal Index in Sediment over the period
1980 to 1994. The Metal Index is based on the average of the ratio of the observed concentra-
tions of the following metals relative to guidelines (see Table 1):

Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Nickel (Ni)
Selenium (Se)
Zinc (Zn)

Only stations where at least 6 of the possible 10 metals were observed are shown in Figure 13.
An index value greater than one indicates that on average the values of metals exceed guidelines.
Approximately 83% of the computed Metal Index values (84 out of 101) exceed one.
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Figure 14. Metals in Sediment

Figure 14 illustrates the distribution of the total metals in sediment over the period 1980 to 1994.
Like Figure 13, this map is based on the following 10 metals, however, there was no
requirement for a minimum number of metals to be observed at the same station.

Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Nickel (Ni)
Selenium (Se)
Zinc (Zn)

At approximately 91% of the stations the concentrations observed exceed one or more guidelines
for metals (see Table 1).
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Figure 15. Metals in Fish

Figure 15 illustrates the distribution of the total metals in fish over the period 1980 to 1994. This
map is based on the following 8 metals. It was not possible to develop a metal index for fish.
Only 33 out of 123 stations had observations of more than one metal. No stations had
observations of more than 4 metals. All 123 stations are south of Kamloops near the border
between the Thompson/Nicola and Thompson/Shuswap HMAs.

Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Lead (Pb)
Mercury (Hg)
Selenium (Se)
Zinc (Zn)

At approximately 27% of the stations the concentrations observed exceed one or more guidelines
for metals (see Table 1).
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Figure 16. Active and Abandoned Mines

Figure 16 illustrates the distribution of active and abandoned mines (potential sources of metals)
within the Fraser Basin. These data are from the MINFILE database maintained by the Ministry
of Energy, Mines and Petroleum Resources (L. Jones, pers. comm.). 
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Figure 17. Dioxin Index in Sediment

Figure 17 illustrates the distribution of the computed Dioxin Index in Sediment over the period
1980 to 1994. Only data from 1988 to 1990 are available in the database. The Dioxin Index is
the sum of the International Toxicity Equivalents (TEQs) for dioxin and furan congeners of
concern. The International Toxicity Equivalents standardize the dioxin and furan congeners of
concern relative to the toxicity of 2,3,7,8-tetrachlorodibenzodioxin. Therefore the Dioxin Index
is a measure of the combined toxicity of the dioxins and furans in the sediment. In computing
this index, values reported as below detection were treated as zero. The International Toxicity
Equivalency Factors (I-TEFs) used in the computations are presented in Table 3.

Twelve (12) out of 49 stations had no detectable congeners of concern. Two very high values
(more than 250 pg/g TEQ) were reported in 1988 in the vicinity of Kamloops. All stations with
index values greater than ten are all in the vicinity of pulp mills.

Please see Section 5.2 (page 18-19) for discussion and concerns regarding interpretation of
these results.
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Figure 18. Dioxin Index in Fish Liver

Figure 18 illustrates the distribution of the computed Dioxin Index in Fish Liver over the period
1980 to 1994. Only data from 1990 to 1992 are available from the database. The Dioxin Index is
the sum of the International Toxicity Equivalents (TEQs) for dioxin and furan congeners of
concern. The International Toxicity Equivalents standardize the dioxin and furan congeners of
concern relative to the toxicity of 2,3,7,8-tetrachlorodibenzodioxin (2,3,7,8-T4CDD). Therefore
the Dioxin Index is a measure of the combined toxicity of the dioxins and furans in the fish liver.
In computing this index, values reported as below detection were treated as zero. The
International Toxicity Equivalency Factors (I-TEFs) used in the computations are presented in
Table 3.

Nine (9) out of 64 samples had no detectable congeners of concern. Nineteen (19) samples
exceed the guideline for 2,3,7,8-T4CDD in fish tissue. The pattern of distribution shows some
relationship to the locations of pulp mills. However, fish with high index values are seen at
locations substantially downstream of pulp mills and in tributaries upstream from pulp mills.

Please see Section 5.2 (page 18-20) for discussion and concerns regarding interpretation of
these results.
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Figure 19. Dioxin Index in Fish Muscle

Figure 19 illustrates the distribution of the computed Dioxin Index in Fish Muscle over the
period 1980 to 1994. Only data from 1988 to 1992 are available from the database. The Dioxin
Index is the sum of the International Toxicity Equivalents (TEQs) for dioxin and furan congen-
ers of concern. The International Toxicity Equivalents standardize the dioxin and furan con-
geners of concern relative to the toxicity of 2,3,7,8-tetrachlorodibenzodioxin (2,3,7,8-T4CDD).
Therefore the Dioxin Index is a measure of the combined toxicity of the dioxins and furans in
the fish muscle. In computing this index, values reported as below detection were treated as zero.
The International Toxicity Equivalency Factors (I-TEFs) used in the computations are presented
in Table 3.

Twenty-six (26) out of 125 samples had no detectable congeners of concern. Twenty-five (25)
samples exceed the guideline for 2,3,7,8-T4CDD in fish tissue. The pattern of distribution shows
some relationship to the locations of pulp mills. However, fish with high index values are seen at
locations substantially downstream of pulp mills and in tributaries upstream from pulp mills.

Please see Section 5.2 (page 18-20) for discussion and concerns regarding interpretation of
these results.
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Figure 20. PAH Index in Sediment

Figure 20 illustrates the distribution of the computed PAH Index in Sediment over the period
1980 to 1994. The PAH Index is based on the average of the ratio of the observed concentrations
of the following PAHs relative to guidelines (see Table 1):

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(ghi)perylene
Benzo(k)fluoranthene
Crysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

All stations in the database analyzed at least 13 of the possible 15 PAHs. All were located in the
Fraser Estuary or Boundary Bay. An index value greater than one indicates that on average the
values of PAHs exceed guidelines. Approximately 61% of the computed PAH Index values (19
out of 31) exceed one.
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Figure 21. Chlorophenols in Sediment

Figure 21 illustrates the distribution of the computed Chlorophenols Index in Sediment over the
period 1980 to 1994. The Chlorophenols Index is based on the average of the ratio of the ob-
served concentrations of the following chlorophenols relative to the 80th percentiles computed
from the database (see Table 2):

Trichlorophenols
Tetrachlorophenols
2,3,4,6-Tetrachlorophenol
2,3,5,6-Tetrachlorophenol
Pentachlorophenol
Tetrachloroguaiacols
3,4,5-Trichloroguaiacol
Tetrachlorocatechols
3,4,5-Trichlorocatechol

All stations in the database observed at least 3 of the possible 9 chlorophenols. An index value
greater than one indicates that on average the values of chlorophenols exceed the 80th percentile.
Approximately 35% of the computed Chlorophenol Index values (33 out of 95) exceed one.
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Figure 22. PCBs in Sediment

Figure 22 illustrates the distribution of polychlorinated biphenyls (PCBs) observed in sediment
over the period 1980 to 1994. All analyses of PCBs (i.e., total PCBs and specific PCBs) are
shown. Limited data are available and with one exception (North of Kamloops) all observations
are within the lower mainland. In the majority of samples PCBs were not detected. Where PCBs
were detected, the concentrations were low (see Tables 1 and 2). 
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Figure 23. Resin Acid Index in Sediment

Figure 23 illustrates the distribution of the computed Resin Acid Index in Sediment over the
period 1980 to 1994. The Resin Acid Index is based on the average of the ratio of the observed
concentrations of the following resin acids relative to the 80th percentiles computed from the
database (see Table 2):

Abietic Acid                            
Chlorodehydroabietic Acid               
Dehydroabietic Acid                     
Isopimaric Acid                         
Levo Pimaric Acid                       
Neoabietic Acid                         
Pimaric Acid                            
Sandaraco Pimaric Acid                  

All stations in the database observed at least 7 of the possible 8 resin acids. All stations are
located in the Fraser Estuary. An index value greater than one indicates that on average the
values of resin acids exceed the 80th percentile. Three (3) out of 22 of the computed Resin Acid
Index values exceed one.
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Table 2. Summary SfStbtkS for Psrsmatara Wfthout Spacffk Guldsllnas

Parameter I Cfaas

BIota Fbh
LIPI Llf)ids
T020 Tetrachlorophenob
T021 Trkfrbrophanob
T024 Tetrachbroguaiacola
T026 Tetrachtorcatechola
T033 2,3,4-Trkhbrophenol
T034 2,3,5-Trichloropherrol
TW3 2.4,5-TrkhtoroPhanol
T03S 2,3,4,5-T4CP
T037 2,3.4,6-T4CP
T038 2,3,5,6-T4CP
T039 3,4,5-Trichbrogusiecd
T041 3,4,5-Trkhbrocatechol
0025 hklbkl~
T080 T4CDD
P041 P5CDD
P040 I ,2,3,7,amm0
Holo H8CDD
HOl 1 1,2,3,4,7,8-H6CDD
H012 1,2,3,6,7,6-H8CDD
liO13 1,2,3,7,8,WWX)D
H014 H7CD0
H015 1,2,3,4,6,7,6-H7CDD
0101 08CDD
T062 T4CDF
T063 2,3,7,8-T4CDF
P042 P5CDF
P043 1,2,3,7,8-P5CDF
P044 2,3,4,7,8-P5CDF
H016 H8COF
H017 1,2,3,4,7,8-HO(2DF
I-W8 1,2,3,6,7,8-H8CDF
HOl 9 2,3,4,6,7,84+6CDF
H020 1,2,3,7,8,W+8CDF
H021 H7CDF
H022 1,2,3,4,6,7 .8-H7CDF
t-K)23 1,2,3,4,7,8,9-H7CDF
0102 08CDF
Ca-T Calcium
Mg-T Magnesium
Al-T Atuminum
Bs-T Barium
Co-T cobatf
Fa-T Iron
Mn-T Mangarw.:
Mo-T Molybdenum
Ni-T Nickel
Sr-T Strontium
V--T Vanadium

Bbloglcal parameters
Chlorophenots
Chlorophenob

-~
Chlorophenob
ChlOrophanob
chbrofJArOla
Chlwphanofa
Chbrophanota
Chloropharrols
Chbrophanota
Chtorophenob
Chlorophenols
Dasrxiptive parameters
Dioxirts & fursns
Dioxirrs& furens
Dloxlns & furans
Dioxina & furans
Dioxins 6 furans
Dioxlna & fwana
Dbxina & furana
Dioxina & furans
Dbxins & furans
D&xins & furans
Dioxina & furans
Dloxlna & furans
Dioxina & furans
Dioxins & furana
Dloxlna & furana
Dioxina 6 furans
Dkrxlna & furana
Dioxina & furana
Diixins & furans
Dioxha & furans
Dbxins & furans
Dioxins & furans
Dfordns6 furana
Dioxina & furans
Inorgank parameters
Inorganic parameters
Metab
Metata

Metals
Metals
Metals
Metals
Metals
Metals

P--T Total Phosphorus Nutrienta

Totaf RaSUfh ~ufta Laaa Than ~
Io.sampfaa I No. Woe I No. Sarr@aa INo. Slta

137
22
22
79
79
79
79
78
79
79
79
79
79
169
164
145
153
185
21
153
153
141
153
148
165
165
179
17

153
151
11
10
152
153
140
153
11
150
33
33
33
33
33
33
33
33
33
33
33
33

29
3
3
17
17
17
17
17
17
17
17
17
17
35
29
29
19
29
12
19
19
22

:
29
29
29
11
19
22
7
7
19

;
19
8

22
4
4
4
4
4
4
4
4
4
4
4
4

0
22
21
54
69
79
79
79
79
62
79
51
69
0

85
125
134
146
20
119
143
128
142
133
36
38
157
12

137
147
9
9

152
153
133
146
10

148
0
0
1

32
33
0
28
33
32
18
32
0

0

:
18
17
17
17
17
17
17
17
16
17
0

23
29
19
29
12
19
19
22
19
22
12
12
29
10
19
22
6
6
19
19
22
19

;2
o
0

:
4
0
3
4
4
3
3
0

r r r t ( I

Daacrfpthra Stauatka
Mlnlmunr I MSXfmurrr I Mean std. Dav. Madlan j80ttr Percentlfa[ Unlta

0.2

0.;
1.1
4.1
nc
nc
nc
nc

1.8

17
2.7
65

0.6
0.4
0.4
0.4
0.2
0.4
0.6
1.3
1,3

1.2
0.3

0.25
0.5
0.2
0.3
1.2
0.5
0.2
nc

1:
1.1
0.2
0.7
173
597

3
30
nc
11

1
nc
5
1
6

9.1

0.:
285
13.8

nc
nc
nc

::

4:
8.4

89.4
410

68
88

500
0.2
370
130
26
26
25

1185
1185

45
13
31
16
19

0.2
nc

4?
22

0.2
4.3

15300
1330
1360

30

2Z
78
nc

5
17
6

2.74
nc

4s.:
6.69

nc
nc
nc

7.;

74.6?
5.36

77.35
39.18
13.47
14.11
50.73

38.;
29.14

8.6
8.57

11.85
68.99
68.77

6.72
4.9s
4.36

6.1
9.75

nc
nc

13.6?
8.34

2?
1723.62
916.76
46.03

nc

99.::
17
nc

4:
nc

5470 13900 8827.58

3.13
nc

6141.:
10.10

nc
nc
nc

26.;

14307.;
4.28
9.13

3982.58
450,37
467.67

9995.20

5358.:
1621.52

55.24
63.20
7800

22584.39
22544.83

102.81
27.71
54.s8
63.8

171.13
nc
nc

218.:
78.02

6.;
7834129

32633.31
59254.03

nc

1707;
1163

nc

21.:

3755(3E

2.22
nc
nc
<1
<1
nc
nc
nc
nc
<1
nc
<1
<1

77.9
1.4
<3

2.1
4

<0.3
5.5

<0.51
<2.4
~o.7

<4.05
7
7

<1.2
<0.1
0.45
<1.4
<0,2
<0.2

nc
nc

<1.9
<0.3
S0.2
<3.3
724
856

3
<l

;
<1
rrc
<5
<1
<1

3.85 % W
nc pgtg
nc pglg

1.7 Ilg/gvw
<1 ngfg w
nc @g W
ncng/9vw
ncrrglgwn
ncng/gwA
<1 nglgvvvl
nc rig/g WA

2.1 rrgrgvw
<1 rig/9 WA

79.3 % w
29 pg/g w
*3 p@g w

6.7 P(f/g WA
6.7 w/g VVVU

<0.5 pglg W
16 pglg W

1.4 pg/gww
<4 pglg w

5P@9~
<7.1 f@g w
68.1 w/g W
66.1 P@gW

<3 pg/g w
<0.2 pg/g w

3.4 pg/g Ww
~2.6 w/g W
<0.2 pglg w
<0.2 P@gw

nc pglg W
ncpgrgww

<3.8 PgIg W
1.2 pg/gww

<0.3 pfjlg WV
<5.6 P@g VW
1640 pglg
1040 w

3ffl
<1 pglg
nc @g
35 pglg
<1 w
nc W/g
<5 pglg

2 lJf#9
d pg/g

8190 10200 #g/g



Tsbte 2. Sumnwy Statletlca for Paremetam Wthout Spacfflc Guldaflnee (Contfnued)

t Pammater I Ctaes

Blots, Aquetlc Invertebrataa
LIPI LIPkk
T020 Tetrachforophenok
T021 Trkhlorophenoh
0025 Moi5tum
1080 T4CD0
Po41 P5CDD
P040 1,2,3,7,6-P5CDD
Holo IwXKl
HOll 1,2,3,4,7,W+8COD
H012 1,2,3,6,7,84+6(XX3
H013 1,2,3,7,8,9-H6CDD
H014 H7CDD
HOl 5 1,2,3,4,6,7,8-H7CDD
0101 08COD
T062 T4CDF
T063 2,3,7,8-T4COF
P042 P5COF
P043 1,2,3,7,8-P5CDF
P044 2,3,4 .7,8-P5CDF
H016 H6CDF
HO17 1,2,3,4,7,8-H6CDF
HO18 1,2.3,6,7,8-H6CDF
H019 2,3,4,6,7,6-H6CDF
H020 1,2,3,7,8,9-H8CDF
H021 H7COF
H022 1,23467,8-H7COF,,. ,
H023 1,2,3,4,7,6,9-H7COF
0102 08CDF
Ca-T Caklmn
Mg-T Magnesium
Al-T Aluminum
Ba-T Sarlum
Ee-T 6aIYllium
S-T 6oron
Co-T Cobalt
Fe-T Iron
Mn-T Manganese
Mo-T Molybdenum
Ni-T Nickel
Sr-T Strontium
Ta-T Tetiurium
Tt-T Thatiium
Sri-T Tln
Ti-T Tfianiurn
V--T Vanadium

6iotogkal parameters
ChlorOptmOla
Chtorophenobr
Descriptive parameter
Dkxina & furans
Dioxha & furans
DiOxiis & fumns
Dioxina & furans
Okxina & furana
DiOxkw & fumna
Dkxlna 6 fumna
Dioxina 6 fums
Dioxins 6 furans
Okxlns 6 furans
Dioxins & furans
Dioxlns & fumns
Oioxins & furans
Dbxins & furans
Dloxlns & furans
Dioxins & furarrs
Dioxlns 6 furans
Dioxlns & furans
Dbxrns & furans
Otoxlns& furans
D&xina & furans
Dkxina81fluana
Dkxina 6 furana
Okxina & furarls
Inorganic parameters
Inorgank parameters
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metala
Metals
Metala
Metals
Metals
Metals

Total Raaub WIIM$ be. Than MD
lo.Sam@ee I No. Sltae[No. Ssrn@ael No. Sltel

2
16
16
8
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

[ I II

1
3
3
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

0
10
11
0
1

:
2
2
2
2
2
2
2
1
1
1
2
1
2
2
2
2
2
2
2
2
2
0
0
0
1
3
2
3
0
0
3
0
2
3
3
3
0

0
2
3
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
1
3
2
3
0
0
3
0
2
3
3
3
0

3 2 2

I I

Dascrfptfve Statbttca
Mlnlmum ] Maximum I Mean std. Dev. Median lSOtfI Pwcontffa I Urrfte

1.7

0.02
0.01

65
2.6
m
nc
nc
nc
nc
nc
nc
nc
nc
12
12

2.3

0.:
nc
nc
nc
nc
nc
nc
nc
nc

2;
4130
2460

9
nc
34

53;
i17

:;
6

nc
nc

E
7

26
1.4

0.05
88.5

2.6
nc
nc
nc
nc
nc
nc
nc
nc
rrc
12
12

2.3

0.;
nc
nc
nc
nc
nc
nc
nc
nc

15G
31200
2650

32
nc
34

14
634

G
6

nc
nc

1:

13.s5
0.536
0.024

63
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
m

8156.6?
17010

2523.33
20.5

nc
nc

7403.;
330.33

1;
nc
nc
nc

;

295.25
0.3s7

0.00032
56.67

nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc

48909633
164483300

12133.33
264.5

nc
nc

67522;
72942.33

nc
17563

nc
nc
m

31;

nc
*0.01
<0.01

84
nc
w
m
m
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
rrc
nc
nc
nc
nc
nc
nc
nc
nc

2~
4130
2450

‘4
nc
<1

53;
117

;
<1
nc
nc

:

nc%ww
<0.01 @g

0.01 @g
nc%vvw
ncpglgwV
ncpglgwv
ncpfygww
nc pglg VW
nc pglg VW
ncpglgwvl
ncpglgvw
nc pgig W
ncpglgww
ncpglgw!
nc pg/g VW
nc pglg W
nc pglg VIM
nc pg/g VW
ncpglgvwl
nc pglg VW
nc pglg WA
ncpg/gwh4
nc pglg VW
Ilcpglgww
nc pg/g WA
nc pg/g VW
nc pg/g VW
ncpg/g Vw
nc @g
nc pglg
nc pglg
nc pg/g
nc pglg
nc pglg
nc pglg
nc J@g
nc pglg
nc ~glg
nc I&j/g
nc pglg
nc ~gJg
nc pglg
nc pg/g
nc pglg

. 7 nc nc cl nc ltglg

I I 1 1 I
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Tabta 2. Summary Stattattcs for Parameters Wuhout Spectfk GuMatlnaa (Conunuad)

t
Pwwmatar I class

Aquattc Ptanta
0143 ChtoroptrytlA
0143 CWrophytl A
0146 Phaeophytin A
0146 Phaa@@in A

Sediment
P022 Pentachbr@wOl
T020 Tetrachbrophanols

To21 T~n*
T024 Tetrachbroguaiacob
T026 Tatractrtorocabchola
T033 2,3,4-Ttichiorophanol
T034 2,3,5-Trbhlorophenol
T043 2,4,5.Trichlorophanol
T042 2,4,6-Trtctrbrqrhanol
T036 2,3,4,5-T4CP
T037 2,3,4,6-T4CP
T038 2,3,5,6-T4CP
T039 3,4,5-Trichbro9uaiacol
T041 3,4,5-Trkhbmcatachl
0025 Moisture
C-T Total Cerbon
LOI- Leas On Ignition
0033 Partbk Size 16 Mash
003A Partbb Sue 30 Mash
003S Particle Size 50 Mesh
003C Parlicta Size 100 Mash
0030 Particle Size 140 Mesh
003E Particle Size 200 Maah
003F Pariicla Size 270 Mesh
003G Partlcta Size 400 Mash
003H Partbta Size >400 Mash
Si Silt (.0S3mm - 4urn)
Clay Clay (< 4~m)
Sand Sand (2mm - .063mm)
Grav Gravel (>2mm)
T060 T4CDD
TtW 2,3.7,8-T4CDD
P041 P5CDD
P040 1,2,3,7,8-P5CDD
HO1O H6COD
HOI 1 1,2,3,4,7,8-H6CDD
H012 1,2,3,6,7,8-H6CDD
H013 1,2,3,7,8,9-I-$3(3DD
H014 H7CDD
HOI5 1,2,3,4,6.7,84+7CW
Dlol 08CDD
ro62 T4CDF
h363 2,3,7,8-T4CDF
P042 P5CDF

Sbbgicat parameters
Siobgical parameters
SWOgkal parameters
Sbbgkal parameters

~ls
Ctrlorophanots
Chbrophanob

~s
Chtorophanots
Chtorophenota
Chtoropherrob
Chbrophanob
~tis
Chlorophenob
Chbroptrenols
Chbrophanots
Chlorophanota
Chtorophanols
Daacrfpthmperarrratars
Deacripth parameters
Descriptive parameters
DaacripUva parameters
Daacr@iva parameters
Daacrlptive peramatars
Deacri@iw parameters
Daacrt@va parameters
Descriptive parameters I
DaacripWa parameters
Dascriptiw parameters
Deac4ipWa parameters
Dascrtptlva parameters
Descrtptlve paremetera
Descriptive pararrwem
Descriptive parameters
Dbxins & furans
Dioxina & furana
Dbxlns & furana
Dioxln6 & furans
Dioxhls & furans
thdM 6 furana
fXoxina 4 furana
Dbxina 6 furana
Lnoxlna6 twarra
Dbxkra & furana
Dioxhs 6 furana
Dioxins 6 furans
DlOxins6 fwsna
Dioxtna & furans

Totet Raautta ~utta Leas Than MD
to.sampfealNo. sttaalN0.6ampJaa lNo. sttm

568
527
27
22

95
64
64
41
34
41
41
41
41
41
41
41
41
41
110
I*7
41
53
53
77
53
53
77
53
53
72
66
64
66
47
49
49
49
16
47
16
16
16
45
16
47
49
49
49

60
40
32
6

53
14

:
33
39
39
39
39
39
39
39
39
39
62
58
39
21

$
21
21
26
21
21
25
65
63
65
46
49
49
49
16
47
16
16
16
45
16
47
49
49
49

10
66
15
0

57
47
46
15
11
41
41
41
41
41
32
40
13
10
0
0
0
10
1
1
0
2
3
6
11
1
0
0
0
0

49
49
49
16
41
16
16
16
37
10
27
23
23
49

6
9
10
0

40
13
14
15
11
39
39
39
3Q
39
30
39
13
10
0
0
0
5
1
1

:
2

:
1
0
0
0
0

49
49
49
16
41
16
16
16
37
10
27
23
23
49

1 f f I

Daecrtpltva Statwca
Mfnlmum ] Maxtmum ] Mean std. Lkv. MeuIan pttth Percentttel Untta

0.001
O.oos
0.007
0.001

0.0022
nc
nc
nc
nc

0.00;
0.008
0.001

0.0043
16.6

4000
1.1
0.1
0.1
0.2

1
0.3
0.3
0.1
0.3
0.2
2.5
2.4
0.3

0
nc

nc
nc
nc

4.9
nc
nc

5?
7.2
16
2
2

nc

63.6
51.5

0.6
35.3

0.07
0.16
0.03

0.087
0.043

nc
nc
nc
nc

0.0:
0.00s
0.005

0.1
77.6

382000
47.6
42.8
61.9
52.2
58.7
10.4
09.5
25.3
22.8
72.6
77.7
37,2
97,1
27.2

nc
nc
nc

2;
no
nc

1:
26

546
4521
3166

nc

4.57 36.15
6.4S 97.69

0.8
5.02 60.:

0.020s 0.00044
0.0460 0.00301
0.0132 0.00iK)8
0.0127 0.00051
0.0193 0.00012

nc nc
nc nc
nc nc
rrc nc

O.OG 0.000R

0.00E o.000tJ7
0.02s6 0.00036

39.09 92.80
134906 12876274260

9.79
10.01
12.69
15.15
18.23
6.06

23.9S
5.82
8.10

24.89
43.34

12.6
43.29

1.67
rrc
nc
nc

57.:
rrc
nc

39.2:
14.95

151.05
406.65
2S6.71

185.11
163.07
228.08
168.15
243.11
22.45

622.60
27.03
33.71

50+.68
462.31

69.62
833.44
22.06

nc
nc
nc
nc

6522.43
nc
nc

1604.2
73.62

23075.84
11460s0

566061.29
nc nc

3.1
3.13
~o.5
1.85

<0.005
<0.005
<0.005

0.001
0.0105

nc
nc
rrc
nc
nc

<0.005
<0.005

o.Mt175
0.016

38.9
122000

4.4
0.3
3.4

12,2
14

5.3
11.1
4.1
3.7

16.7
41

8.85
46.65

0
nc
nc
rrc

nc

+0
nc
nc
nc

~50
*.5

56
2
2

7.1 pg/L
12.7 @c@

1.5 @
4.61 @xn2

0.01 pglg
<0.005 pg/g
<0.005 Uglg

0.002 pglg
0.021 pg/g

nc t)gtg
nc pg/g
nc pgJg
nc ~g
nc pglg

<0.005 @g
<0.005 pglg

0.003 pg/g
0.031 yglg
45.6 % W

245000 @g
5.9 %(W/w)

16.2 %
25.2 %
25.1 %
28.1 %

8.5 %
42 %
7.2 %

10.4 %
46.8 %
65.1 %

20 %
67.3 %

1.4 %
nc pg/g
nc pglg
nc pglg
nc pglg

<30 pglg
ncpg/g
nc Pg/g
nc Pg@

40 pg/g
7.5 Pg/g
180 pg/g

77.5 pg/g
63.7 p@g

nc nc pglg



Tabta 2. Surnmwy StattStkS for Pammatara Wtthout Spaclfk Guldallnaa (Contlnuad)

Pwamatar I Ctaas

sadhnant (Conthruad)
P043 1,2,3,7,8-P5CDF
P044 2,3,4,7,8-P5CDF
H016 H8CDF
HOI 7 1,2,3,4,7,8*DF
HO18 1,2,3.6,7,8-H8CW
H019 2,3,4,6,7,8-H6CDF

H020 1,2,3,7,8W+8CW
H021 H7CDF

H022 1,2,3,4,6,7,8-H7CDF
H023 1,2,3,4,7,8,9-H7CDF

0102 08CDF
B022 1,2-Dkhlorobanzene
B026 1,3-Dichkrobenzer’Ia
B025 1,4-DkhlorobenzenS
AVSU Add Watila Sulptride
Ca-E Extractable Caldum
Ca-T Cakium
Mg-E Extractable Magnesium
klg-T Magnesium
w-T Bilii
S-T Sulfur
0124 Total Inorganic Carbon
At-E Extractable Aluminum
Al-T Aluminum
Sb-E Extractable Antimony
Sb-T Antimony
As-E Extractable Araenk
Be-T BerySium
B--T Boron
Cd-E Extractable Cadmium
Cr-E Exiracfabla Chromium
Co-E Extractable Cobalt
CU-E Extractable Copper
Fe-E Extractable Iron
Pb-E Extractable Lead
Mn-E Extractable Manganaae
Hg-E Extractabk Mercury
Mo-E Extractable Molybdenum
Me-T Molybdenum
Ni-E Extractable Nickel
Se-E Extractable Selenium
Sr-T Strontium
Te-T Tatturium
TI-T Thallium
Sri-T T&i
TI-T Titanium
V--T Vanad&m
Zn-E Extradable Zinc
B020 Benzene

Dioxina & furana
Dbxlna & furana
Dioxina & furana
Dioxb-ls& furans
Dioxlna & furans
Dloxina & furans
Dioxina & furarra
Dloxins 6 furans
Dioxhs & furana
Dioxirrs& furans
Dkxina 6 furans
Haloganatad volatile organics
Halogenatad votatite organica
Halogenatad volatile organks
Inorganic parameters
Inorganic parameters
Inorganic parameters
Inorganic parameters
Inorganic parameters
Inorganic parameters
Inorganic parameters
Inorganic parameters
Matals
Matala
Metala
Metals
Metala
Matata
Metals
Metala
Metals
Metals
Metala
Metals
Metals
Metals
Metala
Mdala
Mdels
Metals
Mdala
Metata
Matala
Matata
Melela
Matala
Metals
Metals
Non-hakgenated volatii organic

1B021 Ethyl Benzene Non-halogenalad volatile organic

I 1 I i I {

Total Raaufta butts f.aaa Than MU
Io.sampfaa [No. Sk] No. Sam@aa lNo. Sttw

16
16
47
16
16
16
16
44
12
16
22
25
25
18
18
25
142
25
14s
2

38
92
25
142
25
25
25
3
3

25
25
25
25
25
25
25
25
25
148
25
25
117
3
3

29
3

91
18
25
25

16
16
47
16
16
16
16
u
12
16
22
23
23
17
17
23
92
23
93
1

36
68
23
92
23
23
23
3
3

23
23
23
23
23
23
23
23
23
93
23
23
69
3
3

28
3

56
17
23

16
16
46
16
16
16
16
42
10
16
20
25
25
18
0
0
0
0
0
0
0
3
7
7

25
25
25
3
3
47
0
0
0
0
0
7

25
18
88
7
16
0
1
3
7
0
0
0
25

23 25

16
16
46
16
16
16
16
42
10
16
20
23
23
17
0
0
0
0
0
0
0
1
6
6

23
23
23
3
3
16
0
0
0
0
0
6
23
17
39
6
17
0
1
3
7
0
0
0
23
23

I I I

Daacrlptfva Statbtfca
Minimum ] Maxlrnum [ Maan ] Std. Dav. MadIan ISOth P.rcantftal Unlta

nc
nc
10
nc
nc
nc

8:
8.3

7?
nc
nc

7?
1.7

49.7
145
555
50

166
500

14s0
1300

nc
nc
nc
nc

1:
1.4

2
12.6

5.1
5.1
128

7;
1

6.4
15.3

6
31
rrc
6

241
9

25.7
nc

rrc nc
nc nc
10 no
nc nc
nc nc
nc nc

E 18.67
14 11.15
nc
11 9.;
nc nc
nc nc

77: 771.:
7790 3454.75

186000 17053.94
5330 2076.84

118000 10225.05
105 77.5

26200 5118.31
189000 6100.97

6310 2901.11
123000 21159.76

nc nc
nc nc
nc nc
nc nc

nc

63; 4581.41
12.2 4.75
35.6 10.43

8140 1635.74
17SQ0 5803.61
2670 631.13

358 196.08
nc
12 9.:

66.5 15.35
25.7 11.39

56 26.38
14s0 111.s6

68 48.5
nc nc
19 10.64

313 277
170 55.58
147 49.07
nc nc

nc nc no

nc
nc
nc
rrc
nc
nc

214.22
16.245

6.4
nc
nc

31507%
5552307

682276296
1935810

199278S9S
1512.5

33683457
5997U732

1748493
302127014

m
nc
nc
I-K

39371;
8.63

110.s4
7586600

25207458
1067099
3s66.41

2.:
284.66

27.46
160.90

43057.50
612.5

13.:
1296

9S8.00
937.01

nc
nc

nc
nc

<25
nc
rrc
nc
nc

~40
<3.3

nc
<7.9

nc
nc

2:
3900
6S00
2470
6160

2$
2210
2200

17850
nc
nc
nc
nc
nc

<0.5
3.7
4.4

24.5
5770

9.7
150

nc
<5

2
8.2

<0.2
64

<20
nc
8

241
49

31.65
nc
nc

nc pglg
nc pglg

<25 f)g/g
nc pglg
nc pglg
nc pglg
nc Pg/g

<40 pglg
<3.6 pglg

nc pglg
<38 P@g

nc pglg
nc pglg
nc pglg

494 ~g
4890 Pg/g

12700 w/g
2930 pdg

12500 pglg
nc pglg

6300 pglg
4700 p@g
2730 pglg

28200 pglg
nc pglg
nc ~fyg
rlc pglg
nc pg/g
nc pglg

4040 pglg
5.3 pglg

13.8 ~
4160 pg/g
7110 pglg
1840 pglg
203 P@g

nc pglg
7.2 pglg
17 pglg

10.9 pg/g
15.3 Vglg
101 pglg

nc pglg
nc p@g
12 pglg
nc pglg
70 ~g/g

65.1 pgig
nc pglg
nc pglg
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Tsbfe 2. Swnrnary Stattettce for Psmrrretera Wftfrout Specfffc Guidellnaa (Corrttnued]

k Pammeter I Ctaas

Isedtrnent(Conffmd
solo
TOOI
X662
XO03
0113
P-T
Col 1
C012
E040
E041
E042

Styrirre
Totuene
O-xytane
rn,p-xybne
Total KjrrtdahtNitrogen
Total phosphorus
afpha-Chtordane
gamma-ctrtorwla
Endoauffan I
Endosutfan II
ErrdoauffarrSu@hata

IM016 ~OXyChtOr
T014
AO06
CO07
Ooo1
F030
F031
F032
MOM
Moo2
Mvph
Pool
PO02
PO03
0103
PA06
P023

H
PC54
PC60
PO09
Polo
Pot 1
P012
P013
P014
0101
0102
A030

Toxaphane
kinphos Memyf
CarbophanlhM
Dimethoate
Fensulofhion
Fenlhion
Fonofos
Mstamiorr

Mevinphos”
Pammion
ParatMOn Methyl
Phosmel
Total organic Carbon
Banzo(b)ftuoranmane
Potychtortnated Biihenyta
PCB 1242
PCB 1248
PCB 1254
PCB 1260
Bis(dwthylhexyl)Phthalate
Oimethyl Phthalata
Oiethyl Phthslde
D~n-Butyl Phthalate
Bufytbarrzylt%fhdate
Oiicfyl Phfhatate
Phendphthakm 8.3 Akatinity
Total 4.5 Akaihity
Abiatii Acid

C050 cfrtorodahYdroabtafk Acid
m52 Oehydroabietic Add

~~ ~0053 OicMOr
1004 Isoprmark Acid
LO03 Lew Pimartc Acid
NO05 NaOabietic Acid
P025 f%tMfiC Acid
S006 Sanrtaraca Pimaric Acid

Non-tratoganated votatite organi
Non-halrroenated vdatlte Oruati
t40n-hatc&metedwxafita tiarri
Non-trato9enated vdatii organk
Nutrianta-
Nutdents
Organochtortnepesticides
Organochlortne pesticides
OrgarrochtOrhapesticides
Organochlorina pestkidea
OrganOcWOrinapesticides

z= E=
Organophcraphatepesticides
0r9anophosptrate pesticides
Organophosphate pesticides
Orgarrophosphate paaticides
Organophosphate pesticides
Orgarrophosphate pesticides
Organophosphate pesticides
Orgarrophoaphale pestiis
Organophosphate pesticides
Oroanoohoaohate rmstiis

O~afro**te irastickfes
Organics, miacedianaous
Potycycticaromatic hydrocarbon
Potychlorinatedbifrtrenyls
Potychtorinatedbiphanyts
Polyd)foriMted biphanyls
Potychtwinated biphanyis
PotychiOriWed biptranyta
Phthalate esters
Phthalate esters
Phthaiate esters
Phthalata esters
Phfhatate esters
Phthalate esters
Phyeicat parameters
Physical pammeters
Rasin and fatty acids
Reatn and fatty adds
Raain and fatty adds
Resin and fatty adda
Raain and fatty acids
Resin and fatty actds
Resin and fOttyacids
Rasin and fatty adds
Resin and fatty adds

~0032 Total Votaflle Residue Residues

1 I

Total -UttS bufta Leas Than MDi
fo.sarnp tealNo. Sttoa]No. San@aISl No. War

20
25

:
16
79
31
31
30
24
31
31
24
25
25
25
25
25
25
25
25
25
25
25
18
51
31
6

25
25
25
16
6
6
6
6
6
6
2
2

25
25
25
25
25
25
25
25
18

19
23
17
23
18
47
25
25
25
19
25
25
19
23
23
23
23
23
23
23
23
23
23
23
17
46
25
2

23
23
23
17
2
2
2
2
2
2
2
2

23

z
23
23
23
23
23
17

18
23
16
25
1
0

31
31
30
23
31
31
24
25
25
20
25
25
25
25
25
25
25
25
18
0
~o
6
25
25
21
17
0
6
6
5
6
6
1
2
0
3
0
5
9
25
16
3
3

17
21
17
23

:
25
25
25
16
25
25
19
23
23
16
23
23
23
23
23
23
23
23
17
0
B
2

23
23
19
16
0
2
2
2
2
2
1
2
0
3
0
5
8
23
17
3
3

136 53 0 0

r I

De@ ripttva Stauauca
Mlnfmurn [ Marrfrnurn [ Mean std. Dev. Ned&n JSOfhPorcantffa] Untta

0.966
0.13

nc

1:
87
nc
nc

0.00;
nc
nc
nc

nc

O.oz
rrc
nc
nc
rrc
nc

nc
nc
nc
nc

1,5

002
nc
nc

O.OK
C.05
0.14

m

0.:
nc

;

O.g
0.05

0.067
0.051
0.073

0.1:
0.107
0.057

1.7

2.15
0.263

nc

263:
6620

nc
nc

0.00;
nc
nc
nc
nc

0,0;
rrc
nc
nc
nc
nc
rrc
nc
nc

24?
0.6
nc
nc

0.1:
0.05
0.64

nc

0.:
nc
nc
76

1.;
1.08
1.76

0.757
1.13

0.5:
0.718
0.702

79.7

156s
0.2065

nc

11985.:
1199.36

nc
rrc
nc
nc
nc
nc
nc
nc

0.06;
nc
nc
nc
nc
rrc
nc
m
nc

25.4?
0.103

m
nc

O.wi
nc

0.477
nc
nc
nc
nc
m
nc

0.6%
0.406

0.6631
0.2552

0.603

0.32;
0.2955
0.2754

0.6774
O.of 17

nc

95678W:
936364

nc
nc
nc
nc
nc
nc
rrc
nc

0.0009:
nc
nc
nc
nc
nc
nc
nc
nc

2976.:
0.0264

nc
nc

0.0J7

0.03%
nc
nc
rrc
nc
m
nc

0.29;
0.0840
0.3320
0.0547
0.1140

0.01:
0.0329
0.0319

<0.001
<0.oi

rrc

22:

rrc
nc
nc

<0.001
nc

nc
nc
nc
nc

~o.02
nc
nc
m
nc
nc
nc
W
nc
nc

6.7
0.046

nc
nc
nc

<0.01
<0.01

0.48
nc
nc

so. 1
nc
nc
nc

0.3;
0.273
0.476
0.096
0.231

nc
<0.05
0.166
0.163

~o.ool IJg/g
<0.01 ~g

Ilctrglg
nc pglg

7070 pg/g
817 ~g

nc pglg
nc pglg
nc pg/g

~o.ool irglg
nc l@g
nc pg/g
nc yg/g
nc pg/g
nc pg/g

<0.02 pg/g
rrc Pg/g
nc pglg
nc pglg
rrc pglg
nc pg/g
nc pglg
nc pg/g
nc @g
rrc pglg

14.1 rng/g
0.08 w/g

nc yg/g
nc pglg
nc pglg

<0.01 Lrg/g
<0.ot pglg

nc pgig
nc pglg
nc pglg
rrc ilg/g
nc pglg
nc fJgJg

nc pglg
nc frglg

0.936 trglg
0.435 ~g

1.2 pglg
0.309 pglg
0.726 w

nc pglg
0.187 y@g
0.424 p~g
0.319 tlglg

24.22 542.69 7.05 46.8 %



Table 2. Summary Statfattcs for Pammatera Wtthout Spectflc Wdallnas (Continued)

I Pwarneter I ctaa*

suspended Pwttcutatas
1060 T4CDD
T061 2,3,7,6-T4CDD
Po41 P5CDD
Holo HSCDD
H014 t-f7CDD
0101 06CDD
T062 T4CDF
T063 2,3,7,6-T4CDF
P042 P5CDF
H016 H6CDF
H021 H7CDF
0102 08CDF
0103 Total O@atIic Carbon

water
0147 Esherichla coli
0148 Enlerococcua
0451 Total Cdiforrn
0454 Fecal Streptococcus
PSE Pseudomonas aeruginosa
0143 ChlorophyllA
0146 Pheeophytin A
0105 Cyankte, S.A.D.
0157 Cyanide, W.A.D.
1105 DtaaofverlCyanide
TWO Thiocyanate
0061 Dichloroguaiacds
0062 Dichbrocatechols
0063 Dichioroveretrola
0064 Dichlorovenillins
M051 McrnwMOroguakOla
M052 Morrochtorocetechds
M053 Monochlorovaniltins
T019
T022
T024
T025
T026
T027

T028

0011
0039
0123
1123
C--T
0115
0116
Sool

Trichlorosyrirrgds

Trichtoroguaiacda
Tetrechloroguaiacok
Trichlorocatechols
TetracfrlorocetechOls
Trichloroveretrols

Tetrachloroveretrols

Specific Corrrtuctanca

Oxktatiorr-ReducSon Potetial
Total Tannin & Lignln
Dwolved Tannin& Lignin

Total Carbon

Siochamicd Oxygen Demand
Chemicat oxygen Demand
Bromine

Dioxine & furans
Diorrina6 furarrs
Diorrina& furans
Dioxins 6 furarra
Dioxtns 6 furans
Dioxirrs6 furans
Dioxina & furans
Dioxina 6 furana
Dloxina & furans
Dioxirra& furans
DJoxina& furans
Dioxins & furans
Organics, mtacellaneous

Human pathogena
Human pathogens
Human pathogans
Human pathogens
Human pathogens
Biologkal parameters
Biologkel parameter
Cyanides
Cyanides
Cyanides
Cyanides

Chf~henola
Ctrtorophenols
Ctltoropherrols
Chtoropherrola
Chiorophenols
Ctrlorophenols
Chtorophenols
Chlorophenole
Chkmpherroia

Chlortihenols
Chlorophenda
Descriptive parameters

Deacripttvsr parameters

Descriptii parameters
Descriptive parameters
Descriptive parameters
oxygen
oxygen

Inomanic parameters

lCa-T Calcium Inorganic parameters

Diaaotved Calcium Inorganic parameters

I \ I I I

Tetaf ROSUttS ~utta Leas Than ML%
to.sampf n [No. Sites I NO. Sornpfae INo. Wet

2
2
2
2
2
2
2
2
2
2
2
2
2

471
552
1202
226
114
285
43

435
250
32
8

217
229
228
228
221
229
223
228
172
194
229
227
228
228

9267
160
197

1
372
101
277

2
1039
376

2
2
2
2
2
2
2
2
2
2
2
2
2

57
64
147
51
27
42
13
45
36
7
6
5
5
5
5
5
5
5
5
5
5
5
5
5

&
5

39
1

91
38
50
1

180
95

2
2
2
2
2
0
2
2
2
1
2
2
0

47
45
151
34
78
10
37

237
156
23
8

217
229
228
228
221
229
223
228
172
194
229
227
226
228
11
0
3
0
0
93
75
2
0
0

2
2
2
2
2
0
2
2
2
1
2
2
0

14
16
61
9

25
5
8
33
35
6
6
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
0
1
0
0
37
20
1
0
0

I

Deacrfptfv ● Stattstlca
Mnlmum 1 Maxfmunr I Mean std. Dav. I Madhrr @9ttr Percontflo] Unfta

1
1
0
0
2

0.0005
0.00169

0.005
0.001

0.01
nc
nc
m
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc

0.1;
-0.16s

0.1
2.4

3
2

10

OY
0.66

nc
nc
m
nc

3:
rrc
nc
nc
14
nc

2.:

75000
12600
71600

892
415

0.036
0.0037

3.16
0.152

0.7
nc
nc
nc
nc
nc
nc
nc
nc
nc

nc
nc
nc
nc
nc

95;

0.226
13.6
2.4

240
142
324

%:

nc
nc
nc
rlc

349:
rrc
no
nc
rrc
nc

2.;

561.54
260.02
387.51
42.45
24.3i

0.0042
0.0025
0.0962
0.0232
0.1489

nc
nc
nc
nc
nc
nc
nc
nc
nc

nc
nc
nc
nc
nc

230.$
0.170

1.02

29.;
54.63
31.60

29.;
362 35.91

nc
nc
rrc
nc

IJ:
rrc
nc
nc
nc
nc

0.:

17500225
894135

6329066
17270.58
5147.06

0.000044
o.000cOl

0.0996
0.0008
0.0473

nc
nc
nc
nc
nc
nc
nc
nc
nc
nc

nc
nc
nc

nc

67466.~
0.005

1.96

818.4?
1968.64
1461.32

nc
1433.59
2S07.53

nc
nc
nc
no
nc
rrc
nc
nc
rrc
nc
rrc

2,:

44
23
23

1
<2

0.0016
<0.0005

0.005
~o.oo5
<0.005

nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc
nc

1;
0.1895

0.6

E
+0

15

12;

nc pglg

nc pglg

ncpgfg
nc p@g
nc pgfg

rrc pg/g

nc pglg
nc frglg
nc pg/g
nc pglg
nc pglg

nc pglg
nc %

179 CFWCL
146 CFU/cL
240 MPN/cL

12 CFWCL
3 CFUICL

0.0038 rnglL
<0.0005 rng/L

0.014 rngk
0.009 M@L

0.03 mglL
nc mg/L
nc mg/L
nc rnglL

rrc rr@L
nc mg/L
nc mg/L

rrc mg/L
nc nrglL
nc rnglL
rrc Nl@L
nc K@L

nc rng/L
nc M@
nc mg/L

nc mglL
370 pmhcrkrn

0.206 mV
1.5 m@L
ncrrr@L
36mglL

<10 nrglL
28 mg/L
nc mgfL
17 rrrg/L

11.9 13.8 ~L
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Tsbfa 2. Summary Statfatfca for Parameters Without Spadtk GukJatlnaa (Continued)

I Pammatar 1 Cfaaa

Iwater(Contlnuad}
Ca-P
Ca-S
0124
0104
1104
a-s
1016
0106
1108

Particulate tidum
Sotutia Caidum
Totatfmrgank Cartron
Ctrlodda
Dkaofwd Chloride
Sdubfa Ctrkrtde
Total Raaidual CMorina
Ftuorida
Dksoivert Ftuorida

Mg-T Magnesium
M-D Disadwd Maonadunr
*P
Mg-s
K-T
K-D
K--P
K--S
1120
Si-T
Si-D
Na-T
NO-D
Na-P
Na-s
0121
1121
so4-
0125
S--T
S--D
Sb-o
As-D
As-E
Ba-D
Ba-D
BI-T
BLD
B-T
B--D
Cd-D
cd+
Cr-D
CO-D
Cu-D
CU-E
Fa-D
Fa-E
Pb-D

Particrdate M@sssiwn
Sdubfa Magnesium
Potassium
Diaaotwd Potsssira’11

miicutata Potassium
Sofubta Potassium
Dieadvad Readiva Silica
silicon
Dkaoivad siikwl
Sodii
Disaotved Sdlum
Partkutete Scdium
Sdubfa Sodium
Sulfate
Diasoivad Sutfate
Soiubla Sutfate
Total SufMa
Sutfur
Dissolved sulfur
Dissolved Antimony
DissohradArsenic
Extractabfa Arsenic
Dissolved Barium
Disadvad Baryuium
Bismuttr
Dksdvad Bismuttr
Boron
Dksolved Boron
Dksolvad Cadmium
Extractabta Cadmium
Dkaokad Chromium
Disaotvad Cobatt
Dkadvad copper
Extactabia CopPar
Dkaotwd Iron
Erdractatrtairon
Dissolved Lead

Pb-E Extractable Lead
Li-T Lithium

Inorgank parameters

Inorganic parameters
l-k pammatare
Inorgank parameters
1- parameters
Irrorgank parameters
inorganic parameters
inorganic parameters
inorganic parameters
lnor~ank ~amatera
InorgaWc parameters
inorgank parameters
inorgank parameters
krrrrgenk parameters
inorganic parameters
inorganic parameters
inorgank parameters
Inorganic parameters
krorgank parameters
l~nic parameters
Inorganic parameters
inorganic parameters
inorganic parameters
Inorganic parameters
Inorgank parameters
Inorganic parameters
inorganic parameters
Imrqank parameters
Inorganic parameters
Matafa
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Matak
Metals
Matata
Metafs
Metals
Metals
Metals
Metals
Matafa
Matats
Metals
Matds

I I

Total Reaulta ~ttaLeaaThasI~
Io.Sam PlaalNo. sltaalNo. sarnplea INo. Sths

477
46
326
553
1542
50
2
4

625
1036
376
474
47
69
166
481
50

774
173
35
89

503
479
50
61

50
9

67
33
12

198
2

303
3

158
35
157
305
262

2
208
30

669
2

681
2

256
2

10
2
80

2’:6
2
2
2

41
180
95
10
2

42
58
10
2

62
53
20
42
115
10
2
17

244
2
6

29
20
9

46
1

91
2

47
20
47
91
57
1

41
13
93
1

103
1

59
1

6
0
2
8

249
0
1
2

151
0
0
6
0
5
3
6
12
6
0
0
0
t
6
0
0
53
0
8
0
0
12
87
0

99
3

156
35
60
252
251

2
200
23
306
0

166
0

226
1

6
0
1
6
59
0
1
2

25
0
0
6
0
4
2
6
1
6
0
0
0
1
6
0
0
15
0
8
0
0
9

44
0

28
2

47
20
17
73
55

A
12
55
0
36
0
54
1

420 i 6 6

I I I 1

Daactipuva Statiatka
NhtmumlMaslmum] Mean std. Oav. Madlan @th Parcentltal Unlta

8.7
0.56

1
0.2
0.3

0.47

0.;
0.02

0.1
0.11

1.5
0.06
0.12

0.4
0.14
0.05
0.06

0.2
2

0.2
0.5
0.5
0.3
1.2

0.11
0.92

3.4
0.4

0.34

O.OJ?
0.0004

0.01

0.;;

0,;
0.01

0.0002

O.G
0.001
0.001
0.003
0.005

1.2
0.001
0.002

61.6
4.15
155

19.6
128
1.4

O.E
0.79
405
533

24.7
0.37
47.3

49
4.9

0.22
31.1
14.4
13.8
362
188

16.9
1.51
182

1640
2.3
3.4
374
366

0,00;
0.0006

0.17

0.:

0.2
0.2

0.13

0.;
0.006

36.7
0.003

73.9
2

0.5
0.002

24.11
1.94

26.40
3.69
4.03

0.7414

0.;
0.0695

15.65
12.77
6.83

0.221
3.U
4,51

‘ 1.23
0.105

5.64
4.47
5.45

19.35
13.68
4.72

0.671
22,76
62.29

1.69

34.:
62.39

0.00:;
0.0005
0.0302

0.0;

0.07E
0.0324
0.0126

O.mm
0.0010
0.2390

0.003
0.4761

1.6
0.0185

nc

171.47
0.792

664.30
24.87
58.07
0.039

nc
o

0.0057
1479.12

876.29
26.50

0.0054
52.07
50.19

1.49
0.001
16.58

5.58
5.39

2280.94
793.14

21.27
0.064

1131.05
36640.42

0.097

8961.;
16257.39

0.000J%
o

0.00056

O.m?

0.006E
0.00092
0.00152

nc

:=
7.05

0
1526
0.32

0.0083
nc

15.8
1.465

9
0.4
0.6

0.535
nc

<0.03
4.05

2.56
2.3

3.75
0.18
0.5
0.3

0.56
<0.1

2.6
2.5
3.2

2.43
1.3
1.7

0.705
5

6.2
1.53
<0.5

1.3
1.14

nc
<0.001

0.00035
a.ol

nc
<0.02

nc
<0.004
<0.601

<0.0005

a.w?
~o.ool
<0.001
0.0015

0.03
0.2

<0.001
<0.001

0.0004 0<0635 0.0031 0.00002 0.0016

18.6 rngfL
1.76 rrr@L

13 mgn
0.6 m@L

0.6; ~
nc rngfL
nc rngA

<0.05 rngfL
4.04 mg/L
2.76 rn@L

4.7 mg/L
0.21 m@L

0.8 mg/L
0.4 mglL

0.75 m@L
0.07 mgtL
4.17 rng/L

3.3 mg/L
3.51 mgn

3.3 mglL
1.7 mg/L
2.6 m@L
0.6 mf$L

10.9 mg/L
6.6 rnglL

1.63 rn@L

2? z
1.76 mf/fL

nc m@L
<0.001 mgn

nc mglL
0.01 mg/L

nc mgfL
~0.02 mg/L

nc m@L
<0.04 mgiL
<0.01 mg/L

~o.0005 mglL
nc rrrglL

<0.005 rnglL
~o.oo? rrrgn

0.002 mgtL
ncrngfl

O.m mgm
rrcrngm

<0.001 rngil
ncmglL

0.0022 rngiL
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I Puamater 1 Ctass

Water (Conttnued)
Mn-D Dissdwd Manganese
Mn-E Extractabta Manganese
Hg-D Dissotved Mwcury
Hg-E Extractable Mercury
Mo-D DlsaohredMolybdenum
Ni-D Diawtwd Nickat
Sa-D DiaaohredSelenium

E::
Sr-T
Sr-D
Te-T
Te-D
11-T
TI-D
Sri-T
Sri-o
Ti-D
V--T
V--D
Zn-D
Zn-E
Zr-T
Zr-D
0109
1109
1111
0110
1110
No3-
NH4-
1108
0112
0113
1113
0114
1114
0118
1118
P--D
0103

Estradable Satanhm
Da801ved Sitvar
Strontium
Dlaaotvad Strontium
Tetturium
DlasohredTaHartum
Thalllum
Dissolved Thalthrm
Tin
DisaohradTin
tllsaoived Titanium
Vanadium
Disaotved Vanadium
Dissolved Zinc
Exlractabta Zinc
Zmnium
Dksolvad Zirconium
Total N02/N03 N4rogen
Dissolved N02/N03 Nitrogan
Diaaotved Nitrtte Ntirogen
Total Nitrate Nitrogen
Diasotvad Nitrate Nitrogen
Soluble Ntirate
Ammonium
Dissolved Ammonia Nitrogen
Total Organic Nitrogen
Total Kjatdahl Nhgen
Dissolved Kjaldahl Nitrogen
Total Nllrogen
Total Diesotvad Nitrogen
Ortho Phosphorus
Dissolved Ortho Phosphorus
Total Dissolved Phosphorus
Total Organic Carbon

AOX- Adsorbable Organic Haktes
0015 Turbidity
0131 Acidity PH 8.3
AC83 Ackllty PH 8.3
0101 Phanotphthalaln8.3 Atkatinlty
0132 Acidity pli 4.5
AK-T Total Alkalinity
0102 Total 4.5 Alkalinity

Metata
Metals
Metats
Metals
Matata
Metals
Metals
Metals
Matata
Metals
Metals
Metals
Metats
Metals
Metals
Metals
Metals
Matata
Matata
Metats
Maws
Metals
Metals
Metats
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Nutrients
Orgarrks, miscellaneous
Organica, miaceUmaous
physical parameters
Physkal parameters
Ptryslcislparameters
Physical parameters
physical parameters
Phyalc.alparameters
Physical parameters

ID102 Atkallntty4.5/4.2 Physical parameters

I I \ I !

mat Reautta IReautta Lees Ttran Ma
10.Sarn@ea]No.SItaa[No.Sempteal No. Stte

302
2

83
2

526
305

3
2

118
600
35
91
3

91
3

94
3
3

1383
284
248

2
91
3

3857
4294
3220
197
277
77
77

6767
152

3444
12
57

3860
46

5371
6432
322
348

3s80
303
77
379
49

1579
1454

89
1
6
1

92
91
2
1

20
61
20
22
2

22
2

25
2
2

172
80
58
1

22
2
9

403
298

9
27
2
2

441
11

354
5
11
9
4

353
411
63
8

265
68
2

84
23
12

198

124
0

83
2

248
218

3
0

117
0
0

91
3

88
3

88
3
3

847
254
208

0
91
3

129
1372
2239

2Q
107
9

22
2712
114
136
0
19
22
18

2276
1007
66
41
54
0
0

300
43
15
6
0

39
0
6
1

6s
81
2
0

20
0
0

22
2

22
2

21
2
2

155
70
49
0

22
2
6

229
276

8
9
2
2

315
3

25
0
2
6
4

226
139
20
5

14
7
0

68
21
7
3
0

( I I I

Daecrtpthra StatIaUca
Ntnhnum 1 Marrtmum I Mean I Std. Dev. Median lSOth Percenttta I Untta

0.002
0.1
nc

O.-M
0.002

O.OJ?
Omool
0.0002

0.1
nc

o.rX

0.:
nc

o.tX#7
0.001
0.005
0.005

nc

0,;
0.005
0.001
0.005
0.002

0.01
0.01

0.005
0.02
0.01
0.04
O.M
0,01

0.005
0.0005

0.003
1

0.01

0.;
28.3

O.f
31.2
11.9
2.4

37.3

5.69
0.1
nc
nc

1.68
0.052

O.mn:
O.0001

9.1
9

nc

nc
0.01

07
nc

1.E
0.08
0.14

0.005
nc
nc

4.51
13.8

0.789
6.62
290

0.97
0.37

68
0.67
50.7
0.4

1.23
8

0.4
4.48
999
42

0.34
320
651
219

24
404
218
66s
92.6

I

0.286
0.1
nc
nc

0.217
0.0041

O.mn:

0.2E
1.39

nc

O.mm

0.04;
rrc

0.01:
0.0226
0.0212

0.005
nc

0.20;
0.2450
0.0151
0.8639

2.80
0.2113
0.0444
0.1280
0.2434
0.3888

0.14
0.3126
0.3153
0.0595
0.0525
0.2492

7.07
0.057
6.46

10.65
62.41

6.07
185.57
69.0S
82.16

57.6

0.478
0

nc

o.1~
0.000M

rrc
o

0.6;
9.23

nc

O.d

0.00E
rrc

0.007:
0.00019
0.00074

0
nc

o.3r#
0.6637
0.0016

2.79
508.42
0.0285
0.003

1.63
0.053
1.07

0.0097
0.0687
0.4475
0.0051
0.0471
186.75
41.85

0.0035
242.68

3123.02
659.98

20.38
26156.67

1359.$6
4660.56

265.24

0.01
0.01

nc
nc

<0.01
<0.05

nc
<0.0001
<0.0001
0.09115

0.1
nc
nc

<0.03
nc

<0.02
nc
nc

<0.01
<0.01

<0.005
~o.ool

nc

0.0;:
0.009

<0.005
0.02

0.006
0.15
0.02

0.005
0.02
0.13

0.105
0.08

0.158
0.03

<0.003
0.007

3
0.03

1.9
2.5

57.1
<0.5
~o.5
55.5
57.9
52.1

0.02 mglL
nc m@L
nc mgA

nc pg/L
<0.01 mglL

~o.05 rngn
nc mg/L
nc mg/L

<0.0001 rn@L
0.105 mg/L

0.1 m@L
ncrnglL
nc rng/L

~o.03 rngn
nc rrrg/L

~o.02 mglL
nc mg/L
nc rnglL

<0.01 m@L
<0.01 m@L

<0.005 mg/L
nc mg/L

nc mg/L
nc mg/L

0.123 mg/L
0.05 mg/L

<0.005 mglL
0.03 rngA
0.08 rn@L

0.27 mg/L
0.04 rnglL
0.01 rng/L
0.03 N@L

0.24 mg/L
0.13 rnglL
0.07 mglL
0.23 rng/L
0.05 rng/L

0.007 mg/L
0.019 mg/L

9mt3fL
0.07 mg/L
6.3 NTU

5mglL
73.9 paqlL
0.1 rnglL

<0.5 mg/L
91.4 psqm
124 rn@L

55.7 mg/L
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r

Psmrnatar 1 Cfaas

Water (Continued)
0107
1107
AC-F
Tss-
Sb25
CS34
Co60
Rs26
H-3-
A030
0052
1004
LO03
NO05
P025
SO08
0o05

0007
007H
0008
RFF-
0009
0010

Total Hard=s
Diasolvad Hardness
Frae Addii
Total SqMndad solids
Antimony-125
ceaiurn-134
cobaa-60
Radm226
Trithm
Abiatic Aad
Dahydroabiilk Add
Iaopimaric Add
Levo Pimaric Add
Naoatriatic Acid
Pimaric Add
Sandaraco Pimaric Acid
Total Residue
Total fixed Residue

0.45pm Fiftembla Residue
1.Opm Filterable Residue
Nonfiiambla Residue
Fixed Filterable Residue
Fixed NonflHarablaResidue
Volatile NorWtarabla Residue

Physical pammatera
mp pammatam
Physical paramatara
Phyekai parameters
Radiisdivaa
Radioadiwa
Radioadfvas
Radioactivaa
Radioacfii
Redn and fatty adds
Resin and fatty scids
Raain and fstty acids
Raain and fatty adds

Raain and fatty acids
Raain and fatty acids
Resin and fatty acids
Residues
Residues
Residues

Residues
Residues
Residues

Residues
Residues

Total Raaufta l?ewttaLaaaThanMDl
Io.sampfaa I NO. sttaalw.s ampfaaplo.sftel

2009 m
134 43
77 2
141 4
33 2
34 2
31 2
33 2
98 2
123 10
123 10
123 10
123 10
123 10
123 10
123 10

1238 202
120 26
418 90
969 83

3246 311
135 4
134 28

15
0
0

109
33
34
31
29
54
118
113
118
120
122
122
117
0
0
4
8

594
1

52

7
0
0
4
2

2
2

2
2
10
10

10
10
10

10
10
0
0
2
1

116
1

15
1 1 0 0

I 1 I 1 1 I / (
f

Daacrfpuva Statfatfca
Mfnfmum [ Maxbnum ] Mean std. Dav. Madfan jE6th Parcentttal Unfta

0.5 1290
4.32 483

0.1 2.4
0.5 338
nc nc
nc no
nc

0.012 0.:
7 31

0.003 0.042
0.001 0.028
0.002 0.012
0.001 0.006
0.084 0.0s4
0.011 0.011
0.001 0.099

16 1873
8 292
1 1542
2 6000

0.05 18000
27 300

1 220

98.39
63.62
0.401
32.77

nc
nc

0.0;
15.22

0.0144
0.0087

O.m
0.004

nc

0.02:
177.10
65.88

126.93
135.28
28.05

100.98
20.89

14774.02
5402.86

0.189
4893.53

nc
nc

0.0W7
63.04

0S)O02
o.oOOo74
o.oOOoi4
0.000013

nc

0.00147
297SS.02

1869.68
24473.94
57304.88

112758.52
2129.99
1723.56

84.7
57.75

0.3
<5
nc
nc
nc

~o.07
<8.1

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

67
36
56
74

2
42
+

117 mgk
135 mgJL
0.5 paq/L

lW
nc Sq/L
nc Scf/L
ncS@L

<0.07 Bq/L
12 i3qlL

<0.001 mgk
<0.001 mg5
<0.001 rrr#L
<0.00$ mg5
<0.001 rngn
<0.001 rngn
<0.oot mgn

107 rnglL
54 mg/L
70 mgn
84rng/L

4W
5omdL
<1 mgk

f 1 nc nc 1 nc rngll-



Table 3. International Toxicity Equivalency Factors (1-TEFs)
for Dioxin and Furan Congeners of Concern

Congener of Concern I-TEF

2,3,7,8 -Tetrachlorodibenzodioxin(T4CDD) 1

1,2,3,7,8-Pentachlorodibenzodioxin(P5CDD) 0.5

1,2,3,4,7,8-Hexachlorodibenzodioxin(H6CDD) 0.1
1,2,3,7,8,9 -Hexachlorodibenzodi@xin (H6CDD) 0.1
1,2,3,6,7,8 -Hexachlorodibenzodioxin (H6CDD) 0.1

1,2,3 ,4,6,7,8 -Heptachlorodibenzodioxin (H7CDD) 0.01

.-.

Octachlorodibenzodioxin (08CDD) 0.001

2,3 ,7,8-Tetrachlorodibenzofuran (T4CDF) 0.1

2,3,4,7,8-Pentachlorodibenzofuran(P5CDF) 0.5
1,2,3 ,7,8 -Pentachlorodibenzofuran (P5CDF) 0.05

1,2,3,4,7,8-Hexachlorodibenzofuran(H6CDF) 0.1
1,2,3,7,8,9-Hexachlorodibenzofi.man(H6CDF) 0.1
1,2,3,6,7,8-Hexachlorodibenzofuran(H6CDF) 0.1
2,3,4,6,7,8 -Hexachlorodibenzofuran (H6CDF) 0.1

1,2,3,4,6,7 ,8-Heptachlorodibenzofuran (H7CDF) 0.01
1,2,3,4,7 ,8,9 -Heptachlorodibenzofiuan (H7CDF) 0.01

Octachlorodibenzofuran (08CDF) 0.001
—
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Table 3. International Toxicity Equivalency Factors (I-TEFs) 
for Dioxin and Furan Congeners of Concern

Congener of Concern I-TEF

2,3,7,8-Tetrachlorodibenzodioxin (T4CDD) 1

1,2,3,7,8-Pentachlorodibenzodioxin (P5CDD) 0.5

1,2,3,4,7,8-Hexachlorodibenzodioxin (H6CDD) 0.1
1,2,3,7,8,9-Hexachlorodibenzodioxin (H6CDD) 0.1
1,2,3,6,7,8-Hexachlorodibenzodioxin (H6CDD) 0.1

1,2,3,4,6,7,8-Heptachlorodibenzodioxin (H7CDD) 0.01

Octachlorodibenzodioxin (O8CDD) 0.001

2,3,7,8-Tetrachlorodibenzofuran (T4CDF) 0.1

2,3,4,7,8-Pentachlorodibenzofuran (P5CDF) 0.5
1,2,3,7,8-Pentachlorodibenzofuran (P5CDF) 0.05

1,2,3,4,7,8-Hexachlorodibenzofuran (H6CDF) 0.1
1,2,3,7,8,9-Hexachlorodibenzofuran (H6CDF) 0.1
1,2,3,6,7,8-Hexachlorodibenzofuran (H6CDF) 0.1
2,3,4,6,7,8-Hexachlorodibenzofuran (H6CDF) 0.1

1,2,3,4,6,7,8-Heptachlorodibenzofuran (H7CDF) 0.01
1,2,3,4,7,8,9-Heptachlorodibenzofuran (H7CDF) 0.01

Octachlorodibenzofuran (O8CDF) 0.001



Page 87

APPENDIX 1. Database Structure

The database consists of the 13 dBase-compatible database tables (listed below), one
ARC/INFO coverage of point data: SITE (delivered in ARC export format), and one ARC/INFO
coverage of polygon data: HMA (delivered in ARC export format). The digital base map
information (drainage network) was supplied by the Scientific Authority and is not documented
here.

Notes

There are three main tables comprising the database SITE -> STATION -> RESULT which
represent the progression from site location to station sampled (date and medium) to results
observed. Proper use of the database is fairly straightforward, however, it is important to
consider the following:

1) A field "IGNORE" is included in Result.Dbf which essentially flags observations (IGNORE
= "Y") that are unsuitable for use either because they were marked as suspect in the original
data source, were considered anomalous or outliers by this study, or are "less than" values
which are relative to detection limits that exceed guidelines or the 80th percentile calculated
from this database. In this latter case, the field "BASIS" can be used to identify records that
have been flagged because of detection limits (BASIS = "G" or "P").

2) Result.Dbf contains observations which are reported as "less than" values but with unknown
detection limits. These can be identified by "RLETTER" = "<" and "RESULT" = -1. It
should be noted that zero and negative values are valid data for several parameters (e.g.,
temperature).

3) Some station records in Station.Dbf has missing or incorrect dates (one states the year as
1903, the other as 1999). These were all obtained from ENVIRODAT. The correct year of
sampling for these records was derived from the first two digits of the ENVIRODAT
"SAMPLE_NO". This is the reason for the apparently redundant field "YEAR" which occurs
in Station.Dbf. The value of "YEAR" should always be given priority over the year derived
from the date field.

4) Because of the missing and invalid dates (see #3 above), to exclude data potentially within
the period of freshet it is important to also exclude data where the month of sampling is zero
and where the year of sampling is either 1903 or 1999.
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5) Result.Dbf includes a field: "SYMBOL" which contains an index value which was used in
preparation of individual parameter distribution maps for all parameters except pH,
dissolved oxygen and oxidation-reduction potential (which were based on "RESULT").
"SYMBOL" is essentially the value of the result divided by the applicable guideline or 80th
percentile. A "SYMBOL" value of -1 was used for values less than detection. The field
"BASIS" provides information on the contents of the field: "SYMBOL".

6) Dates of sampling in Station.Dbf are sometimes presented as ranges. Where the data source
was SEAM (SOURCE_CD = 1), the date range is as recorded in the source database. For
other data sources, this means that a composite sample was collected over the specified date
range or that the date of sampling was not specified precisely. In this latter case the date
range reflects the sample collection period from the sampling methods description.

7) "LOWDEPTH" and "UPDEPTH" are described as indicating the lower and upper depth of
sampling from SEAM. These were received as ASCII values padded with zeros. Because of
this, it was impossible to distinguish surface samples from missing data. This information
was carried forward into the final database and is considered to be of limited utility.

Database Tables

BASIS.DBF - is a look-up table enumerating the meanings of the field "BASIS" which occurs in
Result.Dbf; 

CLASS.DBF - is a look-up table enumerating the groupings of parameters to classes which 
occurs in Param.Dbf;

MEDIA.DBF - is a look-up table enumerating the codes describing medium sampled which 
occur in Station.Dbf;

PARAM.DBF - is a look-up table enumerating the parameter codes which occur in Result.Dbf
and the classes to which they are assigned;

RESULT.DBF - is the main table of parameter observations; each observation (or result) is 
related to station information in Station.Dbf by the "STATION_CD" and to site information in
Site.Dbf by the "SITE_CD"; each observation has been assigned a unique identifier:
"RESULT_CD" and can be related to its data source in Sources.Dbf by the "SOURCE_CD"
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RLETTER.DBF - is a look-up table enumerating the meanings of "RLETTER" which occurs in
Result.Dbf;

SADESCR.DBF - is a look-up table enumerating the meanings of "SASTATE" and "SA
DESCR" which occur in Station.Dbf; this is information carried forward from the SEAM
database;

SAMAGENC.DBF - is a look-up table enumerating the codes used to describe sampling agency
which occur in Station.Dbf; this is mostly information carried forward from SEAM; station data
compiled from other sources has been assigned codes by this study;

SITE.DBF - is the main table enumerating the sites or locations sampled; each site is assigned a
unique identifier: "SITE_CD"; Site.Dbf contains Universal Transverse Mercator (UTM) Zone 10
(NAD83) coordinates for the site location derived from the ARC/INFO coverage and has been
coded by HMA by the GIS using the HMA coverage;

SOURCES.DBF - is the main table enumerating bibliographic information for the sources of 
data contained in this database; each data source is assigned a unique identifier "SOURCE_CD"
which occurs in the tables: Site.Dbf, Station.Dbf, Result.Dbf and Param.Dbf;

SPECIES.DBF - is a look-up table enumerating the codes used to describe species and tissue 
sampled which occur in Station.Dbf;

STATION.DBF - is the main table listing dates and media sampled at the various sites, i.e., the
station listing; each station is assigned a unique identifier: "STATION_CD"; Station.Dbf is
related to Site.Dbf by "SITE_CD" and to Result.Dbf by "STATION_CD";

UNIT.DBF - is a look-up table enumerating the codes used for the units of observations which
occur in Result.Dbf;
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Database Structures

Structure for database : BASIS.DBF

Number of data records :         9

          Last updated : 04/24/95 at 16:01

Field  Field name  Type        Width    Dec    Start      End

    1  BASIS       Character       1               1        1   code   describing  basis  of 

the                                                                             field

"SYMBOL" which occurs in Result.Dbf                                                          

          (see Note #5 above)

    2  MEANING     Character      50               2       51   description of code meaning

** Total **                       52

-------------------------------------------------------------------------------

Structure for database : CLASS.DBF

Number of data records :        25

          Last updated : 03/21/95 at  9:31

Field  Field name  Type        Width    Dec    Start      End

    1  CLASS       Character       3               1        3   code describing parameter

classification

    2  CLASS_NAME  Character      40               4       43   name of parameter class

** Total **                       44

-------------------------------------------------------------------------------

Structure for database : MEDIA.DBF

Number of data records :         7

          Last updated : 04/24/95 at 16:25

Field  Field name  Type        Width    Dec    Start      End

    1  MEDIA       Character       2               1        2   code describing medium

sampled

    2  MEANING     Character      50               3       52   description of meaning of

media code

** Total **                       53

-------------------------------------------------------------------------------

Structure for database : PARAM.DBF

Number of data records :       348

          Last updated : 04/24/95 at 13:21

Field  Field name  Type        Width    Dec    Start      End

    1  PARMCODE    Character       4               1        4   code describing parameter

observed

    2  PARM_NAME   Character      40               5       44   parameter name corresponding

to code

    3  SOURCE_CD   Numeric         3              45       47   information source for

parameter

    4  CLASS       Character       3              48       50   classification of parameter 

** Total **                       51
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Structure for database : RESULT.DBF

Number of data records :    243267

          Last updated : 04/25/95 at  7:55

Field  Field name  Type        Width    Dec    Start      End

    1  RESULT_CD   Numeric         6               1        6   unique identifier for

observation record

    2  STN_CD      Numeric         6               7       12   identifier   for   station   

information 

                                                                (relates to Station.Dbf)

    3  SITE_CD     Numeric         5              13       17   identifier for site

information  (relates 

                                                                to Site.Dbf)

    4  PARMCODE    Character       4              18       21   parameter code

    5  RLETTER     Character       1              22       22   flag  identifying "less 

than",  "greater 

                                                                than",  "mean of

replicates",  etc.  (see 

                                                                Rletter.Dbf)

    6  RESULT      Numeric        13      5       23       35   numerical value of observed

result

    7  SYMBOL      Numeric         7      2       36       42   computed   index  value  for 

 individual 

                                                                parmater  used in maps for

Volume 2  (see 

                                                                Note #5 above)

    8  UNITCODE    Character       3              43       45   unit  code for units of 

numerical  value 

                                                                observed

    9  BASIS       Character       1              46       46   code  describing basis of

"SYMBOL"  value 

                                                                (see  Note  #5  above  and 

contents   of 

                                                                Basis.Dbf)

   10  IGNORE      Character       1              47       47   flag  to identify records

that are  inap-

                                                                propriate to use (see Note

#1 above); "Y" 

                                                                indicates  inappropriate

values; a  space 

                                                                character indicates

appropriate values

   11  SOURCE_CD   Numeric         3              48       50   identifier  for data source 

(relates  to 

                                                                Sources.Dbf)

** Total **                       51

-------------------------------------------------------------------------------

Structure for database : RLETTER.DBF

Number of data records :         7

          Last updated : 04/24/95 at 15:53
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Field  Field name  Type        Width    Dec    Start      End

    1  RLETTER     Character       1               1        1   flag code used in Result.Dbf

    2  MEANING     Character      50               2       51   meaning of flag code

** Total **                       52
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Structure for database : SADESCR.DBF                  * Note: table contains codes occurring

in 

                                                      SEAM  data but not defined in  SEAM 

data 

                                                      dictionary. This table contains codes

for 

                                                      data excluded from the final database.

Number of data records :        24

          Last updated : 04/24/95 at 16:25

Field  Field name  Type        Width    Dec    Start      End

    1  SASTATE     Character       2               1        2   sample state code from SEAM

    2  SADESCR     Character       2               3        4   sample description code from

SEAM

    3  DESCRIPT    Character      30               5       34   meaning  of sample state and 

description 

                                                                codes

    4  EXCLUDE     Logical         1              35       35   logical flag, should data be

included  in 

                                                                this study

    5  MEDIA       Character       2              36       37   media classification

** Total **                       38

-------------------------------------------------------------------------------

Structure for database : SAMAGENC.DBF                 *  Note:  This table includes  codes 

for 

                                                      data  which were excluded from the 

final 

                                                      database.

Number of data records :        26

          Last updated : 04/24/95 at 15:48

Field  Field name  Type        Width    Dec    Start      End

    1  SAMAGENCY   Character       2               1        2   sampling agency code

    2  AGENCY_NAM  Character      35               3       37   name of sampling agency

** Total **                       38

-------------------------------------------------------------------------------

Structure for database : SITE.DBF

Number of data records :       844

          Last updated : 04/24/95 at 10:36

Field  Field name  Type        Width    Dec    Start      End

    1  SITE_CD     Numeric         5               1        5   unique  identifier for site 

(relates  to 

                                                                ARC/INFO   coverage  

Pat.Dbf   and    to 

                                                                Station.Dbf and Result.Dbf)

    2  SITENO      Character      10               6       15   site identifier from data

source

    3  HMA_NO      Numeric         2              16       17   identifer  for HMA which

site is  located 
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                                                                within (relates to ARC/INFO

HMA  coverage 

                                                                Pat.Dbf)

    4  MAPSHEET    Character       8              18       25   NTS map sheet identifier

from data source 

                                                                or as used by this study for

data capture

    5  SAMAGENCY   Character       2              26       27   sampling agency code

    6  DESCR       Character      45              28       72   site description

    7  SOURCE_CD   Numeric         3              73       75   data source identifier

(relates to Sourc-

                                                                es.Dbf)

    8  X_COORD     Numeric         8      1       76       83   UTM Zone 10 (NAD83) Easting

coordinate

    9  Y_COORD     Numeric         7              84       90   UTM Zone 10 (NAD83) Northing

coordinate

** Total **                       91

Structure for database : SOURCES.DBF

Number of data records :        14

          Last updated : 04/24/95 at 16:03

Field  Field name  Type        Width    Dec    Start      End

    1  SOURCE_CD   Numeric         3               1        3   unique identifier for data

source

    2  SOURCE      Memo           10               4       13   bibliographic citation for

data source

** Total **                       14

This database is associated with the memo file: SOURCES.DBT

-------------------------------------------------------------------------------

Structure for database : SPECIES.DBF                  * Note: Biota data from SEAM have

unknown 

                                                      species/tissue. In this case the

relation 

                                                      between  "SPECIES_CD" in Station.Dbf 

and 

                                                      this table fails. 

Number of data records :        31

          Last updated : 04/24/95 at  7:49

Field  Field name  Type        Width    Dec    Start      End

    1  SPECIES_CD  Character       3               1        3   code for species and tissue

sampled 

    2  SPECIES_NM  Character      40               4       43   species and tissue

description

    3  TISSUE      Character       1              44       44   code for tissue type: "L" =

liver, "M"  = 

                                                                muscle,  "W" = whole body,

"H" =  hepato-

                                                                pancreas
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** Total **                       45

-------------------------------------------------------------------------------

Structure for database : STATION.DBF

Number of data records :     22673

          Last updated : 04/25/95 at  7:56

Field  Field name  Type        Width    Dec    Start      End

    1  STN_CD      Numeric         6               1        6   unique  identifier  for 

station   record 

                                                                (relates to Result.Dbf)

    2  SITE_CD     Numeric         5               7       11   unique  identifier for site 

(relates  to 

                                                                Site.Dbf)

    3  MEDIA       Character       2              12       13   code for medium sampled

    4  SPECIES_CD  Character       3              14       16   code for species/tissue

sampled for biota

    5  SAMAGENCY   Character       2              17       18   code for sampling agency

    6  LABAGENCY   Character       2              19       20   code  for analytical

laboratory  (carried 

                                                                forward from SEAM)

    7  SASTATE     Character       2              21       22   code  for sample state 

(carried  forward 

                                                                from SEAM)

    8  SADESCR     Character       2              23       24   code  for  sample 

description   (carried 

                                                                forward from SEAM)

    9  DATEFROM    Date            8              25       32   date of start of sampling

   10  TIMEFROM    Character       4              33       36   time  of start of sampling

(local  time), 

                                                                blank if unknown

   11  DATETO      Date            8              37       44   date of end of sampling,

where relevant
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   12  TIMETO      Character       4              45       48   time  of  end of sampling 

(local  time), 

                                                                where relevant, blank if

unknown

   13  LOWDEPTH    Numeric         6      3       49       54   lower  depth of sampling in 

metres  (see 

                                                                Note #7 above)

   14  UPDEPTH     Numeric         6      3       55       60   upper  depth of sampling in 

metres  (see 

                                                                Note #7 above)

   15  TYPE        Character       2              61       62   "Type"  classification from 

SEAM  (ASCII 

                                                                source file provided to this

study); "07" 

                                                                = estuaries, "13" = lakes

and ponds, "21" 

                                                                = rivers, creeks, streams

   16  SOURCE_CD   Numeric         3              63       65   identifier for data source

   17  YEAR        Numeric         2              66       67   year of sampling (post 1900)

** Total **                       68

-------------------------------------------------------------------------------

Structure for database : UNIT.DBF                    *  Note: This table contains code 

values 

                                                     carried  forward from SEAM that  are 

not 

                                                     included in the final database.

Number of data records :       190

          Last updated : 03/18/95 at 17:27

Field  Field name  Type        Width    Dec    Start      End

    1  UNITCODE    Character       3               1        3   unit code for units of

observation

    2  UNITS       Character       8               4       11   common abbreviation for

units

    3  UNIT_DESCR  Character      50              12       61   unit description

** Total **                       62

ARC/INFO Data Structures

Structure for feature table: HMA\PAT.DBF

Number of data records:      16

Date of last update   : 05/04/95

Field  Field Name  Type       Width    Dec    

    1  AREA        Numeric       13      6                   no meaning, reserved by

ARC/INFO

    2  PERIMETER   Numeric       13      6                   no meaning, reserved by

ARC/INFO

    3  HMA_        Numeric       11                          no meaning, reserved by

ARC/INFO
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    4  HMA_ID      Numeric       11                          no meaning, reserved by

ARC/INFO

    5  HMA_NO      Numeric        2                          HMA unique identifier

    6  NAME        Character     50                          HMA name

    7  X_COORD     Numeric       13      6                   UTM Zone 10 (NAD83) Easting

coordinate

    8  Y_COORD     Numeric       13      6                   UTM Zone 10 (NAD83) Northing

coordinate

** Total **                     127
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Structure for feature table: SITE\PAT.DBF

Number of data records:     834

Date of last update   : 04/24/95

Field  Field Name  Type       Width    Dec    

    1  AREA        Numeric       13      6                   area  of  HMA  in  metres, 

reserved   by 

                                                             ARC/INFO

    2  PERIMETER   Numeric       13      6                   perimeter  of HMA in metres,

reserved  by 

                                                             ARC/INFO

    3  SITE_       Numeric       11                          no meaning, reserved by

ARC/INFO

    4  SITE_ID     Numeric       11                          no meaning, reserved by

ARC/INFO

    5  SITE_CD     Numeric        5                          unique   site  identifier  

(relates   to 

                                                             Site.Dbf)

    6  SITENO      Character     10                          site identifier from data

source

    7  HMA_NO      Numeric        2                          identifer  for HMA which site

is  located 

                                                             within (relates to ARC/INFO HMA 

coverage 

                                                             Pat.Dbf)

    8  MAPSHEET    Character      8                          NTS map sheet identifier from

data source 

                                                             or as used by this study for

data capture

    9  SAMAGENCY   Character      2                          sampling agency code

   10  DESCR       Character     45                          site description

   11  SOURCE_CD   Numeric        3                          data source identifier (relates

to Sourc-

                                                             es.Dbf)

   12  X_COORD     Numeric        8      1                   UTM Zone 10 (NAD83) Easting

coordinate

   13  Y_COORD     Numeric        7                          UTM Zone 10 (NAD83) Northing

coordinate

** Total **                     139
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APPENDIX 2. Information Sources

Data Sources Used for Maps and Tables

Al Stobbart, Personal Communication, 31 January 1995, Pitt River Hatchery.

B.C. Environment, SEAM Database, data obtained October 1994, all data for Types 7, 13 and
21 (aquatic media) excluding Vancouver Island region.

Dwernychuk, L.W., T.G. Boivin and G.S. Bruce. 1993. Fraser and Thompson Rivers
dioxin/furan trend monitoring program 1992 final report. Report by Hatfield Consultants
for Northwood Pulp and Timber Ltd., Canfor Corporation, Cariboo Pulp and Paper
Company, and Weyerhaeuser Canada Limited, unpublished manuscript.

Dwernychuk, L.W., G.S. Bruce, B. Gordon, and G.P. Thomas. 1991. Fraser and Thompson
Rivers: a comprehensive organochlorine study 1990/91. Report by Hatfield Consultants
for Northwood Pulp and Timber Ltd., Canfor Corporation, Cariboo Pulp and Paper
Company, and Weyerhaeuser Canada Limited, unpublished manuscript.

Environment Canada, ENVIRODAT database, data obtained October 1994, all data.

Lofthouse, D. Unpublished data obtained February 1995 from Clearwater River Hatchery.

Lofthouse, D.  Unpublished data obtained February 1995 from Quesnel River Hatchery

Lofthouse, D.  Unpublished data obtained February 1995 from Spius Creek Hatchery

Mah, F.T.S., D.D. MacDonald, S.W. Sheehan, T.M. Tuominen and D. Valiela. 1989. Dioxins
and furans in sediment and fish from the vicinity of ten inland pulp mills in British
Columbia. Environment Canada, Pacific and Yukon Region, 77 pp.

Swain, L.G., and D.G. Walton. 1993a. Chemistry and toxicity of sediments from sloughs and
routine monitoring sites in the Fraser River estuary - 1992. B.C. Ministry of Environ-
ment, Lands and Parks, 234 pp.

Tuominen, T.A., and M.A. Sekela. 1992. Dioxins and furans in sediment and fish from the
vicinity of four inland pulp and/or paper mills and one petroleum refinery in British
Columbia. Environment Canada, Pacific and Yukon Region.
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Data Sources Included in the Database But Not Used for Maps and Tables

The following information sources were included in the final database, but not included
in the maps and tables in this report because of time constraints. Note, however, that information
from Dwernychuk (1990) and Van Oostdam (1991) was included in the dioxin and furan index
maps and discussion presented in Volume 1.

Dwernychuk, L.W. 1990. The Receiving Environment of the Upper Fraser River: A Pilot
Environmental Effects Monitoring Program Examining Physical/Chemical/Biological
Elements of the System Related to Pulpmill Effluents - 1989. Report by Hatfield Con-
sultants Ltd. for Northwood Pulp and Timber Ltd., Prince George Pulp and Paper Ltd.,
Intercontinental Pulp Company Ltd., Quesnel River Pulp Co., Environment Canada and
B.C. Ministry of Environment, Lands and Parks.

R.L.&L. Environmental Services Ltd. 1992. A Fisheries Investigation of Moose and Yellowhead
Lakes. Report for B.C. Ministry of Environment, Lands and Parks.

Van Oostdam, J. 1991. Organochlorine Compounds in Thompson River Rainbow Trout.
Report by Southern Interior Regional Office, B.C. Ministry of Environment, Lands and
Parks.


