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FOREWORD

R |

Thisg workshbp“was co-hosted by Water Quality. Branch, Environment
Canada and Water Management Branch, British Columbia Ministry of
Environment. Coordination of the meeting was provided by -the staff
of the Water Quallty Branch, Environment Canada, in,conjunction
with a&all of the part1c1pat1ng agenc1es. The views, conclusions,:
and recommendations contained in this document are those of the
part1c1pants, and do not necessarxly reflect the policies..or
p051t1ons of Env1ronment Canada. PN



—i- .
ACKNOWLEDGEMENTS
It would be impossible : to'ééknOWledge every person who had some

degree of input into the organxzat1on of this workshOp., I would,
however, like to take this opportun1ty to thank, on behalf of .the

wor kshop fpart1c1pants,~ those ‘persons  whose ; asszstancef was
invaluable. -The - efforts and: suggest1ons_of Leslxe Churchland,
Diana Va11e1a, "John Zeman, Ron Kistritz, .and Rolly Rocchznx durlng

. the organxzatlonal phases ensured, to a large degvee, the success
of -the meeting.  Peter  Toft ‘and D1ane Kzrkpatrxck grac:ously

supported the participation of - delegates from Health’' and welfarej
Canada, Ottawa. Thanks are also extended to Bev Huston and Betty

Meek for makzng excellent contributions to the workshop on very
short notice. . The Session chairs and all of the speakers also
deserve a note of thanks for a job well done. Gail Moyle, Chris
Baldazzi, Mark Sekala, and Louisa Ng handled the most difficult and
unrewarding tasks associated with the meeting: registration and
security. Their efforts are hugely appreciated. Lastly, Trudy
Anaka deserves thanks for providing word processing support.




-ifi-

TABLE OF CONTENTS

FOY‘EWO\"d llI.lllIl.‘Illllllll.l-l.l.ll..lllll'.l.lllllllll.'l i

Acknowledgements ......... '...,..;.......‘ ....... Ceneaan e iid

Table of Contents v.iiiccesssrencsnssncnacsasssunsssssnsns 111
Canada — British Columbia workshop on water quality

guidel ines and objectives: Focus on the

Fraser - Preamble.

D-D- NaCDO"ald ---.-.---n-----n---..‘-----------------u-'1

Introductory SESSiOﬂ I..I.'I-DII.I'.--I-I-'III.--.I-\.IIIIII-V3

" Approaches to the development'of water quality

guidel ines. and objectives in Envivonment Canada.
DI valiela M EEEEEER O e EAS SN R RN E R E SRR RN EE R R E RS ERe 4

The role of water quality objectives in water
quality management in British Columbia. : _
R.J. Buchanan ... ------ -"--..----..-...v...-.-.-.ﬂ'....- 8

SESSION A ~ Guidelines and Objectives for Toxic Drganic ~
‘Substances ~ D.M. Wilson, Chair ...cccaceervacnansse 15

Procedural arréngements for the development of water
qual ity objectives for the Fraser River Estuary. :
“-Ml Pomeroy l--llll..ﬂ.'..?l.-I.\I..-------?.I‘.U....- 16

Water quality objectives for PCBs and CPs in the
Lower Fraser.Riyer. . .
LIG- Swain‘ -.-> ----- ..ll.t-.-----,---I--------.Il-.I.I--l 22

Pathways of chlorophenols in the Fraser River Estuary,
British Columbia. _ :
J.H. CAr@y .cvcvnnsuuscnnnnanans cesesmnmusmnnnannnan 29

Organic contaminant uptake in eulachons (Thaleichthys
pacificus) migrating through the Fraser River Estuary.
I.H. Rogers, I.K. Birtwell, and G.M. Kruzynski ...... 35




-jy-

 SESSION A — Guidelines and Objectives for Toxic Organic
Substances — M.J.R. Clark, Chair tmmessnussenssanons 39
A559551ng human health risks associated with exposures
~to-organic chemicals in drinking water - Revigion’
of the guidelines. , , _
‘"M.E. Meek, V.C. Armstrong, and P.Toft .......-....v. 39
Health hazard assessment of chemical contaminants in food. '
B.L. Huston ...........................a.....;.;.... 418

Influence of bio-treated bleached kraft mill effluent
(BKME)> on fitness of Jjuvenile chinook salmon
(Oncorhynchus tshawytscha)d.
JoA. SerViZi ccccccurnnmransnacunn v san e N nnn DL

The environmental impacts énd behaviour of TCMTB.
JEH. “ard ---.-..-..-..-..-.-.----..----.Q---v..)..-. SB

Update on current studie$ of 'dioxins in great blue
herons. in the Georgia Strait area.

P. Whitehead ......c.ccccrucmcermcnnciucananansacnnaas 65

Discussion Session A — ‘Guidelines and DbJectlves for
Toxic Organic Substances:  Summary
M.J.R. Clark and D.M. WilsOn .....ecececcnnsvumanncan 73

SESSION. B ~ Guidelines and Objectives for Inorganic '

SUbStanCES_B- Dlding, Chai\" DR R R R R R I I R N B SRR I SN I 75

Uslng in :1tu bloassays as a basis for the’ development
of site - specific water quality objectives.
T- ullllngham ---..‘.---..l.-’I.--(.-I.-.-u-l..-....l.‘- 76‘

Féctors influencing the biological availability of metals
. to- freshwater, estuarine-and marine organisms.’

A-G. LF_‘UiS I.----F-----_--.l-_-.-l-------n-l----lln.l-- B{g

Crlterla for the aesthetic characterlstlcs of water.'
R. Nordin

-I.-.---ul----.----.---------n-------.-Il- 95

Impact of sediment on a chum salmon spawnlng channel
W.E. McLean

-.-.l----.llllllﬂll.l..ll...ﬁ.'...l--ll. 101

Water quallty objectives for Williams Lake and the
nonpoint sources along the San Jose River.
C.J.P. McKeen

NN ERRE NSNS R RS YD RPN LSRN AR AR R NS EEERR 111

A multi-species approach to assessing the effects of
environmental contamination.
J.H. Mundie

LR B B I RN R IR R R N B R R I R R B N B RN R B SN B Y 119




Il N I BN B B B I BN BN D B B BE D B EE e e

SESSIDN C — Approaches to the Development of Water
Qual ity Objectives — R. Girard, Chaiv..cccccevacen=. 120

CEPA and the implementation of water quality objectives.
A-R- Davis S 5 8 50 80 L L B RS DS s En e s N ERE P eSS DE e 121

Significance of initial dilution zones in the development
of water quality objectives.
L-u.ypommen .I.............’.--II-III..I-..I.-....I‘ 126

Strategies for monitoring to assess compliance with
water quality objectives.
P-H- NhitfiEld R R R R R R I I N I R I R T TN S R Sy S 132

The attainment of water quality objectives in British

Columbia in 1987.
R- ROCchini - e RE e e e e s WNE S S E R RS PSS E D OE e e e e e - . 137

Appendix 1. List of Participants ...cetcnvncaacanses.. 138




Canada — British Columbia Horkshop on Water Quality
Guidelines and Objectives: Focus on the Fraser — Preamble

D.D. MacDonald
“Water Quallty Branch . :
Inland Waters, Conservation and Protectlon
‘Environment Canada "
502 —1001 West Pender Street
. Vancouver, B.C.
VGE 2M9

INTRODUCTION

Water quality criteria, guidel ines, and most recently obJectlves
have been used by. researchers and aquat1c resource managers to
enhance their understandzng of interactions between water guality
and water uses. However, since the release of the Canadian Water
Quallty Guidel ines [Canadian Council of Resource and Env1ronment
Ministers (CCREM) 19871 interest in these management tools has
increased dramat1cally, not only among water quality specialists
but also among representat1ves of industry, user groups, and the
general publlc. ' ~

In November, 1987, Federal - Provincial and Federal ~ Territorial
information sessions on the Canadian Water Qual ity Guidelines were
held in Vancouver and Nh1tehorse, respect1vely. A range of topics
were covered at these sessions, including development and use of
the guldellnes, research needs associated with gu1dellnes
development, and the need for guidel ines for additional variables
(e.g., chlorophenols and barium), conditions (e.g., marine and
estuarine guidelines) and media (e.g., guidel ines for contaminants
in sediment and biota). The meeting resulted in the generation of
a specific set of recommendations to the CCREM regarding future
work on the Canadian Water Quality Guidelines. More importantly,
dialogue amongst and between various Federal, Provincial, and
Territorial agencies on the development, implementation, and use
of water quality guidelines and objectives was initiated.

The Canadian Council of Resource and Envivronment Ministers has
responded to these recommendations by starting work on a number of’
the items identified during the information sessions. Perhaps the
most significant of these initiatives is the work directed at the
formulation of guidelines for estuarine and marine conditions.
Other important initiatives include commitments to develop

guidelines for those chemicals identified in the Priority
Substances List under the Canadian Environmental Protection Act
(CEPA), for levels of environmental contaminants in sediments, and
for nutrients in running waters. In addition to the. work
specifically undertaken by the CCREM, a significant amount of
effort has been expended by other agencies to satisfy some of the
information and research requirements listed at those meetings.
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WORKSHOP GDALS:AND FORMAT

The present workshop was organized to provide a forum for the
presentation of new information and research applicable to the
development and assessment of water quality guidelines and
objectives, Specifically, the meeting was designed to highlight
agquatic resource management issues unigque to the Fraser River
Estuary, a water body which is , by formal agreement, co-managed
by the Federal and Provincial governments. In so doing, it was
thought that further communication between and among those agencies
concerned with water management in British Columbia would be
facilitated.

The workshop was comprised of four functional units. The
introductory session contained two general papers on approaches to
the development and the role of water quality objectives. Session
‘A consisted of nine papers that focused on guidelines and
objectives for toxic organic substances. Guidelines and objectives
for inorganic substances were addressed by five papers in Session
B. Specific topics on the development and use of water quality
objectives were covered by four papers in Session C. Each of the
three technical sessions was followed by a one hour discussion
session. An open forum format was adopted for the discussion
sessions to encourage the free exchange of ideas and insights on
any of the topics covered in the session.

Speakers were instructed to submit a brief, camefa%teady summary
(5 pages or less of text, plus tables and figures) of their
presentations for inclusion in these proceedings of the workshop.

The summaries were not reviewed or edited by the wor kshop

rapporteur prior to publication of these proceedjngs.
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Approaches to the Development of
Water Quality Guidelines and Objectives
in Environment Canada )

D. Valiela
Water Quality Branch
Inland Waters, Conservation and Protectlon
Environment Canada
502-1001 VWest Pender Street
Vancouver, British Columbla
V6E 2M9

INTRODUCTION

The development of water quality guidelines and objectives requ1res
intensive use of a variety of types of information. Variables of concern
are identified and recommendations are made for each variable. The
recommendations may take the form of general guidelines, site-adapted
guidelines, or site-specific guidelines. These guide11nes can be designated
as water quality objectives. This paper identifies major information needs

involved 'in development of guidelines and objectives.

IDENTIFICATION OF VARIABLES -

Variables requiring guideline development can be identified by examining

. water uses, existing water quality, and pollution factors. Specific water

uses are known to be impaired by certain variables (e.g. fecal coliform
bacteria are indicators of pathogens that impair drinking and recreational
uses - of water, metals are highly toxic to freshwater aquatic life,
dissolved salts are a particular problem for irrigation use, etc.). Study
of "background" water quality may reveal variables that are already out of
normal ranges or indicate conditions that will create additional or
interactive stresses with pollutants. Pollution factors themselves 1nd1cate
the choice of variables for defining objectives in a water body.

Often, neither "background" water quality nor pollution factors are well

.~ characterized in a water body. Thus there is a requirement for special

studies and monitoring programs to identify the variables of concern for
development of guidelines.

GENERAL GUIDELINES .

General guidelines for the identified variables may be used as a startlng‘

point for water quality objectives. Commonly used existing gu1de11nes are

" CCREM 1987, EPA 1986, Butcher 1988, and others. However, guideline

documents are highly abstracted and often somevhat out of date relative to
the open scientific literature. Thus the original detailed toxicology
literature is often consulted to supplement guideline documents. Tox1cology
bibliographic data bases, such as the EPA funded "Acquire," are useful in
this regard.
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On a more local level, guideline documents such as the B.C. M.0.E. Criteria
Documents (e.g. Butcher 1988), the EP Chemicals in the Environment reports
(e.g. Garrett and Shrimpton 1988) and the criteria work done by Fisheries
and Oceans (e.g. Rogers et al. in press) are very useful.

Information contained in guideline documents and the toxicology literature
may not be sufficient to specify guidelines or objectives, so that new
toxicology information must be developed. Often, additional information is
required on sublethal chronic effects, on how toxicity of a material varies
over ranges .of environmental variables, and on joint toxicity of
pollutants. VWhen there’ is no opportunity to obtain this information,
guidelines are obtained by using available LC50 information and application
factors.

SITE-ADAPTED GUIDELINES

Because conditions in specific aquatic environments can -differ
substantially from those of laboratory bioassays, general guidelines are
often. modified for development of water quality objectives. Modifications
are only possible for a few variables with known dependencies on other
ambient ‘conditions (e.g. ammonia with pH and temperature, metals with
hardneéss). Little 1is known about how the toxicity of organic pollutants
varies with other environmental variables. For cases vhere modifications of
general guidelines can be made, it is 1mportant to have good information on
existing water quality at the site, again from monitoring and special
studies. : '

Site-adapted guidelines are also determined by vhat is known or can be
learned = about the different species present, most susceptlble life stages
present, and timing of presence. An example of a detailed analysis of this
kind is MacDonald et al’s (1987) site-specific water quality criteria for
nitrate, nitrite, and ammonia for aquatic life in the Canadian Flathead
River. Knovledge of species present and distribution and timing of life
stages allows 'very detailed definitions of water quality requirements and

monitoring strategies for these nitrogen compounds for specific sites and
times of years. ' :

SITE—SPECIFIC GUIDELINES

The distinction between. site- adapted and site-specific guldellnes is a

difficult one to define, since the degree of site specificity 1ncorporated
in a water quality guldeline increases gradually as more local
considerations are taken into account. However, site-specific guidelines
are usually understood to incorporate some in situ cause-effect work. New
bioassays may be conducted to test toxicity under a site-sgspecific set of
conditions. Bioassays may be performed on the specles of fish or other
organisms found in the site. Site water may be used in bioassay work (see
‘ Willingham 1988)

It should be noted that guidelines may also be based on in situ bioassay
responses (e.g. no Daphnid reproductive effects) rather than only on
concentrations of chemicals in various media. In addition, in situ
cause-effect experimental work may also be used to determine deleterious
levels of exposure to suspended sediments (concentration/duration

I .
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combhinations) or nutrient regimes causing undesirable primary production
conditions. Such studies may involve the use of mesocosm experimental
facilities, such as those employed by H. Mundle at Carnation Creek (Mundle,
pers. comm.). : :

MONITORING FOR COMPLIANCE VITH OBJECTIVES

Another area requiring further development is compliance monitoring. At
present, it 1is common practice to use whatever monitoring data exist to
compare with guideline or objective levels as a means of determining
compliance. However, most or all monitoring programs were not designed for
exceedance detection and are therefore ill-suited for this purpose.

Designing monitoring for compliance with objectives is an integral part of
the objective formulation process,; since the monitoring must reflect the
variables, distribution, and timing of the objectives themselves. New
approaches are suggested (Whitfield 1988, Valiela and Whitfield in press a.
and in press b.) but much work remains to be done in this field.

CONCLUSIONS

Development of general water quality guidelines, site-adapted guidelines,
and site-specific guidelines requires intensive use of many types of
information. General water quality guideline documents, -bibliographic
toxicology data bases and the original scientific literature all provide a
good starting point for this work. Special studies of water quality and
mon1tor1ng activity are usually required. to wunderstand existing water

quality” and the qualitative and quantitative nature of point and diffuse

source pollution.

There is an wurgent need. to- develop more toxicological information,
especially on  sublethal - effects of environmental pollutants. Other
important areas requiring development include dependencies of toxicity of
pollutants on other environmental variables and joint toxicity of different
pollutants. Information is also required on other aquatic ecosystem

- responses to environmental perturbations. For example, the relationship

between nutrients and stream eutrophication is currently poorly understood.
Also, the relevance of research in quantitative structure/activity
relationships (QSAR) to water quality objectives development is currently
unknown, but may prove useful ‘for management purposes. This possibility
ought to be explored. : :

Field toxicology is of great importance for water quality objectives. A few
research initiatives in this area should be supported, augmented and
applied to water management. As well, new approaches are required for
monitoring for compliance with objectives. E

Thus it is apparent that development of water quality guidelines and
objectives requires expanded efforts in research and applied science.. In
spite of the magnitude of these information requirements, progress can be
made through cooperation and communication. Resources would be most
efficiently and effectively utilized in joint and complementary work among
federal, provincial, and municipal governments, the private sector,
universities, and other non-governmental organizations.
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THE ROLE OF WATER QUALITY OBJECTIVES
IN
- WATER QUALITY MANAGEMENT
IN
BRITISH COLUMBIA

by

R. J. Buchanan, Ph.D.
Manager, Resource Quality Section
' Water Management Branch

B.C. Ministry of Environment
Parliament Buildings
Victoria, B. C. V8V 1X5

1.0 THE ROLE OF THE MINISTRY OF ENVIRONMENT

The overall responsibility for water quality management in the Province
of British Columbia is assigned to the Ministry of Enviromment. Two
agencies are given leading roles in the management functions; the Waste
Management Branch, which regulates the handling and ultimate disposal of
wastes, -and the Water Management Branch, which regulates the use of water
and leads the program of ‘objective-setting for water quality. A third
agency of the Ministry, the Pesticide Control Branch, plays an important
incidental role in water quality management, through the regulation of the
sale, transport, storage and use of pesticides within the province. Other
agencies of the Ministry, such as the Recreational Fisheries Branch and the
Wildlife Branch, provide advice to the principal regulatory Branches during
the adjudication processes for water, wastes and pesticides, in the
interests of the living natural resources they manage.

Public health aspects of water, such as the quality of drinking water
supplied by purveyors, the quality of water at bathing beaches, and the
regulation of septic tanks discharging up to 5 000 gallons/day to ground are
in the jurisdiction of the Ministry of Health.

The Ministry of Enviromment represents the Province of British Columbia
in numerous joint initiatives related to water quality management undertaken
Wwith other provinces, the federal government and state and federal agencies
in the United States. A recent example is the joint development of the
"Canadian Water Quality Guidelines" by a Task Force of the Canadian Council
of Resource ' and Environment Ministers (CCREM), an organization with
representation from all provinces and territories and the federal

. government .



1.1 THE ROLE OF WASTE MANAGEMENT BRANCH

The Waste Management Branch is the lead agency in the regulation of
waste discharges in British Columbia, under the authority of the Waste
Management Act and the Litter Act. Waste dischargers are required to have a
Waste Management Permit which specifies the location, time, quantity, type,
and characteristics of wastes permitted to be discharged to air, water or
land, and may include conditions that must be maintained in the receiving
environment. Certain types of dischargers or industries may be conditional-
ly or unconditionally exempted from requiring a Permit, and certain minor
discharges or temporary storage of wastes may be approved by means of an
Approval from Waste Management Branch.

The Waste Management Branch is guided in part by Pollution Control
Objectives established for five broad classes of waste dischargers:

- Food-processing, Agriculturally Oriented, and Other Miscellaneous
Industries

- The Forest Products Industry

- The Mining, Smelting and Related Industries

- The Chemical and Petroleum Industries

- Municipal Type Waste Discharges

These Pollution Control Objectives contain policy guidellnes for in-
plant controls, waste treatment, waste disposal, quality of gaseous, liquid
and solid discharges to air, water and land, monitoring of waste streams and
the receiving environment, and some receiving-water quality objectives. The
Pollution Control QObjectives are subject to intermittent review and revision
to take account of improved knowledge and technology. They have historical-
ly formed the prlnclpal policy basis for the provisions specified in Waste
Management Permits issued to dischargers of waste into the enviromment.
However, the individual permits specify the requirements to be met and they
are established on a site specific basis.

To deal with the special considerations that apply to wastes which are
potentially hazardous to human health and/or the enviromment, and which
require special treatment before release into the enviromnment, a Special
Waste Program has been initiated. This program will include regulations to
define special wastes, register special waste generators, licence special
waste transporters and to establish envirommental, emission, .discharge,
siting and operational requirements for their storage, transport and manage-
ment . Waste included may be ignitable, corrosive, reactive, toxic,
infectious, bioaccumulative, mutagenic, carcinogenic or teratogenic. One
objective is. to maintain control over special wastes from their generation
to their destruction and disposal

Water Quality Objectives prescribed for any particular body of water
are a recent (starting 1985) enhancement to the Ministry's more generalized
policy as laid down in the Pollution Control Objectives, and provide more
site-specific direction to Waste Management Branch in its permitting
process. The Branch is guided by them in any decisions made concerning
water quality in the water body to which they apply.
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1.2 THE ROLE OF WATER MANAGEMENT BRANCH

The: Water Management Branch is the lead agency in the development of
Water Quality Objectives for British Columbia. The process draws upon
expertise of other Branches as may be appropriate, during the information-
assembly;. the drafting and the review phases. Some_steps also draw upon
expertise in other Ministries, local governments, federal agencies, academic
institutions and state and federal agencies in the United States and other

“countries. Further details about the. process will be elaborated below.

As 1s the case for Waste Management Branch, when Water Quality
Objectives are adopted as policy of the Ministry, Water Management Branch is
guided by them in any decisions made concerning water use that have
potential for affecting water quallty' in the water body to which they
apply..

2.0 _DEVELOPMENT OF WATER QUALITY OBJECTIVES

The Ministry decided ‘in 1981 to develop site-specific Water Quality
Objectives. Following several months of planning and procedure development,
work began in 1982 on the development- of both Water Quality Objectives and
Water Quality Criteria. As of October, 1988, nine Criteria documents and
21 Objectives documents have been signed into policy effect. Nine Criteria
documenits and 15 Objectives documents are in preparatlon ' ’

Water Quality Objectives are Ministry policy gu1de11nés for decision=
makers who issue Water Licences (or Approvals) for water use or works in or
about a watér course, and Waste Management Permits (or Approvals) for waste
disposal. They are also useful to fisheries and wildlife resource managers
and regulators of -pesticide use, and for assessing the-effectiveness of the
Minlstry in protecting the env1ronment They are the culmination of a
multl stage process consisting of:

1. Identification of problems in water bodies,
" 2. Delineation and ranklng of water bodies with- respect to the urgency
- of the problems,
3. Ranking of the water quallty variables that require polioy develop*
ment,
4, Development of ' Water Quallty' Criteria (discussed below) for the
quality variables in order of priority,
5. Water Quality Assessment for the specified water bodies in order of
priority, itself a multi-phased process:
a) Catalog and map all present and antlclpated'point.and non-~point
waste discharges in the subject area,
b) Catalog and map all present and anticipated water uses in the
subject area,
c) -Assemble all available data on waste discharges in the subject
area, including the nature, treatment and Permit limits,:
d) Determine the ;mesent waste loads and estimate future waste
' loads,
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e) Assemble relevant hydrologic, limnologic and oceanographlc data

and predict the effects of present and predlcted waste loads on

the receiving waters, . :

f) Assemble and map all avallable aquatlc env1ronmental quallty
data for the subject area, . 1nclud1ng those for the water, the
biota and the sediment,

g) Analyse key water quallty data w1th respect to the effects of

wastes and the suitability of the receiving water for current or
proposed uses, taking into account the Water Quality Criteria
(discussed below) for the uses,

h) . Designate the water .uses-to be protected in the water body(s),

i) Design Water Quality Objectives to protect the designated. uses,

: taking into account the applicable Water Quality Criteria, -

J) Recommend water use designations, Water Quality. ObJectlves,
water and/or waste management options, studies, and monltorlng
to check attainment or suitability of the Objectives,

k) Review by provincial and-federal agencies and affected, partles,

" and finalize the Water Quality Assessment, the use de51gnatlons
and the Water Quality Objectives to be adopted as. pollcy‘,

6. Adoptlon of the use. de31gnat10ns and ObJectlves.

In summary,. Water Quallty ObJectlves are env1ronmental quallty
conditions set as targets for specific bodies of water or portlons thureof
based on three main factors: (a) the designated use(s) for the water,
(b) the Water Quality Criteria that have been adopted for the most sensitive
designated use, and. (e) the local condltlons, 1nclud1ng natural circum:
stances, ongoing and foreseen’ economlc activity.in the area, ongoing and
foreseen waste loadings, and .the actual measured water quallty in the area.
Objectives are subJect to, review and revision as circumstances. change or
knowledge improves.

Either of two approaches may be taken in British Columbia when
Objectives are being set. For water bodies with exceptionally wvaluable
resources and good existing quality, the Objectives are .set to avpid degrad-
ation. For all other bodies, the Objectives are set to protect the most
sensitive designated uses, which may allow. some degradation. (use of the
assimilative capa01ty) or may entall some enhancement where the existing
water quality is poorer than desired for the designated uses.

The Objectives do.not apply w1th1n the initial dllutlon zone, whlch is
the initial portion of the larger effluent mixing zone. The areal extent of
the initial . dilution - zone 1is deflned on a site—specific basis, and 1is
normally relatively small (e g., up to 100-m from the point of discharge,
but not - exceeding 25 to 50% of ,the width of the water body). The water
quality in the initial dilution 2zone may be outside the Objectives for
various uses, and sub—lethal effects may occur; but the condition should not
‘be acutely toxic or conducive to other objectionable effects.

Water. Quality Objectives are not themselves legally enforceable. The
instrument for enforcement is the Permit, Licence or Order issued by the
regulatory authority and which is gulded in part by the policy direction
implied in the Objectives.
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3.0 DEVELOPMENT OF WATER QUALITY CRITERIA

Water Quality Criteria are policy guidelines concerning the acceptable
range of conditions for particular water use classes. They apply province-
wide, and are taken into account when site-specific Water Quality Objectives
are being developed. "Pending preparation and adoption of officially
sanctioned. Criteria for British Columbia, work on Objectives proceeds on the
basis of Working Criteria drawn mainly from the "Canadian Water Quality
Guidelines" mentioned in Section 1.0 above, but also from the scientific
literature and from other jurilsdictions. S :

Water Quality Criteria are developed for five use classes for surface
fresh, estuarine and coastal marine waters. The use classes are: :

- Drinking, public water supply and food processing (for raw sources
prior to treatment),

~ Aquatic life and wildlife,

- Agriculture (livestock watering and 1rr1gatlon)

~ Recreation and aesthetics, and

= Industrial uses. :

The development of Water Quality Critéria, and the method of applica-
tion to produce site-specific Objectives, is a multi-phased process:

a) Identify and rank the water quality variables for which Criteria are
needed for Water Quality Assessments and for which Water Quality
Objectives are required,

b) Select the variables for consideration in order of priority,

c) Assemble scientific data from all sources concerning the effects of’

various concentrations of the chemical substance, or - other physical
or biological variable under consideration, on each water use,

d) Develop Water Quality Criteria for the variable of concern, for each
water use, and application methods so the Criteria can be adapted to
the specific sites as Objectives,

e) Recommend the Criteria and the application method(s)

f) Review by provincial and federal environmental agencies - and
finalize, : ‘

g) Adopt the Criteria and appllcatlon method as policy.

As with Objectives, Criteria are subject to review and revision as the:

knowledge base improves.

4.0 ENFORCEMENT

. The principal prov1ncial agency 1involved in enforcement activities
related to water quality is the Waste Management Branch. This activity
centres around the Waste Management Permits, and the conditions therein.
Most Permits for discharge of significant quantities of wastes prescribe a
monitoring program to be performed and reported by the permittee to the
Branch. This may be supplemented by independent monitoring by the Branch.

The works are also inspected by Branch staff to assure compliance with the-

Permit. The schedule of reporting for monitoring programs is recorded in a
computer system, and the compliance of the permittee is tracked.



13-

To make optimal use of the enforcement:. resources avallable, a formal
Compliance Strategy was developed for evaluation and enforcement. Each
Permit is classified into one of four compliance/impact groups. A series of
rating factors and criteria are used to assess the degree of compliance of
the permittee, and assign "total compliance or minor non-compliance" . or
"significant non-compliance", and to assess the degree of impact and assign
M"low environmental impact" or "high environmental impact". The Branch
follows the prescribed enforcement protoecol, which includes a range of
optlons, for each Permit according to its class. The actions taken by the
Branch range from commending the permittee at one extreme, through warning
letters or meetings with senior offiecials, to prosecution or cancellation of
permits at the other, depending on the classification of the case and the
circumstances. : .

The Water Licences, Approvals and Orders issued by the Water Management
Branch may contain environmental conditions which affect water quality. The

conditions specified are legally enforceable and take account of the Water-

Quality Objectives for the water body affected. As with the Waste
Management Branch decisions, Water Management Branch decisions are appeal-
able to the Comptroller of Water Rights (Branch Director), or to the
Environmental Appeal Board, depending on who made the decision being
appealed. e 4 . :

5.0 AMBIENT MONITQRING

Apart from the . -zone-of-influence and control station monitoring
prescribed in Waste Management Permits for the permittee to perform, and
that performed by the Waste Management Branch to check permittee monitoring,
the Waste Management Branch and Water Management :Branch collaborate in two
major ambient monitoring programs. The first is a program .undertaken joint-
ly by Environment Canada and the B.C. Ministry of Environment, and the
second is a provincial program aimed at checking the degree of attainment of
Water Quality Objectives set throughout the province. .

Under the federal/provincial program, there are 24 federal/provinecial
sites, 40 provinecial sites and 26 federal sites monitored. The frequency of
sampling ranges from 4 to 52 times per year, most being in the 12 to 26
range. Samples are analysed for from 8 to 65 varlables, usually between 20
and 30, All federal/provincial stations are for trend assessment; most
provincial stations are for trend assessment and others are for investiga-
tion of the effects of wastes, nutrient loading or for surveillance; federal
stations are for trend assessment and general surveillance.

The Objectives-related provincial ambient monitoring program provides
for sampling and analyses as prescribed in the Water Quality Assessment and
Objectives report to determine the degree of attainment of Objectives for
each water body. In many cases, this requires five samples at weekly
Intervals in a 30-day period at a specific time of year. - Some monitoring
under this program is to secure information needed to dévelop Objectives,
and to assess the appropriateness of provisional Objectives. It is intended
to produce. annual reports on the attainment of Objectives, starting with
monltoring data for 1986. The resulting information will have- appllcatlon
in the enforcement program outllned in Section 4.0 above.
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PROCESS FLOW DIAGRAM
FOR SETTING WATER QUALITY OBJECTIVES IN BRITISH COLUMBIA
(SIMPLIFIED)

IDENTIFY PROBLEMS IN WATER BODIES/SHEDS

.

DELINEATE ASSESSMENT AREAS AND PRIORIZE THEM

CONDUCT WATER QUALITY
ASSESSMENTS:

CATALOG & MAP USES™ .

ASSEMBLE DATA ON WASTE
DISCHARGES

DETERMINE PRESENT, &
ESTIMATE FUTURE WASTE
LOADS

ASSEMBLE HYDROLOGIC/

'LIMNOLOGIC/OCEANOGRAPHIC

DATA

ASSEMBLE & MAP ENVIRONMENTAL
DATA

. - . . - . . . * & a .

ANALYSE KEY DATA .RELEVANT TO

OBJECTIVES SUITABLE FOR THE

PROPOSED DESIGNATED USES
DESIGNATE USES

DESIGN OBJECTIVES FOR USES

RECOMMEND USE.DESIGNATIONS,
OBJECTIVES & MONITORING

REVIEW AND FINALIZE

ADOPT USE DESIGNATIONS & OBJECTIVES

DEVELOP WATER QUALITY
CRITERIA:

' 'IDENTIFY AND PRIORIZE

VARTABLES
SELECT VARIABLES
ASSEMBLE SCIENTIFIC DATA .
" DEVELOP CRITERIA FOR
EACH USE, & APPLICATION
METHODS
RECOMMEND CRITERTA/METHODS
REVIEW & FINALIZE

ADOPT CRITERIA AND
APPLICATION METHODS
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- GUIDELINES AND OBJECTIVES FOR
TOXIC ORGANIC SUBSTANCES
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Procedural Arrangements For The Development
Of Water Quallty Objectives For The Fraser River Estuary

W.M. Pomeroyb
Environmental Protection
Conservation and Protection
~ Environment Canada .. -+ .- »
Kapilano 160, Park Royal
West Vancouver, B.C.
V7T, 1A2

INTRODUCTION

The Fraser River Estuary Management Program (FREMP) was.established:in.1985
with a major goal being to maintain ambient water quality levels in the lower
Fraser, outer estuary and Boundary and Semiahmoo Bays that will ensure
preservation of fisheries and wildlife and where suitable, provide for water -
contact recreation. - The intent of the program was to improve management
decisions regarding water quality by having them made within an estuary wide
context and by providing all agencies involved in. the ‘estuary with an
opportunity to participate. To facilitate this decision making/interactive
process, a -Management Committee and Executive was set-up ‘with a number of
reportlng Cormittees and Act1v1ty Work Groups addresslng various management
issues (Figure 1).

The Standing -Committee on = the Fraser River Estuary Water Quality. Plan was
given the respon51b111ty, by the Management Committee Executive, of developlng
a plan to ensure long-term protection for the estuarine environment.- This
plan, when completed, will include a coordinated comprehensive env1ronmental
monitoring program and federally/provincially agreed to Ambient Water Quality
Objectives.

At present, Provincial Water Quality Objectives exist for the study area.
These were reviewed by federal agencies during their development. but have not
been formally ‘endorsed. . However, as a starting point for the development of
the agreed-upon objectives, the Management Committee Executive have accepted
the provisional Objectives entitled, Fraser Delta Area, Fraser River Sub-basin
from Kanaka Creek to the Mouth, Water Quality Assessment and Objectives (1985)

and Fraser-Delta  Area, Boundary Bay and its Tributaries, Water Quality
Assessment and Objectives (1988).

The Standing Comittee has proposed a mechanism whereby existing or new Water
Quality Objectlves can be reviewed and agreed upon by relevant federal and
provincial agencies and 1mp1emented for the FREMP study area.

oy N R . R i R 'o_o’. 0/20 C

Modified from Draft Report - "Fraser River Estuary Management Program,
Water Quality Plan - 1989".

Chairman - FREMP Standing Committee on the Fraser River Estuary Water
Quality Plan (1988-1989).
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MANAGEMENT COMMITTEE
MANAGEMENT COMMITTEE EXECUTIVE

STANDING COMMITTEES ACTIVITY PROGRAM WORK GROUPS

ENVIRONMENTAL REVIEW COMMITTEE LQG MANAGEMENT

‘ ' o WASTE MANAGEMENT
STANDING COMMITTEE ON THE FRASER
RIVER ESTUARY WATER QUALITY PLAN

EMERGENCY MANAGEMENT

MINISTRY OF ENVIRONMENT

3 -

2 - DEPARTMENT OF ENVIRONMENT HABITAT MANAGEMENT

1 - DEPARTMENT OF FISHERIES AND OCEANS |

1 - GREATER VANCOUVER REGIONAL DISTRICT RECREATION MANAGEMENT

PORT AND INDUSTRIAL-
DEVELOPMENT

NAVIGATION AND DREDGING |

DXK;NG AND DRAINAGE

FIGURE 1: REPORTING STRUCTURE AND RELATIONSHIP OF FREMP COMMITTEES .
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PROPOSED MECHANISM FOR OBJECTIVE DEVELQPMENT R

A draft ~proposed mechanism to develop agteed;npon' federal/prov1nc1al
Objectives is shown in Figure 2. Any agency or member of the public can
propose new or revised Water Quality Objectives using this approach.
Initially, the documentation for a Water Quality Objective is forwarded to the
FREMP Standing Committee. This Committee may  form a technical adhoc
subcommittee to review major issues and proposed Objectives. The members of
the subgroup would vary, according to the type and complexity of objective(s)
being rev1ewed and may be drawn from outs1de the Standlng Comittee,

If a majority of the Standing Conmlttee agree with the report documentation as
submitted or the evaluation and recommendations of the subcommittee, the
documentation and recommendation for a new or revised Water Quality Objective
is forwarded to the Management Committee Executive for consideration. The
Standing Committee will attempt to. reach a consensus on all such, proposal-
however minority reports will be considered by ‘the FREMP Management Committee
Executive. The FREMP Management C0nm1ttee Executive is composed - of senior
officials of federal and provincial’ agenc1es and the Harbhour Comm1551ons and
agreement with any proposal by these senior managers would give the proposal
federal-provincial endorsement. Only proposals receiving approval of the
Management Committee Executive would be forwarded to the Ministry of
Environment (MOE), since the mechanlsm is to be used only to issue agreed—upon
Water Quality Objectives.

The FREMP Management Committee Executive will. forward agreed-upon . proposals
for new or revised Water Quality Objectives. to MOE for. consideration. They
will review" the documentatlon obtain input from other parties as required,

~and then issue the' Objective if- in ag¥eement, or return it to the FREMP

Management Committee Executive with rationale for reconsideration.

'

DOCUMENTATION FOR DEVELOPMENT OF OBJECTIVES.

The documentation for a new or revised Water Quallty Objective through FREMP

is identical to that now required to prepare provincial Objéctives. Much of

what follows has been extracted directly from the publication Principles For
Preparing Water Quality Objectives in British Columbia (Ministry of

Environment and Parks 1986).

Information on some or all of the follow1ng will be requlred dependlng on the"
specific Objectlve being developed. Where information already exists,

- reference may be made to the relevant documents.

Water Quality Criteria. These values provide, insofar as possible,
information on short-term (acute) and long-term (chronic) effects,
persistence, accumulation in biota or sediment, antagonism or synergism
with other substances and environmental fate of substances. Such

ceed/4.
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DOCUMENTATION BY ANY ENTITY
SUPPORTING NEW OR REVISED
WATER QUALITY OBJECTIVES
3 DOCUMENTATION SUBMITTED TO ~ 3 AD HOC SUB-COMMITTEE ..
FREMP STANDING COMMITTEE =< " FOR SPECIFIC PROPOSALS

DOCUMENTATION AND RECOMMENDATION
FOR A NEW OR REVISED WATER QUALITY
OBJECTIVE SENT TO FREMP MANAGEMENT

» COMMITTEE EXECUTIVE FOR FEDERAL/

PROVINCIAL REVIEW

DOCUMENTATION AND RECOMMENDATION

FOR NEW OR REVISED WATER QUALITY — 3 OTHER PARTIES INVOLVED
OBJECTIVE SENT TO MINISTRY OF <— B8 'NEEDED

ENVIRONMENT (MOE) °

MOE ISSUES OBJECTIVES

FREMP MECHANISM TO DEVELOP AGREED UPON WATER QUALITY OBJECTIVES FOR
THE FRASER RIVER ESTUARY

Ceeed/5e
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Criteria are available in.the Canadian Council of Resource and Environment
. Ministers (CCREM) 1987 publication, and in Criteria documents prepared by
MOE and the U.S. EPA. Some Criteria may be new information developed
- specifically for the Fraser River estuary or -specific sites within the
estuary.

The existing environmental quality of the waterbody. This information for
the characteristic of concern is described by the physical, chemical, and
biological characteristics of the water, biota, and sediment.

The temporal and spatial var1ab111ty of the characterlstlc 1n water,
biota, and sedlment

The ex1st1ng aquatlc lifé in the waterbody and the potential for change as
a result of the characteristic. This information includes species,

- geographic distribution of species, abundance, 11fe hlstory and
commer01al/5001al 1mportance of the resource.

» The flow or circulation pattern of the waterbody. This would attempt’ to
be related to water flow and water quality. - ’

The existing and potential impacts of the contaminant discharges. This
information would attempt to relate the quality of water and sedlments to
the apparent health of aquatlc life, :

The potential and ex1st1ng uses of the water. These can include timing of
use and treatment of drinking water, and timing and types of the follow1ng
uses: recreatlon, 1rrlgat10n, 11vestock and - 1ndustry.

In developlng the assessment for the characteristic of concern, the follow1ng
should be considered in presenting the information.

Stream flows (e.g., range of maximum and minimuin 7-day average low flows, with
2 and 1@-year return periods) should be summarized. In estuaries and marine
environments, key oceanographic data, such -as flushing rate, circulation
patterns, and inflow/outflow data should be provided to indicate residence
time, the potential for effluent, multiple dosing, or salt wedge influence.

Relevant water uses, waste discharges and ambient water quality monitoring
sites should be plotted on maps (scale 1:100 @@ to 1:250 @@@9) to suggest any
relationships. The nature and volume of the discharges should be described.
Waste Management Permit conditions such as effluent volumes, concentrations or
loadings, treatment, and monitoring required should be listed and effluent
monitoring data should be summarized, wherever it is available.

Non-point sources of pollutants of concern should be shown on maps and their

flows estimated. These discharges may include agriculture, sawmilling runoff,
mining, septic tank drainage, landfills, urban runoff, atmospheric deposition,

---o/6o
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boating, (i.e.,. ény air, land; or water use activity that affects the aquatic
environment) . Any relevant surface water, groundwater, or precipitation
quality data should be summarized. : :

Dispersion of effluent containing the characteristic of concern -should be
described in terms of initial dilution, dilution after complete mixing, time
and distance to achieve complete mixing, and effluent plume behaviour based on
present and projected future conditions. and tidal influence.

Monitoring- data where .available relating to the characteristic of concern,
including water, biota and sediment, should be summarized. Data should be
arranged by site and other spatial or seasonal characteristics, giving number
of values, measure of variability, maximum, minimum, and average, median, or
geometric mean values. Water quality should be related to information on
point and non-point sources of contaminants of concern ‘where possible.
Effects of the contaminant on water,; sediments, and aquatic life should be
part of such an analysis. The predicted effects should be compared with the
effects shown by water quallty measurements, and any 51gn1f1cant discrepancies
should be discussed.

The suitability of water quality for present and future water uses should be
assessed by comparing it to Water Quality Criteria for water uses. Water uses
that can be supported by existing or improved water quality should be
identified, and designated water uses that should be protected should be
recommended. : :

A'monltoflng program should - be recommended to collect the information required
to determine whether proposed ObJectlves are being exceeded or 1f 1mprovements
are needed.

A Summary Report based on the foregoing water'QUality assessment, including

key findings, . conclusions, maps of the area, and tables showing designated

water uses, Water Quality Objective(s), and monitoring programs should be
prepared. The report should be supported by documentation in a Technical

Appendix in which the assessment, derivation of Water Quality Objectives, and

supporting data and references should be presented in detail.




~22-

Water Quality Objectives For PCEs
and. CPs in the Lower Fraser River

Leslie B, Swadn
Water Managemant Branch
Mimistry of Envirommsot
765 Broughton Street
Vigtoria 4 British Columbia -
Vayv LxXs

1.0 INTRODUCTION

Water Quality Objectives ware approved for the Fraser Rivar

dowrnstream from Hope by the B.C. Mimistey of Ernvirconmeant in

Movember 198% (Swain and Holms 198%a,b) . These had besern prepared
in 1983 prior to being reviewed extensively within the Minlstey
arnd by outside agencies .

Two of the approved Objectives of particular itterest are
for . polychlorinated biphenyls (FCBs)  amd  chlorinated plemols
(CRPg) im the reach dowrgtream from Fanaka Creek (Figure 1) . PCRs
refer to the sum of a1l formulatiorns while chlorophenols refer to
the sum of all dsomers of tri-, tetra-, amnd pentachloroonhenol . .
The approved Obiectives are @ :

Environmantal Maswimum Concentrations
Compartment . BCRs (0
Sediments (ug/g dry) 0.03 . Q.01
Fish (ug/g wet) Q.5 0.1

Water (ug/l) : N/7A 0.2

 Thesse Objectives will be assessed relative to selected
Criteria pulished since 1983 and as o well as to values measursd
sirnece that time . '

2.0 BEDIMENTS

I 1983 , thers were no Water Quality Criteris for PCBEs or
Chea in sediments on which to base a Water Quality Objective so
these were derived arbitrarily on the basis of levels measured
i what were cornsidersed to bhe uncontaminated aress of the Frasear
River Estuary . Obiectives were deemed to be rnecessary Tor that
araga  because PCBs  had  beern measured in grit discharged in
stormwater (Swaim 1983) and . historically from a8 paper reoveoling
operation {(Swain 1980) . Obhjectives wareg ngcessary Tor

“phlorophenols because of the large rumbers o of operations  in the

@stuary area - using chlorophenates for anti  sapstain control
(Krahn gt al. 1987) . Objectives were desmaed to be necessary for
sediments due to the presence of benthic organisms , their place
irn the food chain , and the difficulty teo measure levels in these
organisms . Due to  tidal action and the resulting movemsnt of
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water within the sstTuary aréa . -3l fhree  mdinr reaches of the
estuary potentially eould he atffectéd by thess compounds .

.1 APRROPRIATEMESS OF OBTFCTTVES

Are the levels estatilished for theé Objectives for seduments
sti11 reasnmnahle  approxaimately " five vears after they were
formblated 7 Using data Trom a number of stations in Puget Sound
and  testing Tor wvarious  levels. . nf tosicity., wsing.different
vrganisms , Tetra Tech (1984) developed Apparent Effect Threshold
iAET) walues ( concentrations of contaminants that are asusociated
ssclusively  with saediments hdving - statistically significant
minilogical 2ffects relative to reference sedamants 3 as follows:
Amphipod  Oyster - Benthic - Microtox
COAET 1 . AET A FT
R wg/a dey oo '

BERe (vnoorrectedy - 2.5 R - 1.1 1.3
CEs {urncorrectad) =014 .14 : QW14 T B4

FOHS (Do G noermal) 130 whb R
CRs (Org 0 normal) w1l : 11 - =1t ’ >t
CPCBs (Fime grain : : s T C . v

sediment normalid.d 1.4 4.8 "7 0,23

= E " " 1To20.25 2,20 3. 25 2 ¢

The approvead Objectives of 0.03 ug/a for PCEES and 0.01 o
fur OPs  compared to  the lowest AET have applicatinon factors of
0.027 and X0.07 , respectively . This ;-and the fact +that a level
of  PLCBs  an sediments  in Ontario of 0,05 da/s9 was recommendsd
(lanviro Consultants Lid 1985) , suggest theré is nof 3 need for
a mors  restrictive Objective for either compound . However
prrar Tao permanent Objectives for sediments helfg preparéd , the
development of AET values for sites 10 the Fraser River 'Estilary
shiould be considered. C IR

#.2 RECENMT LEVELS

CBwain (19841 and Swain and Walton (1988) rdported’ on levels
nf -FCRs  and OFs. at s1x stations from surveys conducted - 1nd 17985
and 1987 "y respectively . In the 1985 survey , PCBs could mo¥ibe
detected (<0.07 wug/g wet) in the Main Arm of at dne sitean the
Main Stem-, but were found to exceed the Objective at Site pMS-1
(0.073 ., 0.0%2 , and 0.28 ug/g dry) o at Hite Na-1 (014 , 0,157
s and 0168 ug/q deyd) 5 and at Site FNA~2  { 0.099 and 0.097 ui/o
drw). Ghlorophenol concentrations at the same sites also excesded
the (biective , with average values-of 0.038 , 0.050: , and 0.054
o {dry, respaectively . In comparison ., -valuss.cfrom-sampling
the same six sites in 1987 -were not ‘detectable for . either PCBs
(2G.02 ug/a wet) or CRs (<0005 ua/g wet) . . a -
All PCB and CP values measured during a February 1988 survey
at the same six =2ites were -well bglow- the Obiectives -, as wers
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valuss in, - sediments ngar the pgpew‘rﬁnywlinq ppEration and near
Mitohell Tsland (Swain unpublished). , : _ L
Swain and Walton (1988) also  provided data for a further
five si1tes im each of the three malin river reaches « POR= were
deterted at only 1 of 15 sites in 1987 ( 0.18 ug/g dry) at a site
near  the eastern end of Mitchell Island  towards the Fraser
River's south shore .« ALL CP values at the 15 sites were . below
the Dhientive . ’

3.0 FISH

n 1983 ., two Water Quality COriteria existed Tor PCEs 1n
fish . These were a maximum of 0.1 uq/q'wet in the whole fish to
nrotect bhirds  and mamnals {(ABmerican Fasheries Socaiety 1279 and
.5 uging wet n tissues (EPA 1973) . The latter was used as the
workinog ODriteriaon since most data for fish from the river were
for musecle . . . '

At that time , no Criteria existed for concentrations of CHs

i fiste . In fact none were prnnnrvu i the deaft oz stributed

tn dif ferent reviewers . However , percsonnel from the Department

Nt Fisheries and Ooceans  suqgested that an biectaive for OPs an

fish .might he appreopriate , and that 0.1 ug/ag (wet) - he
cormidered . Values. of 0.1 ugfg seem to he appronriate for areas

where noontamination has.not  ocourred . Inasmuch . as the ratio
tietween values . being considered for fish -and  sediment

compartments would compars favourably to those for POCRs o the
proposed Objective was accepted . ' ‘

3.1 ﬁ?PHDHhTHTPN 88 0OF ORJECTIVES

ﬁﬁﬂ‘ Thﬁ Vlmvﬁlsx et 1h]1=h9d for Ohjectives for fish st111
reasonable appﬁmkima*ely five years after they were formulated 7
Mew 1nformatvion on which  to jwdge this are anly -availabhle for
EOBs , and from only one source . Canviro Consultants Ltd (19835}
fave proposed a level of 2.0 ugso (wet) Tor edible Tish tissue o
protect humans . This as four times the Water Guality Objzective
far fish tissue in the Fraser River . It thus mav he too sarly to
krmow 1T chaniges are required for the existing Objectives . )

1.7 RECENT LEVELS

Swain {(1984) raported théf the Obisctives for POCBs  and GPRs

were not cexcesded for  faish collected at six sites in 1985 ..,
Howsver , the fish may not have been resident species  sincae they
were about to spawn and  may have_rementjy returned from the

AN . .
An intensive survey was  conducted for  the Ministrv of
Ervironment in dugust 1988 . Fish were collected from three sites
as fTollows @
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SRECTES COoMAIN STEM 0 NORTH-ARM - 77 T MATN
largescale suckers F B o R
Marthern Soguawfish S : R o R
Thressping Stickleback - : ' - , f
Paamouth Thab LR o - - s
Staghorn Soulpin SR C B R =
Starry Flounder = - : - ' P
Fedside Shinar CoR - ' =

AT

The data  Ffor both muscle amd  livers are  not available at this
time o These data shouwld provide s good basis for defterminding iLf
the Objective is achieved . ' ' S '

f

4.0 WATER

Mo Objective 'appliea to PCBs measured in the water column .
For CPs , the most restrictive Criterion when the Obdective was
Formilated was A maximum  of 0.4 ug/L (0 IJC 1981 3 for
pertachlorophernol alone J Recoognizing that OFe were rnot desieable
at army lavel , the Uriterion for pentachlorophenol was multiplied
by O.5  amd was  used Tor the sum ﬁf  tri-  ,  tetra-’ 5 and
pavtachlorophenol . This was deemed appropriaste since  the
resulting Objective wag still twice the aralytical detection
Limit of 0.1 ug/L st the Environmerntal Laboeatory o ‘

4.1 ARPPROPRIATENESE OF ORJECTIVE

Bince the Objective was developed , Mekes @t oal « (19845
prapargd a document whose values were adopfsed by o the Canadian
Couneil of Reésodrce and  Ervironment Ministerd . (1987) ,  as
follows: h o : : S -

= ' _ Comsideration Budcelime (ug/l)

Moo B Taste : ' 7
oi - Tasta : - ' 0.2
Tri Aoute Toxicity iB
Tatra fioute Towioity 1
Farta ‘ - fAcute Toxileity 0.5

The Objective for the Fraser River for the sum of tri~ , tetra“s ,
and  pertachloeophenol is still well below this’ most recent
Criteria for perntachlorophernol alone o ' i :

4.8 RECENT LEVELS ‘

Data collected in tThe Fraser River at a  number of - sites in
Féahruary 1998 (Swain Unpublished Data) at a time when stormwster
woauld ot have beaern sntering the rciver werse all  less  than op
gouwal to 0.1 wug/l . This  is similar  to what was fournd in 1987

(Rocehind Deaft 1988) and in 1984 (Rocohdimid 19873 » howaver when

stormwater discharges were occurring , CP values in the North Arem
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warg as haoh as 1.3 ugdlh (Rooohind Deatt 1988) .

Thess data contirm that CP measuyremerits should coincide wath
prec;bltarimn avents . As well 1 N any rev1éion_ of Tthe
Oniectives , that conmsideration be oiven to developing fhiectives
for sach of tri- . tetra- , and  pentachlorophennl ., .since the
term OPs 1% too hreoad to accurately reflect the sidnificance . of
the G form presant . o '

5.0 CONCLUSTONS

Frioe to pgsemanent Objectives for sediments being prepared .
the develadment of AET  values far sates In the Fraser River
Fatuary should be considered,

't

YW FIGH

It may he too early To know 1f changes are  requirad for the
gxisting Objectives . :

5.3 WATER
CPR meastrements showld coincide with precipitation events .
In any revision of the Objectaives , ronsideration should he given

to  developing fhisctives for feach'_mf tri- . tetra-  , and
pertachlorophennl , since the term CPs 15 too bhroad to acouratelw
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Pathw’tys of chlorophenols in the Fraser Rlver Estuary, :
British Columbla _

by
J. H. Carey

National Water Research Institute -
Environment Canada .

P.O. 5050, 867 Lakeshore Road .

Burlington, Ontario. L7R 4A6

This presentanon summatrizes the results of a multl-year study into the sources and' distribution of
chlorophenolic contaminants in the Fraser River Estuary (Carey et al., 1988; Carey and Hart, 1988; Carey
and Lam, 1989). The major chlorophenolics in the estuary were 24 -dichlorophenol (2,4-DCP), 2,4,6-
trichlorophenol (2,4,6-TCP), 2,3,4,6-tetrachlorophenol (2,3,4,6-TeCP), pentachlorophenol (PCP), 3,4,5-
trichloroguaiacol (3,4,5-TCG) and tetrachloroguaiacol (TeCG). The sources of all these chlorophenolics were
related to the forest industries. Under high flow conditions, concentrations of chlorophenolics were about
the same at downstream sites as at an Upstream site (Fig. 1) This distribution and the identity of the two

most prominent chlorophenolics (3,4,5-TCG and TeCG) Indicated that, under these flow and’ weather -

conditions, contributions from upstream pulp and paper mills masked inputs of chlorophenols from point
sources in the estuary. Under low flow conditions, in addition to the pulp mill related chlorophenalics,
significant inputs of 2,3,4,6-TeCP and PCP used in the lumber industry for wood protection, occurred along
the North Arm of the estuary (Fig. 1). Studies of the temporal variations indicated that the discharges of
. wood protection related chlorophenols were episodic, whereas the pulp mill chlorophenolics showed little
temporal variations. Maximum concentrations of 2,3,4,6-TeCP and PCP observed at a site on the North Arm
well removed from potential point sources were 388 and 175 ng/L respectively. These observations indicate
that the provisional objective of 200 ng/L can be exceeded during these episodic |nputs and stimulated our
interest in ldentlfymg the factors controllmg the dlstnbutlon and fate of- chlorophenols in the estuary.

concentration (ng/L) | - - concentration (ng/L)
5 i 120

Ml wpstrean

{3 main arm, downstr.
59 torth Arm, downstr.

100
80 |
60 |-
0 L.

20 |-

1N
2,4,6-1CP  '2,3,4,6-TeCP - pep

Flgure 1. Comparlson of average concentrations of five chlorophenollcs sampled over four
day periods at three sites in the Fraser River estuary under (a) hlgh and (b) Iow flow
condltlons (Carey & Hart, 1988).
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Cl, Cl,
@—OH = H" 4 @_0— (1)

Chlorophenolics are different from many other organic environmental contaminants because they
possess an ionizable proton and much of their environmental behaviour is controlled by the acid-base
equilibrium shown in equation (1). The equilibrium constant, K,, is defined as

K, = [H'][dissoc. PCP] @)
[undissoc. PCP]

" This constant, which is also called the dissociétion constant, provides a measure of the strength of the acid.

The dissociation constant of acids is usually expressed as a pK, which by analogy with the definition of pH
is defined as -log K,. The pK,s of a selection of chlorophenols with a range of chlorine substitution are
listed in Table 1. With a pK, of 4.8-5.0, PCP is the most acidic of the simple chlorinated phenolics. As
shown in Table 1, as the degree of chlorine substitution decreases, the pK, increases (Jones, 1982).

 TABLE 1. Ranges of pKa for selected chlorophenols

Compound ' pKa range
2-CP 8.48-8.65
3-CP 9.08-9.12
4-CP 9.37-9.42

2,4-DCP 7.85
2,6-DCP 6.79-6.91
2,4,5-TCP 7.00-7.07
2,46-TCP 6.10-6.62

2,3,5,6-TeCP 5.3
PCP 4.80-5.00

Equation (2) can be modified and rewritten as -

log [dissoc. PCP] = pH - pK, ' @)
[undissoc. PCP]

In this form, the equation can be used to determine the extent of dissociation at a given pH. The question
of speciation is important because the dissociated forms of chlorophenolics are much more water soluble
than the undissociated forms. For example, the solubility of PCP increases from 0.05 to 300 g/L upon
jonization. Servizi et al. (1988) reported the average pH in thirty-one samples of Fraser River water collected
between January 21 and May 20, 1986 to be 7.76 +/- 0.88. Using this value and the pK,s given in Table
1, the ratio of dissociated to undissociated forms can be calculated from equation (3). The results of this
calculatlon are listed in Table 2.
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Table 2. Extent of dissociation of selected chlorophenols at pH 7.76

Compound  [dissoc. CP]/[undissoc. CP]

- 2-CP - 0.16
3-CP .- .0.05
4-CP 0.02
2,4-DCP 0.81
2,6-DCP 82
2,4,5-TCP 5.1
" 2,4,6-TCP - 26 g ' A
2,3,56-TeCP 290 - o Ty e
PCP - 725 ' : B

Since the pH of most natural waters is in the 7.0-8.0 range, most of the higher chlonnated phenols exist
essentially in the dissociated form while for the Iower chlonnated phenols sugnlﬂcant quantmes of both forms
are present. . : , )

( For partmonung of a. compound between two immiscible phases most typucally an aqueous and a

non-aqueous phase, the position of the partitioning equilibrium is proportional to the solubility of the

component in the two phases. Since aqueous solubility of the dissociated PCP is so much greater than -

that of the undissociated form,.there is a large decrease.on partition coefficient upon dissociation. In this
way, acid-base equilibria have a significant effect on bicaccumulation and other pathways involving
partitioning into lipophilic phases. For example, Kaiser and Valdamanis (1982) showed that the octanol-
water partition coefficient of PCP was highly dependent on pH. Their measured value for the octanol-water
log P of the undissociated form was 4.84 whereas that of the dissociated form was around 3. Thus there was
a decrease in partition coefficient of two orders of magnitude upon dissociation. Karickhoif and coworkers
(Karrickhoff, 1981; Karrickhoif et al. 1979) have discussed the sorption of pollutants to a wide variety of
natural sediments. They observed that sediment-water partition coefficient, K, was relatively independent
of sediment concentration but was directly related to organic carbon content of the sediment. They
determined that sorption of a contaminant onto a particular size class particle could be described by

K, = K, xf, @

sSwW

where: K, is the observed partition coefficient
K, is the carbon normalised partition coefficient
and £, is the fraction of organic carbon in the sediment

and established that the carbon normalised partition coefficient, K,,, was. approximately related: to the
octanol-water partition coefficient accordlng to the equation

K,. K°x063A | )

Although the relationships reported by Karrickhoff and coworkers were observed for hydrophobic
contaminants only and were not validated for acidic compounds, we attempted to use them to calculate
predicted K, values. According to equation (3) and.the K, values of Kaiser and Valdmanls (1982), the
predicted carbon normalised pattition coefficients of PCP are 630.and 6.3 x 10" for the dissociated and
Undissociated forms respectively. In order to predict the extent of sorption, values for the suspended solids
concentration and fraction of organic carbon are needed. During a study of chlorophenolics in Fraser River
water, we sampled water periodically over four day perlods under high and low flow conditions (Carey &
Hart, 1988). Suspended solid concentrations at these times averaged 145 mg/L undet high flow conditions
and 15 mg/L under low flows. The carbon content of the sediment, estimated by calculating 40 % of the
loss on ignition, also varied with flow. Under high flow conditions, we estimate the f,  to be 0.016 whereas

v
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“under low flow conditions, it was estimated to be 0.06. These estimated values are consistent with inputs
of low carbon mineral phases during freshet. Using these values and equation (2), we calculate that the
sediment-water partition coefficients for PCP onto Fraser-River suspended sediments listed in Table 3.

Table 3. Predicted K, for PCP on Fraser River sediments.

dissociated ‘ undissociated
high flow conditions 10 1000

low flow conditions : 38 . 3800

As shown In Table 1, K, values range from a low of 10 for the dissociated form on the mineral sediment
observed under high flow conditions to a high of nearly 4000 for the undissociated form on the low flow
suspended sediment. Based on the data presented in Table 2, approximately 99.9 % of the PCP is in the
dissociated form in the Fraser River. Thus the higher partition coefficient for the undissociated PCP is
offset by its much lower concentration at this pH. If the system can be assumed to be at equilibrium, the
contribution of the undissociated form to the sediments should be about 12% of that of the dissociated form.,

. The observed ratio of adsorbed to dissolved concentrations should therefore be in the 10-40 range

depending on actual pH and organic carbon content of the sediment. For pH values lower than 7.76 or
organic carbon concentrations greater than 6%, the contribution of the undissociated form would be more
significant and the observed K, would be higher. It should be noted that in order for K, to be
dimensionless, identical units must be used to express concentrations in the two phases. To check the
accuracy of the K, predictions, we conducted adsorption experiments using suspended sediments
collected with a sediment trap in the North Arm of the estuary under low flow conditions. Average K,
values found were: 341 (+ /- 22) for 2,4-DCP; 330 (+ /- 5) for 2,4,6-TCP; 912 (+ /- 145) for 2,3,4,6-TeCP; and
727 (+ /- 116) for PCP. The results indicate that the K, calculations underestimated actual sediment-water
partition coefficients by more than an order of magnitude. There are several possible reasons for this. It
is possible that despite the fact that the system was buffered and the measured solution pH was 7.9, the
actual pH at the sediment water interface was lower due to surface charge effects. It is also likely that the
sorption into hydrophobic phases model used by Karrickhoff to develop his equations is not applicable to
ionic compounds. Additional mechanisms of adsorption, eg. ion pairing with surface charges and adsorbed
cations, are likely available for charged compounds. This could have the effect of enhancing adsorption.
Regardless of the reasons, the results indicate that the chlorophenols pattition onto Fraser River sediments
to a moderate degree and that for water concentrations in the 10 ng/L range, sediment concentrations in
the 1 to 10 ng/g range might be expected.. However, when the actual mass of the sediment and water
phases is considered, the results indicate that >99% of the PCP remains in dissolved phase under the flow
conditions -observed to date. Thus the fate of the chlorophenolic contaminants in the Fraser River will be
governed by processes involving the water rather than the sediment phase.

The dissociation equilibrium discussed above also effects the extent of biocaccumulation. of
chlorophenols which has been studied in Fraser River fish by several groups (Carey et al., 1988; Servizi et
- al., 1988; Rogers et al., 1988). Carey et al. (1988) examined the correlations between the geographical
distributions of chlorophenols in fish and water concentrations and concluded that the primary mode of
accumulation was directly from the water, not via the food chain. Rogers et al. (1988) arrived at the same
conclusion in their- study of bioconcentration of chloroguaiacols by juvenile chinook (Oncorhynchus
Tshawytscha) overwintering in the upper Fraser River. The importance of this direct route of uptake is a
consequence of the fact that chlorophenols do not partition strongly into the food and are rapidly cleared
by fish. The NRCC (1982) calculated predicted BCFs for PCP based on log P values of 3.8 for the
dissociated form and 5.0 for the undissociated form. Using a log P of 5.01, the calculated BCFs for fish
ranged from 1120 to 4910, while a log P of 3.8 resuited in predicted BCFs of 220-340. Carey et al. (1988)
determined bioconcentration factors for 2,3,4,6-TeCP and PCP in several species of fish from the Fraser
River estuary. Bioconcentration factors in starry flounder (Platichthys steliatus) were 380 and 100 for PCP
and 2,3,4,6-TeCP respectively. In sculpins (Leptocottus armatus and Cottus asper) the equivalent BCFs




-33-

were 1640 and 440. Thus values of the BCFs observed were |ntermed|ate between those predrcted for elther
the dissoclated or undissociated forms.

An important consideration in evaluating the pathways of contaminants in estuaries is the degree
of ‘conservativeness’ of the compound. This can often be estimated by comparing the half-life for reaction
with hydrodynamic residence time. Ages and Woollard (1988) have recently applied a one-dimensional
model to simulate the path and residence time of a contaminant in the Fraser River estuary. They estimated
that the residence could vary between 6 and 30 hours depending on the time of year. For chlorophenols,
chemical hydrolysis and oxidation are not important and since sorption is not important from a total mass
viewpoint, the only reactions that need to be considered are biodegradation' and photodegradation.
Although biodegradation of chlorophenols has been demonstrated in a variety of laboratory and field tests,
degradation rates are very site dependent. In some river systems, chlorophenols undergo rapid
degradation. In a study of the persistence of dichlorophenodls in a small stream in southern Ontario, Carey
et al (1984) observed rapid disappearance due to degradation by the periphyton covering the rocks on the
streambed. Half-lives were on the order of 4 to 6 hours. However, with higher chlorinated phenols or in
systems in which attached microbial communities are insignificant, half-lives can be considerably longer.
In their evaluation of chlorophenol pathways in the aquatic environment, the NRCC (1982) concluded that
biodegradation was probably not a significant process for removal of PCP from surface waters. In
experiments with natural sediments, seawater and fréshwater, 30 to 90 day half-lives for blodegradation of
PCP have been observed (Trevors, 1982; Baker et al., 1980; Kreuk & Hanstveit, 1981). A number of studies
have demonstrated the photodegradation of PCP. Using literature values for photolysis rates, the NRCC

(1982) calculated predicted photolysis rates for PCP in the Canadian environment. Predicted half-lives at-

pH 7 in surface waters ranged from 1 hour in summer to 1.8 days in winter, depending on latitude. Since
light is attenuated relatively rapidly in natural water bodies, depth is the controlling factor for photolysis rates
in the environment. For a 1im deep system at 45° N in June, the NRCC (1982) estimated a
photodegradation half-life of 4 days. In deeper systems, the half-lives are much longer. Data presented by
Fox and Joshi (1984) indicate that in the Bay of Quinte on Lake Ontario, the principal route of disappearance
is photodegradation which occurs with a half-life in summer on the order of weeks or months. Given the
relatively short hydraulic residence times predicted in the Fraser River estuary, it is unlikely that much
degradation can occur. In this system, chlorophenols likely are conservatlve and their main fate is to be
transported in dissolved phase into the Strait of Georgia.
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Ofganic Contaminant Uptake in Eulachons (Thaleichthys pacificus)
Migrating Through the Fraser River Estuary.

by
Ian. H. Rogersl, Ian K. Birtwell2, and George M. Kruzynskiz.

1 Physical & Chemical Sciences Branch,
Department of Fisheries and Oceans
West Vancouver Laboratory,

4160 Marine Drive,

West Vancouver, B.C.

V7V IN6, Canada.

2 Biological Sciences Branch
ABSTRACT

Anadromous eulachons (Thaleichthys pacificus) return in the spring to
spawn in the coastal rivers of British Columbia. The fish have a high lipid
content and the fat was, historically, an important trade item for indigenous

coastal communities. We considered that eulachons may accumulate and integrate
lipophilic toxic substances (according to the concept of equilibrium
partitioning) durlng their migration through the estuary of the Fraser River.
The estuary receives a variety of industrial and municipal wastes. Fish were
captured at five sites, from the mouth of the river to a region above the main
waste water sources and upstream of salt water penetration. River flow was
relatively low, hence waste water dilution would have been less than at freshet
conditions which peak approximately six weeks later. Male and female eulachons
(whole body (n=80), gonads, livers) and water samples were analysed for
chlorophenols, chloroguaiacols, PCB's, p-p'DDT and its metabolites, using
electron-capture gas chromatography. .Confirmatory identification was by gas
chromatography-mass spectrometry.

Water samples contained ng-L"1 levels of 2,4,6-trichloro—,
2,3,4,6-tetrachloro- (TeCP), and pentachloro- (PCP)-phenol. Higher
concentrations of the wood preservatives TeCP and PCP occurred in samples from
the North Arm of the Fraser River, possibly reflecting the concentration of
lumber mills in the area. Chemical byproducts of pulp bleaching (3,4,5-, and
4,5,6-tri (TCG) and tetra- (TeCG)-chloroguaiacol), which are resistant to
secondary treatment, were found in low concentrations (ng'L7!) in the river

.water, despite their origin up to 750 km upstream. The levels of PCB's and

DDT's were below our limits of detection (315 and 50 ng'L'l respectively).

Whole fish of both sexes, taken at the river mouth, contained TeCP and
PCP levels to 113 and 44 ng'g—l wet weight, respectively. They also contained
traces of TeCG but no TCG's. Levels of TeCP and PCP w ~e higher in fish
captured further upstream after migrating past numerous contaminant sources.
Also 3,4,5- and 4,5,6-TCG were detected and measured in fish from sites in the
main South Arm of the Fraser River. Traces of DDE were noted in all fish,
including those at the river mouth. However, PCB's and DDT were not detected in
whole fish extracts (detection limits 15 and 2 ng'g"l, respectively).
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Liver samples (n=6, 10 per sample) of male fish, taken at the river
mouth, contained 3,4,5-TCG, besides TeCP, PCP and TeCG. -The concentrations of
these compounds in livers showed an increasing trend with distance from the
river mouth. In addition, traces of 4,5,6-TCG were seen in samples from the
most upstream site.

Gonads of individual fish (n=60) contained TeCP, PCP and TeCG but 3,4,5-
and 4,5,6-TCG were absent. The gonads of some fish of both sexes from the North
Arm of the Fraser River and at the site farthest upstream showed distinct PCB
patterns. This may relate to historic contamination of the North Arm by PCB
emissions from industrial operations. . . .

We conclude that eulachons are suitable indicators of certain lipophilic
organic contaminants in the estuary of the Fraser River and this should be more
fully explored. : :
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Figure 4.
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ASSESSING HUMAN HEALTH RISKS ASSOCIATED WITH EXPOSURE TO -ORGANIC -
CHEMICALS IN DRINKING WATER - REVISION OF THE GUIDELINES

M.E. Meek, V.C. Armstrong and P. Toft
Environmental Health Directorate
Health Protection Branch .
Department of National Health. and Welfare
Ottawa, oOnt. KI1A 0OL2

INTRODUCTION

The "Guidelines for Canadian Drinking Water Quality" are developed by a
Federal-Provincial Subcommittee composed of representatives from each
province, the Yukon and Northwest Territories and the Departments of
National Health and Welfare and Environment. In 1987, the first edition of
the revision of the "Guidelines for Canadian Drinking Water Quality, 1978"
was released (1); the Subcommittee will continue to add to, delete from or
revise the guidelines, with updated editions being released more frequently.

A number of additional substances are being considered in the revision
of the 1978 Guidelines. Substances for inclusion were chosen on the basis
of the following factors: 1. frequent detection in drinking water supplies,
sometimes at relatively high concentrations 2. belief on the basis of’
available data that the substance might cause adverse effects on health at
low doses and/or 3. structure of the compound being similar to that of
known toxic chemicals. The total number of pesticides and synthetic organic
chemicals currently being or already considered has increased since 1978
from 18 to about 60. ' :

DERIVATION OF THE GUIDELINES FOR ORGANIC CONTAMINANTS

The process for revising the Guidelines involves two important but
distinct steps. In the first phase (risk assessment), preliminary
recommendations are developed on the basis of a consistent approach to the
evaluation of risks to health; these recommendations should be considered to
be health-based goals. In the second phase (risk management), these
preliminary recommendations are considered in terms of their
practicability, costs and potential benefits ~often in relation to other
priorities in health protection and on this basis, a maximum acceptable
concentration (MAC) in drinking water is derived. These two phases are not
unique to the development of drinking water guidelines but are an integral
part of most models and approaches to the control of health risks posed by
exposure to potentially harmful substances. = The second step (risk
management), ensures ‘that limited resources are directed to the control of
hazards that are priorities in terms of their ' impact on human health. In
most cases, however, the maximum acceptable concentration which is published
in the Guidelines is the same as the recommendation déeveloped in Stage 1.
The recommendations in Stage 1 are -developed principally by the technical
Secretariat of the Federal Provincial Subcommittee on Drinking Water, which
is provided by the Department of National Health and Welfare. The maximum
acceptable concentrations specified in the Guidelines (Stage 2) are then
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derived by the Subcommittee, submitted for consideration.to:their parent
committee, the Federal Provincial Advisory:Committee  on.Environmental and
Occupational Health and finally, to the Conference of Deputy Ministers of
‘Health for approval.

Data used as a basis for derivation of Stage 1 recommendations for
organic contaminants of drinking water -are .derived principally from
toxicological studies in  animal - species - and occasionally from
epidemiological investigations of human populations. - Epidemiological
studies of populations exposed to organic pollutants of drinking water are
normally limited to descriptive investigations, also referred to as
ecological studies. In such studies, mortality rates for various diseases in
populations in different geographical areas are generally examined in
relation to available data on concentrations of pollutants in drinking
water. Although it is possible to examine large populations in this manner,
the lack of data on the exposure of individuals- in the population makes it
difficult to adjust rigorously for possible confounding factors, which may
be as- or more important than contaminants. of drinking water in the
causation of disease. In addition, in such investigations, it is difficult
to adequately take into account population mobility. .Such studies, are,
therefore, not weighted heavily in . derivation of the drinking water
guidelines. Analytical epidemiological studies (that is, cohort and case

control studies), in which exposure and outcome are examined in individuals.

rather than in populations are more reliable, since it is possible to adjust
more rigorously for confounding factors. Still, such studies are relatively

insensitive in detecting the likely small risks to health which may be

associated with exposure to low levels of organic pollutants in drinking
water.. A . : , A
Indeed, for all of the organic. chemicals which have been. examined to

date, the maximum acceptable concentrations have been derived principally on-:

the basis of the results of toxicological studies in animal species. Since
concentrations of chemicals found in drinking water are low and because
drinking water is consumed daily over a lifetime, it is the chronic or long-
term effects (including carcinogenicity) that are generally considered to be
most relevant in the derivation of the guidelines. Chronic studies in .which

the. chemical has been administered .for a considerable portion of the.

animal's lifespan, or studies in the most sensitive sub-population (e.qg.;
the embryo or foetus of an exposed mother in teratological studies) are,
therefore, preferred. It is also desirable, though not always possible, to

use studies . in which the chemical has been administered.in drinking waterx
since uptake and effects are influenced by the vehicle of administration.

Wherever possible, species in which the absorption, distribution, metabolism

and elimination of the compound are similar- to that .of man -are used.:
Several additional features of study protocols are also examined in

assessing their adequacy as a basis .for derivation of guidelines including
the size of the study (i.e., how many exposed and control animals there

were), whether the study adhered to the principles of good laboratory .

practice, the suitability of the. administered - doses, - the -adequacy of
assessment of biological effects and the statistical analysis of data. The
consistency of . the results of the principal studies are also taken into
account; for. example, have similar effects been observed in studies in
other species or would such effects have been expected- based. on the
structure of the chemical? : . :
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The types of effects observed in such studies fall into several broad
categories including organ specific, neurological/behavioural, reproductive,
teratological and oncogenic/mutagenic/carcinogenic. For most .of = these types
of effects, it is generally believed that there is a threshold level of
exposure below which adverse effects will not occur. For other toxic
effects, restricted currently primarily to carcinogenesis, it is commonly
assumed that there is some probability - of harm at any level of exposure;
that is, that there is no threshold. It was necessary, therefore, to adopt
two different approaches in the derivation of the drinking water guidelines
for organic contaminants, one for compounds with toxic effects other than
cancer and one for potential carcinogens. Ag a result, it was necessary
initially to classify compounds with respect to the weight of evidence for
carcinogenicity. Compounds were classified into one of 5 main categories,
the basis- for which ranged from documentation of a causal relatiorship in
well conducted epidemiclogical -studies in human populations in Group I to
inadequate or no data on car01nogenlclty in Group V.

‘For chemicals classified as '"probably not carcinogenic to man" or for
which data on carcinogenicity were "inadequate for evaluation"' (Groups IV
and V in the classification scheme), the maximum acceptable concentrations
were based on acceptable daily intakes. The acceptable daily intake was
calculated by dividing the no- or lowest-observed-adverse-effect-level for a
biologically significant effect in - the critical studies by an uncertainty
factor. The uncertainty factor was derived on a case-by-case basis depending
on the quantity and quality of data; however in general, a factor of 1 - 10
was used to account for each of the following elenments of uncertainty:

_intraspecies variation, interspecies variation, nature and severity of

effect,  adequacy of study and whether a no- or lowest—observed—adversee
effect level "~was used. An additional factor of 1 - 5 times was
incorporated where there was information that indicated a potential for

‘interaction with other chemicals and the dietary requirement was taken into

consideration if the compound was an essential nutrient at low
concentrations.. In general, ‘the magnitude of the uncertainty factor ranged
from 100 to 5000. To ensure that total exposure from all sources does not
exceed the acceptable daily intake, intake from sources other than drinking
water was taken into account in derivation of the guideline by
apportionment between exposure routes, that is air, food and water. The
apportionment was generally based on information on relative exposure by
these various routes. For organic cheémicals,  information on concentrations
in food and air in Canada were often not available. Where such data could
not be identified, the proportion of total intake ingested in drinking water

was arbitrarily ¢onsidered ‘to be 20 %. In general, derivation of the
guideline was also based on average daily intake of 1.5 lltres of water by a
70 kg adult.

New organic chemicals which were classified in Groups IV and V
("probably not carcinogenic to man" or for which data on carcinogenicity
were "inadequate for- evaluation"), and for which maximum acceptable
concentrations in the 1987 - edition of the Guidelines were derived on the
basis - of acceptable daily intakes, are- presented in Table 1. Aesthetic
objectives, which in most cases were much less than the health-based max1mum
acceptable concentrations, are also presented.

For pesticides, acceptable daily intakes developed by the World Health
Organization/Food and Agriculture Organization were used in the derivation
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of the guidelines, when . they were available and considered .to be

appropriate. In some cases, where the data were considered insufficient to

develop an acceptable daily intake, a "negligible daily intake" established
by these organizations was used. Maximum acceptable concentrations (MAC's)
were derived from ADI's; interim MAC's (IMAC's) were derived from negligible
daily intakes. In Table 2 are presented the MAC's and IMAC's for pesticides
considered for the first time in the 1987 revision of the drinking water

guidelines. The MAC's for pesticides @ for - which .available data ‘were-

reevaluated in the 1987 Guidelines are- also included in Table.2.

For chemicals considered to be carcinogenic, as mentioned prev1ously,

it is generally assumed that there is some probability of harm at any level
of exposure. Therefore, ideally, carcinogens should be absent from drinking
water. However, available treatment technology is inadequate to completely
eliminate exposure from this source and analytical methods may be inadequate
for reliable determination at extremely low. levels. .. Moreover, the
incremental risks associated with exposure to low levels of these chemicals
in drinking water (generally estimated by extrapolation of tumour incidence
in animals exposed to much higher doses) may be sufficiently small so as to

be negligible in comparison with - risks commonly encountered in society. .

Therefore, the maximum acceptable concentrations for chemicals considered to
be "carcinogenic to man"-or "probably carcinogenic to man" (Groups I and II
in the  classification scheme),  were set as close to zero as possible,
taking into consideration the following factors:

- The MAC must be achlevable by avallable ‘water treatment methods at.

reasonable cost. _ _ )

~ Wherever possible, the lifetime cancer rlsk (upper 95% confidende limit)
associated with the MAC was less than 1 - in 100,000 to 1 in a miltlion,k a
range that is considered to be "essentially negligible".

- The MAC must also be reliably measureable by available analytlcal methods

If the estimated(lifétime cancer,risks associated with the MAC were_
greater than those considered to be '"essentially negligible", an interim

maximum acceptable concentration was .set with the intention that a more
stringent recommendation be made following development = of improved
analytical methodology or treatment technology. .

Thus, for carcinogenic chemicals, the approach is, in essence, a blend
of estimation of the magnitude of the health effect, with conslderatlon of
the feasibility of reducing the risk to levels which are acceptable from
both economic and societal viewpoints.

New organic chemicals in the 1987 Guidelines for which- the maximum -
acceptable  concentrations (MAC's) were . -derived on = the .basis of
carcinogenicity (i.e., those parameters which were classified in Groups I’

and IT), are presented in Table 3; the recommended MAC's and the order of
the estimated cancer risks associated with consumption for a lifetime of
drinking water containing these compounds at the MAC are also presented.
Owing to limitations of the available data, it is not always possible
to clearly designate a - substance as "carcinogenic" or "not carcinogenio";
For that reason, in the classification scheme presented earlier, there is a
group entitled "possibly carcinogenic to man" (Group III). Also included in
this group are carcinodgens which appear to act by mechanisms for which there
may be a threshold. For substances in this category, the MAC's would be
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derived in ‘a manner similar to that ‘for ' chemicdls considered to be
noncarcinogenic, but with incorporation of a larger uncertainty factor to
account for the limited evidence of carcinogenicity.

FUTURE WORK

The Federal-Provincial Subcommittee on Drinking Water will continue to
add to, delete from or revise the Guidelines as necessary with updated
versions being released more frequently, perhaps as often as every year. 1In
Table 4 are presented those organic parameters which are being reevaluated
and those new substances currently being considered for addition to the 1987
Guidelines. ' Co S '
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TABLE 1 - NEW ORGANIC CHEMICALS FOR WHICH GUIDELINES WERE
BASED ON ADI'S - 1987 GUIDELINES

MAC* &*
(mg/L)

Ty e

“1,2—Didhl§?qbéhzené'; l,  . 1T2f'0.2i;;. , ﬁ;Jb,§03~ﬁf

R

.2,4-dichlorophéncl . ., 0.9. .. . . 0.0003

Pentachlorophenol - S " 0.06 7 0.03

2,3,4,6-tetrachlorophenol 0.1 0.001

*MAC = maximum acceptable concentration

. BO =;€esfhetic Qﬁjgcfi%et‘

\
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" TABLE 2 - NEW AND REEVALUATED PESTiCIDES'- 1987 GUIDELINES

Mac™™ IMAC™™
(mg/L)
NEW
Aldicarb . 0.009 ° 7 i e
Atrazine - 0.06
Azinphos-methyl . ) 0.02 . T
" Bendiocarb " : 0.04 -
Bromoxynil ' ’ - 0.005
Carbofuran - . 0.09 . | )
Chlorpyrifos 0.09 -
Cyanazine : . - : 0.01
Dicamba - - f0.12:- N
Diclofop-methyl 0.009 -
Dimethoate . - - .. . 0.02
Diquat ' 0.07 -
Diuron ~ 0.15 ' -
Glyphosate . . .. .. . = . ... 0.28
Malathion ; 0.19 -
Metolachlor ' _ R _ = & it 0,05
Metribuzin . 0.08 -
Paraquat . - 0.01
Phorate ) - 0.002
‘Simazine : - 0.01
*2,4,5-T _ . 0.28 . -
Temephos - 0.28
Terbufos - 0.001
Triallate 0.23 -
REEVALUATED
Carbaryl : ‘ 0.09 -
Diazinon ' 0.02 -
Methoxychlor 0.9 -
Parathion _ 0.05 . -

* Aesthetic objective = < 0.02 mg/L

MAC = maximum acceptable concentration

IMAC = interim maximum acceptable concentration
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TABLE 3 - NEW ORGANIC CHEMICALS FOR

R L N A Y MRS

WHICH GUIDELINES WERE

BASED ON CAERCINOGENICITY - 1987 GUIDELINES

MAC* Order of Estimated
(mg/L) Lifetime Risk

Benzene 0.005 = 10-6 to 10-5
Benzo(a)pyrene . 0.00001 < 10-6:

Carbon tetrachloy%dg 0.005- ~ -5,1076_t6 10-5
1,4-dichlorobenzene 0.005 % 10-7
2,4,6-trichlorophenol 0.005 % 10-6 .
Dichloromethane»f' ’ 0.05 = 1058 N

*MAC = maximum acceptable concentration




" TABLE 4 - ORGANIC CHEMICALS FOR WHICH GUIDELINES
ARE UNDER  DEVELOPMENT OR REVIEW

PESTICIDES

Alachlor

Aldrin + Dieldrin
2,4-D

DDT

Dinoseb

Heptachlor + its Epoxide,

ORGANIC SUBSTANCES

1,2—Dichloroethane
1,2-Dichloroethylene
- Dioxins and Furans

PCB's

Lindane
Linuron
MCPA
Picloram
TCA

Trifluralin

Tetrachloroethylene
Trichloroethylene

Trihalomethanes
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Health Hazard Assessment -
of Chemical Contaninants in Food

B.L. Huston, Ph.D,
Chemical Evaluation Division-
‘Bureau of Chemical Safety
‘Food Directorate
Health Protection Branch
Health and Welfare Canada
Ottawa, Ontario
K1A 0L2

What do we really mean when we use the term "chemical con-
taminant"? For the purposes of public safety, a food chemical contaminant
is defined as any chemical substance present in food which was' not
intentionally added to the food, and which may pose a potential risk to
public health. This definition encompasses substances that are naturally
occurring (e.g. mycotoxins) as well -as substances which may be inadver-
tedly introduced or ‘increased through human intervention (e.g. PGBs,
lead, ' cadmium). It also includes substahces which may be essential
components of foods at certain levels but could pose a health hazard at
1ncreased 1evels (e. 8. copper, ‘iron, zine). =

Legal Basis for Control of Food Chemical Contamlnants

The legal authorlty for control of chemlcal contamlnants in food
is found in the Food and Drugs Act. Section 4(a) of the Act states,..."No
person shall sell an article of food that has in/or upon it any p01sonous
or harmful substance", while Section 4(d) states ...."No person shall
sell an article of food that is adulterated". In addltlon Section 25 of
the Act further states that the "Governor-in-Council may make regulations
for carrying the purpose and provisions of this Act into effect and may
make regulations declaring that any food or class of food .is adulterated
if any prescribed substance or class of substance is present therein or
has been added thereto".

An important prerequisite, of course, for the control of con-
taminants in food under the Food and Drugs Act and Regulations is that
the food is offered for sale. Since control 1is applied &t the point of
sale, the food must be sold or offered for sale before the regulatory
provision of the Act can be applied. Thus, strié¢tly speaking, fish caught
by a sportsman for his own personal use would not be covered by the
prov1slons under the Food and Drugs Act and Regulations

PrOCedures for Evaluatlng Hazards Posed-: bx Chemical Contaminants in Foods

.The assessment of health hazards posed by chemical contaminants
in food is a multi-stage process. The first step in this process is a
determination of the inherent toxicity of the chemical contaminant with a
view to establishing a quantity of the chemical that 'a human could .
consume on' a daily basis, for a lifetime, with a reasonable degree of
assurance that ingestion of this amount of chemical daily would not pose
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a health hazard. This quantity is called -the "Tolerable Daily Intake"
(TDI) and is usually expressed in terms of the quantity of the chemical,
let us say, milligrams per kilogram body weight per day.

_ The TDI is derived from toxicity studies carried out on labora-
tory animals. Ideally, one 1likes to have available a full range of

toxicity studies including acute, subacute, chronic and special studies -

such as reproduction, teratology, carcinogenicity, mutagenicity, etc. in
several species of laboratory animals. The purpose of such studies is to
determine the amount of the chemical that can be given to the animal in
the diet without causing any adverse effects. The lowest so-called "No
Observed Adverse Effect Level” (NOAEL) is then divided by a number called
a "safety factor" to derive the TDI. Generally, if a full toxicity data
base is available and "depeénding on the nature of the adverse effects
observed, a .safety factor of 100 is wused. However, in the case of
contaminants full toxicity studies are often not available. Under such
circumstances, safety factors of several hundred or even several- thousand
may be used to derive the TDI,

The second step in this process is a determination of the
Probable Daily Intake (PDI) for the chemical by humans. Estimation of -the
PDI is based on data pertaining to the occurrence of the contaminant . in
food as well as the consumption of food. In' the latter regard, both mean
as well ‘as upper percentile levels of consumption are taken. into con-
sideration so that both average as well as worst case exposure estimates
can be determined. In addition, the potential exposure of specific sub-
groups in the population may be given particular consideration.

‘ in carrying out such exposure estimates there are several
considerations relating to the integrity of the data base that must.be
considered These include, but are not limited to. the follow1ng

1)h4 The average and rangerf levels of the contaminant;in foody:

2) Distribution of the chemical among foods, 1.e. is it present
in only one food or food group or in many foods?

3) * Background levels of the contaminant naturally-occurring in
food;

4) Analytical methodology - 1is the 1limit of ‘detection low
‘enough to give meaningful results? What is the accuracy and

variability- of the method? Can the chemical be- adequately-

1solated and recovered from the food matrix?

5) What is the chemical nature of the contaminant in food? 1Is
it the same chemical form that the TDI is based on?

6) What is the distribution of the chemical in a food i.e. is

it present in the edlble portion?

7)  Are there any effects on the level and. distribution of the
contaminant during processing of the food?




In addition to the potential intake of the contaminant from food,
consideration is also given to other Youtes of exposure such as air and
water in order to ascertain a realistic estimate of total exposure. It
may be mnecessary in this regard to consider - unique .routes of exposure
that may contribute significantly to the intake of a contaminant by
selective sub-groups of the population. The final step in.this. process of
health hazard assessment is a comparison between the potential total
daily intake (PDI) of the contaminant and the TDI. If.the PDI exceeds the

.TDI, some form of risk management action may be warranted.. It. should .be

emphasized that although the PDI may exceed the. TDI, -this does. not
necessarily suggest that an imminent health hazard exists. But rather it
should -be used as a yard stick to assess the need for some . type of
control

Risk Management Options

Irrespective of the chemical involved, the toxic principles of

‘assessing the health hazards of such substances in food are similar. In

essence, a. scientific judgement is made on the best data made available.
The management of the risk posed by such chemicals may, however, differ,

1. Based on- the provisions of the Food and 'Drugs Act, one
option in effecting control of toxic substances in foods is
to promulgate specific regulations. In this regard, Section
B.01.046 of the Food and Drug Regulations lists a number of
toxic substances such. as coumarin, saffrole and aflatoxin
which, if present in food under the conditions stated, would
render the food adulterated and unfit for sale or distribu-
tion as human food..In addition, Division 15 of the Regula-
tions contains a table .which lists -maximum permissible
limits or tolerances. for heavy metals such as- lead and
arsenic in certain specified foods.

2. Another mechanism frequently used by the Health Protection
‘Branch to exercise control over chemical contaminants in
food, 'is the development of a guideline. A guideline is a
level of a chemical in food below which no health hazard
would be presented to.consumers. While a guideline does not
have . the status of a regulation, it does represent the
Health Protection Branch’s interpretation of Section 4(a) of
the  Food and Drugs Act, and permits the Branch to take
enforcement ~ action as vrequired., Guidelines have been
.developed for a number of contaminants in specific foods,

- most notably PCBs in fish, fat of dairy products and meat,
and in eggs, as Well as for mercury in fish.

3. A contaminant ~---occurring in food ‘as a result of a point
source of contamination represents a situation which may be
amenable to alternative. methods of control. Since the
contaminant .is likely to be present only in food from the
immediate vicinity of the point source, establishment of a
regulation or guideline that would be appllcable to all food
would be inappropriate. Restrictions on the sale or distri-
bution for human consumption of food produced in the
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contaminated area while efforts are undertaken to eliminate
the source of contaminants could be a preferred approach.

As an illustration of this process the situation concerning
dioxins and furans in finfish and shellfish in the vicinity of pulp mills
presents an interesting case.

Last spring, the Health Protection Branch was presented with the
results of a preliminary survey of dioxins and furans in finfish and
shellfish taken from the vicinity of pulp and paper mills and sawmills.
Fourteen different sites were sampled: 8 in British Columbia and in total

133 gamples were analyzed. The samples were analyzed for 2,3,7,8-TCDD and
2,3,7,8-TCDF, as well as the other tetra, penta, hexa, hepta and octa
congeners., Results varied considerably, ranging from non-detectable for
any of the congeners to a detectable level of one or more of the con-
geners oY congener groups.

The assessment of the findings from the standpoint of potential
significance to human health focused on several factors, the most
important of which included: :

1. the available data relating to the toxicity of the various
congeners of dioxins and furans found; and

2. The potential exposure to the different dioxin/furan
congeners resulting from the ingestion of fish/shellfish
from the various sites.

Since the concern about dioxins and furans relates mainly to
potential adverse effects resulting from long-term exposure to these
substances, the ‘exposure focused for the most part on the potential
average amount consumed over a lifetime.

The toxicity of 2,3,7,8-TCDD has been studied in considerable
detail and has been shown to differ widely depending on the species of
animals tested. However, there is general agreement that the lowest no-
observed adverse effect level in laboratory animals is 1.0 nanogram per
kilogram body weight per day. Applying a safety factor to this level to
account -for species variation in sensitivity and to ensure that humans
will not be exposed to hazardous levels, it is considered that human
exposure to 2,3,7,8-TCDD from all sources should not exceed 10 picograms
per kilogram body weight per day as a lifetime average is considered
appropriate. This then provides a yard stick to assess the residues of
2,3,7,8-TCDD found in these samples. However, as noted above, several
other dioxins and furan congeners were found in some of these samples.
The toxicity of these congeners has not been as intensively studied.
However, based on data that are available they are all considered to be
- less toxic than 2,3,7,8-TCDD. For example, 2,3,7,8-TCDF ranges from about
one tenth to one thirtieth as toxic as 2,3,7,8-TCDD. By applying these
comparative toxicity factors for the various congeners, it was possible
‘to "normalize" the findings for each sample in terms of 2,3,7,8-TCDD
equivalents. This then allowed us to make estimates of the potential
daily intake of 2,3,7,8-TCDD equivalents for each sample. On the basis of
this analysis, it was determined that, in general, consumption of the
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edible portions of these fish and shellfish would not result in intakes
of 2,3,7,8-TCDD equivalents in excess of 10 pg/kg b.w./day. Consequently,
it was concluded that consumption of these fish and shellfish would not
pose a health hazard to consumers. '
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INFLUENCE"OF BIO-TREATED BLEACHED KRAFT MILL EFFLUENT (BKME)
ON FITNESS OF JUVENILE CHINOOK SALMON (ONCORHYNCHUS TSHAWYTSCHA)

James A, Serv121 Ph.D P Eng. =~ - . .T“
Cultus Lake Salmon Research Laboratory -+ ©° =
Department of Fisheries and Oceans
Cultus Lake, B. C., VOX 1HO

INTRODUCTION

Blologlcal surveys 1ndicate that Juvenile chinook salmon (Oncorhynchus
tshawytscha) take up residence in the Fraser River. Surveys in August 1984,
found  juvenile chinook in the Fraser River downstream from Prince George and
in the Thompson River (Lev1ngs et-al 1985). Overw1ntering populations of
juvenile chinook occur in the Thompson River and were found in the Fraser

' River near the. communities of Prince George Quesnel, Lytton and upstream from

Chilllwack (Whelen and. Slaney 1986) .

Five kraft pulp mills and a cheml thermomechanlcal pulp mill dlscharge

~blologically treated wastewater to the upper Fraser and Thompson Rivers. In -

1985, pulp mills accounted for approximately 79 per cent of the wastewater
dlscharged to the Fraser and Thompson Rivers upstream of Lytton (Servizi
1988). The kraft effluents usually meet detoxification criteria specified by
Federal Regulations and Provincial Objectives (Servizi 1988). However,
chemical assays reveal residual chloro-organics in the  Fraser River. Whlch
resist biological treatment (Voss and Yunker 1983; Rogers et al 1988). These

chloro-organics originate during.the chlorine bleachlng process where, about 5

kg of organochlorine  compounds are formed per .ton. of softwood pulp produced
(McKague ‘et al 1988).- : : : . :

Blological surveys and 1aboratory tests indlcate that Fraser Rlver
juvenile chinook (Oncorhynchus tshawytscha) and pre-emergent pink (O.
gorbuscha) fry bio-concentrate residual chloro- -organics from river water more
than.500 km downstream of ‘the discharges (Rogers et al 1988; Servizi et al
1988). The latter. authors found a relationship between chlorophenol body
burden- and .chlorophenol content of :ambient water. - In addition, juvenile
chinook collected downstream of Prince George and Quesnel in ‘winter 1988

" contained dioxins (TCDD and. TCDF) - (Rogers, pers. comm.). Surveys also

revealed substantial induction of Mixed Function Oxidase (MFO) enzymes in
juvenile  chinook from these areas, presumably owing to chloro-organic
contaminants (L. Lockhart, pers. comm.).

fThe»biologioal implications for chinook salmon of the above results are
undefined. Current effluent and. receiving water biomonitoring programs for

- pulp mill effluents were not designed to detect sublethal effects on salmon

populations. McLeay.et al (1986, p.xxiii) concluded that sublethal toxic
effects or long-term consequences for indigenous aquatic -species cannot be

derived from the acute lethal bioassays .on which pulp mill effluent Objectives
“and Regulations are based.. To better understand possible effects of bio- "

treated BKME on chinook -salmon, a laboratory/field study is scheduled for

- winter. 1988- 89‘ This paper descrlbes the proposed study.
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LABORATORY STUDIES

Laboratory studles are composed of acute and chronlc exposures to bio-
treated BKME using Bowron River (upper Fraser Rlver stock) juvenile chlnook
reared at Cultus Lake laboratory R :

ACUTE TESTS

The object of acute tests is to expose juvenile chinook to high levels
of bio-treated BKME to create a measurable impact for reference in the chronic
tests. Analyses will include histopathology, biochemical response (Serum
Sorbitol Dehydrogenase) and contaminant burden. The latter category 1ncludes
resin acids;,chlorophenols chlorogualacols and dioxins:

CHRONIC TESTS

: Juvenlle chlnook w111 be exposed for 60 days to env1ronmenta1 :
concentrations of bio-treated BKME at Cultus Lake laboratory. &Exposures will
be conducted at <2°C to simulate overwintering conditions in the Fraser River.
Fish will not be offered food during the exposure. At these temperatures,
juvenile chinook are known to. reside between or under large cobbles on the
river bottom.. - In a previous experiment at Cultus Lake.laboratory, juvenile
chinook were torpid at a mean .test. temperature of 0.7°C and were successfully
maintained w1thout food (Rogers et: al 1988).:

Exper1menta1 groups Wlll be exposed to 3 per cent and: 1 5 per cent blo-
treated BKME. Three control groups will be maintained:in Cultus Lake water.
The experimental concentrations are based upon calculated dilutions at low
average flows in the Fraser River (Derksen 1988). Cultus Lake water will be
used for dilution since it is similar to Fraser River water in pH, alkalinity
and hardness. Concentrations will be renmewed daily, Monday through Friday,
using fresh bio-treated BKME. Effluent will be characterized by measurlng PH,
resin acids, TOCl; chlorophenols and chloroqualacols

. After .an initial acclimation period to ‘the test temperature, samples of
fish will be analyzed to obtain baseline data (tests I through V, Table 1). A
second set-of tests will be performed aftér 60 days exposure to bio-treated
BKME (I through V). The.fish remaining after 60 days in. each of the
experimental and two of. the control groups will be transferred to four rearing
tanks ‘at.the Fraser River near Chilliwack. This tramsfer coincides with
migration patterns of some. juvenile chinook as they move from the upper to the

lower Fraser as spring approaches. The third control group will be maintained
at Cultus Lake Laboratory.

Bio-treated BKME will not be added to Fraser River water since the river
contains the residual contaminants to which the fish would be exposed if they
resided in the river. Fish will bé fed and.ome control group monitored for
seawater acceptance. When seawater challenge tests indicate the control’ group
*is. smolted, all groups will be. tested as:previously, except that
osmoregulatory. capacity :will also-be tested (I through VI, Table 1). - The
final step is to transfer fish remaining in each group to seawater for a
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growth experiment. Dioxin measurements are planned for fish at conclusion of
the seawater growth tests.
FIELD STUDIES

Juvenile chlnook will be collected from overw1ntering habltat in the
Fraser River in;winter 1989, Collections are planned for points upstream and

downstream of Quesnel in the Fraser. River. Juvenile chinook will also .be

collected from the Quesnel River to serve as an uncontaminated reference site.
The specimens collected will be examined for Mixed Function Oxidase induction
and organo-chlorine contaminant. burden. Hlstopathologlcal examination will be
made. If sufflclent specimens are captured, proximate analyses will be made
and somatic indices measured. :

EXPECTED OUTPUTS

The blochemlcal physiological pathological and body burden analyses
will yield information about sublethal effects. The implications of these
effects depend on the duration and intensity of the stressor. A more direct
measure of the overall effect of exposure to bio-treated BKME may be seen in

osmoregulatory competence and seawater growth since these are fundamental to
survival,

PRINCIPAL INVESTIGATORS

- The project is a cooperative effort among five principal investigators
and their staffs in four .laboratories.
Prlnclpal Investlgators

James A. Servizi, Cultus Lake Laboratory, DFO
Ian H., Rogers, West Vancouver Laboratory, DFO.

- Lyle L. Lockhart, Freshwater Institute, DFO.
Jack McBride, West Vancouver Laboratory, DFO
Ross Norstrom, Can. Wildlife, Service, Hull, P.Q.
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Table 1. Analyses of juvenile chinook from laboratory studies of bio-treated
BKME. ’
Analysis - Laboratory

II.

I1I.

Iv.

VI,

Proximate analyses

‘Resistance to hypoxia

Somatic indexes
Hematology

'Histology

Mixed function oxidase
Serum sorbitol dehydrogenase

Contaminant burden

Extractable organic chlorine

Dioxin

" Osmorxegulatory capacity

Cultus Lake

West Vancouver

Freshwater Institute
Winnipeg

West Vancouver

Canadian Wildlife Service
Hull, P.Q.

.Cultus Lake
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. THE ENVIRONMENTAL IMPACTS AND BEHAVIOUR OF TCMTB |

John E.H. Ward, PhD
Head, Toxicology Unit
Waste Management Program
Ministry of Environment
810 Blanshard Street
Victoria, British Columbia

V8V 1X5

1.0  INTRODUCTION

Large volumes of chlorophenol compounds are currently used in Canada to preserve and
protect wood from attack by various pests. Concerns about acute aquatic toxicity, about
occupational impacts, and about hazardous impurities in chlorophenols are among the reasons
for rising dissatisfaction with their use. In British Columbia, the formation of polychlorinated
dibenzo-p-dioxins and dibenzofurans (PCDDs and PCDFs) during the low temperature
combustion of chlorophenols and chlorophenol-containing wastes has become a major issue.

The search for alternative chemicals has now intensified. Leading contenders to replace
the antisapstain agent sodium tetrachlorophenate are pesticides which contain the active
ingredient 2-(thiocyanomethyithio)benzothiazole (TCMTB).

The purpose of this paper is to review the environmental properties of TCMTB, Busan
1030 and Busan 30WB. TCMTB is the active ingredient in'Busan 1030 and Busan 30WB, which
are antisapstain products produced by Buckman Laboratories for the wood protection mdustry

~ Busan 1030 and 30WB appear to be effective antlsapstam agents, and a critical
evaluation of their toxncologlcal andenvironmental impacts has been assisted by Buckman
Laboratory's’ cooperatlon in providing access to full research reports created for various :
regulatory agencies. However, there is little information published in the scientific, technical
and medical literature on these products, so this paper is been based almost soIer on
mformatlon recelved directly from Buckman Laboratones

2.0 HISTORICAL BACKGROUND

The commercial use of TCMTB apparently had its origins in with Buckman Laboratones
Inc., of Memphis, Ternessee!. In the late 1940's this company became involved in the search
for solutuons to-the problem of breaks in paper on high speed paper machines due to the
formation of mlcroblologlcal slime. The company first developed the microbiocide BSM-11, a
product containing mercunc acetate and tnchlorophenol which seemed to find acceptance in the
paper makmg mdustry

However, in view of the potential for adverse health and environmental impacts from the
use of mercury compounds, Buckman Laboratories developed a line of organosulphur compounds
which also proved to be effective slime control agents. Alone, or inconjunction with other active
ingredients, TCMTB is now found in a variety of Buckman products. :

Busan 10302 is a Buckman product, which is organic solvent based, and contains 30%
TCMTB as the active ingredient. -Under license with Buckman Laboratories, several companies
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in B.C. have made 30% TCMTB formulations available for (his purpose under the brand names
Woodblok 303, Diachem Woodstat4, Mitrol®, Woodsheath 11 T-230 Clear®, and Concentrate

B30 T1090 Liquid Microbiocide®. Busan 1030 is recommended for a host of other applications
including the control of microorganisms in cooling water systems, wooden cooling towers,

water-thinned cutting fluids, crude and refined oils, drilling fluids, and paints®7. A water-
based formulation containing 30% TCMTB, called Busan 30WB has recently been introduced for
- antisapstain use.

TCMTB was first registered in Canada as a seed treatment in Co-op Co-San Liquid Seed
Treatment, which contained 30% active ingredient8. The registered uses included control of

stinking smut or bunt of wheat, and other seed and soil-borne seed diseases®. By 1977 it was
also registered as an agent to resist mold and sapstain on freshly cut lumber. Busan 1030 and

Busan 30WB are now also registered pesticides with Agriculture Canada2:10,

3.0 PROPERTIES

. The structural formula of TCMTB is shown below:

O § SCH,, SCN
'S

~ It is a viscous reddish quuid'and is insoluble in water, but soluble in organic solvents
such as acetone, dimethylformamide, cyclohexanone, benzene and xylene8. It has.a specific
gravity of 1.388, a boiling point greater than 120°C8 and a vapour pressure of 3.6 x 10-6

torr'1. The supplier normally mixes TCMTB with solvents to form a concentrate. Emulsifiers
or surfactants may be added to the concentrate to improve the stability of emulsions formed

when the concentrate is diluted with water3.

TCMTB is sold commercially as 80% technical material under the trade.name "TCMTB"
by Buckman Laboratories, which is the sole manufacturer of the material3.12. The patented
preparation involves a reaction of 2-mercaptobenzothiazole and chloromethylthiocyanate3, but

confidential data obtained from Buckman Laboratories indicates another preparative method may
now be used.

. Busan: 1030 IS a dark brown I;qu:d wnth a specmc gravnty of 1.08, a flash point of 50°C
and a shght odor!3. It is miscible with water. Normally diluted to.a 0.5 - 1% solution, it may -

be applled to freshly cut lumber through spray or dipping Systems

: Busan 30WB is a mllky white hquxd contammg 30% TCMTB lee Busan 1030, various
surfactants and emulsifiers are used to keep the TCMTB in suspensxon It is diluted and used in
the same manner as is Busan 1030. : :
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4.0  ENVIRONMENTAL SOURCES, DISTRIBUTION AND BEHAVIOUR

TCMTB is unlikely a naturally occurring material, so ‘its sources are expected all to be"
man-made. - These would include spills and other unintentional discharges, permitted discharges
from commercial facilities using the substance, as well as certain materials such as leather, .
wood, paper, paint and seeds. No reports of measurements of environmental levels of TCMTB - -
were located.

The environmental behaviour of TCMTB has been investigated in a variely of
experiments. Recently, a series detailed reports addressing the environmental behaviour of
TCMTB was completed in 19871420, These studies were designed to meet the requirements of
the Pesticide Assessment Guidelines of the United States Environmental Protection Agency, and
are summarized below. All studies falled to find significant levels of volatile TCMTB degradation
products. :

4.1 Aqueous Hydrolysis

_ The first study'4 considered the hydrolysis of carbon-14 Iabeled TCMTB in 10 ppm
aqueous solutions buffered to pH 5, 7 and 9. The solutions were kept in the dark and analyzed by
thin-layer chromatography at specified time intervals ranging from 0-35 days for pH 5and 7
samples, and from 0-122 hours for pH 9 samples. .

At pH 5, TCMTB was stable, but at pH 7, it slowly degraded, with 8% being reported
hydrolyzed after 35 days. At pH 9, the hydrolysis was much more rapid, with the half life being
calculated at 81 hours. Several hydrolytic products at this pH were observed, representing

43% and 18% of the TCMTB after 122 hours. The hydrolysis products were not conclusively

" identified, but likely include 2- mercaptobenzothlazole and 2,2 (dithiobis)benzothiazole.

4.2 Aifici | Sunlight Degradation i

One study by A & L Agricultural Laboratories of Memphis, Tennessee?20, indicates sandy
loam treated with TCMTB at a ratio of 3.6 g TCMTB/gram of soil had only 1.5% of the TCMTB
remaining after two months. On the other hand, Southern Yellow Pine sawdust treated with 18
times its mass of TCMTB left a residue of 81% TCMTB after two months. Neither the conditions
for these experiments, nor the characteristics of the degradation products were reported.

The fate of carbon-14 labeled TCMTB on soil was studied by spiking Fox sandy Ioam sonl
in petri dishes and following its behaviour in darkness, under continuous artificial sunlight

using two Chroma 50 lamps, and natural sunlight!®. The samples were maintained at 25 °C.

Assuming first order kinetics, the half lives were calculated as follows:

T 1/2 Artificial Sunlight . T 1/2 Natural Sunlight
Experimental - 388 hours 23'hours

Control - 917 hours 662 hours

- From the table above, it is evident that thermal degradation occurred in the control
samples, and that this is enhanced by both types of radiation. No degradation products were
identified. In the absence of other evidence, the extreme difierences in half-lives for the two
experimental conditions suggests that the artificial sunhght does not match the natural sunlight
very well.
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4.3 el.r'ls l-lID !l.‘ .- 9 SII'

.. The photodegradation of carbon-14 labeled TCMTB15 was followed by the irradiation of
10 ppm solutions of TCMTB.in sterilized sodium acetate pH 5 buffer at 25 °C. Chroma 50 . .
lamps, which were said to have spectral distributions similar to that of natural sunlight, were
used as the radiation source. The degradation appeared to follow first-order kinetics, with a
half-life of 3.8 hours. After 8 hours, 28% of the TCMTB remained. - No degradation was ‘noted in
control samples, which were wrapped in metal foil, but otherwise subjected to the same
experimental conditions. The major byproduct was tentatively ldentlfled as: 2-
mercaptobenzothiazole. -

4.4 Aerobic Aquatic Metaholism

An experiment using carbon-14 labeled TCMTB studied the aquatic metabolism in.lake
~ sediment and water!7. The lake sediment, collected from Lake Mendota in Wisconsin, had 96%
sand, 3% silt, 3% clay, and 1% organic matter, with a pH of 7. The lake water had a pH of 8 to
8.5. Spiked samples were incubated at 26 °C, and followed up to 31 days.

The level of TCMTB fell from 88% at day 0 to 1% at day 14, with a calculated half-life
of 2.8 days. While six different byproducts were observed, only two were tentatively identified.
2-mercaptobenzothiazole was thought to increase from 1.4% at day 1 to 10% at day 4 and then
decreased to 1% by day 31. Another product, tentatively identified as 2,2-
dithiobisbenzothiazole increased from 4% at day 1 to a maximum- at day 14, and then declined to
nondetectable levels at day 31. ,

Itis lnterestmg to compare the half-life of 81 hours determined from the aqueous ,
‘hydrolysis study above at pH 9, with the half-life in the sediment and water, which is about 67
hours. Since the rate of hydrolysis is less at lower pH values, and since the pH of the sediment
and water is slightly less than 9, one might expect a water/sediment half-life above 81 hours to
result solely from non-biological degradation mechanisms. Since the experimental result is
less that 81 hours, biological degradation mechanisms may be in operation.

4.5  Absorption on Agricultural Solls

In this experiment!8, four agricultural soils, Plainsfield sand, Plano silt loam, Fox
sandy loam, and Kewaunee clay loam were each equilibrated with aqueous solutions of carbon-
14 labeled TCMTB of 0.5, 1; 5, and 10 ppm at 25 °C for 2 hours. While all the soils adsorbed
the TCMTB to some extent, the equilibrium constants varied from 1.9 for the Plainsfield sand,
which is low in organic matter, to to 38.4 for the Kewaunee clay loam. The potential for
leaching seems greatest for the Plainsfield sand.

4.6 Moility on Soils

The mobility of carbon-14 labeled TCMTB on four soils was studied!® by coating glass
plates with thin layers of soil, spotting the plate with TCMTB, and then allowing water to
migrate up the plates. Consideration of the distance the spots moved suggested that TCMTB
should be classified, using USEPA mobility classes, as "mobile" in the Plainsfield sand and as
- having "low mobility" in the Mississippi silt loam, Fox sandy loam, and Hagerstown clay loam.

The mobility of soil-aged TCVMT'B,residués has also been investigated2°. In this
experiment, Dickenson sandy loam was fortified with carbon-14 labeled TCMTB and incubated
at 25°C for 32 days under aerobic conditions. A sample of the aged soil was subjected to thin-
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layer chromatography, being eluted by water. The soil-aged TCMTB residues were revealed to
be more mobile than nonsoil-aged TCMTB residues. The soil-aged residues were classed as

"mobile”, while the non-soil aged residues were labeled "low mobility".

5.0  ENVIRONMENTAL TOXICOLOGY L
5.1 Aquatic Species Tests on Technical Grade and Pure TCMTB

48 hour LC50: daphnia - 850 ppm21
(80% TCMTB . . .
96 hour LC50: rainbow trout - 0.050 ppm22 .
99% TCMTB - R ©0.052 ppm?22
> o - ©0.047 ppm22
Chinook Salmon -  0.026 ppm?23
0.025 ppm23

5.2 Aquatic Species Tests on Busan 1030 and Busan 3QWB

Environment Canada24 ahas Carriéd out a number.of fish bioassays on Busan 1030 and
Busan 30WB. The values reported below must be multiplied by 0.3 to obtain the aquatic
toxucntles based on the concentrations of the active mgredlent

96 ‘hour LC50 (Busan 1030). rambow trout - 013 ppm (3 tests)
“chinook salmon - 0.05 ppm.
c : - 0.06 ppm
96 hour LC50 (Busan 30WB): rainbow trout: - 0.15 ppm
L - 0.18 ppm

Recently the lowest 96 hour LC50 value from the chinook salmon test, 0.05 ppm was
used as the basis for proposing a TCMTB stormwater runoff standard for discharges from wood
protection storage areas~?5

6.0 FURTHER STUDIES

- Further studies on_the environmental fate of TCMTB are presently underway, sponsored
by Buckman Laboratories and the National Water Research Institute in Burlington, Ontario.
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Update on Current Studies of D10x1n in Great Blue Herons in the Georgla
Strait Area
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INTRODUCTION

Since 1977 the Canadian Wildlife Service, Pacific and Yukon Region, has
measured organochlorine residues in great blue heron eggs collected from
several nesting colonies in the southern Strait of Georgia. The herons

are resident in the Strait throughout the year, consequently the nature and
level of chemical residues found in their eggs likely reflect the nature
and level of organochlorlne contamination in areas of the Strait where the
herons forage.

The program has three goals: 1) to determine organochlorine levels in a
species at the top of the estuarine food chain as. an indicator of
environmental quality, ‘2) to track changes in these levels over time and,
3) to determine i€ the health of the herons is affected by organochlorlne
residues. :

Nest.trees are climbedlénd a single egg per nest is removed from ten or

. more nests in the colony. The egg contents are then analyzed for a

standard package of organochlorlne residues (e.g DDE, -PCB, HCB, etc.).
Changes to the analytical protocol have been 1ntroduced throughout the
course of the program to either improve accuracy, or to expand the list of
substances that are measured.

In 1983 an analytical technique was developed for polychlorinated dibezo-p-
dioxins (PCCDs) and polychlorinated:dibenzofurans (PCDFs) in egg. tissue '
(Norstrom and Simon 1988). As part of a national screening exercise, great
blue heron eggs .collected in 1982 from a nesting colony on the Endowment
Lands of the University of British Columbia (UBC) were analyzed . The
levels of PCDDs were unusually high (Norstrom and Simon 1983). Since then’
dioxins and furans have been measured in several other colonies (Elliott et
al. 1988). Table 1 summarizes the data presently available. The most
important potential sources of the PCDDs and PCDFs in the Strait of Georgia
are chlorophenols used to preserve wood products and protect lumber for
export, and chlorine bleachlng by pulp and paper mills.

Dioxins are potent avian embryotoxins. As little as 10 ng/kg injected into
a chicken egg can cause mortality, teratogenic effects and edema (Verrett
1970}). Cheung et al. (1981) reported that 6.4 ng/kg caused a significant
increase in the incidence of cardiovascular malformations in chicken
embryos. The comparatively high levels of dioxins found in heron colonies
at UBC, Crofton and Gabriola Island between 1982 and 1986 (Table 1) did not
appear to affect the productivity of the herons. Apparently they are
considerably less sensitive than the chicken embryo to the actions of
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dioxins and furans. Stalling et al. (1986) found that the Herring gqull

(Larus argentatus) in the Great Lakes was also considerably less sensitive
than the chicken.

In 1987, the heron colony at Crofton failed to produce any young. While
the usual complement of eggs was laid, almost all of them were destroyed
-before they hatched, and the shells were found lying beneath the nests. At
the same time, mean levels of 2378-tetrachlorodibenzo-p-dioxin (2378-TCDD)
~'the most toxic dioxin congener - .increased from 92 ng/kg in 1986 to 252
ng/kg in 1987 (Elliott et al. 1988). Whether the sharp increase in 2378~
TCDD caused the failure of colony was not certain as natural factors such
as disturbance and predation could not be ruled out.

A study was planned for 1988 to address the question of whether or not
dioxins were implicated in the failure of the Crofton colony.

METHODS

PRODUCTIVITY

During the winter, mirrors and climbing gear were installed in four heron
colonies near pulp mills which are potential sources of some dioxins ’
(Powell River, Crofton, Gabriola Island, -and Campbell River), and four
distant from known sources (UBC, Nicomekl, Sidney Island, and Parksville).
About 160 nests were under direct observation. We planned to monitor on a
weekly basis the progress of the nests from egg-laying through incubation,
hatching and brooding to fledging, recording the number of eggs laid, eggs
hatched, and young fledged -from each nest. The herons, however, failed to
return to Crofton, Gabriola Island, Parksville and Campbell River. Other’
heron colonies on the mainland and east coast of Vancouver Island were
located (Fig. 1) and were monitored from the ground using binoculars or a
spotting scope ‘and the number of young that could be seen was recorded.

IMPACT ON EMBRYOGENESIS

Three colonles, Nicomekl (control), UBC (intermediate level of dioxin
‘contamination) and Crofton (high level of dioxin contamination) were
selected for a detailed study of the possible impacts of dloxlns on embryo
development and the induction of hepatlc enzymes

Embryogenesis

To determine if dioxins were affecting embryogenesis, pairs of eggs were
collected from several nests in each colony. One of each pair was analyzed
for dioxin content, the other was artificially incubated to hatching.

Fertility and hatching rates, gross morphology (body weight, weight of
organs - liver, heart, kidney, small intestine, duodenum, stomach, adrenal
glands, spleen, Bursa of Fabricius, and yolk sac’ - tibia -weight, ash
content, length and width - hemactocrit, plasma calcium and phosphorous),
and presence of developmental abnormalities (e.q. edema) were reported for
each chick.
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Hepatic Microsomal Enzymes

The activities of; 1) total hepatic microsomal cytochrome P-450, 2)
pentoxyresorufin N-dealkylase (a measure of cytochrome P—450”isozymes b ‘and
e), 3).erythromycin N-demethylase (a measure of P-450 p), and 4) -
ethoxyresorufin N-dealkylase (a measure of. P-450's ¢ and d) were determlned
for each ch1ck :

CLUTCH EXCHANGE

Four complete clutches were removed from the colonies-at UBC and Crofton
and were transported to the Nicomekl colony. Eight clutches were taken -

from the Nicomekl colony to provide nests for the UBC and Crofton clutches.
The Nicomekl clutches were then transported to UBC and Crofton to replace

those removed earlier.

ADULT INCUBATION BEHAVIOUR

The behaviour of adult herons while incubating their eggs, especially their
fidelity to the nest, was monitored at both the Sldney Island colony and at
Crofton.

RESULTS

~ When this presentation was prepared most of the data sets generated by the

study were either incomplete or only partially analyzed. Only the most
general presentation of results, therefore, was possible. Also, dioxin

- analysis of the eggs collected had not been completed.

PRODUCTIVITY

Information on the productivity of 21 colonies (Fig. 1) representing about
1001 nests is summarized in Table 2. Only 9 of the colonies fledged young.
The 9 colonies, however, account for 82% of the nests in the 21 colonies.
Of the 12 colonies that failed to fledge young, 8 are within 10 km of a
potential source of dioxins. There is also a striking relationship

- between colony size and productivity. Large colonies (>100 pairs) almost

always produce young, small :colonies (<15 pairs) almost always fail.
IMPACT ON EMBRYOGENESIS
Embryogenesis

All the eggs' incubated whether they came from Nicomekl, UBC or Crofton nere
fertile, and all but one from both UBC and from Nicomekl hatched. There

" were no differences among the three colonies in the body weights of the

chicks. Of  the organs and tissues measured only the kidneys, stomach, and
tibia of chicks from the contaminated colonies weighed less or were smaller
than the same tissues of chicks from the clean colony. Vitamin D
metabolism, as indicated by the % bone ash of tibia and plasma calcium and
phosphorous concentrations, was the same for all the colonies. No -
developmental abnormalities were seen in chicks from the Nicomekl colony.
Two chicks (15%) from UBC and four (33%) from Crofton showed subcutaneous
edema. '
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Hepatic Microsomal Enzymes

There were no statistical differences among the colonies in total hepatic
microsomal cytochrome P-450, or hepatic.microsomal pentoxyreésorufin N-.. -
dealkylase activity. No erythromycin N-demethylase activity could be
measured in any of the liver samples., The .Crofton heron colony-exhibited
induction of hepatic microsomal ethoxyresorufln N-dealkylase activity

compared with both the Nicomekl and UBC colonies. The 1nduct10n was hlghly

significant statistically.

CLUTCH EXCHANGE

The results of the clutch exchange are presented in Table 3. The Crofton
colony was abandoned, likely due to the disturbance during egg collection
and exchange. Consequently the Nicomekl clutches placed in Crofton nests
were lost. The Crofton clutches placed in the Nicomekl nests were
retrieved and used to supplement the egg incubation study.

fADULT INCUBATION BEHAVIOUR

The data set concerning the behaviour: .of adult herons while incubating has

not been analyzed.

CONCLUSIONS. :

1. More data are required tolsﬁow%whefhef or not the abandonment of some
colonies and low productivity of others that was recorded this year is
related to dioxin contamination.

2. The presenf level of dibxinvcontamination is:

1) not affecting the fert111ty or haLchablllty of
-~ heron eggs, R

2) p0551bly hav1ng a small 1mpact on the growth and
development of the embyos in the most
contaminated colony;

3) possibly linked to edema found in some embryos;

~4) inducing hepatic mlcrosomal cytochrOme P-450 c -
+ :and 4 isozymes; -

3. Morelinformatioh will be needed to- cleaiiy demonstrate whether or not
the behaviour of adult-herons while-incubating is: 1mpa1red by the
present 1evels of d10x1n contamlnatlon
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Table 1. PCDD and PCDF levels in Great Blue Heron eggs from British Columbia, 1983-87

N 2378-.  12378- 123678~ 123789- 1234678— 2378- 23478—

Location Year- (in pool) T4CDD .. PSCDD. HGCDD.--.:HSCDD - - HICDD - 0CCD : TCDF-  PSCDF
Niconekl 1983 (1) . 7 'ff T .,3~No* ,113;5' | },20';7 KT
1986 5 11 R 0 3 5 2 w3
4 12 #2435 . 4. P
(T-12)  (12-44), (21-110) - (ND 5) - (ND:9). - (h- RN ST
sidney . 1986 4 10 . 3% .60 . .5 . 1. nﬂb.”f T3
Island ‘ +8 +22 +71 +6 +1 + +3
e (IR (959) - (6-174) (ND13) - (ND-2.5). ©(ND-1). (ND-6)
UBC . 193 . . (10) 15.. 59 . 104 . M., 6 2. .1 48
T ST A AL I ORI T ST SNt B S
R CRL9 L HTT. #1948 . 423 . #1644 - 416
(7-63)  (28-255) (40-385) (1-23)  (ND-TQ) - (2-47).(ND-10) (6-51)
197 .- 10 TL. .55 .. 90 . 6. - 1. .. 8 .22 . 1§
. 454 428 436 - thoo0 H 4T 46 15
(3-204) (23 109) (39-158) | (2-12) (2712) ., (2519) (5-50) (9-25)
Crofton 1983 (9) 40 347 . R T I
1986 10 92 388 544 ., .35 4 s 5 3
- C 168 315 427 +28 4 16 5 126
(8-218) (11-1018)(13-1298) (1-89) (ND-11) (ND-21) (ND-14) (ND-68)
1987 10 253 34 505 31 3 45 45
+135 1204 +293 +16 +1 +l 5 +26

(67-444) (73-728) (110-1052) (9-58)  (ND-4)  (ND-5) (ND-17) (10-104)
Gabriola 1983 (8) 22 153 339 23 4 T 1 44

2 s g B 0 e s W B P T B P 0 B St G P O T o g g P O e e B e P Y B D ot o0 T P b T A Bt Akt Y a1 S e T 00 0 R S0 B 20 e P e 0 Ak Ak e S0 v e RO i b e i P 0 e . 0 M

*ND, no peak observed (signal/noise<3).
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Table 2.:Productivi£y of Great Blue Herbn'colonies on the Strait of
Georgia: 1988.

St W e (B bt B G T P Bt B B B o T B e S it S Y Bk P W ok B P P S W S ok e B W ol W P TS W St o St B St B et S et et ot A st o) ot B et e it o

Productivity

Colony Active Nests Eggs/nest Hatch/nest Fledged/nest
Powell River* = 42 4.0 1.9 0.0
Williamsons  Landing®* 6 0.0 -
UBC . : © 150 3.9 2.8 . o 2.1
Point Roberts , 330 . . 2.1
Nicomekl 70 3.9 3.0 1.9,
Beacon Hill 64 2.3
Sidney Island 99 1.8
Sahtlam A 20 0.0
Quamichan Lake¥ 15 0.0
Crofton/Arthur St.* 38 0.0
Crofton/Shoal Island¥ 15 0.0
Saltspring Island A* 19 0.0
Holden Lake¥ 100 2.4
Hammond Bay 24 1.8
Lantzville 9 0.0 -
Qualicum 2 0.0
Deep Bay 11 0.0
Fanny Bay ' ' 15. - 0.5
Union Bay 6 1.0.
Campbell River B* 3 0.0
Campbell River C#* 2 0.0

K located within 10 km of a pulp and paper mill

Table 3. Results of the Eqg Exchange'study

st et et v G e s s P e T W B P s P e B W BB B B W e S Gt S s Gt S0 Sl B Gt v et e Pt B et Gt G St ke S St B B S e e b e B e B P g S et S S S B e e At At b

Exchange No. Eggs Hatched Fledged
UBC to Nicomekl 16 16 13 (81%)
Nicomekl to UBC 16 14-16 8 (50%)
Crofton to Nicomekl - 12 eggs retrieved for incubation study
Nicomekl to Crofton 16 0 0
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Figure 1
Map of Great Blue Heromn colony sites in the Stralt of Georgla, B C Where
productivity was monitored in 1988.
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‘Discussion Session A:
summary

Maicom J.R. Clark
Waste Management Branch
British Columbia Ministry of Environment
810 Blanshard Street
Victoria, British Columbia
V8V 1X5

Doug Wilson
Environmental Protection
Environment Canada
Kapilano 100, Park Royal
West Vancouver, Br1tish Columbia
V?T 1A2

1. Impact of .Pulp M111.Eff1uenfs to Chinook
- in the Upper Fraser

the~1mpécts of chlorinated 1ignins to reproduction success; immune response,

and growth requires investigation.

2. -Identification of Deficiencies in the Current Monijtoring
Program in the Fraser Estuary

Vrecommendat1on that sediment depos1ts in storm sewers be monitored us EPA
has had good success with this approach. <

recommendation that chloroglycols be added. to PCP objectives and
monitoring. :

3. Concern That Where Water Quality is Well Below Established Water Quality
Objectives, That Government Will Come Under Pressure
From Industry to Allow Increases in Contamination Discharge
to Take the Riverine Water Quality 'Up to the Line’

the intent is that the Water Quality Objectives should serve as a useful.
tool or guide to persons responsible for the management of water quality,
and the intent is not at all to indicate a pollution Timit.

nonetheless, -several persons. from various Jjurisdictions mentioned real
examples of industry wishing to use these DObjectives to back-calculate so
as to be permitted to ‘increase their levels of contaminant discharge.

from the discuss‘ion,~ this topic <clearly 1is of great concern to
environmental scientists present.
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the relationships between effluent quality and environmental impacts, both
lethal and (especially) sublethal, are not adequately understood in
science to support any type of re1at1onsh1p between effluent quality and
Water Quality Objectives.

strong opinion was expressed that we do not as scientists have an adequate
understanding of the environmental impacts of various contaminants,
including their interaction with other variables.

there was some support for industry to use best available technology.
4. Other Concerns Regarding Water Quality Objectives

concern was expressed that federal and provincial agencies should attempt
to come to agreement on what numbers :should ‘be set within the water
quality objectives. Review arrangements are 1in place; reportedly, no
major disagreements have arisen to date.

some federal agencies do not agree that the setting of Water Quality
Objectives is the best route for protecting the environment. No answer
was given to the question as to what would be the alternative to water
quality object1ves This seemed definitely to be a minority opinion;

- there was“'some opinion that Water Quality Objectives will:drive companies

towards using better waste treatment technology. (Example‘given of CINOLA).

theré was concern that Water Quality Objectives will become out-of-date,
especially since the-1ist to be done for the first time is so long and
_pbresumably takes priority over updat1ng already issued Objectives. A1l
" are potent1a]1y subject to revision dnd review, - and in- fact one (the
S1m11kameen) is already in the process of ‘being revised. -

concern ‘was also expressedthat-1t will be too easy to rely -just on Water

Quality Objectives alone alone; it was felt that on-going in: situ

,exper1ments and stud1es a]so are necessary;

concern was expressed as to whether or - not “the Water Quality 0bject1ves
adequately will protect the environment in sﬁtuatﬁons where the background
levels already exceed the guideline levels. :

5. Sublethal Biological Monitoring Recommended to
: "Accompany Water Monitoring to Check -
for Compliance with Water Quality Objectives

where fish bioassays are performed and show no acute toxicity; ~it was
'recommended that the test fish then be used ﬁn a cha]]enge btoassay.
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"SESSION B

GUIDELINES AND OBJECTIVES FOR
INORGANIC SUBSTANCES
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Using in situ Bioassays as a Basis for the Development of
: Site-Specific Water Quality Criteria -

T. W1111ngham
United States Environmental Protection Agency
1 Denver Place
999 - 18th Street, Suite 1300
Denver, Colorado
80202-2413

INTRODUCTION

The United States Environmental Protection Agency (EPA, 1985a) has recommended
pH- and temperature-dependent national ammonia criteria for freshwater
organisms based on available acute and chronic toxicity data. Modification of
the national ammonia criteria for- specific aquatic environments s possible
using three procedures developed by the EPA (1983). These procedures are
intended to account for variations in local water quality and/or differences
in sensitivity of resident species and thereby result in more scientifically
defensible ‘“site-specific" water quality .criteria. The three approaches,
(1) the recalculation procedure, (1i) the -indicator species procedure, and
(111) the resident species procedure, are described below. .

(1) The recalculation procedure is designed to compensate for any
real differences  between the sensitivity range of species
represented in the national ammonia criteria .document and the

sensitivity range of those present at the site. This procedure:

ignores the biological availability of ammonia.

(1) The indicator species procedure accounts for differences in the
biological availability and/or toxicity of a substance which may
be attributable to physical and/or chemical characteristics of
the site water. Differences in species sensitivity considered
in the recalculation procedure are ignored. :

(i) The "resident species procedure accounts for both major
variables, the sensitivity of 1local species and the affect of
site-specific water characteristics on the toxicity of ammonia.

The indicator species procedure was used to develop site-specific water
quality criteria for Lake Mead. This study was designed to determine the
influence of Lake Mead water on the acute or short-term chronic toxicity of
un-ionized ammonia relative to reconstituted laboratory dilution water. If
the results of the acute (survival) or short-term chronic (survival, growth,
and reproduction) un-ionized ammonia ‘toxicity tests are not significantly
different (p > 0.05), no adjustment to the national ammonia criteria is
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considered necessary. If the results of the tests are different, the national
criteria may be adjusted by nm]tip]yﬁng them by the calculated water effect
ratio (site 'water LC50 or chronic effect  ‘concentration - divided by the
laboratory water LC50 or chronic effect concentration) (EPA 1983).

The results of the indicator species test procedure ("water effect ratio")
were used to propose site-specific un-ionized ammonia criteria for the Las
Vegas Bay portion of Lake Mead.

METHODS AND MATERIALS

At the Lake Mead site, in situ bioassays consisted of acute and short-term
chronic toxicity tests (EPA 1985b and c). The acute toxicity of un-ionized
ammonia to fathead minnows (Pimephales promelas) and Ceriodaphnia dubia was
determined in .96 hour and 48 hour tests, respectively. The short-term chronic
toxicological assessment consisted of 7 day static renewal tests designed to
measure chronic survival, growth, and reproduction of Ceriodaphnia dubia and
chronic survival and growth of fathead minnows. In each test, Lake Mead or
reconstituted laboratory water was spiked with ammonium ch10r1de (NH4C1) and
diluted with -parent water. ~Comparison of the results of these short-term
tests provides a means of assessing the effects of site water on’the responses
of the test organisms. 1In this way, a ‘'water effect ratio' can be calculated.

"RESULTS
Acute Toxi;ity Tests

The results of the in's t ‘acute toxicity bioassays for un-ionized ammonia are
presented in Table 1. These results indicate no significant difference
(p > 0.05) ‘between the 96 hour LCgg values calculated for fathead minnows in
“Lake Mead and reconstituted laboratory water. Similar results were obtained
‘in the 48-hour acute toxicity tests run on Ceriodaphnia dubia. This suggests
"that "there is no effect of Lake Mead water (relativer to reconstituted
lahoratory water) on the acute toxicity of un-ionized ammonia to e1ther of the
test species.

‘Short-term Chronic Survival, Reproduction and Growth- Tests

Statistical analysis of the results of the short-term chronic: survival tests
run at the Lake Mead site indicates no difference (p > 0.05) between the 168
hour LCgp values for fathead minnows in the two types of water. The results
of the Cer1odaphn1a dubia short-term chronic toxicity tests were similar
(Table 1). : o -

The resu]ts of the fathead minnow and Ceriodaphnia dubia short-term growth
tests demonstrate that the characteristics of Lake Mead water do not
meaningfully modify the effects of un-ionized ammonia (Table 2).  This
observation is not immediately apparent from a cursory examination of the test
results. The no observed (NOEL) and lowest observed (LOEL) "effect Tevels.of
un-ionized ammonia calculated for fathead minnow growth® in "Lake Mead 'and
reconstituted water appear quite different. However, when the magnitude “of
the response of the test organism to the test conditﬁons is ‘also considered,
then - there 1s no statistically significant difference between the test
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groups (p > 0.05). Therefore, the difference - between the . subsequently
calculated maximum acceptable toxicant concentrations (MATC), determined by
calculating the geometric mean of the NOEL and LOEL, for the two water types
is also not statistically significant. The same is true of the results of the
Ceriodaphnia dubia growth and reproduction tests (Figures 1 and 2).

DISCUSSION

The strength of these short-term methods for estimating the acute and chronic
toxicities of various pollutants to freshwater fish and aquatic 1ife lies in
their relative simplicity, cost effectiveness, . and applicability to water
quality criteria, standards, or objectives formulation. 1In the Lake Mead
example, there were no statistically significant differences between the
results of tests run in Lake Mead or laboratory reconstituted water. The water
effect ratio was, therefore, calculated to be unity. That is, the toxicity of
un-jonized ammonia in lake Mead should be no greater or no less than would be
expected 1in standard, reconstituted 1laboratory water. The United States

‘Natjonal Guidelines (EPA 1985a) for ammonia may therefore be used directly to

calculate water quality criteria for .ammonia specific to the Las Vegas Bay
portion of Lake Mead. However, calculation of the final criteria may also
account for differences in the sensitivity of 1local species to un-ionized
ammonia.

In situ bioassays are, increasingly, gaining recognition as useful and
important tools in water management. In Region 8 (U.S. EPA), bioassays form
an integral part of the water quality criteria development process. With the
methodology currently available, ~acute and short-term chronic information can
be generated in a reasonable time-frame and on.a cost-effective basis. By
using standard test species, the results of in situ bioassays can be compared
to those obtained at different locations and at different times. These tests,
therefore, provide detailed information on the 'relative toxicity of a
contaminant at a specific location. :

The applicability of these short-term tests is apparent when the results are
compared with those obtained in full 1ife-cycle tests. Thurston et al. (1986)
exposed fathead minnows to elevated Tlevels of un-ionized ammonia throughout
their 1ife cycle and measured a total of nine different end-points or
responses. Comparison of the life cycle test results with the results of the
short-term chronic tests run at the Lake Mead site indicates that the in situ
methodology s indeed appropriate (Table 3). Specifically, the NOEL and LOEL
values obtained for .larval growth and survival are very similar for the in

. situ short-term.chronic and laboratory 1ife cycle tests. However, the most

interesting aspect of these 1ife cycle tests 1s that, typically, the most
sensitive end-point is not measured in short term tests. In the case of
fathead minnows,  the most sensitive responses appear to be egg hatchability

~and the occurrence of brain lesions. The ecological significance of brain

lesions 1s not abundantly clear at the present time. It is possible that
viable populations of fish could be maintained even with a high incidence of
brain Tlesions. Work on rainbow trout 1in the East Galetin River (Montana)
suggests that -this 1s indeed the case (Willingham and Thurston, in prep.).
However, it is almost certain that introductions of contaminants into aquatic
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systems that result in decreased egg hatchability will have negative effects
on the populations of those species affected. That the end-point of the
bioassay is not necessarily the most sensitive end-point that can be measured
must be taken into account when the water: quality standards or objectives for
the water course are formulated from the site-specific criteria or guidelines.

CONCLUSTIONS

The water quality characteristics of Lake Mead, at the time the acute and
short-term chronic toxicity tests were conducted, had no affect on the
toxicity of un-ijonized ammonia to fathead minnows or Ceriodaphnia dubia when
compared with the results of tests conducted with reconstituted 1laboratory
water. ‘

The 7-day growth effect levels for fathead minnows in the. tests using Lake
Mead or reconstituted laboratory water were not significantly different
(p > 0.05) than those observed for survival. Similarly, levels of ammonia
affecting growth and reproductive success of Ceriodaphnia dubja were not
significantly different (p > 0.005) than those affecting survival. These
findings suggest that growth and reproductive success may not be sensitive
indicators of short-term chronic ammonia toxicity to fathead minnows or
Ceriordaphnia dubia. :

Results of the 7-day short-term chronic un-ionized growth and survival tests
with fathead minnows are not significantly different (P > 0.05) from those
reported - for  full 1life-cycle chronic ammonia toxicity tests with fathead
minnows. These results confirm the utility of short-term tests for predicting
the responses of test organisms over longer periods.
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Table 1. Acute and short-term chronic toxicity test results for fathead minnows

and Ceriodaphnja dubia at Lake Mead.

Un-ionized Ammonia (95% C.I.) in mg NHa-N/L

Species Water 48 hr. LCSO 96 hr LCso

168 hr LCgg
Source
Fathead Minnow Lake Mead . ‘ 1.14(1.03-1.28) 1.13(1.01-1.26)
' Lab Water 1704(0.91-1.18) 0.90(0.77-1.05)
Ceriodaphnia Lake Mead © 2.63(2.30-3.11) 1.92(1.53-2.50
dubia Lab Water 2.88(2.22-3,74) 1.81(1.37-2.52)

Table 2. Reproductive and growth test results for

fathead minnow and Ceriodaphnia dubia at Lake Mead

Fathead Minnow Growth Ceriodaphnia Growth

Ceriodaphnia Survival |

Lake Mead Lab Water Lake Mead Lab Water

Lake Mead Lab Water

NOEL? 0.26 0.67 1.68 1.06
LOEL? 0.50  1.23 4.22 2.17
MATC 0.36 0.90 2.66 1.52
Min.Sig.Diff. (ug) 104 180

Percent Decrease 15 29

0.85 1.06
1.68 2.1
1.20 1.52
34 12

1 3rd brood mean number of neonates
2 mg NHg-N/L
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TABLE 3. Effects of un-ionized ammonia to fathead minnows:

Comparison of full 1ife-cycle
and
7-day short term chronic test results.

Variable

Studied

LOEL

(P = 0.05)
NH3-N

NOEL MATC

(P =

0.05) NH3-N

NH3-N

Full Life-Cycle Test Data (Thurston et al., 1986)

Parental survival
Parenta1»growth _
Egg"broductivity
Egg variability
Egg hétching'

F1 larvae survival
f] larvae growth

Occurrence of
brain Tesions

Occurrence of other
histological changes
Lake Mead

Larvae survival

Lake Mead
Larvae growth

(MSD 104 ug; 15% decrease) -

Reconstituted lab water
Larvae survival

Reconstituted lab water
Larvae growth

(MSD 180 ug: 29% decrease)

.23

0.75 0.36" 0.
- 0.75 0.36 0.
0.75 0.30 0.
0.75 0.30 _ 0
0.30 0.16 0.
- 0.30 ' >0.
- 0.30 5 >0.
0.17 0.09 0.
- 0.96 >0
7-Day Short-Term Chronic
0.99 0.50 0.
0.50 0.25 . 0
0.67 0.32 , 0
1 0.67 » 0

52
52
48

.48

22

30

30 -

12°

.96

70

.36

A1

.90 .




C. DUBIA REPRODUCTION AND SURVIVAL
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Factors Influencing the Biological Avallablllty of Metals to
Freshwater, Estuarine and Marine Organisms. -

By A.G. Lewis
Department of Oceanography _
The University of British Columbla
6270 University Blvd.
Vancouver, B.C., Canada, V6T 1W5

_ When we look at the blologlcal effect of copper or
other metals, we frequently concern ourselves with the total
concentration of the metal relative to its effect. We then
plot some biological factor such as growth or survival as a
function of metal concentration. However, the more that we
examine the effects of metals on organlsms, the more it
appears that the biological effect is a function not only of
concentration but also of the chemical state of the metal as -
well as- the physlologlcal state of the organlsm

Stated brlefly, the concentration of metal apparent'
to the organism is not the total concentration of metal in

the environment. This can be demonstrated by any of a
number of studies. I will use the results from one of our
early 1970’s  studies = (Figure 1; Lewis, Whitfield and
Ramnarine, ©1973) .. In this study, the embryonic or "egg" and

first two naupliar stages of a copepod were exposed to 5.4
ug/L copper, added as CuCly, to filtered (0.45 um) seawater
from the Strait of Georgia. (Filterable copper in this
water was 0.5 and 0.7 ug/L for each of the two months

"shown.) Survival at this level of copper was 46% and 47% fo

the two months' (standard error <5% of the mean). Surv1val
was increased by adding a synthetic organic that chemically
binds copper. Survival was also increased by adding seawater
extracts of marine sediments from the Strait of Georgia and
Indian Arm. In fact, using the % survival with the sediment
extracts allowed an express1on of the detoxification ability
of the sediment extract in 'terms of the synthetic metal
complex1ng agent '

" These data indicate that there are factors in the
natural environment that control the blologlcal impact . of

the metal.” If we consider this 4in  terms ' of 1mpact
assessments, the use of total metal concentration doesn t
tell us any more than how much metal is present It does

not, for: example, address the 1mpact of ‘a situation such as
a spill because the ablllty '0f the natural environment to

. reduce’ tox1c1ty is not known. Neither does it consider the

changes in metal bioavailability that occur as a result of
natural events. - .Seasonal changes in product1v1ty,
phytoplankton blooms, anoxic bottom waters and sediments,
and lake turnovers are all events that can change the
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biological effect of trace metals as well as the total metal

concentration.

In the presentation I briefly examine the factors
that affect -metal biloavailability and present means of
measuring what we term the biologically active fraction of
metal. I discuss the effect of metal tolerance on metal
impact assessment. Finally, I suggest a protocol that could
be considered when attempting to assess the effect of metals
on the biota.

The  terms "biologically available metal" and
"biologically effective metal concentration" are used to
indicate the fraction of total metal that can be taken up by
the organism and which —can react with 1its metabolic
machinery. Each metal occurs as an array of chemical
species. Using copper as the example, the metal occurs in
particulate and "dissolved" states. Within each of these
states it occurs in an array of inorganic and  organic
species.
take up only a few from natural environments. Some of the
others are reactive but only at a slow rate and, as such,
can be considered as "unavailable".

With most metals it is the chemically labile spéciesr

that are the most availlable. By labile, I mean those that
readily react with other chemicals.
example, it is the ionic species that usually is the most
labile and, biologically, the most available. Other

chemically labile metal species, say for example copper.

chloride, can serve as a readily available source for lonic
copper through equilibrium processes. Chemically refractive
chemicals such as copper-~carbonates or copper-containing

Of all of these species, organisms are able to

With copper, for-

humics are not good sources of

Ideally, what is needed
concentration of the metal

biologically available metal.

available metal species can
models. It 1is, for example,

ionic metal.

in an assessment is the total
and the concentration of
Estimates of Dbiologically
be produced with chemical
possible to estimate from

certain chemical models how much metal should be in the

ionic species at any one time.
metal uptake or toxicity. The

estimates are that they are estimates.

This can then be related to
drawbacks with model-derived
They work well in

defined media or when there is a great deal of information

about the chemical nature of the environment. As a general-

rule, however, there isn’t much information and models do
not work well with natural systems. Unfortunately, our
knowlege about chemicals and processes 1n natural waters is
very limited. We are also dealing with a variety of metal

binding agents 1n natural environments - ranging from
mucopolysaccharides to humic substances in the medium and
from amino acids to metallothioneins in the organism. We

must also "include metal adsorbing agents such as clay
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minerals. - To place all of ' these agents into chemical
perspectlve ‘and believe that we can model the availability
of metals in natural systems is, at the very least, wishful
thlnklng. —_— :

Impact assessments need hard data. I suspect that it
would -be more difficult to be successful in court with
model-based chemical assessments than a fist full of values
and observed or biocassay-derived statements about the
impact. So what is needed is a technique to measure the
concentration of biologically avallable metal in natural
environments. .

The measurement of Dbiologically available metal
really means the measurement of chemically labile metal
species. This can be done either by direct measurement or
by removing the bilological available fraction and then

measuring it. There are several techniques that reportedly’

allow direct measurement of certain metal ions. Single ion
electrodes such as the cupric ion electrode can measure the
cupric ion in freshwater. There are certainly problems with
the use of these electrodes but at least there is a
recognized technique. In estuarine and saltwaters, however,
the single ion electrode does not work, at least for copper
and several other transition metals. The massive
concentrations of major ions causes a competition between
the cupric ion and the major ions. This causes the response
of the electrode to be nonlinear and irregular, a situation
which prevents the use of the single ion electrode.

Techniques to measure labile :metal species in marine
and estuarine waters are essentially those which allow
separation of the metal-containing species from the water.
Realize that the technique has to be sensitive enough to
separate only the labile species . and, ideally, only those
that are biologically available. Several techniques have
been reported to do this:

Anodic-stripping voltammetry, copper amperometry, and
.various. resin techniques.

Each has 1its own capabilities and problems.  ASV, for
example, measures more than Jjust the biologically available
species and has a major problem with organics in humic-rich
waters. Resin techniques are numerous but it is essential
to use only a resin that acts 1like an organism, one with
very weakl binding capabilities.. -

The techhique discussed in the talk was developed at

the University of Alberta, for measuring the cupric ion

concentration of milk and.sewage (Cantwell et al., 1982).

It was then modified for use in seawater, by one of my.

former graduate students (Zorkin et al., 1986). The resin is
a weakly-binding sulfonic-acid cation exchanger that
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responds 1n a manner comparable with bioassay results in a
defined medium where metal speciation can be reliably
calculated. The original work was with copper. Since that
time, the technique has also been found to be suitable for
Mn, Pb and Zn. There is also some evidence that it may be
suitable for Cd although there are problems with this metal.

There are, of course, limitations. The resin does not
work in freshwater. It doesn’t work for sediments where a

solid medium is involved. It . would probably work for.

sediment porewater although I suspect the high loading of
organics and iron colloids would be limiting.

With a technique in hand, the next question is how to
use 1it. From this,.-a natural question is how much of the
total metal consists of the biologically available fraction
and what does it mean to the organism? As an example of the
former, I will use some of our work in Indian Arm. The
concentration of total filterable (0.4 um) copper varies but
is generally slightly less than 1.0 ppb. In contrast, the
concentration of the biologically available fraction amounts

to about 1% of that or 0.01 ppb. It is difficult to relate

this directly to organism LCggy values because of the complex

nature of the chemistry. However, 1f one uses cupric ion
activity and two copepod crustaceans as exam le the 72 h
LCgp value for Acartia tonsa 1s between 10~ and 10711

while the 96-h LCgg value for the. adult stage of a west:

coast harpact1c01d copepod, Tigriopus californicus is 3.3 X
1077 M. There 1s thus a 3 order of magnitude difference
between the two. Incidentally, this is a spec1es that has
been considered as a biocassay organism!

Tolerance 1s something that must be considered in

estimating impact on a plant or animal community. Since
changes 1in tolerance occur during the 1life history of an
organism it 1is something that must  be considered at
different times of the year. Many . biocassay organisms are
tolerant of elevated levels of biologically available metal.
Unfortunately, the reason that they are used  as bioassay
organisms is far too frequently because they are easy to

culture and maintain rather than serve as sensitive monltors-

of metal biocavailability.

Changes occur 1in. the concentration of both total
metal and bilologically -available metal. In nearsurface
waters, phytoplankton productivity during the day can
produce a daily increase and decrease of metal complexing
agents. Concentrations differ from one body of water to the
next, often' quite dramatically. Areas where . different
“bodies of water meet - are areas where Dboth metal
concentration and speciation can change abruptly. Estuaries
and tidal fronts are notorious for this. o
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In estimating impact, it 1s important to combine
estimates of metal concentration, metal bioavailability and
metal impact. -~ The total concentration of metal is a
requirement ‘to .provide an estimate of what is. there and,
relative to availability, the effect of the natural
environment in controlling metal biocavailability. Metal
bioavailability will provide an expression of . the actual
concentration of metal that will affect the organism. In
order to determine impact it 1s advisable to have -two types
of bioassays. The first uses:.an organism W1dely used for
biocassay purposes. Mytilus ediilis or other species of the
genus are, for example, assays, of:this type. Information
with these organisms can be compared with information.on the .
same species, or related species, from other areas, But
there also has to be a bioassay that will prov1de spe01flcs
about the environment being affected. Hereé ,it is possible
to use either individual organisms or communities. With the -
latter, variability in tolerance will affect communlty

-~ structure. This, by itself, can be of diagnostic value.

In summary, total metal concentrations are necessary
but do not provide an indication of the Dbiologically
available metal. In order to determine impact, the
biocavailable metal must be measured by itself. = Since
organisms - have” *Varying degrees of tolerance, they will
respond differently to a given excess of  biologically
available metal, Inasmuch as an . 1mpact assessment needs to-
evaluate the biological effect of excess metal, there is a
requirement.- to relate metal concentrations to biocassay’
results.: oL o e IR
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Figure 1..EDTA‘(ethyienediaminétetraaceticvacid) equivalents’

(uM) of 2% seawater extracts of sediments. Equivalents
obtained by plotting survival with sediment extracts on line
drawn from survival wvalues: obtained for July and August
(1972) with EDTA series (open circles). GS-1 = values from
sediment samples collected at IOUBC/GS=1 (49 17.0/ N, 123

50.5'W) . IA-9 = value from ‘sediment sample collected at -

IOUBC/IA-9 (49 .23.5'’N,.122 52.,5'W). (Taken from Lewis et
~al., 1973.) ‘ ‘
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“Criteria for the Aesthetic Characteristics of. Water

‘:Rlck Nordln

Water Management Branch
B.C. Ministry of Enviromment.
765 Broughton St.
‘Victoria, B.C.

- V8V 1X5

INTRODUCTION

There are a number of characteristics of water for which criteria have
been, or will be defined, not on consideration of toxicity or health risk,
but on human perception of aesthetic acceptability. Because of this basic
difference, the ‘normal approach to setting criteria using toxicity data or

“env1ronmental data does not appear to be directly applicable to _cases

1nvolv1ng aesthetics.

Examples of aesthetically based crlterla, taken only from the Drlnklng

Water Guidelines . (1987), include chlorlde, colour,. copper, ethylbenzene,

hardness, iron, manganese, pH, sulphlde, temperature, toluene, tds, xylenes
and zinc. The Recreational Water Quality Gu1de11nes (1983) 1ist turbidity
and water clarity as characteristics of concern for aesthetics and give
numerical criteria for them.. It is interesting that for contaminants such
as ethylbenzene, toluene and Xxylenes, the numerical criteria which are

hspe01f1ed are not based on consequences on human . health or ecological damage

but on evaluation of human acceptance or reJection on aesthetlc grounds.

What' needs to be ekamined is the. most appropriate, process -for
evaluating and establlshlng quantltatlve eriteria for aesthetic
characteristics. What is discussed here are two . example characteristics
with two quite different contexts. Periphyton in streams is a concern in
many areas and a criterion for British Columbia was established after some

- consideration .of the problems involved and an .evaluative process developed

(Nordln 1985). Colow" is being reviewed at present in consideration of

' establlshlng prov1n01al crlterla. For. colour, criteria have been prev1ously
.established by a number of agen01es

 PERIPHYTON BIOMASS IN STREAMS

In conslderlng stream eutrophication, little informatlon was avallable

on which to base a criterion for British Columbia. No other Jurlsdlctlons

had develOped any criteria and the s01ent1flc literature had only a few
pieces of information which were relevant to the question which was being
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considered. The' question was: ~~ what ‘level of ‘algal’ biomass would be
acceptable from a strictly aesthetic perspective to persons using the river
for recreational pursuits. The consideration of the amount of algae which
might cause negative effects on other biota or bring about some undesirable
change in stream ecology or water chemisthy was a separate evaluation.

The process of aesthetic evaluation which was used in this case was one
of a survey of "expert observers",. Individuals active and experienced in
environmental matters from a variety of agencies were contacted and asked to
identify times and locations where quantified data on periphyton biomass
existed and where some judgement of presence or absence of an aesthetic
problem could be made. From the range of data, coupled with the évaluation
of the observers, a continuum of observations could be constructed
(Figure 1). There were consistent results that within the lower range no
aesthetic problem existed (<25 mg/m?) and in the upper range (>50 mg/m2)
some aesthetic deterioration was consistently seen to be occurring. There
was not a good separation in the 25 - 50 mg/m? range. It was proposed that
50 be used and this became the provisional criteria.

COLOUR A N

Thére have been ¢riteria previously established foér two water uses:
drinking water and recreation. 1In contrast to the algal blomass evaluatlon
considered above where no previous criteria existed, “for’ coloir we have
relatively long established and accepted criteria for drinking water. For
drinking water the value for Canada and most - other Jurlsdlctlons is 15 True
Colour Units. ‘There was ' a crlterla for recreatlonal ‘water - quallty of
100 Pt - Co units proposed by Environment Canada (1972) but this was not
adopted in the Recreatlonal Water Quallty Guldellnes (1983)

In examlnlng the technicdl bas1s of these' numbers it 1s very difficult
to determine the rationale used in establishlng them, For drinklng water,
the CCREM guidelines '(1987), using Health and Welfare Canada (1979) as a
reference, indicate that the 15 TCU value- is based .on "detectable colour. in
a glass of water". The WHO (1984) guidelines make a similar comment and add
- that 5 TCU can:be detected in larger volumes of water such as a white
" bathtub. The WHO notes that few people can "detect “a colour level of 3 TCU.
Thus it would appear that one ‘basis of the presently accepted crlterla is
threshold of perception. :

A second line of rationalé can be seen in the U.S. crlterla. ' The Blue
Book criteria (U.S.E.P.A. 1973) recommended a criteria of 75 platlnum cobalt
units for raw water but was "adccompani ed with little explanatlon. ‘The Red
‘Book (U.S.E.P.A. 1976) reiterated this value but gave some ratlonale It
noted that raw water of 75 colour units or less could be treated using
standard coagulation, sedimentation and filtration to yield a finished water
with less than 15 colour units. It would appear that the 15 unit criteria
is based on the general avallablllty of technology - to produce water of
acceptable quality (15 TCU) from most raw water sources i e. a derlved value
based on avallable technology.
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- The 15 TCU value first proposed in 1962, (U.S. Publi¢ Health Service
1962) appears to have. been accepted by most-%jurisdictions Wwithout any
serious re-evaluation when it is incorporated into updated-documents. -Thi's
is not necessarily.. a  problem with colour or aesthetic characteristics
specifically ‘but vcommon to :many characteristics of water quality.-  An
attitude of "well the EPA reviewed it and their numbers look okay, so lets

‘adopt it" can be seen in many documents.

DISCUSSION

Although a criterion for drinking water may be ascribed to aesthetics,
other factors are also considerations. Practical applied problems
associated with excess colour in domestic water supplies include staining of
clothes, food or fixtures. Colour has also been used as an indication of
contamination by organics or of trihalomethane production. Organically
derived colour can also effect chlorine dosage calculations and the
persistance of chlorine residual. So although aesthetics evaluation thfough
visual examination may be an important aspect, some evaluation of colour
levels associated with staining, organic contamination or effects on
disinfection must also be considered. ‘

The primary concern I have with regard to aesthetic criteria (as
opposed to criteria concerned with toxic.and/or deleterious substances) is
the process by which criteria are established and evaluated - particularly
how objective and defensible in a scientific sense, some of the existing and
proposed criteria are.

Whether or not an aesthetic characteristic has a fundamentally valid
basis is not a trivial item. The' potential cost to a pulp mill to comply
with a criterion for colour or for a sewage treatment plant to remove
nutrients to limit periphyton biomass to a limit set by a regulatory agency
can involve a substantial economic cost.

What is proposed as a means of evaluating aesthetic criteria is to use
a modification of the process described above for periphyton biomass.
Evaluation groups, analagous to taste test panels, can be established to
evaluate the aesthetic accpetability of, for instance, colour. On the basis
of the judgement of a series of review panels, some basis could be generated
for theshold concentrations which could be the basis of criteria.

This technique incorporates’ primarily subjective judgements as opposed
to what is generally considered an objective, scientific basis for criteria.
It may be difficult for a group such as is present here, who are trained and
deal in technical matters to use such an approach; however, the problem of
quantifying aesthetic criteria 1is not one  which 1lends itself to a
traditional scientific methodology. .

What is the best way of deriving quantitative criteria for aesthetic
criteria? I think that work is needed to develop acceptable approaches to
deal with this problem. The critical step in evaluation of numerical values
is the initial proposed value. Once established, as noted above, there is a
tendency for the value to persist. In the evaluation of criteria the
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establishment of -a quantitative value is a primary.step. @ The proposed
criteria then become much easier to re-evaluate in the light of new data and
some determination of whether the  proposed - value should: be:increased or
decreased becomes a much simpler task. However, the primary step of initial

establishment of the c¢riteria remains the prlomty problem and one where

some original and innovative ideas are'needed.
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Impact of Sediment on a Chum Salmon Spawning Channel -

William E. McLean
Enhancement Operatlons (REB):
Dept. of Fisheries and Oceans
Box 467, Campbell River, BC
- VIW 5C1 :

INTRODUCTION

.This study deals with the impact of sediment on the Dept. of
Fisheries and Oceans' chum salmon spawning channel located on the
Little Qualicum (LQ) river. It should be emphasized that this is
an artificial stream with controlled surface water flow from the
LQ river and a screened gravel streambed. Furthermore the
channel has fence structures that allow the density of spawners
to be controlled. The conclusions reached in this simplified
stream may-not be directly appllcable to more complex natural.
streams,

LQ SPAWNING CHANNEL .

The general layout of the channel is shown in Fig. 1.

'lefuser structures separate the channel into five sections.

Channel dlmen51ons are shown below:

AWidth 25 £t (7.62 m) -
- Length L 13,683 £t (4171 m).
Slope 1.5 £t per 1000 ft.
Flow 45 cfs (1274 L/s)
Gravel depth 22 1inches (65.9 cm) .
Settling basin . 400 £t by 50 ft , (121.9 m by 15.2 m) :
~Gravel Size 0.5 inch to 6 inch (1.27 cm to 15.24 cm) -

‘ The channel was designed for 50,000‘spaWners (1.25 sqg meter
per female). With an average fecundity of 2800 eggs per female

and an egg to fry.survival rate of between 60 % and 70 %, the

channel should produce between 42 and 49 million fry per year,.
This fry output would be expected to give a return of between
300,000 and 400,000 adult chum salmon.

BACKGROUND TO STUDY

The LQ study began in 1985 when it became obvious that egg
to fry survival rates. were declining (Fig. 2). Sediment was
suspected of being the problem because the channel had not been
cleaned since startup in 1979. Gravel guality testing in July

1985 confirmed this suspilcion —- permeabilities and subsurface DO

values were low in certain areas of the channel. _An attempt was
made to clean the gravel in the summer of 1985. However this
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effort was unsuccessful and the channel was still loaded with
silt at the start of the 1985 spawning cycle. In January of 1986
heavy rainfall caused slides in the upper ‘watershed which
“increased silt loads in the water supply for several months. In
all likelihood the low survival rates for 1985 brood (Fig. 2)
were due to a combination of these increased sediment loads and
poor 1nitial gravel quality.

The events of 1986 led to a recognition of how sensitive the
spawning channel was to siltation, " The LQ study was expanded Lo
include the following objectives:

1) Develop technlques for monitoring gravel guality in spawnlng
channels

2) Use these techniques to crltically monitor the _yearly gravel
cleaning operation.

3) Monitor NFR (Nonfiltrable Residue) of the inflow and outflow -

water so that removal of sediments by the settling basin and
accumulation of sediment-in the gravel could be quantified

4) Identify the sources of sedlment in the watershed and take
corrective action where possible.

RESULTS AND DISCUSSION

Gravel guality techniques were based on work of Wickett
(1954), Pollard (1955) and Terhune (1958). Relative permeability
(mL/s) and dissolved oxygen concentration (mg/L) 20 to 25 cm (8
to 10 inches) beneath the gravel surface were measured, A
non—-consumptive oxygen probe (Leeds and Northrup) was used for
measuring the subsurface oxygen concentration. Sediment was
sampled by pumping subsurface water from the standpipe or by
-using the freeze probe technique.

These methods have been useful in monitoring the
effectiveness of gravel cleaning operations. Figure 3 contrasts
the depressed gravel permeabllities of June 1986 with those of
September 1988, June/86 values were low due to the cumulative
effects of siltation over the first 7 years of operation.
Intensive cleaning efforts in 1986, 1987 and 1988 restored the
gravel to the near optimum conditions measured in September
1988, Subsurface dissolved oxygen cohcentrations showed a -
similar improvement after gravel cleaning (Fig. 4),.

The positive correlation between subsur face dlssolved oxygen
and permeability is shown in Fig. &. These values represent
section averages for both the Big and Little Qualicum channels.

Gravel quallty information can also help explain the
fluctuations in egqg to fry survival rates. This information,
along with female density was used to develop a multiple
regression model for predicting egg survival rates. - Survival to
hatch (as measured by hydraulic sampling) has been plotted
against gravel permeability and female density in Flg. 6 .and Flg
7. - The model accounts for 68 % of the varlatlon in the egy
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survival data. This. model indicates that at high female -
densities, high survival rates can be achieved 1f the gravel
permeability is also very high (over 120 mL/s), R

Sediment enters the channel via the water supply. The
settling basin removes the sand but most of the silt, clay and
very fine sand reaches the channel. This fine sediment is
filtered. by the spawning gravel and accumulates in the channel -
over - the winter and spring. It should be noted that after
spawning, the gravel surface is uneven due to redd construction.
Since water downwells into the gravel at convex surfaces and
upwells in-'concave areas (Vaux, 1968), the channel is a very
effective sediment trap.

. Suspended sollids (NFR) concentratlons down the length of the
channel are plotted in Fig. 8. These curves represent typical
NFR. removals where the inflow concentrations vary between low (4
mg /L) and moderate (17 mg/L) levels . An extreme sediment event
(not shown in Fig.8 ) occurred on Nov 5, 1988 -- the NFR entering
section 1 (after the settling basin) was 94 mg/L whille the
channel outflow was 5 mg/L. For the cases shown in Fig. 8, the
settling basin removed between 30 % and 50 % of the suspended
solids while the channel removed between 72 % and 82% of the
sediment that escaped the settling basin.

NFR concentration (Fig. 9) and flow data have been used to
calculate the weight of solids entering the channel per day
between Nov 1, 1986 and April 30, 1987 (Fig. 10). The average
inflow of solids over.this 182 day period was 595 kg/d (average
NFR ='5,2 mg/L) giving a total inflow of 108,000 kg. On this
particular year, the sediment was very fine and the settling
basin only removed 24 % of the solids while the remainder (82,000
kg) entered the channel.. It was estimated that 78 % of these
solids (64,000 kg) were removed by the spawning gravel. Most of
the sediment was. deposited in the flrst two sections of the
channel.

Sedlment entered the system at very high rates durlng
periods of high NFR. For example, i1f the inflow concentration
was 25 mg/L and the water flow was 45 cfs, the daily solids load
would be 2752 kg/day. With an inflow concentration of 4 mg/L the
load would only be 440 kg/day. However, high sediment events are
rare and usually of short duration. In 1986/87 suspended solids
concentrations over 15 mg/L accounted for only 30 % of the
sediment load to the channel. Low concentrations of solids that
entered the channel over a long duration contributed the majority
of the sediment. It should be emphasized that for the
accumulation of solids in a spawning channel, 25 days at 4 mg/L
is as detrimental as 1 day at 100 mg/L. g

CONCLUSIONS AND RECOMMENDATIONS
1) Accumulations of sediment in surface water fed spawning

channels lowers both the permeability of the gravel and the
dissolved oxygen concentration of the subsurface water.
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2) At the high egg denslities characteristic of spawning
channel operations, reduced gravel gquality results in marked
reductions in egg to fry survival rates,

3) Suspended s0lids enter the channel via the water supply.
Measures to reduce solids input should be pursued, these include:
stabilizing the watershed (bank protection, erosion control
etc.); optimizing settling basin performance and reducing chanhnel
flows during peak inflows of sediment.

4) Because of the filtering action of spawning gravel, even
low concentrations of suspended solids, if chronic, can cause
marked reductions in gravel quality. Chronic low concentrations
of very fine sediment are common in this watershed. They are.
difficult to c¢ontrol at thelr source and are alsoc very difficult
to settle. One way to limit their deleterious effects is to
prevent their long term accumulation by routinely cleaning the
channel once per year. '
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© Surv. to Hatch vs Gravel Permeability
LQ Chum Spawning Channel
1984 - 1987 Brood.
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Fig. 6. Survival to hatch (by hydraulic
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Survival to Hatch vs Female Density
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WATER QUALITY OBJECTIVES FOR WILLIAMS LAKE
AND
THE NONPOINT SOURCES ALONG THE SAN JOSE RIVERi

Colin J.P. McKean
Resource Quality Section
Water Management Branch
"Ministry of Environment
765 -Broughton Street
Victoria, B.C. '
V8V 1X5

INTRODUCTION

Water quality objectives for Williams Lake were established late
in 1987. Objectives for the San Jose River will be completed in the
future. The work on Williams Lake was completed by Norm Zirnhelt of
the Waste Management Branch in Williams Lake, B.C., Naréndar Nagpal, a
soil  specialist with the -Water Management Branch in Vlctorla, and
myself. :

The goals of the study were:

"1) Set water quality objectives for Williams Lake to protect its most

-Sensitive water uses (domestic water supply, cold water flsherles, and

prlmary water contact reereatlon)

2) Set. water quality objectives for .the San Jose River (the major
inflow to Williams Lake) to reduce - the annual phosphorus-load to
wllllams Lake.

The focus of this presentation is.on the setting of water quality
objectives . in Williams Lake for -parameters associated with

“eutrophication (nutrients,: algal biomass (chlorophyil~§), water clarity

(Secchi disc depth), and hypolimnetic oxygen depletion), and in the San
Jose River for the parameters associated with: nonp01nt source pollution
(nutrlents, and -suspended-residues).

STUDY AREA

Williams Lake (Figure.1) is located in the Cariboo area of British
Columbia's. Fraser Plateau. The winters are cold causing the lake to

freeze, while the summers are typlcally arld cau51ng the 50115 and

water to be very alkallne.

W1111ams Lake is a relatlvely large lake (720 ha) with a mean and
maximum depth of 12 and 24 metres. The average flushing rate is
0.6 yr~!, The spring overturn phosphorus concentration ranges between
70 to 80 pg/L in a typical hydrologic year.
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Williams Lake is- used .fior domesti:c water supply, primary water
contact recreation, industrial uses, and the lake supports a limited
cold water fishery. The San,Jose River is the only:significant inflow
to the lake. Nonpoint nutrient loading from ranches adjacent to the

San Jose River and its tributaries are the major external source of

phosphorus, and suspended inorganic residues to Williams Lake. There
are no direct waste dlscharges 1nto the lake.

WATER QUALITY OBJECTIVES FOR PARAMETERS RELATED TO EUTROPHICATION

In eutrophic, phosphorus 11m1ted 1akes water quallty objecti ves
are required for phosphorus, water clarity, and hypolimnetic dissolved
oXygen. - Other parameters may .require objectives (e.g. microbiological
indicators, turbidity (inorganic residues), etc.) but they are not
related to the eutrophication process per se.

The interdependence of phosphorus, chlorophyll, and Secchi disc
depth in lakes (Dillon and Rigler, 1975; Nordin and McKean, 198%4;

.Figure 2), allows the development of a single objective for the.
autrient limiting algal. biomass and productivity (usually phosphorus).

If phosphorus: concentrations: in-eutrophic. lakes. can be controlled;.then
the phytoplanktonic biomass (chlorophyll- a) and limnetic water clarlty
(Secchi disc depth) will also -be controlled.: - i P

Two phosphorus criteria were considered for Williams Lake., The
first was the criteria developed by Dillon and Rigler . (1975;.Table. 1),
which form the basis for the Provincial objectives for Ontario
(Ontario, 1979). The second was .develeped .by Nordin .(1985; Table 2),
which forms the basis for the water quality objectives for the Okanagan
Basin, and other lakes with very important-recreational, cold -water
fisheries, and domestic water uses (e g Lakelse Lake, McKean 1986)

. TABLE 1: CRITERIA DEVELOPED BY DILLON AND RIGLER (1975)

Chl-a |- Phos.- | Secchi | ~  'Use

Level 1| . 2 ug/L 9E9 pug/L. > 5m dbmesﬁic water sﬁpply, =
, ' o cold water fisheries . -

Level 2 5 ug/L 18.5 pg/L 2 ~ 5m’ presefvation of cold water
fishery not imperative

Level 3 10 ug/L  129.9 ug/L 1~ 2m water contact recreation

. i : "of little importance.
Emphasis placed on warm-
water. ffisheries. - :

Level 41 25 pg/L }{56.3 ug/L < 1.5m |only suitable for warmwater
o ' o : o . fishery.
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TABLE 2: PHOSPHORUS CRITERIA FOR LAKES DEVELOPED BY NORDIN.(1985).

Use . ‘ _ Criteria
Dyinking,waﬁer . 10 ug/L maximuﬁ
Recreation » S ‘ 10 ug/L maximum-
Aquatic life : 5 - 15>ug/L inclusive

McKean et al., (1987). recommended a combination of aeration and
iron addition in Williams Lake to reduce the spring overturn phosphorus
concentration from around 80 ug/L to approximately 20 pg/L. Should the
restoration techniques be successfull in reducing the spring overturn
phosphorus concentrations the chlorophyll- a concentracions and limnetic
Secchi disc depths will approach the values predicted in Table 1.

A -Sprlng overturn phosphorus objective of 20 ug/L, was set for
Williams Lake, Although an objective of 10 ug/L (as recommended by
Nordin (1985)) would be more desirable for the protection of domestic
water quality and water contact recreation, however, the lower

" objective was not considered attainable using present day lake

restoration techniques.

A Secchi disc objective of 1.2m was set independent of the
phosphorue Secchi relationship developed by Nordin and McKean (1984),
because cyanobacteria can form a surface scum and accumulate on beaches
and recreational areas. A water clarity objective is required in
eutrophic lakes to allow users to estimate water depth, to see
subsurface hazards, and to detect submerged bodies or divers who may be
in distress. The obJectlve is based on the guidelines for Canadian
recreational water quality (Health and Welfare, 1983), and may require
public beaches to be closed to avoid liability in the event of an

/accident when the Secchi disc depth is less than 1.2m,

The last parameter affected by eutrophication is the hypolimnetic
dissolved oxygen concentration. Rather than setting an objective on
the hypolimnetic oxygen depletion rate (which requires a detailed
sampling regime), a minimum dissolved oxygen concentration for any

.point in the hypolimnion at a set point above the sediment-water

1nterface was used. The objective ofl$~mg/L of dissolved oxygen was
based on the work of Davis. (1975), and set to minimize the ‘stress on
Juvenlle salmonids presént in the lake. The objective was set at 5m
above thé sediment-water interface to account for the potentially high
BOD aseoclated with the sedlments.

WATER QUALITY OBJECTIVES FOR NONPOINT_SOURCES ALONG THE SAN JOSE RIVER

The San Jose River (Figure 1) is the major external source of
_phosphorus to Williams Lake., The overwintering of cattle and the
production of hay in the summer are the main activities adjacent to the
river and its tributaries. Because the overwintering of cattle
adjacent to the river 1s considered a traditional farming practice, the
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farmers are exempt from the Waste Manageméent-Act. Some clean up of
the poor agricultural practices has been achieved through a committee
of representatives from the Ministries of Enviromment and Agriculture,
the B.C. Federation of Agrlculture, and the local farmers (McKean et
al., 1987).

There are two strateﬂles when settlng oQ]ectlves for nonp01nt
source pollution:

1) Absolute Concentrations:?
Average or maximum concentrations should be applied for the
‘protection of domestic water quallty or aquatic life.
Objectives for bacteriological 1ndlcators, dlssolved oxygen,
metals, ammonia etc., would be applled to any p01nt 1n the
river as required.

2) - Loading rates: e
Primarily wused for phosphorus. and suspended residues,
although any parameter can be expressed as a 'loadlng rate'
There are two methods of expre551ng loadlng rates
"'change in concentratlon per km of river' or’

'change in concentratlon ‘per km? of watershed'.

The development of obJectlves for the nonpoint load1ng of phos-
phorus or suspended residues are required when excessive lodding causes
turbidity or eutrophlcatlon problems downstream (e.g. wllllams Lake)

The major problem with® setting obJectlves using loadlng rates is
'what is an acceptable loadlng rate'. There are many studies that

"relate - loading rates of nutrlents or suspended inorganic re51dues to

the soil type, slope ‘of land, and the type of crop or farming practlce.
The “setting of objectives based on studies 'using soils from ‘ariother

‘'water basin (e.g. Fraser Valley, Iowa, etc.,) would not be acceptable

to the Ministry of Agriculture or' the farmers in the San Jose River
watershed

To set objectives for nonpoint pollution we flrst conduct a fleld

“survey of the mainstem and its tributaries to locate the types of

farming, the denslty of actlvity, and poor farming practices (1f any).
Secondly, the areas of high, low, and zero farmlng density are plotted

‘on a 'soils map of the area (Figure 3). Water quality sampling upstream

and downstream of the 80il' types with dlfferent farmlng densities will
prov1de an estimate of the phosphorus or suspended residue loadlng

rates from areas with high, low, and no farming. dens1ty From these

loading rates the objectives for nonpoint pollutlon oan be formuldted:

'phosphorus or suspended residue 1oad1ng rates (ug/km or ug/km )
from agricultural areas cannot exceed. by more than 25 % (or what
percent you feel - ‘appropriate) the phosphorus or suspended residue

~loading rates on s1m11ar soil types not influenced by nonp01nt

‘pollutlon'

We 'will have completed some nonpoint objectives by next meeting,
and I can report on the success of the methodology.
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A Multi-Species Approach to Assessing
the Effects of Environmental Contamination

J.H. Mundie
Biological Sciences Branch
Department of Fisheries and Oceans
Pacific Blological Station
POB 100 A
‘Nanaimo, Britlish Columbia
VIR 5K6

Single-species toxlclty tests have been used  extensively by
resource and environmental ~managemént - agencies to assess the
potential Iimpacts of ¥ various : resource® development schemes.
While these methods provide abundant information about single-
species responses to environmental challenges, they contribute
little to our wunderstanding of nmulti-species or ecosystem
responses to these challenges.  The following describes a field
experiment designed, by H. Mundie (DFO), K. Simpson (DFO), and C.
Perrin (Limnotek), to provide information on the responses of
algae and aquatic invertebrates to nutrient enrichment.

'The purpose of this experiment was to determine the positive

response (if any) of invertebrates to additions of nitrogen (N)-
and phosphorus (P) to nutrient~deficient stream water. Water was
passed by gravity feed from a creek to a head tank from which it
entered 12 troughs with gravel substrates. The troughs were
colonized by invertebrates from the incoming water over a 3 week
period. §Six of the troughs then received continuous additions of
N and P; six acted as controls. Each trough was covered by an

"insect emergence trap. - Samples were taken weekly for water

chenmistry, settled -algae, emergent insects, and exuviae leaving
the troughs. After 8 weeks the benthos of each trough was
collected. Results analyzed to date show significant positive
responses, from an assemblage of 20 'species' of insects, to
enrichment. The method should also be suitable for assessing
negative responses of orgahisms to pollutants. It should be
particularly  useful for examining the effects of complex
mixtures of pollutants of wuncertain toxicity. A sufficient
amount of the pollutant must, of course, be take to a clean creek
(or to a site located upstream of the effluent outfall) for the
test to be carried out.
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CEPA and the implementation of Water Quality Objectives

A.R.Davis. -
_WaterAQuality;Branch
_ -Ennironment.Canada:

- Ottava,Ontario

K1A 0OH3

WATER ‘QUALITY OBJECTIVES AND GUIDELINES

A water quality objective tells us how much or how little of a substance ve,
as a society will,tolerate,ﬁin~a,particular wvater body with certain uses.
Ojectives can. be.set for~phjsical properties (color,odcr,turbidity), chemical
concentrations (metals,pesticides) and,biological;nropertias.(amounf of

bacteria present). :

Objectives are:used“by_a.number of Provinces in the management of vater.
quality (BC, Alberta, Saskatchewan, Manitoba, .Ontario, .and Quebec).: They have
also baen'negotiated for a‘number~of-CanadanS~boundary wvaters and in the case
of the Great'Lakes are enahrined in: a CanadavUS agreement;f;The Prairie
Provinces Water Board is in the process .of developing interprovincial vater

quality objectives for eastward flowing streams.
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The Canadian Council of Resource and Environment Ministers (CCREM) has
published Canadian Water Quality Guidelines. The Guidelines describe the
water quality needed for such'water uses asj-agriculture(livestock watering
and irrigation), recreétion;aqﬁatid life..  'The Guidelines provide some of the
basic information needed iﬁ the‘ﬁegotationior_establishment.of water quality

objectives for specific rivers or lakes.: Other information such as water.

uses, existing water quality, and social and economic factors are also needed.

ENVIRONMENTAL QUALITY GUIDELINES, OBJECTIVES AND CEPA

The Canadian Environmental Protection Act '(CEPAY, promulgated June 1988,
requires .the Minister of ‘the Environment to establish and publish
enVironmental quality guidelines and objectives.These are defined in the Act:-
- ""Environmental quality objectivés specifying goals:or purposes  toward
- which dn’environméntal control effort:is directedy ‘including ‘goals or
/i 'purposeés stated in-quantitative .or qualitative terms.

Environmental ‘quality guidelines specifying tecommendations in .
gquantitative or quélitative terms to support and maintain:particular
uses of the environment".

PublicféénsultatiOn”is'réquirediinﬂthe‘debelopmeﬁtfof'guidélihesVandﬁthe:w,fé
Minister is also required to’publish thém in thé Canada Cazette: Water
quality guidélines and objectives are:a subset of environmental quality .-
guidelines’ and ‘objectives. 'The ‘'definitions-in’ the ‘Aét now inélude all
components$iof the environment, air, $oily wildlife, eté., including water.

This paper will deal mainly with’the’agatic’component of the environmerit:.
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TOXIC SUBSTANCE ASSESSMENTS

The Act requires the Minister to compile a list of substapges called the
"Priority Substance List". The }ist_wi}l be published by the Mjniste; and the
substances on it w}ll be assessed\fof togicity, In.theéAct.a substance "is
toxic if it isiente;ing or may enter thé environment_?n a quantity or
concentratioﬁvpr under»gonditions ,
(a) having or that may have an immediate or long term hameulljeffegt
on the environment;
(b) COnsfituting or that may consti;ute a danger to the environment on
which human life depends; or
(c) constituting or that ma& constitute a danger in Canada to human
life or health.” |
Suhgtances on the List because‘of,their:suspigion for harming the environment,
criteria (a); gnd_particularly thg_gqﬁaticvsystem will neéd a_water'qpality
guideline to assess theirmpgxigity. fhe DOE, with thg CCREM, has already
developed water quality guidelines for approximately 40 toxic substances.
Based on a cursory review of thg;Hall_panel_list of 50 substances, water
quality guidelines already exist. for 15 of these while another 10 will
probably not impact on the aquatic environment. This leaves another 25
substanées for thch vater qﬁalify ghidelines could bg.rgquiged to carry out

an assessment.

'ENVIRONMENTAL IMPACT OF CEPA REGULATIONS
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After assessing the toxicifykééjéQéuﬁé%éncéZUndefﬂbEPA the Minister is
required to state vhat regulatory measures are recommended to deal with a
toxic substance. These measures could include release guidelines,
regulations, or codes of Praétiée:ahdféfe‘directéafétﬁiﬁdﬁéiriél;é@%ivitieéf“
‘ﬁéwéQér;Pthe*bottom line of the Act haéltbmbe;ﬂ"has'enbironméhfal ﬁuélify'
imbréved'as a result of:théLreguiafofyiméasu}éé?" Ané@eriﬂé thi's question
needs a measurement of the environiméntal ievel of the toxic sibstance’ and a
yardstick to coﬁpare the level to. Water quality guidelines are the

environmental yardsticks for water:

" STATE OF ENVIRONMENT REPORTING -

P

CEPA allows the-Minister to periodically report 6n“the state of the Canadian
‘envirohment and particularly its quality. Environmental quality guidelines
defin;mfhié“ﬁﬁality”ahd along with envircnmental measuremeénts and ~
intefbfgfafidﬁ‘alléw state of environment reporting.

S

RECOMMENDATTIONS

Water Quality Guidelines

DOE will continue to work with the CCREM on the development, review, and
approval of guidelinéé;for3¥6kid.édbstahceé

DOE will use the Priority Substance List in establishing priorities for
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guideline development.

A mechanism will be developed for public consultation in the development of

wvater quality guidelines.
A multi-media approach will be used in developing guidelines for the aquatic
environment, which will mean considering components such as water, sediment,

biota in both freshwater and the marine component.

Vater Quality Objectives

DOE will continue to use existing mechanisms for the development of
international and interprovincial water quality objeétives.

DOE will ensure that substances on the Priority Substance List are considered
in developing water qﬁality objectives for interjurisdictional waters.

DOE will work with other Federal agencies in establishing environmental
guidelines for use by departments, boards and agencies of the Government of

Canada.
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Significance of Initial Dilution Zones in the Development of
Water Quallty ObJectives

Larry W. Pommen, P. Eng.
Water Management Branch
Ministry of Environment

Parliament Buildings
Victoria, British Columbia
V8V 1X5 o

INTRODUCTION

In British Columbia, most water quality objectives apply at the edge of
an initial. dilution zone, which is a relatively small portion of a waterbody
where the initial mixing between a waste discharge and the waterbody occurs.
This concept of a zone of mixing where objectives do not apply is used world-
wide (Canada, United States, Europe, Australia, etc.), under several different
names - initial dilution zone, mixing zone, limited use zone, allocated impact
zone, etc., — with various guidelines for'location, size, shape, and conditions
within the zone. The concept of an initial dilution zone is essential in the
management of waste and water .quality; if these zones did not exist waste
quality would have to meet water quality objectives, which would be very costly
and not. technically achievable in many cases. A great deal of money would need

. £to be spent for a very small 1mprovement in the enviromment if these ZOoNnes were’

eliminated.

HISTORY OF INITIAL DILUTION ZONES IN BRITISH COLUMBIA

Initial dilution zones (IDZ's) were formally adopted in British
Columbia in 197t as a result of the public inquiry to establish poliution
control- objectives for the forest products industry!. An IDZ of 300 feet in

all directions from a diffusion system was specified for marine waters. and

lakes, and 300 feet downstream for streams, but not exceeding one-half the
width of the stream. The width requirement was to provide for a zone of safe
passage for aquatic life by precluding the extension of a diffuser completely
across d stream.. Receiving water quality objectives were to be met at any

point outside -the IDZ, and the more restrlctive of effluent and water quallty

objectives were to be met.

'Thg s IDZ  gconcept was refined by subsequént pollution control
objectives: » ’.’ ' 9 attaining their final form by the 1975  Municipal
Objectives® .  As shown in Figure 1, IDZ's extend:

= up to 300 feet (100 m after metrlcdtion) from a discharge,; suggesting -

the p possibility of smaller IDZ's
~- to not more than 25 to 50% of the width of any waterbody (some of the
pollution control objectives specify 25%, others 50%)
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- from the bed to the surface. L
The IDZ is not to intrude on shellfish beds, restricted routes of

migrating salmon and ¢trout, or other significant biological resocurce or
recreational areas.

It should be noted that the IDZ used .by the B.C. Ministry of .

Environment is an . arbitrary, administrative zone which does not necessarily
bear any resemblance to the actual physical mixing pattern in a waterbody. The
initital dilution zone used in hydraulics defines the zone where mixing occurs
due to the momentum and buoyancy of the effluent, as opposed to the secondary
mixing due to the turbulence of the waterbody. The hydraulic and adminis-
trative IDZ's could be similar given a well-designed diffusion.system. . As
illustrated in Figure 2, the administrative IDZ's could be the same in slowly
and rapidly mixed situations if it is desired to maintain a zone of safe
.passage in a stream. A diffusion system is necessary to maximize the-dilution
and dispersion of effluent within the IDZ, but a diffuser may not be needed to
achieve the objectives at the edge of the IDZ. 1In addition, the objectives may
be met much closer to the point of discharge than is allowed by the IDZ.

PRESENT APPLICATION OF INITIAL DILUTION ZONES

The development of'wateb quality objectives in the early 1980's led to

some fﬁrther refinement of IDZ's as outlined in the Principles. for Preparing .

Water Quality Objectives in British Columbia®, including:

~ provision for site-specific design, con51der1ng water uses, aquatic
life, and other waste discharges

~ absence ‘of acutely toxic conditions, objectionable,sludge deposits.

and floating materials, ‘harmful bioconcentration, and nuisance
conditions (e.g. fish tainting, excessive algal growth, etc.)

Absence of acutely toxic conditions in the IDZ does not necessarily
mean that the effluent has to be non-acutely toxic. That is certainly one way
‘of achieving no acute toxicity in the IDZ, but this result can also be achieved
by having good diffusion so that the volume of water in the IDZ where acutely
toxic concentrations of effluent occur is small, and thus the probability is
low that the duration of exposure will be long enough to cause acute toxicity
to- aquatic life.  An exception could be where organisms are attracted to an
effluent, causing prolonged exposure and thus acute ‘toxicity. . The U.S. EPA®
reported that only 6 of 53 individual toxicants attracted one or more fish
species, but .the attraction/avoidance behaviour of mixtures of tox1cants, such

as occurs in waste discharges, was not studied. 1In any event, the toxicity of

effluents that attract fish-should be examined on a site-specific basis.

To avoid harmful bioconcentration, water quality objectives for
contaminants .in biological tissues are applied everywhere in waterbodies,
ineluding IDZ's. This is .to avoid the situation of fish bioconcentrating
contaminants by preferentially feeding in.the IDZ's of waste discharges.
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Calculations of the dilution available for waste discharges to
determine the effect of a discharge on water quality normally consider the
dilution available in the initial dilution zone, as well as the dilution after -
complete mixing. Thus, for a stream, about 25 to 50% of the minimum streamflow
would be used to determine if the objectives can be met at the edge of the IDZ.
Dilution is an acceptable way. of meeting water quality objectives, provided
that the effluent does not contain persistent toxicants that accumulate in -

- sediment and/or biological tissues. For these toxicants, the emphasis should

be on minimizing their discharge, considering their loadings and fate in the
environment, and establishing and monitoring objectives for sediment and/or
biological tissues. , The decision on: how much of the waterbody width (i.e. 25
or '50%) 1s.-in the IDZ is based on such factors as which pollution control
objectives are involved (some say 25%, some say 50%), the relative widths of
the waterbody and diffuser, the relative flows of the stream and waste dis-
charge, and the size and shape of the 1n1t1a1 dilution plume. The 25% width is
selected where p0331b1e.v '

IDZ's are relatively small (i.e. £100 m) , and thus for most areas of
the province concerns about overlapping or back-to-back IDZ's or the IDZ's
occupying a significant fraction of the waterbody are unwarranted. Probably
the only area of the province where this may be a concern is in the North Arm
of the Fraser River where there are numerous stormwater outfalls. However,
even here, the IDZ's do not overlap at 100 m each, the actual zones in which
objectives may not be met are much less than the 100 m theoretlcally allowed,
and aquatic toxicity problems are not evident.

The site-specific design of IDZ's has not been a high priority in the
development of water quality objectives. Most of the provisional objectives
issued arbitrarily grant the.100 m; 25 to-50% of width IDZ.  Thé information
requirements to modify existing IDZ's on a site-specific basis are high, e.g.
deflnlng the physical mixing zone via modelling and/or monitoring (plume size,
shape, variations, concentrations) plus detailed information on the aquatic
populations “and habitat (species, life stages, timing, exposure) of the site’
and their significance to the rest of the waterbody. Spénding scarce resources
to fine-tune the size and shape of the last 100 m is not a priority unless
there 1s evidence of problems. - Site-specific design of "IDZ's is a higher
priority in the case of new waste discharges where we have more information and
the opportunity to influence the location, size, and shape of IDZ's during
project design. A recent example is the objectives for the Quinsam River
system where the IDZ's are being located, sized, and shaped to protect the
aquatic populations.

CONCLUSION

In conclusion, we believe that the concept of initial dilution zones is
essential and not negotiable.  However, we are prepared to .discuss the
location, size, and shape of IDZ's on a site-specific basis for high priority
waterbodies, where it can be shown that problems are occurring or may occur,
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Strategies for Monltorlng to Assess Compliance. W1th
; Water Quality Objectives

Paul H. Whitfield
Inland Waters
Environment Canada
502-1001 West Pender Street.
Vancouver, B.C., V6E 2M9-

INTRODUCTION

The goal of compliance monitoring is to determine whether or
not objectives set for water quality are being met. The
monitoring of objectives is complicated by two factors, the
behaviour of the system for which the objective is set, and, the
way Iin which the objective 1is written. Different methods of
monitoring for compliance may be used. Each method may be
effective in certain situations. Schilperoort and Groot (1983)
express the effectiveness of such programs as the ratio of the
number of detected violations to the number of actual violations.
Methods which may be used for effective compliance monitoring
include sequential sampling, Markovian sampling, fixed frequency
sampling and exceedance driven sampling. :

SEQUENTIAL SAMPLING

Sequential sampling 1is a method of statistical inference.
One important feature of sequential sampling is that the number
of observations to be made is not determined before the sampling
commences. The number of observations is determined by the
outcome of the observations as they are made (Wald, 1947). A
rule is established for the testing of .a hypothesis which has
three (rather than 2) outcomes: (1) To accept the hypothesis,
(2) to reject the hypothesis, or, (3) to continue the experiment
by making an additional observation (Wald, 1945). - It is possible
to formulate a . hypothesis which allows the incorporation of a
band of uncertalnty (Wald, 1947). To accommodate such a sampling
strategy the objective needs to be written appropriately.
Sampling of this type can be random o0r stratified, both of which
can greatly reduce sampling cost. Wald (1947) gives. a method by
which the average number of samples needed can be determined.

In appllcatlon, this method is similar to laboratory quality
control charts. So long as the process being monitored is 'in
control' no additional action by the sampler is requlred. The
major short coming of this method is that it is solely directed
towards acceptance or rejection of the hypothesis. To be able to
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effectively use this approach in the real world a consequence
must be applied to the rejection of the hypothesis +that the
objective is being met.  The consequence would provide the
mechanics of action following a violation. One example would be
to act on the source of the problem, and then to resume sampling.
A consequence or other resulting action £from detecting a
violation is essential for the effective application of this
strategy. Sequential sampling 1is. similar to batch testing.
Consider all the samples that might be collected during a
prescribed period to be a "batch". The goal of the sampling is to
determine whether or not +the "batch" is good or bad; - the more
uncertain we are the more samples it takes to make the decision.
An example of the application of +this method would be to take
many sample from the subject area, randomize them, and then start
testing. Once either of the two alternate hypothesis are
accepted testing stops, otherwise more samples are analyzed.

MARKOVIAN SAMPLING

.. Another approach to determlning compllance with standards or
objectives-is Markovian sampling. This procedure uses a variable
sampling frequency, with infrequent sampling when the process - is
in compliance and more freguent sampling as the process tends to

non-compliance. °~ This procedure can be formulated as a simple
Markov' process (Arnold, 1970). The water guality at a particular
station - can be viewed as an ongoing process. This process can,
for example, be scaled into two 1levels of acceptance (the
unacceptable-acceptable - pair). Arnold (1970) suggests a four
level system of 'good'?, 'moderately good', 'poor’!, or
'unacceptable'. Depending upon the type of objective which was
written, another system  might be 'complying', 'marginal't,
'warning' and ‘'alert’'. ‘If a process is ‘in compliance, the

probabilities for +the observation belilng +in any interval are
either known or can be estimated. There are two important ways in

which these acceptance ' levels may be implemented: i) the

requirement may be for the observed value to be different from a
specific 1level by more than a specified amount, for a specified
time (ie., 'too low', 'acceptably low', 'good', 'pérfect', 'good!',
tacceptably high' and 'too high'), or, 1i) the observed value to
be not-less than a certain level (ie.  'unacceptable', 'poor',
'acceptable ‘but low', 'good') or more than a certain 1eve1 (ie.
'good', 'acceptable but high', 'poor!', 'unacceptable Y

The sampling strateqgy 1is based on "the existénce of a
specific time delay until the next sampling. The frequency of
sampling would thus be less when the process is in compliance and
much greater when not in compliance. Based on the probability of
each of the levels being observed, and the definition of the time
delays for each level,: it is possible to estimate the expected
sample size prior to - the collection of any samples. -Arnold
(1970) and Smeach: and Jernigan - (1977) prov1de equatlons by which
these sample sizes can be estimated.
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This strategy has a great advantage in that one is able to
determine the optimum number of samples prior to the sampling if
a good estimate of the probability of occurrence of each of the

levels 1is available. This is not possible for sequential
sampling. One is also able to evaluate the effect of the choice
of sampling delay and the width of each interval. In addition

this procedure 1is easily stratified, allowing wvarious critical
periods to be individually evaluated and sampled. Either of

these strategies provides a ongoing check on the attainment of
objectives.

The primary disadvantage to this approach is the inability
of laboratory systems to respond to incoming samples so that
decisions regarding resampling can be made on an appropriate time

scale. This limitation can ‘also affect any sampling strategy
that requires a decision to be made regarding when to sample
next. Real time or on site analysis is needed to be able to

determine compliance while access to the site is still available.
An example of the problem would be that a sample is collected in
a remote area, it is shipped to a laboratory, it 1is then
analyzed, and the result forwarded to the appropriate authority.
Depending upon the variable being considereéed this could take from

one or two days up to -several months. Given that the sample is
in violation, how rapidly can a resampling of the system take
place? . For Markovian sampling to be practical, it must be

possible to collect and analyze samples within an appropriate
time period. :

FIXED FREQUENCY SAMPLING

Fixed frequency sampling 1is a procedure of collecting
samples at a predefined constant sampling interval. Such
procedures are often implemented as monthly, or weekly sample
collections,. Valiela and Whitfield (1989) show that fixed
frequency sampling is effective and efficient for determining
such properties as the mean and variance. Fixed . frequency
sampling such as that used for  trend assessment is shown to be
suitable for testing for compliance with "chronic" or long term
average objectives. Such sampling 1is ' 1less effective 'in
determining compliance with "acute" obJectives, particularly in

systems which are autocorrelated or episodic.

- EXCEEDANCE DRIVEN SAMPLING

Exceedance driven sampling is a procedure based on a fixed

- sampling interval with additional sampling taking place when a

violation is observed. One. example would be a monthly sample
interval, with additional more frequent sampling to be started
once a violation of the objective is observed. This intensive
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sampling continues until violations cease. A stratified sampling
method which is exceedance driven is more effective at detecting
"acute" violations where the system under study 1s autocorrelated
or highly episodic (Valiela and Whitfield, 1989). Such sampling
i1s highly biased with respect to estimating the mean and
variance, 1limiting the wutility of the data for other purposes
than compliance with objectives.

SUMMARY

Every strategy has some restrictions to its application. Of
particular concern 1is the need for data collection -to be
specifically designed for compliance monitoring, with recognition
of the limitations of the data for -other applications.
Compliance monitoring data produces a record which may not
provide adequate -coverage  for other purposes, since some
strateglies result in tightly clustered blocks of data over time.

Given a single water quality objective, strategies such as those.

described here can be applied gquite simply. With multiple
objectives, each may have its own sampling strategy. 1In reality,
the implementation of many water gquality objectives, each with
its own sampling strategy , may not be practical.

The data Agathered'through these sampling procedﬁres can .be
used as.a basis for revising and refining the water guality

objectives. The strategies described each produce unique data
sets. The utility of these various types of data should be
considered when deciding which strategy to undertake. It may be -

pragmatic to start with a strategy that provides data which can
be used to refine and optimize the sampling design to be used in
the future. 1In other words, forfeit some of the efficiency and
effectiveness of a sampling optimized for determining non-
compliance to be able to more effectively .define probability
distribution and other statistical properties.

In addition, it is difficult to be entirely certain of the
underlying probability distribution of the variable of concern.
Since this is generally estimated from small samples it is often
only poorly known. This lack of knowledge seriously affects the
estimation of the expected sample size. In most cases the
expected sample sizes will be too low because the largest barrier
in estimating the probability :distribution continues to be
estimating the probability of extreme values.

In selecting a strategy to perform compliance monitoring,
consider the water guality objective, its purpose, and the nature
of the system in which it is to be applied. EBach of the
strategies presented here 1is an. opportunity to enhance the
effectiveness and efficiency of compliance monitoring. However,
they each have 1limitations and advantages @ which must be
considered before selecting a compliance monitoring technigue.
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The Attainment of Water Quality Objectives in B.C. in 1987

Roland Rocchini
Water Management Branch
Ministry of Environment
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Victoria, B.C.
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ABSTRACT

. This presentation is based on a report, presently being printed, titled:
"The Attainment of Water Quality Objectives in 1987". ' The report summarizes -
monitoring information collected in 1987 to check water quality objectives
which had been set in 20 different water basins throughout the Province. The
report was prepared 1in oooperatlon with Peglonal and Victoria staff of the
Waste Management Branch. :

- The objeotives to protect various water uses were set in the 20 water
basins studied to the end of 1987 becausé of -actual or potential water quality
problems. The results in this report indicate how well the quality of water in
these areas is belng safeguarded and thereby, "indirectly, how well problems are
being dealt with.. The report does not describe the state of water quality in
the Province as a whole where there are many bodies of water unaffected by
man. : ‘ S

The report was written for the use of managefs of the water resource and
assumes - some familiarity with the background .information on which the
objectives were based. The purpose. is to guide managers wishing. to take a more
detailed look at instances where objectives were not met. This could reveal
the need for possible corrective action or for more detailed study. Monitoring
in future years will indicate whether the problems are persisting or the
situation is improving. i :

Results of monitoring to check objectives are summarized in tables for
each water basin. When considering all 20 water basins, there were about ten
times more instances of objectives being met than of objectives being exceeded.
Variables for which objectives were exceeded included turbidity, nutrients,
chlorophyll-a, fecal coliforms, dissolved oxygen, temperature, cyanide, copper,
lead, zinc, and chlorophenols. Objectives for these varlables were, of oourse,
not exceeded in all the water basins tested. :

The monitoring in 1987, although extensive, was still incomplete.
Sampling in future years should be carried out for all variables concerned in
areas where objectives apply and at the minimum frequency required to calculate
averages and percentiles. . Also, laboratory methods for analysis of samples
should be chosen so that the minimum  detectable limits are less than the
obJeotlves levels.
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Linda Hannah

Planning and Assessment Branch
Ministry of Environment

777 Broughton Steet

Victoria, B.C.

v8v 1x5 '

Telephone 604 - 387 - 9661
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Lee Harding

Coordinator, Marine Programs
Environment Canada

Kapilano 100 Park Royal

West Vancouver, B.C.

V7T 1A2

Telephone 604 - 666 - 2917

Don Holmes

Environmental Monitoring Section '+ Y

Waste Management Branch
1259 Dalhousie Drive
Kamloops, B.C.

v2c 525

Telephone 666 - 374 - 9717

Bev Huston

Food Directorate

Health and Welfare Canada
Tunney's Pasture

Ottawa, Canada

K1A OL2

Telephone 613 - 957 -~ 1827

Mak Ito

Environmental Protection Branch
Environment Canada

Kapilano 100, Park Royal

West Vancouver, B.C.

V7T 1A2

Telephone 604 - 666 - 2799

Bob Jones

Greater Vancouver Regional District
4330 Kingsway

Burnaby, B.C.

V5H 4G8

Telephone 604 - 432 - 6451

Gordon Kan

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 - 8394

Bryan Kelso ,
Environmental Protection
Environment Canada
Kapilano 100, Park Royal
West Vancouver B.C.

v7T 1A3

Telephone 604 - 666 - 5193
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Ron Kistritz

Water Quality Branch
Environment Canada

502 -~ 1001 West Pender Street
Vancouver, B.C.

V6E 2M9 -

Telephone 604 - 666 - 4824

Wayne Knapp

Habitat Management Division
Fisheries and Oceans Canada
555 West Hastings Street
Vancouver B.C.

V6B 5G3

Telephone 604 - 666- 0130

George Kruzynski

Science Branch

Fisheries and Oceans Canada
4160 Marine Drive

West Vancouver, B.C.

V7V 1N6 .

Telephone 604 - 666 - 7913

Ray Lauzier

Fisheries and Oceans Canada
West Vancouver Laboratory
4160 Marine Drive

West Vancouver, B.C.

V7V 1N6

Telephone 604 - 666 ~ 7916

Al Lewis

Department of Oceanography
University of British Columbia
6270 University Boulevard
Vancouver, B.C.

V6T 1W5

Telephone 604 - 228 - 3626

Stan Liu

Environmental Protection
Environment Canada
Kapilano 100, Park Royal
West Vancouver, B.C.

V7T 1A3

Telephone 604 - 666 ~ 2104
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Don MacDonald

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 - 8003

Fred Mah »

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9 '
Telephone 604 -~ 666 = 8000

Hugh McConnell :
Greater Vancouver Regional District
4330 Kingsway
Burnaby, B.C.
V5H 4G8
Telephone 604 ~ 432 - 6451

Colin McKean

Water Management Branch

B.C Ministry of Environment
Parliament Buildings
Victoria, B.C.

V8V 1X5

Telephone 603 - 387 -~ 9511

Mike McPhee ,

Fraser River Estuary
Management Program

708 Clarkson Street

New Westminster, B.C.

V3M 1Z2

Telephone 604 - 525 - 1047

Bette Meek

Environmental Health Dlrectorate
Health and Welfare Canada
Tunney's Pasture

Ottawa, Canada

K1a OL2

Telephone 613 - 957 - 3129

Brent Moore

Waste Management Branch
Ministry of Environment
15326 ~ 103A Avenue
sSurrey, B.C.

V3R 7A8

Telephone 604 - 584 -~ 8822

N
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Gail Moyle

Water Quality Branch
Environment Canada

502 - 1001 West Pender-  Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 - 8001

Harold Mundie

Fisheries and Oceans Canada
Pacific Biological Station

Hammond Bay Road

Nanaimo, B.C.

VIR 5K6

Telephone 604 - 756 - 7147

Narender Nagpal

Water Management Branch

B.C Ministry of Environment
Parliament Buildings
Victoria, B.C.

V8V 1X5

Telephone 603 - 387 -~ 9507

Mike Nassichuk

Habitat Management Division
Fisheries and Oceans Canada
555 West Hastings Street -
Vancouver, B.C.

V6B 5G3

Telephone 604 —- 666 - 0209

Bob Nijman

Water Management Branch

B.C. Ministry of Environment
Parliament Buildings
Victoria, B.C.

V8V 1X5

Telephone 604 - 387 - 9514

Louisa Ng

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 - 8005
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Richard Nordin

Water Management Branch

B.C. Ministry of Environment
Parliament Buildings
Victoria, B.C.

V8V 1X5

Telephone 604 - 387 -~ 9517

Brian 0Olding

Environment Canada

Brock Road, 01d Town

POB 2970

Yellowknife, NWT

X1A 2R2

Telephone 403 - 920 - 8516

Ron Pilerce

Water Quality Branch
Environment Canada

Place Vincent Massey
Ottawa, Canada

K1A OE7

Telephone 819 - 953 ~ 3198

Martin Pomeroy
Environmental Protectlon
Environment Canada
Kapilano 100, Park Royal
West Vancouver B.C.

V7T 1A3

Telephone 604 - 666 - 2937

Larry Pommen

Water Management Branch

B.C. Ministry of Environment
Parliament Buildings
Victoria , B.C.

V8V 1X5

Telephone 604 ~ 387 - 9516

Bob Radlof

DIAND Technical Services
Public Works Canada

POB 1000

800 Burrard Street
Vancouver, B.C.

VeZ 2J8

Telephone 604 -~ 666 - 5165

|
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Alan Redenbach
Environmental Protection
Environment Canada
Kapilano 100, Park Royal
West Vancouver, B.C.

V7T 1A2

Telephone 604 - 666 - 5918

Roland Rocchini
Water Management Branch’

B.C. Ministry of Environment

Parliament Buildings
Victoria, B. C

V8V 1X5

Telephone 604 -~ 387 - 9502

Hal Rodgers

Fisheries and Oceans Canada
West Vancouver Laboratory
4160 Marine Drive

West Vancouver, B.C.

V7V 1N6- _
Telephone 604 - 666 -~ 7912

Normand Rousseau

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 - 8012

Jim Servizi
FPisheries and Oceans Canada

Cultus Lake Salmon Research Ldboratory

4222 Columbia Valley Highway
Cultus Lake, B.C.

VOX 1HO

Telephone 604 - 858 - 7117

Steve Sheehan

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

VeE 2M9

Telephone 604 - 666 - 8007



. -148-

Howie Singleton

Water Management Branch

B.C. Ministry of Environment
Parliament Buildings
Victoria, B.C.

v8v 1X5

Telephone 604 - 387 - 9512

Jen-ni Stroh

Water Quallity Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C

V6E 2M9

Telephone 604 - 666 - 8011

Dave Sutherland
Environmental Protection
Environment Canada

POB 320

Yellowknife, NWT

X1A 2N3

Telephone 403 - 873 - 3456

S.F. Bverre

Entech Environmental Consultants
22 —- 566 Cardero Street
Vancouver, B.C.

VG 2W6

Telephone 604 - 688- 6691

Les Swain

Water Management Branch

B.C. Ministry of Environment
Parliament Buildings R R T
Victoria, B.C. '

V8V 1Xx5

Telephone 604 - 387 - 9518

Chad Thorp

Water Quality Branch
Environment Canada '
502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 ~ 8010

Tom Tremblay

Water Quality Branch
Environment Canada

502 - 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 - 8008
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Diana Valiela

Water Quality Branch
Environment Canada :

502 - 1001 wWest Pender Street
Vancouver, B.C.

V6E 2M9 \
Telephone 604 — 666 - 8002

Cliff Vanalstyne

Medical Service$ Branch

Health and Welfare Canada

515 - 757 West Hastlngs Street
Vancouver, B.C.

veC 1Al

Telephone 604 - 666 - 6365

Doug Walton

Waste Management Branch

B.C. Ministry of Environment
15326 —. 103A Avenue

Surrey, B.C.

V3R TAZ2

Telephone 604 - 584 - 8822

John Ward

Waste Management Branch

B.C. Ministry of Environment
810 Blanchard Street
Victoria, B.C.

v8v 1X5 ‘
Telephone 604 - 387 - 9951

Pat Warrington

Water Management Branch .
B.C. Ministry of Environment
Parliament Bulldings
Victoria, B.C.

v8Vv 1X5

Telephone 604 - 387 - 9513

Phil Whitehead

Canadian Wildlife Service
Environment Canada

POB 340

Delta, B.C.

V4K 3Y3
Telephone 604 - 666 - 0143
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Paul Whitfield

Water Quality Branch
Environment Canada

502 - 1001 West Pendexr Street
Vancouver, B.C.

V6E 2M9

Telephone 604 —~ 666 - 8009

Gerry Whitley

Water Resources ‘
Indian and Northern Affairs
200 Range Road

Whitehorese, Yukon

Yila 3vil

Telephone 403 - 668 - 2903

Brian Wilkes

Environmental Monitoring Section
Waste Management Branch

3726 Alfred Avenue, Bag 5000
Smithers, B.C.

vV0J 2NO

Telephone 604 -~ 847 - 7251

Tom Willingham (absent)

US Environmental Protection Agency
1 Denver Place - Sulte 1300

999 - 18th Street :

Denver, Colorado

80202~2413

Telephone 303 -~ 293 - 1577

Doug Wilson

Contaminants Control
Environment Canada
Kapilano 100, Park Royal
West Vancouver, B.C.

V7T 1A2 '
Telephone 604 ~ 666 — 3197

John Zeman

Water Quality Branch
Environment Canada

502 ~ 1001 West Pender Street
Vancouver, B.C.

V6E 2M9

Telephone 604 - 666 ~ 8004




I I N T B aE B BE D BN B BN BN BE BT B m Em e

-151-

~ Norman Zirnhelt

Environmental Monitoring Section
Waste Management Branch

540 Borland Street

Williams Lake, B.C.

V2G 1R8

Telephone 604 - 398 - 4545



\,\\\
. I

\ o ot



